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Summary

Between October 2019 and December 2020, the packaging work-
ing group of the Circular Economy Initiative Deutschland created
a roadmap with the aim of achieving a Circular Economy for plas-
tics packaging. The members of the working group are repre-
sentatives of academic institutions, leading German business-
es and civil society organisations. They have proven experience
in the packaging sector and cover the entire value chain from
design via production and use to reuse/recycling infrastructure. As
a result, the working group, whose central findings are presented
in this report, were able to take a maximally integrated approach
to the subject. The report includes a discussion of the potential,
barriers and possible trade-offs involved in a Circular Economy for
plastics packaging, drafts a vision for 2030 and 2050 and out-
lines the development of policy recommendations for the central
stakeholders. The members are thus creating the foundations for
an enduring Circular Economy in Germany and beyond.

Background - significance of a circular
packaging industry

Packaging performs important functions and modern life is in-
conceivable without it. However, higher levels of packaging con-
sumption are also accompanied by an increase in waste volumes.
Plastics packaging, in particular, has become a highly charged
social, political and environmental issue since increasing vol-
umes of plastics waste are ending up in the environment."? Ger-
many has effective collection, sorting and recycling structures in
place and, as a result, such packaging waste does not get direct-
ly into the environment. However, the consumption of resources
and resultant volumes of packaging waste are still on the rise,
a new maximum being recorded in 2018. Plastics packaging in
particular presents huge challenges. Over the last twenty years,
the quantity of plastics packaging in Germany has doubled from
1.6 million tonnes (1998) to 3.2 million tonnes (2018).2 On the
other hand, even in Germany with its reputation for efficient
recycling, the mechanical recycling rates for plastics packaging

| See Jambeck et al. 2015.

| See Geyer et al. 2017.

| See Federal Environmental Agency 2019.
| See Conversio 2020.
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are comparatively low at “just” 47 per cent. Over half (approxi-
mately 53 per cent) of the recorded volume is thermally recov-
ered, i.e. burnt in incinerators or waste-to-energy plants, or is
sent for co-combustion, for example in cement production. Only
10.9 per cent of the volumes of plastics processed in the pack-
aging industry are recycled materials.*

Given that Germany generates large volumes of packaging and
waste and these volumes are set to rise further, Circular Econ-
omy approaches have the potential to reduce environmental
impact. There are, however, no one-size-fits-all solutions because
evaluating the sustainability of packaging solutions is com-
plex, in particular due to the packaging's interactions with its
contents. Social and political debates have set many positive
things in motion but have also encouraged activism and offered
opportunities to raise political profiles in ways which are not
always helpful to the environment. There is accordingly an ur-
gent need to create an objective and well-founded basis for
the debate so that truly effective measures can be prioritised
and the path to a Circular Economy for packaging in Germany
smoothed - a Circular Economy which does not conflict with oth-
er sustainability goals such as climate protection.

Key results from the working group
Challenges identified

A lack of transparency and inadequate compatibility mean
that the challenges in implementing Circular Economy approach-
es in the packaging industry are not only within individual steps
in the value chain but also across the entire value chain. Ex-
amples of challenges in individual steps in the value chain are
unsuitable packaging design which makes it impossible to reuse
or recycle the packaging, the conflict between better sorting qual-
ity on the one hand and a faster and less costly sorting process
on the other and, not least, high misplacement rates during col-
lection. Examples of challenges spanning all steps in the value
chain are the wide variety of packaging designs which are not
tailored to the existing recycling landscape, a market mismatch
between guaranteed demand for recycled material® and available

| Recovered material which has been reprocessed into a finished product or a component for incorporation into a product. For the purposes of this

report, recycled materials are taken to mean post-consumer materials. These are materials which have been produced by households or by commer-
cial, industrial and institutional organisations in their role as end-users of a product and which can no longer be used for their intended purpose.
Focusing on post-consumer recycled material is justified by the fact that the aim of closing resource loops in a Circular Economy is to ensure circula-

tion between post-consumer and manufacturing.
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quantities of the appropriate qualities as well as transnational
differences between national regulatory objectives.

Vision for a circular packaging industry

Against the background of the stated challenges, by 2050 the
packaging industry will have created closed resource loops and
helped to increase material productivity (see section 3.3 on the
vision for a Circular Economy) by making use of defossilised ma-
terials.® Packaging will no longer be considered disposable in
a climate-neutral Circular Economy. Potential solutions will be
evaluated holistically and will accordingly be subordinate to
the Circular Economy hierarchy of the following major princi-
ples:

= Avoiding packaging is the top priority, providing the over-
all environmental footprint does not increase as a result (e.g.
due to greater food waste if less/other packaging is used).

= All unavoidable packaging will be based on efficient and
effective resource management to ensure that it is usable,
reusable and recyclable to a high quality for the longest
possible period.

= Material and product design will consistently eliminate tox-
ic effects along the value chain and will ensure safe subse-
quent use.

= Where reasonable and feasible, secondary materials or al-
ternatives to a fossil-based primary material will be used.

= All Circular Economy measures will have their environmen-
tal footprint evaluated in a life cycle assessment (LCA).

Modelling has revealed that greenhouse gas emissions can be
cut considerably in the medium and long term if greater use
is made both of mechanically and chemically recycled plastics
waste and of reusable packaging. In comparison with a busi-
ness-as-usual scenario, an increase in the use of mechanically re-
cycled material to 40 per cent by 2050 could save on average
approximately 1.9 million tonnes of CO, equivalents (CO,e)
annually, while a proportion of 20 per cent from chemical re-
cycling would save 1.2 million tonnes. Increased use of reusa-
ble packaging systems could save around one million tonnes
of CO,e emissions. At the same time, however, the same mod-
elling shows that, in the absence of additional measures, even
in 2050 there would still be a substantial shortfall in achieving
both climate neutrality and closed-loop management.

Examination of two specific case studies

Two case studies were examined in greater detail to validate and
put flesh on the bones of the findings:

= high-density polyethylene (HDPE) detergent bottle;
= polyethylene terephthalate (PET) tray as cheese packaging.

In addition to their significance in volume terms, the two ex-
amples illustrate different circumstances in the current situation
since they differ in terms both of packaging content (foodstuff
versus cleaning agent) and their current recycling route (main-
ly mechanical recycling versus incineration). Bottles made from
high-density polyethylene are among the types of packaging
which, right across Europe, have longest been systematically col-
lected, sorted and recycled. The bottle design has furthermore
already very largely been optimised for easy sortability and re-
cyclability. However, most of the resultant recycled materials are
removed from the packaging market, used in other applications,
for example in waste water pipes, and so lost to further life-
cycles. The stringent food technology requirements applicable
to cheese packaging complicate the recyclability of polyethyl-
ene terephthalate (PET) trays. Unlike HDPE bottles, almost no
cheese packaging has yet been designed to be recyclable, since
in particular the trade-off between food shelf life and a recycla-
ble packaging design presents a major challenge.

The case studies also reveal that considerable work on pack-
aging recyclability has been done in recent years but there is
still potential for further optimisation in many areas. In addition,
packaging makes relatively little use of recycled material be-
cause the necessary quantities of the material grades required
for this purpose are not available. One reason for this are insuf-
ficient high-quality sorting and recycling capacities. The invest-
ment required is unattractive to recyclers since the mixed price
they obtain for high-grade and lower grade recycled materials
plus the compliance fee under Germany's dual system recycling
scheme is insufficient to fund it. Such investment is moreover
considered to be high-risk since the price for virgin material as
an alternative to recycled material is too low and the voluntary
pledges made by the consumer goods industry to use more re-
cycled material in their packaging are an insufficient guaran-
tee. Another reason for low levels of recycled material usage is
that the only recycled material approved for food contact by
the European Food Safety Authority (EFSA) is currently polyeth-
ylene terephthalate (PET) obtained from the deposit scheme for

6 | The term "defossilised material” is used in this report as an umbrella term for bio-based virgin and recycled material. These include all material
alternatives to fossil-based virgin material. Despite the energy inputs involved in conversion, for which fossil energy sources are currently used, this
term was selected in the light of the electricity mix being 100 per cent generated from renewables in 2050.



single-use plastic bottles. Further Circular Economy approaches
are available for individual products, for example zero-pack-
aging sale or sale in multi-use packaging. For instance, solid,
highly concentrated detergents and personal hygiene products
are available which use little or no packaging. Projects requiring
a systemic approach and support by a critical mass, such as de-
posit return schemes for foodstuffs, are currently at best at the
design stage.”®

Policy recommendations

Transforming the packaging industry into a system based on cir-
cular value creation means implementing measures which take
effect along the entire value chain. The working group has iden-
tified six lines of approach (see figure 1):

1. Creating comparability with a generally accepted deci-
sion-making aid for packaging alternatives;

2. Setting specific and binding targets for avoiding packag-
ing and packaging waste;

7 | See Circolution n.d.
8 | See pacoon nd.
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3. Implementing design for circularity and sustainability by
EU-wide packaging material harmonisation and accompany-
ing economic incentives;

4. Harmonising collection and sorting infrastructure with
separation by material and using new digital solutions;

5. Expanding sources of defossilised materials by modemis-
ing existing recycling infrastructure and further developing
recycling technologies;

6. Boosting demand for defossilised material by expanding
applications for recycled material approved by the European
Food Safety Authority, setting standards for recycling and
recycled materials and creating appropriate economic incen-
tives.

The packaging working group of the Circular Economy Initiative
Deutschland (CEID) is in agreement that a circular packaging
industry is a European task. The policy recommendations set
out in detail below are therefore not restricted to Germany, but
also indicate how Germany as a central player in the debate
should show the way forward for Europe.
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Figure 1: Approaches to Circular Economy measures along the entire packaging value chain (Source: own presentation)

1. Creating a generally accepted decision-making
aid for packaging alternatives

Given the trade-offs between different sustainability goals
and different packaging alternatives, there is no universal way
to determine which alternative is the "most sustainable”. As a
result, the decision as to which is the best packaging alternative
for a product always has to be made on a case-by-case basis
because the answer depends on many different product, process
and market factors (e.g. on the requirements of the package con-
tents, modes of transport, the number of possible reuses or the
recycling infrastructure accessible under real-world conditions).
However, case-by-case evaluations are impractical when it
comes to helping companies decide which is the best packaging
for their product. First of all, a life cycle assessment would have
to be carried out for all potential types of packaging (and their

potential infrastructure). Secondly, a case-by-case evaluation can
only model the environmental potential of systemic changes to
a very limited extent. Research funding is therefore necessary
to develop a holistic decision-making aid which is usable un-
der real-world conditions.

2. Avoiding packaging and packaging waste

Inthe past, gains in efficiency in packaging design have no longer
been able to offset the constantly growing volume of plastics
packaging waste. The primary objective of the Packaging Act
(see § T Waste management objectives) of avoiding packaging
and packaging waste has therefore not been achieved for years
and will in future have to be prioritised. This entails a plan with
specific targets, measures, economic incentive systems and a
defined timeline. Such a plan could also include independent



monitoring bodies. Another step for avoiding packaging waste
is to expand options for making further use of packaging. There
is a need to further develop and test reuse concepts suitable
for large-scale application which are environmentally advan-
tageous and economically viable. Policy makers should provide
appropriate assistance here, for example by offering discussion
platforms and providing greater startup support.

3. Implementing design for circularity and sustaina-

bility

One major obstacle to closing the loop for packaging is that too
little attention is still paid to packaging recyclability. Section 21
of the Packaging Act® has introduced an important lever in this
respect: compliance fees are intended to reward both recycla-
bility and the use of defossilised alternatives to plastics. If this
economic incentive is actually to be effective, however, there is a
need for specific minimum requirements as to the impact such
a bonus would have to have on the compliance fees. Such bo-
nus incentives should additionally also include meaningful ap-
proaches to avoidance, such as reuse systems. Moreover, some
issues regarding funding remain unresolved; one option might
be to set up a fund backed by private and public stakeholders.
Overall, there is a need to reduce the large number of packaging
materials and material combinations on the market. Minimum
standards for EU-wide harmonisation of packaging materials
and their components should be defined in order to achieve
this. Implementing minimum requirements for packaging in or-
der to harmonise material streams could likewise be controlled
by means of the compliance fees. Overall, the evaluation crite-
ria for establishing surcharges and discounts on licences must
be transparent. A systematic approach must be developed for
this purpose which can be adapted as required while still safe-
guarding previously agreed fees. It is important for measures to
remain technology-neutral; excessively rigid harmonisation must
not, for example, rule out the use of innovative plastics material.

4. Enabling better and harmonised collection and
sorting

Despite greater efforts having been made to make the dual sys-
tem better known and more comprehensible, the misplacement
rate of post-consumer packaging waste is high. On the one
hand, this reduces the quality of the recycled material and,

Summary

on the other hand, considerable volumes of material, which
might potentially be recyclable, fail to reach the dual system
and are instead incinerated by being disposed of with residual
waste. Household sorting in Germany should in future proceed
entirely on the basis of the materials involved rather than the
level of funding of disposal. Modern sorting technologies, for
example marker-based technologies or technologies based on
artificial intelligence, should be further developed and put to
greater use. Progress here is currently hesitant due to low levels
of return. More use should be made of policy instruments, such
as greater embedding of Circular Economy principles in train-
ing, while mandatory labelling requirements for consumer in-
formation or the extension of mandatory deposits to further
product groups should be evaluated and, where appropriate, im-
plemented.

5. Increasing the supply of defossilised materials

Significant investment in recycling technology and infrastruc-
ture is required to modernise and upgrade existing plants and
create the necessary increased capacity. Further research is
also required into which materials are particularly suitable for
closed-loop management and how the number of mechanical
recycling cycles can be increased. There is nevertheless a need
in a closed Circular Economy model to offset material and qual-
ity losses in mechanical recycling with virgin-grade defossilised
plastics. Chemical recycling and bio-based plastics may be
the answer here if they offer a more environmentally sensible
solution than fossil-based virgin material. Ensuring that this is
the case means drawing up energy balances, investigating emis-
sions, analysing health risks and determining the environmental
footprint on an industrial scale. Given that the chemicals indus-
try has a future feedstock problem to solve and recognising that
huge international effort is being put into scalable chemical
recycling processes, Germany should be more than simply an
observer. Germany could instead forge ahead innovatively and
point the way forward to climate-neutral chemical recycling.
Gaining a better understanding of the purposes for which and
volumes in which chemically recycled and bio-based virgin mate-
rials are required entails investigating what an environmental-
ly optimised and technically meaningful defossilised material
mix might look like. To enable applicational research into these
issues and for example allow integrated sustainability analyses

9 | Packaging distributors are subject to mandatory licensing in a dual system. Licensing fees have previously in particular been defined by material
type and weight. Section 21 of the Packaging Act now specifies that environmental aspects should also define the level of the licensing fees. The
intention is accordingly to create incentives for recyclable packaging design and the use of recycled and renewable materials.
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to be carried out, pure research funding could be complemented
by also setting up a real-world laboratory."

6. Increasing the demand for defossilised material

Defossilised material is in price competition with virgin mate-
rial. As a result, especially in times of low oil prices, economic
incentives are necessary in order to increase the use of defossil-
ised material and create stable demand. The cost of fossil-based
virgin material can be increased in a controlled manner by a
general, ambitious carbon levy, while the cost of defossilised
alternatives can be reduced by an appropriate compliance fee
bonus system (see excursus “Thought experiment"). Defined
minimum proportions of post-consumer recycled material
would also help to stabilise demand for recycled materials and
so create investment certainty for recyclers. Such a quota will
have to be introduced progressively and be coordinated with
available volumes of recycled materials of the appropriate
grades. There are also regulatory obstacles to the use of recycled
materials in a large proportion of primary packaging. European
Food Safety Authority (EFSA) requirements currently specify that
only recycled material from the deposit bottle material stream
achieves food grade quality. However, there is a need to prevent

any future drift of secondary material away from a functioning
cycle into packaging for which there are currently no recycling
options. In addition, mechanisms and strategies for having fur-
ther recycled materials approved as secondary raw materials
for food contact should be devised in future. Safety require-
ments and standards for recycled materials which are appli-
cable across the EU should also be defined to simplify the use
of these materials. Such common standards should ensure that
recycled materials are always used in a specific quality for a
particular product group and are produced accordingly. Clearly
defined standards would moreover help to make demand more
plannable and so ensure sufficient availability of recycled mate-
rial of the particular grade.

The members of the packaging working group of the Circular
Economy Initiative Deutschland hope that this report is a useful
contribution to the dialogue in favour of a Circular Economy for
packaging. The transformation is still at its outset and is depend-
ent on further collaborative exchange. It is now up to all the
various stakeholders from politics, business, academia and civil
society to make a concerted effort to put the proposed policy
recommendations into practice.

10 | Real-world laboratories are time-limited test beds for trialling innovations under real-world conditions. They are necessary because some technol-
ogies and business models are not entirely compatible with the existing legal and regulatory framework and, as a result, some latitude must be
allowed. In addition to trialling sustainable technologies and business models, this approach also enables early regulatory learning in terms of test
methods and approvals and the associated norms and standards. Not only the necessary regulatory adjustments but also approval procedures can
be accelerated as a result, so enabling prompt introduction of new technologies and business models by breaking down market barriers. Such a test
bed can also encourage a productive interchange between academia, business and civil society, for example to resolve issues of acceptance.



Project

Editors

- acatech - National Academy of Science and Engineering
- Office of Circular Economy Initiative Deutschland (CEID)
- SYSTEMIQ Ltd.

Head of the working group

- Prof. Dr. Peter Elsner, Fraunhofer Institute for Chemical
Technology (ICT)/Karlsruhe Institute of Technology (KIT)
- Prof. Dr. Thomas Miiller-Kirschbaum, Henkel

Members of the working group

- Peter Désilets, Pacoon

- Dr. Ralph Detsch, Siegwerk

- Prof. Dr. Christina Dornack, Technische Universitat Dresden

- Josef Ferber, Hochland

- Prof. Dr. Claudia Fleck, Technische Universitat Berlin

- Prof. Dr. Magnus Fréhling, Technical University of Munich
(TUM)

- Karl Hagspiel, Alpla

- Prof. Dr. Rudiger Hahn, Heinrich Heine University Diissel-
dorf (HHU)

- Christian Haupts, Recenso

- Dr. Christoph Hoffmann, Alpla

- Dr. Péter Kriiger, Covestro

- Dr. Marko Lange, SAP

- Dr. Thorsten Leopold, Henkel

- Michael Léscher, SchwarzGruppe

Project

- Peter Niedersii3, Borealis

- Tom Ohlendorf, WWF

- Jutta Pattberg, Pacoon

- Dr. Manfred Renner, Fraunhofer Institute for Environmental,
Safety, and Energy Technology (UMSICHT)

- Prof. Dr. Alois K. Schlarb, Technische Universitat Kaisers-
lautern

- Dr. Michael Schmidt, Hochland

- Dr. Hartmut Siebert, Clariant

- Dr. Bettina A. Siggelkow, Clariant

- Simon Stadelmann, Alpla

- Julian Thielen, Interseroh

- Dr. Henning Wilts, Wuppertal Institute for Climate, Environ-
ment and Energy

Content support for the working
group

- Dr. Marina Beermann, WWF

- Michael Dieterle, Fraunhofer Institute for Chemical Technol-
ogy (ICT)

- Nicholas Ecke, Technische Universitat Kaiserslautern

- Dr. Susanne Kadner, CEID lead/acatech Office

- Dr. Jorn Kobus, SYSTEMIQ

- Dr. Lars Krause, nova-Institute for Political and Ecological
Innovation

- Roman Maletz, Technische Universitat Dresden

- Alina Marm, Siegwerk

- Elisa Seiler, Fraunhofer Institute for Chemical Technology
(ICT)

- Katharina Schweitzer, CEID/acatech Office

- Ronja Wolf, Siegwerk



Circular Economy
Initiative
Deutschland

v’

Coordination and editing

- Katharina Schweitzer, CEID/acatech Office

- Ronja Wolf, SYSTEMIQ

- Dr. Jorn Kobus, SYSTEMIQ

- Dominik Obeth, CEID/acatech Office

- Yvonne Turzer, CEID/acatech Office

- Dr. Susanne Kadner, CEID lead/acatech Office

External reviewers

- Dr-Ing. Alexander Feil, RWTH Aachen University

- Benedikt Kauertz, Institute for Energy and Environmental
Research Heidelberg

- Kurt Schiiler, Gesellschaft fiir Verpackungsmarktforschung
mbH

Project group for “Chemical recycling”

task force

Moderation

- Dr. Manfred Renner, Fraunhofer Institute for Environmental,

Safety, and Energy Technology

- Dr. Henning Wilts, Wuppertal Institute for Climate, Environ-

ment and Energy

Members

- Dr. Ralph Detsch, Siegwerk

- Christian Haupts, Recenso

- Dr. Lars Krause, nova-Institute for Political and Ecological
Innovation

- Elisa Seiler, Fraunhofer Institute for Chemical Technology
(IcT)

- Dr. Hartmut Siebert, Clariant

- Dr. Bettina A. Siggelkow, Clariant

Project group for
“Mechanical recycling” task force

Moderation

- Prof. Dr. Thomas Miiller-Kirschbaum, Henkel
- Prof. Dr. Alois K. Schlarb, Technische Universitat
Kaiserslautern

Members

- Michael Dieterle, Fraunhofer Institute for Chemical
Technology (ICT)

- Peter NiedersiiR, Borealis

- Elisa Seiler, Fraunhofer Institute for Chemical Technology
(1cm)

- Dr. Hartmut Siebert, Clariant

- Simon Stadelmann, Alpla

Project group for “The packaging
industry in the corona crisis” task
force

Moderation
- Peter NiedersuR, Borealis
Members

- Roman Maletz, Technische Universitdt Dresden
- Prof. Dr. Thomas Miiller-Kirschbaum, Henkel



Project group for “Thought
experiment 2030" task force

Moderation

- Prof. Dr. Magnus Fréhling, Technical University of Munich
(TUM)
- Prof. Dr. Thomas Miiller-Kirschbaum, Henkel

Members

- Dr. Ralph Detsch, Siegwerk

- Prof. Dr. Peter Elsner, Fraunhofer Institute for Chemical
Technology (ICT)/Karlsruhe Institute of Technology (KIT)

- Svenja Klose, Technical University of Munich (TUM)

- Roman Maletz, Technische Universitat Dresden

- Dr. Manfred Renner, Fraunhofer Institute for Environmental,

Safety, and Energy Technology

Project

Elisa Seiler, Fraunhofer Institute for Chemical Technology
(IcT)

Dr. Henning Wilts, Wuppertal Institute for Climate, Environ-
ment and Energy

Project duration

March 2019 - February 2021

SPONSORED BY THE
The project on which this report

is based was funded by the % Federal Ministry
Federal Ministry of Education grflg(lj%l:eiit;(r)cnh
and Researchunderthe funding

code 033R215.

The responsibility for the content of this publication lies with
the authors.



Circular Economy
Initiative
Deutschland

v’

1 Introduction: Signifi-

cance of the Circular
Economy to packaging

Packaging performs important functions and modern life is
inconceivable without it. It ensures hygiene and safety, extends
product storage life, protects its contents from external influenc-
es and enables safe transport and use of the products. Pack-
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aging also provides space for necessary consumer information
and performs a marketing function." Packaging can therefore
play a positive part in achieving the United Nations Sustainable
Development Goals'. For example, it extends the storage life of
foods and can so contribute to Goal 2: “Zero Hunger". By pro-
tecting its contents from contamination, packaging can, more-
over, also contribute to Goal 3: “"Good Health and Well-being".
On the downside, however, improper handling of packaging can
also jeopardise these very same goals, for example Goal 14 “Life
Below Water".
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Figure 2: Significance of packaging to the United Nations Sustaina
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| See Gesellschaft fur Verpackungsmarktforschung mbH,/Denkstatt 2018.

ble Development Goals (Source: own presentation)

| The 17 Sustainable Development Goals are policy goals of the United Nations which are intended to ensure global sustainable development in eco-

nomic, social and environmental terms. They came into force on 1 January 2016 and are to be achieved by 2030.



The meteoric increase in packaging consumption and the con-
sequent waste volumes are a problem. Thanks to the major ad-
vantages it offers, packaging is used on a large scale for foods
and consumer goods. The consumption of packaging is rising
continuously not only in Germany but also across Europe and
worldwide.' 1516 |n Germany, this rise is primarily the result of
general economic growth, but booming online sales, the trend
towards smaller households, and more ready meals and takea-
way foods are also playing a part.” '8 ' Most packaging is de-
signed for single use with a very short service life which means
that packaging material very quickly becomes waste.

Plastics packaging in particular has become a highly charged
social, political and environmental issue since, in addition to
the rising quantities, greater inputs into the environment are
being recorded. One prominent example of accumulations of
plastics in nature are the constantly growing “plastic islands"
in the world's oceans.??' Calculations suggest that in 2010 be-
tween 4.8 and 12.7 million tonnes of plastics waste entered the
oceans, with a large proportion being packaging waste.??

A lack of collecting, sorting and recycling structures is a major
cause of waste inputs into the environment. According to United
Nations Environment Programme estimates, some three billion
people have no access to controlled waste disposal facilities.?®
Human behaviour, however, also plays a significant role; even
when available, facilities are not always used. Open landfill sites
close to the coast, illegal disposal of waste into rivers leading
into the sea and the wind all result in municipal waste getting
into the oceans. The most visible impacts have so far been the
negative effects on living conditions for marine animals and eco-
nomic losses in the tourism and fishing industries.?* 2

Moreover, there has to date been little scientific knowledge
of the toxicological risks and consequent long-term impact on
ecosystems and human health. In line with the precaution-
ary principle, however, the negative effects which are already

13 | See United Nations Environment Programme 2015.
14 | See Eurostat 2020.

15 | See Schiiler 2020.

16 | See Lau et al. 2020.

17 | See Schiiler 2020.

18 | See Hoornweg et al. 2013.

19 | See United Nations Environment Programme 2015.
20 | See Jambeck et al. 2015.

21 | See Geyer et al. 2017.

22 | See Jambeck et al. 2015.

23 | See United Nations Environment Programme 2015.
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known and relevant hypotheses justify taking comprehensive
measures.? %/

Germany has effective collection, sorting and recycling structures
in place and, as a result, packaging waste does not generally get
directly into the environment. Nevertheless, German packaging
can still end up in the sea via a circuitous route, with the main
cause, apart from inadequate or improper use of the systems,
being waste export to countries without functioning recycling
structures and with low environmental standards.?® The new re-
quirements of the Basel Convention will shut off this route from
2021 when a EU-wide export ban on plastics waste which is un-
sorted, uncleaned and mixed with other types of waste will come
into force.?® Packaging waste placed on the market in Germany
should then stop adding to the littering of the world's oceans.
Germany can, however, make a further contribution by becom-
ing a role model and pioneer of properly functioning closed-loop
management of packaging. This offers German industry the
opportunity to open up new markets as a systems supplier for
Circular Economy solutions. However, there is potential for opti-
misation within Germany too.

In Germany, the problem primarily resides in the large volume of
packaging waste and the associated consumption of resources.
Generating 227.5 kilograms of packaging waste per capita (in
2018)%, Germany is Europe's number one waste producer. In ad-
dition, Germany's packaging consumption has been rising con-
tinuously from 14 million tonnes of packaging waste in 1998 to
18.9 million tonnes 20 years later.>" Nevertheless, thanks to its
high recycling rates in comparison with other European coun-
tries, Germany is a showpiece for packaging management.

Mechanical recycling rates for plastics packaging are com-
paratively low even in Germany with its reputation for effi-
cient recycling. While the mechanical recycling rates for pa-
per, cardboard, glass and metal are comparatively high (at over
85 per cent) due to their high sorting accuracy and high value

24 | See Newman et al. 2015.

25 | See World Wide Fund For Nature 2019.

26 | See Bertling et al. 2018.

27 | See Science Advice for Policy by European Academies 2019.

28 | See Bishop et al. 2020.

29 | See Federal Ministry for the Environment, Nature Conservation and
Nuclear Safety 2019.

30 | The largest proportion, at 98.5 kilograms per capita, was paper.
Plastics packaging waste came to 38.5 kilograms per capita.

31 | See Schiiler 2020.
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(especially metals), the material recycling rate for plastics pack-
aging is 47 per cent in Germany (globally, the rate is below
10 per cent). Only 10.9 per cent of recycled material on aver-
age was processed to produce new packaging in 2019.3? Against
the background of elevated and still increasing packaging and
waste generation in Germany, closed-loop management ap-
proaches involving new applications for plastics have the poten-
tial to reduce raw material consumption and negative environ-
mental effects.

Evaluating the sustainability of packaging solutions is com-
plex and there are no one-size-fits-all solutions. The low recy-
cling rate for plastics also results in plastics being considered in
themselves to be a particularly environmentally harmful mate-
rial. However, an examination of life cycle assessments for vari-
ous packaging concepts often reveals this sweeping judgement
to be incorrect.3*3* Packaging cannot be divided into environ-
mentally compatible and environmentally harmful solely on the
basis of the material from which it is made. Instead, numerous
sometimes conflicting criteria throughout the entire life cycle
have to be borne in mind when it comes to evaluating sustaina-
bility. Accordingly, improvements in terms of conserving resourc-

32 | See Conversio 2020.
33 | See Haupt et al. 2018.
34 | See Fehringer 2019.

35 | See Gesellschaft fiir Verpackungsmarktforschung mbH/Denkstatt 2018.

36 | See Coelho et al. 2020.
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es may have negative effects on other criteria, for instance by in-
creasing energy input and consequently causing more emissions
with a climate impact.

One guiding principle when selecting which packaging solution
is environmentally preferable is the "Reduce - Reuse - Recycle”
waste hierarchy. As section 3 explains in greater detail, this hier-
archy is even today still too infrequently applied. But even this
broad-brush prioritisation has to be reexamined in each specific
context. This is because one particular aspect of applying the
waste hierarchy to packaging is the interaction of the packaging
with its contents. The packaging and its contents must in this
respect be considered together and this system optimised as a
unit. If omitting packaging results in greater food waste, for ex-
ample, the overall environmental balancessheet is negative.*® If
reuse systems are organised in such a way that heavy containers
have to be transported over long distances, the life cycle analysis
may even turn out in favour of single-use packaging.>® According-
ly, in addition to the design of the packaging, further factors, for
example maintaining functional requirements, transport and the
actual post-use phase, must also be included in the consideration
to enable a decision about which solution is the most suitable.
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2 The packaging
working group of the
Circular Economy
Initiative Deutschland

About the Circular Economy Initiative
Deutschland

The Circular Economy Initiative Deutschland (CEID), funded
by the Federal Ministry of Education and Research (BMBF),
aims to initiate a dialogue about how the economic system
can be turned around from a linear to a circular model.

The objective of the initiative is to develop a roadmap show-
ing how the change towards a Circular Economy in Germany
can be shaped so as to achieve long-term objectives of incre-
asing raw material productivity. In addition, accompanying
guidance in the form of policy recommendations will also be
devised for all relevant stakeholders.

Driven by members from business, academia, politics and
civil society, the Circular Economy Initiative Deutschland is
a broad-based stakeholder dialogue (see Appendix D). The
intention is to take a systemic approach to devise specific

Germany has to strike a balance here: on the one hand, it is
viewed internationally as a pioneer of technical solutions and
serves as a role model for progressive political acceptance of cir-
cularity, on the other its consumption of packaging is very high
and is continuing to grow. Against this background, the packag-
ing working group is formulating a position on the role and con-
tribution of all stakeholders in developing a Circular Economy
for packaging in Germany.

policy recommendations for circularity and solutions for the
prevailing barriers.

The work of the Circular Economy Initiative Deutschland is
divided between three working groups: while one addresses
the potential for circular business models and digital techno-
logies as drivers of innovation in general terms, the other two
working groups focus on the specific functional systems3’ of
traction batteries and packaging.

These two functional systems can be used as examples for
outlining the transformation to a Circular Economy. While
traction batteries exemplify a product with high-value mate-
rials and an extended service life, packaging (in particular
primary packaging in the consumer goods industry) are ex-
amples of lower value, short-lived goods. These two functional
systems therefore cover the range of differing challenges to
the implementation of circularity and can act as models of
the necessary changes across different economic sectors.

2.1 Presentation of the working
group

The work of the group benefits from the extensive participation
of top-class participants from academia, business, politics and
civil society. The packaging working group takes a cross-value
chain approach and combines the specific outlooks of raw mate-
rial suppliers, branded goods companies, retailers, recycling com-
panies and system service providers, while scientists and repre-
sentatives of civil society complement the working group with
their specialist expertise.

37 | See Weber, T,/Stuchtey, M. 2019: The idea of using functional systems as the level for considering the implementation of Circular Economy meas-
ures in value networks arose from the preliminary study carried out by acatech and SYSTEMIQ. In contrast with approaches focusing on materials,
sectors or life cycles, making “functional units” the focus of consideration is beneficial and makes it possible to go beyond product optimisation

and for example also consider alternative business models.
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This open multi-stakeholder dialogue in particular is how the Cir-  tify policy options along the entire value chain. In addition, sys-
cular Economy Initiative Deutschland packaging working group  temic interactions between different circularity approaches can
adds value. This inclusive approach makes it possible to shed be revealed and mutually consistent policy recommendations
light on incentives and benefits of closed-loop management of  formulated or measures derived for accelerating a Circular Econ-
packaging materials between relevant stakeholders and so iden-  omy for packaging in Germany and beyond.
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Figure 3: Participants in the packaging working group (Source: own presentation)
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2.2 Philosophy and objectives of the
packaging working group

The packaging working group aims to contribute to the already
broad public debate on the circularity of packaging. Specific
challenges for the German packaging industry on the way to a
Circular Economy are identified and solutions indicated by an in-
depth analysis of two specific use cases.

The working group does not see the transition to a Circular Econ-
omy as an end in itself but instead as a way to achieve overar-
ching sustainability goals. In order to avoid conflicts with these
goals, for example with climate protection targets, the aim is to
ensure maximally closed loops without additional anthropogen-
ic greenhouse gas emissions: a climate-neutral Circular Economy,
an industry with net zero greenhouse gas emissions.®

The working group's results include a vision for a circular packag-
ing industry which discusses various circularity levers and iden-
tifies the need for action by all relevant stakeholders in order
to achieve the objective of a climate-neutral Circular Economy
by 2050 (see section 3). On the other hand, two representative
case studies are used as the basis for a detailed examination of
the current situation and the obstacles to the closed-loop man-
agement of packaging. The case studies, high-density polyethyl-
ene (HDPE) bottles for liquid detergents and polyethylene tere-
phthalate (PET) trays for foodstuffs, pose different challenges
which are discussed in greater detail in section 4.

This work thus complements other projects funded within
the framework of the Resource-efficient closed-loop economy
(ReziProK) funding initiative initiated by the Federal Ministry of
Education and Research.>®

2.3 Scope of the packaging working
group

The working group's frame of reference encompasses the entire
life cycle of packaging, starting from the raw material and the
design phase through production and use to the collection and
recycling of the packaging. All circularity strategies known to
the working group will also be taken into account. Since the in-
dividual areas of activity are interdependent, a holistic view is
important in order to be able to use and coordinate all possibil-
ities for optimisation.

The focus of the packaging working group's work is on prima-
ry packaging. There are several reasons for this. Firstly, direct
contact with the package contents in primary packaging places
stringent requirements on functionality, both technical and reg-
ulatory. Since primary packaging also performs, for example, an
information and marketing function for end customers, numer-
ous secondary requirements must also be met.

The focus of the analysis is on Germany but measures and policy
recommendations in the European context are also taken into
account.

The working group primarily describes the challenges in trans-
forming the value chain into a circular scenario and remains
material-neutral when it comes to formulating the vision. The
working group's aim is not to compare the suitability of different
packaging materials and rank them accordingly. This is because
questions about material substitution can only be considered in
relation to the particular application, for example in the context
of a life cycle analysis, in order to take overall account of pack-
aging, transport and hygiene requirements.

In the in-depth work on specific applications in the closed-loop
management of packaging, the focus in terms of starting mate-
rial is on plastics packaging but the scope for solutions is ma-
terial-neutral. This is attributable, on the one hand, to the low
mechanical recycling rates already mentioned above combined
with a simultaneous increase in the volume of plastics processed
in the packaging industry.*® On the other hand, in many appli-
cations plastics are inexpensive in comparison with alternative
materials which are capable of meeting the same requirements.

38 | Asystemically conceived and sustainable Circular Economy will make a comprehensive contribution to the EU target of net zero greenhouse gas
emissions by 2050, allowing economic growth to be completely decoupled from resource consumption. It will ensure planetary limits are respected
and sustainability goals achieved and help to increase quality of life and ensure equitable prosperity through collaborative, inter-company value

creation and innovation.
39 | See Federal Ministry of Education and Research 2020.
40 | See Schiiler 2020.
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In particular, current low petroleum prices* exacerbate the chal-
lenges of keeping plastics packaging in a circular system be-
cause high-quality closed-loop management is often more ex-
pensive than virgin material.

Plastics are high-performance materials whose chemical and me-
chanical properties make them adaptable to a huge variety of
requirements. In particular, given a suitable framework, they can
be an advantage in terms of packaging sustainability.*? The low

weight of plastics packaging in comparison with other types of
packaging means there is, for example, significant potential for
energy savings during transport. Plastics packaging can also ex-
tend food storage life and so reduce food waste. It is thus highly
probable that plastics will continue to play an important role
in packaging systems in the future. In a complex environment
of many and varied policy options, opportunities and threats, it
now important to identify needs for action from a systemic per-
spective and to address them with suitable measures.

41 | As a result of the COVID-19 pandemic, petroleum prices fell considerably and, briefly, even into negative territory. The excursus, “The impact of the
COVID-19 crisis on the packaging industry”, in Appendix G provides a detailed examination of the consequences on the closed-loop management of

plastics.
42 | See Haupt et al. 2018.
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3 A climate-neutral
Circular Economy for
packaging in Germany

The working group has developed a vision for a climate-neu-
tral Circular Economy for packaging by 2050. Starting from
the current situation, existing system losses and limits are ex-
amined (see section 3.1) and existing obstacles addressed and
categorised (see section 3.2). In order to state in concrete terms
how a climate-neutral Circular Economy for packaging can be
achieved, section 3.3 describes circularity strategies and models
their potential for greenhouse gas emission savings in a circular-
ity scenario for 2030 and 2050. The framework which would be
required for achieving the circularity scenario is then discussed.
The policy recommendations derived in section 5 are geared to-
wards achieving the presented vision.

Packaging
(4,369 kt)

Construction
(3,583kt)

Automotive
(1,509kt)

Electrical &
electronic
(881 kt)

Others
(3,893kt)

PELD/ PEHD/ PP PS PSE  PVC
(310kt) (1,820kt)

PELLD PE-MD (2,406kt) (417 k)
(2,112kt) (1,831 kt)

A climate-neutral Circular Economy for packaging in Germany

3.1 The current situation - where do
we stand?

3.1.1 Material flows

In 2019, Germany processed 14.2 million tonnes of plastics,
24 per cent of which in the packaging industry.** Over the last
20 years, the quantities of plastics used in packaging have dou-
bled from 1.6 million tonnes in 1998 to 3.2 million tonnes in
2018. Approximately two thirds of this volume was accounted
for by product packaging which ended up in households and
one third by transport and outer packaging.*

The following figure shows that Germany primarily processed
polyethylene (both low-density (LDPE) and high-density (HDPE)),
polypropylene (PP) and polyethylene terephthalate (PET), these
polymers accounting for some eighty per cent of the total quan-
tity. PET in particular is used almost exclusively in packaging.

ABS, PMMA PA PET Other PUR Other

ASA,  (70kt) (354kt) (957kt) thermo- (927kt) plastics
SAN plastics (1,490kt)
(367 kt) (1173kt)

Figure 4: Type and proportions of plastics in various sectors (Source: Conversio 2020)

43 | See Conversio 2020.
44 | See Schiiler 2020.
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Of the quantities of plastics processed in the packaging industry
in 2019, only some 474,000 tonnes or 10.9 per cent were recy-
cled materials, so almost 90 per cent virgin material was used.*®

When it comes to packaging system circularity, it is important
to distinguish between the various options at the end of life.
Germany generates approximately 6.3 million tonnes of plastics
waste each year, some 5.35 million tonnes of which in house-
hold waste. In solely per capita terms, Eurostat data indicate
that Germany's plastics packaging waste figure of 38.5 kilo-
grams per capita is distinctly above the European Union (EU)
average.*® The major difference between the volumes placed on
the market and those arising as waste may be explained, among
other things, by the long service life of plastics in the construc-

tion sector, where deposits for the “urban mining"# of plastics
are continuously building up.

Even when compared internationally, Germany has a very high
recycling rate of over 99 per cent; Germany is one of the few
countries in the world which has banned untreated landfilling.
However, over half (approximately 53 per cent) of the record-
ed volume is thermally recovered, i.e. burnt in incinerators or
waste-to-energy plants or sent for cocombustion, for example
in cement works. Somewhat less than half (around 47 per cent)
is mechanically recycled. If only post-consumer plastics waste
is considered, the amount recycled in Germany is halved
due to exports and processing losses. Ultimately, a quanti-
ty of just over one million tonnes of post-consumer recycled
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* Due to the small volumes involved, the graph does not show losses due to landfilling (~0.03 million tonnes), feedstock recycling (~0.01 million

tonnes) and export surplus (~0.01 million tonnes)

Figure 5: Losses in recycling post-consumer plastics waste in 2019 (Source: own presentation, data from Conversio 2020)

45 | See Conversio 2020.
46 | See Eurostat 2018.

47 | Urban mining refers to the recovery of materials from durable items such as buildings or infrastructure when they come to the end of their useful

life.

22



material®® is available, which amounts to just 7.2 per cent of
the initial quantity of plastics processed in Germany of around
14.24 million tonnes. In addition, a large proportion of this orig-
inates from single-use PET containers recycled under deposit
schemes. A further 6.7 per cent of the initial quantity is account-
ed for by recycling industrial plastics waste. The following fig-
ure illustrates the losses at the various stages of the recycling
process.*

3.1.2 Policy framework

These developments are offset by a number of measures which
have already been set in motion by policy makers (in Germany
and at European level) in order to pave the way for a Circular
Economy. This legislative framework alongside voluntary pledg-
es from industry define the trajectory along which the entire
plastics and packaging industry is currently developing its stra-
tegic market position. The following paragraphs provide an over-
view of the current situation, which simultaneously defines the
field of action and provides a tailwind for the transformation.

At the European level, on the basis of the Circular Economy Ac-
tion Plan published by the European Commission in 2015, the
European Union (EU) adopted the Plastics Strategy in 2018.%°
The EU Plastics Strategy comprises numerous measures and ob-
jectives which are intended to enable circular management of
plastics and packaging.

Specifically, by 2030, all plastics packaging placed on the EU
market should be reusable or recyclable. With the adoption of
the EU Packaging and Packaging Waste Directive 2018/852,%
new material-specific recycling quotas have been set. By 2025,
50 per cent of plastics packaging and 65 per cent of packag-
ing waste are to be recycled. By 2030, the quotas will increase
to 55 per cent and 70 per cent respectively. In addition, from
2020, stricter rules for calculating the fulfilment of targets are
set to ensure that country-specific progress is transparent and
comparable.

A climate-neutral Circular Economy for packaging in Germany

As part of the EU's Ecodesign Work Plan 2020 to 2024, the
Ecodesign Directive 2009/125/EC is to be harmonised with En-
ergy Labelling Regulation (EU) 2017/1369.%2 In addition, con-
sideration is being given to ecodesign requirements which are
intended to promote the recyclability of plastics.

The EU Single-use Plastics Directive stipulates that polyethylene
terephthalate (PET) bottles should consist of at least 25 per cent
recycled material by 2025 and of at least 30 per cent recycled
material by 2030. Moreover, trade in various single-use products
such as plastic plates and plastic drinking straws will be banned
from 2021. Furthermore, 77 weight per cent of the waste from
single-use plastic items is to be collected separately by 2025
and plastics manufacturers are to be made responsible for col-
lection and cleaning.>

The EU Directives are being transposed into corresponding leg-
islation at the federal level in Germany. The new Circular Econ-
omy Act (KrWG) transposes the EU Waste Framework Directive
into German law and comprehensively modernises existing Ger-
man waste legislation. The purpose of the Act is to promote a
Circular Economy in order to conserve natural resources and to
ensure that waste is managed in an environmentally compatible
manner. The central principle of the Act is the waste hierarchy.

In addition, the Packaging Act, which supersedes the Packaging
Ordinance,>* came into force in Germany in 2019. The Packag-
ing Ordinance was a statutory ordinance which had been issued
on the basis of section 24 of the KrWG. The Packaging Act, on
the other hand, is now on an equal legal footing with the KrWG,
i.e. at the same hierarchical level. The Packaging Act specifies
a recycling rate for plastics of 58.5 per cent. From 2022, the
rate will rise to 63 per cent. These rates are well above EU reg-
ulations and are an ambitious target, in particular with regard
to the changeover in the method of calculation. At present, re-
cycling rates in Germany are calculated on an input basis.>®
Changing the calculation method to an output basis would re-
duce Germany's plastics recycling rates by approximately 4.5 to

48 | According to DIN ISO 14021: 2016-07, post-consumer recycled material is the material which is generated by households or by commercial, indus-
trial and institutional organisations as end-users of a product and which can no longer be used for its intended purpose. This also includes material

returned from the supply chain.
49 | See Conversio 2020.
50 | See European Commission 2018b.
51 | See European Union 2018.
52 | See European Commission 2019b.
53 | See European Union 2019.
54 | See Bundesanzeiger 2017.

55 | The input calculation method measures the amount sent for recycling from a sorting plant. Amounts which cannot be materially recycled but are
instead incinerated are not deducted from the reported rate. According to the amendment of the European Waste Framework Directive, this calcula-
tion will in future be made on an output basis throughout Europe. Work is currently under way on the specifics of this output-based approach.
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12 per cent.>® This changeover could reduce Germany's plastics
recycling rate targets (63 per cent from 2022), which are calcu-
lated on an input basis, to below the EU targets (55 per cent
from 2025) since the latter are calculated on an output
basis.”’

Furthermore, the Packaging Act obliges initial distributors, man-
ufacturers and importers to guarantee nationwide take-back
and recycling of packaging waste and to join a dual system.
Germany's newly created Central Agency Packaging Register en-
sures that all packaging is licensed. The compliance fees paid
to the dual systems by packaging distributors for recycling their
packaging are additionally linked to the recyclability of the pack-
aging. This obligation to structure compliance fees on an envi-
ronmental basis is a new instrument in waste legislation which
is thought to have considerable potential for steering packaging
solutions in a more sustainable direction. The practical form this
obligation will take is, however, still at the planning stage.

Section 33 of the KrtWG furthermore provides a waste preven-
tion programme which aims to decouple economic growth from
waste generation.>® This is updated every six years. The main
criticism of this programme, however, is that it does not contain
binding targets. In order to implement the product responsibil-
ity set out in section 23 KrWG, the Packaging Act also aims to
achieve a proportion of at least seventy per cent multi-use bever-
age packaging for all bottled beverages.>®

The industry itself is pushing ahead with further activities, of-
ten at the urging of representatives of civil society. For example,
175 organisations from industry and academia together with
government representatives are participating in the EU-wide Cir-
cular Plastics Alliance voluntary pledge campaign. The intention
is to implement the target enshrined in the EU Plastics Strategy
of processing ten million tonnes of recycled plastics by 2025.5°

As part of the New Plastics Economy Global Commitment ini-
tiative by the Ellen MacArthur Foundation, 450 organisations
which produce 20 per cent of the world's plastic packaging have
committed to reducing plastics consumption and promoting its
circularity.®" In line with this, cross-sectoral, national Plastics
Pacts in the United Kingdom, France, the Netherlands, Poland
and Portugal are formulating specific goals and measures to ad-

56 | See Schiiler 2013.
57 | See Obermeier/Lehmann 2019.

just the use of plastics and packaging in the interests of a Circu-
lar Economy. There is also a European Plastics Pact, in which Ger-
many is also involved.®? Legislation has furthermore been passed
for example in France, Portugal and Denmark which, among oth-
er things, taxes the use of single-use plastic bags.

3.2 Existing challenges in the current
situation

As described in section 3.1, system losses can be observed at
various steps of the value chain. The causes can be divided into
two categories:

1. Lack of transparency and inadequate compatibility in the
overall value chain and
2. Gaps within individual steps in the value chain.

Addressing the first category involves orchestrating all the links
in a Circular Economy in such a way that as much material or
resources as possible can be kept in the cycle. Addressing the
second category involves strengthening individual links in the
chain. These two categories are explained below in greater de-
tail.

3.2.1 Lack of transparency and inadequate compat-
ibility in the overall value chain

Successful cooperation between all stakeholders along the value
chain requires a common objective from which a common ap-
proach is derived. Today's system has no such common objective,
each step in the value chain and each stakeholder instead pur-
suing their own rationale for optimisation.

Packaging is today usually designed and produced individual-
ly for each application. This means that packaging manufactur-
ers must take account of specific functionalities defined by the
requirements of the package contents while at the same time
keeping an eye on manufacturing and filling costs in a highly
diverse processing industry; it is the machinery manufacturers
here who determine the potential for differentiation. The exter-
nal design of a package, the material selected and how it is

58 | See Federal Ministry for the Environment, Nature Conservation and Nuclear Safety 2013.

59 | See Bundesanzeiger 2017.

60 | See Circular Plastics Alliance 2019.
61 | See New Plastics Economy 2019.
62 | See European Plastics Pact 2020.
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shaped and printed moreover play a major role in product mar-
keting.

This market dynamic in what is a hugely fragmented, mar-
gin-driven industry results in many different types of packaging
being placed onto the market. This results in a great variety of
materials and consequent problems in separating material com-
posites and sorting the materials. Sorting into numerous pure
fractions cannot be done economically. This variety of materials
also means that consumers have problems in assigning the var-
ied packaging waste to the correct disposal channels, which are
in turn differently configured within the catchment areas of the
individual dual systems. The diversity of materials means that
the secondary raw materials from mechanical recycling are pre-
dominantly of indefinable quality. As a result, their “second” use
is reduced to a few applications which can cope with fluctuating
quality and low technical requirements. Because the packaging
placed on the market is the result of optimisation steps in terms
of functionality and manufacturer design, it is not aligned with,
let alone optimised for, post-use process steps, such as sorting
and recycling. This is because, under today's system, it is im-
possible to imagine how all the participants in the value chain
might benefit from system optimisation, i.e. there is no (mone-
tary) incentive.

To make matters worse, waste legislation and the expansion
of recycling structures are largely decided at the national level
while the packaging industry acts internationally and consum-
er goods markets are global. Accordingly, not only national ob-
jectives but also transnational differences apply to the devel-
opment of a packaging recyclability strategy, specifically with
regard to packaging design and the corresponding recycling in-
frastructure. There is a lack of internationally uniform concepts
for evaluating and auditing processes from a Circular Economy
standpoint and thus also of uniform rules for extended producer
responsibility. These national differences in the creation of a le-
gal framework present a major challenge to international corpo-
rations, as they have to optimise their packaging for each sales
market according to different criteria.

At the same time, describing uniform objectives (whether nation-
al orinternational) is a very difficult task. Packaging recyclability
is today often assessed on an individual product basis without
taking the overall system into account. Holistically evaluating a

63 | See Blum et al. 2020.
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solution's circularity entails focused data and an awareness of
how the various levers affect one another, neither of which are
available. Potential interactions, for example between carbon
emissions and closed-loop management of the material, require
a uniform basis for assessment in the form of a life cycle assess-
ment which, however, must by definition be carried out on a
case-by-case basis and may involve considerable cost.®® This has
already led to numerous "Design for Recycling” approaches and
guidelines for packaging but, depending on the system bound-
aries applied, these follow differing rationales for optimisation
and so do not map uniform objectives.

The lack of data is also a problem from an economic standpoint,
there being no information system capable of holistically map-
ping the individual steps in the value chain. For example, it is
accordingly difficult at present to describe recycling rates and
recycled material usage rates in the absence of a uniform basis
for material reconciliation. Recyclers cannot optimise plants in
line with anticipated inputs if no information is available about
the volumes placed on the market. The purchase and sale of sec-
ondary material on the corresponding raw materials markets are
also complicated by inadequate transparency regarding quali-
ty and properties (or a lack of corresponding product specifica-
tions). Purchases of recycled materials are therefore costly indi-
vidual purchases. This not only results in high transaction costs
but also reduces planning certainty for all the stakeholders in-
volved. In some cases, necessary interfaces between steps in the
value chain do not yet exist, and there is insufficient transparen-
cy to design them effectively.

3.2.2 Gaps within individual steps in the value
chain

In addition to the systemic incompatibilities, there are also chal-
lenges in or between individual steps in the value chain.

Packaging recyclability must be taken into account right from
the design phase. There is a need to develop potential new solu-
tions for the purposes of the waste hierarchy. Avoiding pack-
aging is, for example, the top priority. Where packaging is un-
avoidable, it should first be checked whether the packaging
can be reused; for example, multi-use systems (where support-
ed by a positive life cycle analysis) can reduce waste volumes.®*
While these approaches are already being pursued by individual

64 | This also arises from Directive (EU) 2019/904 of the European Parliament and of the Council of 5 June 2019 on the reduction of the impact of
certain plastic products on the environment. The Directive promotes circular approaches which give priority to sustainable and non-toxic reusable
products and reuse systems rather than to single-use products, aiming first and foremost to reduce the quantity of waste generated. Such waste pre-
vention is at the pinnacle of the waste hierarchy enshrined in Directive 2008/98/EC of the European Parliament and of the Council.
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branded goods companies and retailers, they are not widely es-
tablished or could still be expanded. One reason for this is the
higher costs of an in-house take-back system, which is not eco-
nomically viable for individual brands. Further factors to be con-
sidered right from the design phase are the subsequent separa-
tion of the individual packaging components by consumers, the
separation of material composites or the use of alternative raw
materials.

Consumers can play a vital role here since their needs and re-
quirements can decisively influence the demands placed on the
value chain. Sustainable purchasing decisions can be promot-
ed by reducing non-sustainable options.®> Consumer preferenc-
es might also conceivably be nudged towards a Circular Econo-
my for example by increasing acceptance of recycled packaging
(possibly even with a poorer appearance), by multi-use packag-
ing or alternative materials made from renewable raw materials
or even by entirely packaging-free products (where supported
by a positive life cycle analysis). Increased acceptance of or de-
mand for standardised package shapes or sizes may also be ben-
eficial if recyclability can be increased as a result.

A further challenge arises at the transition from the use phase
to the post-use phase of the packaging. Consumers are key
players here since it is in households that materials are sep-
arated and presorted into different collection systems (yellow
packaging waste sack, household waste, waste paper). This is at
the root of various difficulties: existing consumer habits and a
lack of understanding about the necessity for correct separation
(e.g. on the assumption that “plastics are plastics” or “everything
ends up in the incinerator anyway") lead to "misplacement” or
inadequate separation after use (e.g. yoghurt pots are all too
often thrown away complete with their paper sleeve and alu-
minium lid). To further complicate matters, the dual collection
system is implemented differently in different local authorities,
for example in the form of yellow sacks, yellow bins, recycling
centres or neighbourhood recycling bins. As a result, consumers
have to learn new household waste separation procedures every
time they move. Local authorities, which have a responsibility to
provide information and to raise awareness and receive ancillary
fees from the dual systems to do so, all too rarely carry out this
task of public education.

65 | See Thegersen 2014.

66 | See Feil/Pretz 2020.

67 | See IK Industrievereinigung Kunststoffverpackungen e. V. 2019.
68 | See Hahladakis/lacovidou 2018.

69 | See Milios/Dalhammar 2020.
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There are also technical, organisational, economic and infra-
structural challenges at the industrial level in the collection
and sorting step in the value chain. The recyclers' primary ob-
jective is to achieve the specified recycling rate and not (yet)
to ensure better sorting and separation of easily recyclable and
reusable material because there are no economic incentives to
do so. Only those materials for which there are buyers are sort-
ed. Even mixed plastics can find buyers on the market (e.g. for
incineration), despite their being unsuitable for producing high-
grade recycled materials. The conflict between higher-quality
sorting (slower conveyor belt) and faster sorting throughput is
driven by low sales prices for individual fractions and capacity
constraints during sorting which may be of both organisational
and technical origin. These constraints always lead to subopti-
mal sorting results because the sensor can only recognise and
sort the materials if there is enough space around the particles.
Sorting is moreover based only on materials and not on impu-
rities or specifications for subsequent uses. As a result of mix-
ing during collection, all packaging waste is cross-contaminated
with residues of food, cleaning agents or personal care products.
Quantities sent for mechanical recycling are moreover only sort-
ed to the minimum quality in sorting plants since producing a
higher quality product results in a larger proportion of residues
which then have to be sent for disposal at the sorting plant
operator's expense. Single-stage sorting processes can only be
configured either for high output of recycled materials or high
product quality.5®

These weak points in the sorting and recycling process lead all
in all to extremely variable recycled material quality and have an
impact on the next step in the value chain, the use of second-
ary raw materials, there being a lack of transparency in mate-
rial streams and compositions with regard to toxicology and a
corresponding application scenario. The recycled materials mar-
ket therefore has excess demand for high quality (and specified)
recycled material and an oversupply of low-quality, unspecified
recycled material ¢”.%8.69 There is a major challenge here in syn-
chronising the expansion of the recycled material market with
the expansion of recycling capacity. One major point is the in-
terface between recyclers and processors as well as distributors.
Another problem moreover arises with regard to a Circular Econ-
omy in that the lower quality of recycled material from packag-
ing materials means that this material increasingly flows into
secondary applications for which there is in turn no recycling
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Two perspectives

Placing on the market

"Introduce packaging which is optimised for a circular
system into the cycle”

Closed-loop management

"Keep packaging and packaging material in the cycle for as long as
possible and in the highest possible quality”

Figure 6: Two perspectives on the Circular Economy (Source: own presentation)

infrastructure. This thus results in downcycling and ultimately
incineration (the exception being polyethylene terephthalate
(PET) deposit bottles). In terms of circularity, it is also important
to avoid drawing material from the deposit stream and then us-
ing it for applications for which there are currently no mechani-
cal recycling structures.

Given the existing challenges encountered in collection and sub-
sequent recycling within mixed collection, it is currently difficult
to conceive how compliance with food-contact requirements
might be achieved for food packaging solely through mechani-
cal recycling since the transfer of non-compliant substances from
different sources, such as cleaning agents or indeed other food-
stuffs, cannot be ruled out. The only permitted recycled material
for food-contact applications by the European Food Safety Au-
thority (EFSA) is therefore the recycled material from the deposit
bottle material stream. Last but not least, consumers often still
do not accept recycled plastics due to their greyish colour and
odour taint (in contrast, the brown colour of recycled paper has
long been accepted). It is important here to overcome any re-
maining obstacles in marketing and consumer price sensitivity.

3.3 The vision - what is our destina-
tion?

The aim is to build a circular packaging industry. The working
group has created a vision to achieve this for 2030 and 2050,
on the basis of which the Wuppertal Institute has modelled a
2030/2050 “circularity scenario”. Various “circularity levers"
on which the vision is based are firstly described below. On the
basis of a literature search, the working group then estimat-
ed the extent to which the levers can take effect by 2030 and
2050. Finally, a model was used to show the potential carbon

savings which can be achieved if all the levers are consistently
implemented along the entire value chain and their effects
combined.

3.3.1 Levers along the value chain and circularity
strategies

As section 3.2 has already made clear, the challenges in the
value chain are multidimensional and interdependent. Potential
solutions must therefore be examined from a holistic standpoint
with an open mind with regard to innovation and technology
and in the light of the following important principles:

1. Avoiding packaging is the top priority, providing the over-
all environmental footprint (i.e. of the package and its con-
tents) does not increase as a result.

2. All unavoidable packaging must be based on efficient and
effective resource management by being of a low-resource
design and being usable, reusable and recyclable to a high
quality for the longest possible period.

3. Material and product design should consistently ensure that
no toxic effects occur along the value chain and subsequent
use is not impaired.

4. Where appropriate and possible, secondary material or alter-
natives to fossil-based primary material should be used.

5. All circularity levers are subject to a sustainability and en-
vironmental footprint analysis (e.g. life cycle assessment
(LCA)).

The potential of the levers along the value chain which are pre-
sented in the following section resides mainly in their combina-
tion. Some market levers are explained below from two perspec-
tives: placement on the market and closed-loop management of
packaging.
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1. Placement of packaging on the market

This point summarises strategies which ensure that, firstly, only
as much material as necessary is used and, secondly, the neces-
sary material is placed on the market in such way that it can be
kept in circulation.

Avoidance

There are two main levers for avoiding packaging and packag-
ing waste from the outset:

= eliminating unnecessary packaging and
= saving material by packaging design efficiency.

Since packaging consumption and the resulting waste volumes
are constantly increasing, avoiding packaging is an important
lever at the beginning of the value chain. In some cases, (outer)
packaging can be completely eliminated if it is not primarily
functional. One example is loose fruit and vegetables: if this le-
ver is also combined with systemic sourcing strategies, for exam-
ple “regionality” (even with little packaging, regional products
last longer and spoil less quickly), or with business models for
reuse, for example standardised multi-use packaging in logis-
tics, there is a good chance that packaging can be reduced or
avoided entirely. Avoidance strategies are additionally of great-
er relevance where the recycling infrastructure cannot yet meet
demand for recycled material in quantity and quality terms and
the processes are not yet significantly powered by renewable en-
ergy sources.

One example of the second main lever, increased material ef-
ficiency, which may be mentioned is beverage bottle closures:
the reduction in closure size and thickness over the years means
that polymer savings are made for each closure. When it comes
to strategies for increasing material efficiency, it must be borne
in mind that increased efficiency may also impair packaging re-
cyclability. For instance, while multilayer films use less material,
the material can ultimately no longer be separated by type.”®
Packaging material usage can also be reduced by compress-
ing the package contents. One example of this is concentrated

solutions, for example for detergents. Another approach involves
avoiding unnecessary empty volume. Possible negative effects
of packaging avoidance strategies from a business point of view
may arise due to consumers preferring larger packages out of
habit because they suggest more content.

Packaging design

If avoidance strategies have already been implemented, there
are further levers in packaging design. One fundamental prin-
ciple applies to packaging design: when it comes to optimising
packaging, the entire product, i.e. including the package con-
tents, must be assessed in terms of its life cycle. A classic ex-
ample of this is considering package size for foodstuffs; if larg-
er quantities of food are packaged than a consumer typically
needs, there is a risk of food being thrown away. If smaller pack-
aging units are selected, more packaging material is usually re-
quired and thus greater material and energy inputs. The type
and size of packaging must therefore be carefully considered
and optimised on a case-by-case basis in terms of both product
and market factors.

Packaging design is the basis for all “design for X" strategies.
Packaging must be designed so that its materials can be sepa-
rated (design for sorting, e.g. component separability) and then
recycled (design for recycling, e.g. monomaterial). Developing
design for recycling solutions frequently requires a complete
transformation of the packaging structure and technical devel-
opments. When changing over from non-recyclable multimateri-
al composites to a recyclable monomaterial, for example, ways
must be found to achieve the necessary functional properties of
the packaging. Functional coatings for providing complementa-
ry properties such as barrier functionality, seal resistance or slip
characteristics may be used as an additional printed layer on
the monomaterial. Many of these approaches are already known
and part of good packaging design practice. Nevertheless, a Ge-
sellschaft fiir Verpackungsmarktforschung study has shown that
one third of all packaging in Germany is not designed (as a min-
imum) to be recyclable.”" A closer look is taken at two design
levers below:

70 | Producing a composite from a number of films means that properties such as atmospheric humidity or oxygen barrier characteristics, tear strength,
UV and light protection or thermal stability, can be varied depending on the package contents by combining different films. As a result, multi-
layer films are specifically structured depending on the intended application in such a way that the packaging meets the product's requirements
with minimum materials usage. However, these films, which consist of many different plastics and additives, are at present not recyclable under
real-world conditions. There are solvent-based processes which are also capable of separating multilayer films, but these are not used across the
board. At present, replacing a multilayer film with a monolayer material in order to place a recyclable alternative on the market often involves using

more material in order to meet the requirements.
71 | See Prognos/Gesellschaft fiir Verpackungsmarktforschung mbH 2016.
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Placing on the market

“Introduce packaging which is optimised for
a circular system into the cycle”

Avoidance
» Omit unnecessary packaging
* Material efficiency

Design, reuse and new business models

* Reuse (use the same packaging several
times)

Levers

* Substitution of plastics by other materials

* Defossilisation: material substitution
with mechanical or chemical recycled
material or bio-based plastics

Figure 7: Levers for Circular Economy-compliant placement of
packaging on the market (Source: own presentation)

= harmonisation/standardisation and
= material substitution: a) with other packaging materials, b)
defossilisation of raw material inputs.

The aim harmonising or standardising packaging and types of
packaging is to reduce the diversity of packaging (see section
3.2.1). The use of a limited number of standard plastics means
that recyclers can better tailor processes to feedstock and so cut
processing costs and increase output quality. This standardisa-
tion can apply to all levels: polymer base material, additives,
colouring, packaging layout and structure. One positive example
of this is the polyethylene terephthalate (PET) beverage bottle:
(segregated) recirculation thanks to a deposit system and com-
pliance with bottle design standards make it possible to pro-
duce a high-grade recycled material which is approved for food
contact. In practice, retailers are already a driving force behind

A climate-neutral Circular Economy for packaging in Germany

packaging harmonisation, having developed packaging design
guidelines for and with their suppliers to provide guidance and
instructions as to how to maximise packaging sustainability and
recyclability. These guidelines are not yet harmonised, however,
each retailer having its own.

As has already been stated, packaging design must always be
assessed in terms of overall life cycle. This includes selecting the
suitable base material (paper, metal, glass, plastic) and possibly
adapting it if another material offers better overall performance
in terms of raw material origin, manufacture, application and
post-use phase (material substitution). A case-by-case analysis
is always required and blanket statements are not appropriate.
Specific functional coatings may be used to meet functional re-
quirements such as fat, water and vapour barrier characteristics
or indeed sealability. Care must be taken to ensure that these
coatings do not impair paper recycling.

A further level of substitution can be achieved by replacing
primary material (in the case of plastics, fossil raw materials)
with secondary material (e.g. recycled material) or with alter-
native starting materials (see excursus “Bio-based plastics” on
page 30). The underlying, long-term goal is to decouple the
plastics packaging industry to the greatest possible extent from
fossil-based feedstocks (defossilisation).

However, obstacles to defossilisation, in particular of food pack-
aging, still remain to be overcome. At present the only recycled
material which is approved for food contact is PET obtained
from the PET deposit bottle stream. As a result, using bio-based
plastics is considered to be the primary option for defossilising
food packaging in the short to medium term. In general, adding
recyclable bio-based plastics (“drop-ins”) to a blend with recycled
material can help ensure the necessary technical suitability of
a material without requiring the use of virgin fossil-based raw
material. In the long term, it is expected that recycled material
from chemical recycling will also match the quality of primary
material and contribute to defossilisation (see excursus “"Chemi-
cal recycling” on page 37).
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EXCURSUS: Bioplastics - bio-based and biodegradable plastics

Bio-based

Bioplastics

e.g. bio-based PE,
PET, PA, PTT

Bioplastics

e.g. PLA, PHA, PBS,
starch blends

Non-biodegradable «« -+« e eeeermenenneiiei e B Biodegradable
Conventional Bioplastics
plastics
e.g. PBAT, PCL
e.g. PE, PP, PET

Fossil-based

Figure 8: Bioplastics (Source: own presentation, based on European Bioplastics 2016)

The term "bioplastics” has two possible meanings, namely
biodegradable and bio-based.

Bio-based plastics are plastics which are produced wholly or
in part from non-fossil material sources. Renewable raw mate-
rials and their secondary products such as agricultural waste
or agricultural by-products are suitable for this purpose.”

Biodegradable plastics are compostable under specific
conditions (temperature, oxygen supply, moisture, microbial
activity etc.). Current technology has as yet failed to identify
any compostable plastic which breaks down equally well un-
der all atmospheric conditions. Biodegradable plastics are
not necessarily bio-based but may instead be fossil-based.
Blends are often involved.”® Biodegradability should not be
confused with oxo-degradability, in which the presence of UV

| See Federal Environment Agency 2020a.
| See ibid.

| See European Commission 2018a.

| See European Union 2019.

| See Federal Environment Agency 2020a.

light or heat and oxygen initiates the fragmentation process.
It is, however, not known whether complete biodegradation
occurs within a reasonable period of time in landfills or in
the environment. Where biodegradation is not possible, micro-
plastics are the result.” The EU Single-Use Plastics Directive”
adopted a ban on oxo-degradable plastics with effect from
2021.

Biomass can be used either to produce bioplastics such as
polylactides (PLA) or polyhydroxyalkanoates (PHA) or to
(virtually) identically replicate fossil-based substances. Bio-
polyethylene (PE), bio-polyethylene terephthalate (PET) and
bio-polypropylene (PP) belong to the group of “drop-in plas-
tics”. Drop-ins are neither biodegradable nor compostable,
but as base polymers can be sorted and recycled in dual
system plants using standard recycling processes.”
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Biodegradable or certified “compostable”plastics are at
present interfering materials in many industrial composting
plants and are currently excluded from the separate biowaste
collection system. It is often impossible to differentiate bet-
ween compostable and conventional plastics, which is why
these plastics are screened out as interfering substances and
incinerated.”” In the absence of industrial recycling infrastruc-
ture for compostable plastics, it remains questionable how
much environmental sense such solutions make. In addition,
the assumption should be for the shortest possible cycles for
bioplastics too since manufacturing virgin material consumes
not only raw materials but also energy and water.

Bio-based plastics only make sense as a replacement for fossil-
based plastics if they use as a raw material biomass which
is not cultivated in competition with food. Secondary raw
materials, secondary plant material or other raw materials
of biological origin which make no use of land which could
better be used for producing food are particularly suitable.
In addition, illegal land reclamation (e.g. by unlawful rainfo-
rest clearance) and genetic engineering must be prevented,
i.e. care must be taken to ensure that the biomass is only
obtained from traceable and sustainable sources.”® Further
criteria to be considered are the cultivation of raw materials
on areas that have already long been used for this purpose,
good working conditions or appropriate use of water resour-
ces. In practice, demand for bio-based plastics is increasing

| See Institute for Bioplastics and Biocomposites 2020.
| See Weiss et al. 2012.

| See Joint Research Centre 2020.

| See Umweltbundesamt 2020a.

| See European Commission 2019a.
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but they are still distinctly more expensive than conventional
plastics.

When it comes to the carbon footprint of bio-based plastics,
the picture is mixed. A study by the Joint Research Centre
(JRC) concludes that bio-polyethylene terephthalate and
bio-polyethylene (HDPE) perform significantly worse than
conventional fossil-based plastics, especially in terms of their
carbon footprint.”® The Federal Environment Agency has also
indicated that bio-based plastics are not necessarily more
sustainable.®® At the same time, for example, another compre-
hensive study commissioned by the European Commission®!
investigated various specific bio-based plastics products and
concluded that they performed significantly better than fossil-
based plastics, especially in terms of climate impact, even if
they are not as yet separately recycled. The differences are
primarily due to how the respective teams of authors defined
system boundaries and offset land use changes against the
materials in the form of CO, factors.

Biopolymers should in principle not be promoted as neces-
sarily being "environmentally friendly/friendlier”, “green(er)"
or “(more) sustainable”. This is only legitimate if a predo-
minantly positive life cycle assessment, which takes various
impact categories into account, has been determined for a
specific product and the raw material has been shown to have

been obtained sustainably.
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Reuse and new business models

Multi-use packaging is used in various applications. Examples
include not only well-established multi-use systems, for example
for beverage bottles or pallets, but also new business ideas such
as zero-packaging shops or using modern technologies to track
packaging.

The reuse lever begins with the usage and service life of the
packaging. Using packaging multiple times saves valuable re-
sources. This is counterbalanced by the costs and carbon foot-
print for logistics and processing reusable packaging.

There are various kinds of multi-use packaging which are briefly
outlined below:8 8

= large containers for refilling (“refill on the go"). While ide-
as such as zero-packaging shops are not new, they still rep-
resent a niche in retail and only offer a small selection of
brands. Such systems often pose major challenges for retail-
ers, in particular in the food sector, for example in terms
of compliance with hygiene regulations and the resulting
additional costs for implementation. Nevertheless, there are
already many examples of reusable containers being filled
from large containers.

= Refillable parent packaging (“refill at home"). The refill
packaging is made with less material than the repeatedly
usable parent packaging, so significantly reducing materials

82 | See Coelho et al. 2020.

83 | See Ellen MacArthur Foundation 2019.
84 | See Coelho et al. 2020.

85 | See Ellen MacArthur Foundation 2017b.
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consumption and transport costs. These systems are primari-
ly used for cleaning, hygiene and cosmetic products.

= Multi-use system (“return on the go”). Customers return the
empty packaging to the retailer or manufacturer, who re-
conditions it for future use. Financial incentives provided by
an accompanying deposit system can increase participation
rates. This is the system used in the distribution of all mul-
ti-use deposit bottles.

= Transport packaging (“return from home"). Customers re-
ceive the products they have ordered in reusable packag-
ing by home delivery and have the packaging collected
from their home or return it by post. The packaging can
be used several times before being returned to the manu-
facturer.

Other than for beverage packaging, there have so far been few
environmental impact assessments of business-to-consumer mul-
ti-use systems. However, these assessments do indicate that a
multi-use system has a lower environmental impact than sin-
gle-use packaging under certain conditions. Essentially, the im-
pact and costs associated with production and disposal must
be compared on a case-by-case basis with those associated with
the additional transport and a decision taken in each individual
case as to which systems have the better life cycle assessment.
How often the packaging can be reused is a major influencing
factor here.®* The Ellen MacArthur Foundation estimates that
reuse would be the optimum environmental solution for approx-
imately twenty per cent of packaging.®®



2. Prerequisites for closed-loop management

This point summarises levers and strategies which ensure that
materials are kept in material streams (recirculated) for as long
as possible and in the highest possible quality.

Closed-loop management

"Keep packaging and packaging material in the cycle for as
long as possible and in the highest possible quality”

Use phase
* Spur consumers into action

Post-use phase
Infrastructure for segregated collection and sorting

Recycling landscape /technologies:

* Improvement in quality of mechanical recycling
* Role of chemical recycling

* Role of thermal recovery

Prerequisites

Availability of bio-based raw materials, recycled
material

Figure 9: Prerequisites for closed-loop management
(Source: own presentation)

Use phase: spurring consumers into action

Consumer behaviour in terms of preparing, possibly cleaning, if
necessary separating components and finally correctly allocat-
ing packaging to the appropriate recycling stream plays a ma-
jor role prior to the industrial recycling of packaging. A combi-
nation of positive and negative incentives for consumers may
help to ensure that as many as possible play an active part in
these tasks. Such incentives include deposit or reward systems
or indeed (higher) fees for unseparated materials. Deposit sys-
tems have a particularly high success rate (98.5 per cent return
for single-use beverage bottles®). It should be made as easy as
possible for consumers to make environmentally advantageous

86 | See Albrecht et al. 2011.
87 | See Gemeinsame Stelle dualer Systeme Deutschlands GmbH n.d.
88 | See Procter & Gamble 2019.
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purchasing decisions and to separate packaging correctly. Easy-
to-understand and unambiguous labelling would be helpful
here. One important task in terms of information and education
is also to restore citizens' trust in recycling structures.®” Some are
of the opinion that all waste is just incinerated anyway so there
is no point in putting any effort into separating it.

Post-use phase: infrastructure for (segregated)
collection and sorting

In addition to addressing packaging design, increasing the qual-
ity and quantity of captured waste streams also means taking a
close look at and, where necessary renewing, the existing collec-
tion and sorting infrastructure. Using the latest sorting systems
across the board would in itself permit considerable improve-
ments. However, for economic reasons, the investment required
is not being made to the necessary extent. Various other opti-
misation options are also available. Deposit systems not only
encourage a high return rate by consumers but also ensure a
segregated material stream which no longer requires industrial
sorting. Marker-based systems are another option. This indus-
trial sorting technology enables optimised sorting by material,
corresponding processing and colour. It is additionally technical-
ly possible to distinguish between food and non-food packaging
so that, where regulations permit, recycled materials can also be
used in food packaging. Marker-based systems are still at the
development stage. Currently, the best known project is Holy-
Grail 8 establishing digital watermarking technology. One ad-
vantage of digital watermarks over other track and trace meth-
ods is that no additional materials (e.g. fluorescent markers) are
introduced which would ultimately have to be removed from the
system as contaminants. Establishing markers will entail collab-
oration between manufacturers, who will have to use them, and
recyclers, who will have to install appropriate sorting systems on
their premises. Markerless sorting technology, for example sys-
tems based on artificial intelligence (Al), is being developed
as an alternative and highly promising results are already being
obtained.

Re-sorting residual waste would increase the volume of ma-
terial that can be sent for recycling. This approach may make
sense where separate collection of packaging is problematic. In
the Netherlands, in densely populated conurbations (in contrast
to rural areas) post-consumer packaging materials are collected
in residual waste, sorted into pre-concentrates using additional
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technology and then supplied to sorting plants.®® Similar exper-
iments were carried out in the 1990s with the "Wertstofftonne
Plus" collection bins. The recycled materials, however, smelt
strongly of residual waste and the necessary rinsing effort rapidly
became so great that it was economically unacceptable and of-
ten also no longer worthwhile from an environmental standpoint.

Retrofitted sorting and washing functionality and methods for
deinking or for delamination (even with separate collection) can
assist considerably with decontamination and so increase the
quality and yield of recycled material. In practice, however, this
has so far proven difficult to make economically viable.

Post-use phase: recycling landscape (technologies)

Complete, high-quality closed-loop recycling of packaging mate-
rials requires an all-encompassing recycling landscape. This land-
scape is defined by (a) the fractions available for recycling after
collection and sorting (input), (b) the available recycling tech-
nology (infrastructure) and (c) the quality and quantity of sec-
ondary raw materials generated for various applications and
markets (output). The challenge for the packaging industry re-
sides in building appropriate processing capacity and function-
ing supply chains from waste to new secondary raw materials.

The quantity and quality of input fractions depend on the many
and varied factors described in the preceding paragraphs. Recy-
cling technologies for plastic packaging include mechanical and
chemical/raw material recycling and the incineration of non-re-
cyclable fractions.

In reality, some fifty per cent of packaging waste in Germany is
thermally recovered.®® In a Circular Economy, the proportion of

89 | See Feil et al. 2017.
90 | See Gesellschaft fir Verpackungsmarktforschung mbH 2018.

waste incinerated should be kept to a minimum (see waste hier-
archy) and be limited to those residues (e.g. special waste from
medicine or hygiene products) which can be neither mechanical-
ly nor chemically recycled. Even in the future, incineration will
remain an unavoidable “pollutant sink”. Moreover, the anthro-
pogenic stock® still includes too many contaminated sites for
which thermal recovery is the only solution because they were
not designed with the requirements of closed-loop management
in mind. In the current transitional phase, in which the electricity
mix is still very carbon-intensive and recycling processes are still
in need of further development, life cycle analyses (LCA) should
be used when deciding on the optimal cycle.

Mechanical recycling® is currently the dominant recycling pro-
cess and due to its relatively low energy input will also in future
continue to be the central pillar of the Circular Economy in pack-
aging. The diversity of input fractions does, however, mean that
a mix of technologies will be necessary. Chemical recycling will
make it possible to recover high-grade polymers even from pack-
aging that cannot readily be mechanically recycled and so save
on raw materials. Before implementing such chemical recycling,
however, it will be necessary for energy balances to be prepared
for each process, emissions checked, risks to health analysed and
the environmental footprint evaluated on an industrial scale.
This is because the various processes and their suitability for a
circular recycling landscape should be evaluated with regard to
efficiency, effectiveness and their currently often still high ener-
gy input. Recycling processes are in need of far-reaching optimi-
sation in order to make it possible also to put recycled material
to use in higher-quality applications than is usual today.

The following excursus provides an overview of the potential
and limits of mechanically recycling plastics packaging.

91 | The anthropogenic stock denotes the deposits of raw materials present in human-created infrastructure, buildings and everyday goods. The an-
thropogenic stock thus contains raw materials which have already been extracted from their natural deposits and are already or still in a product

life cycle.

92 | See Gesellschaft fiir Verpackungsmarktforschung mbH/BKV GmbH 2020.
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EXCURSUS: Potential and limits of mechanical
recycling for a closed plastics cycle

If plastics are to be sustainable, it is essential to establish
closed resource loops, i.e. systems with closed raw material
chains, to enable ongoing use of the plastics at constant
quality.

Mechanical recycling includes all purely mechanical and phy-
sical processes for treating used plastics. Mechanical recycling
retains the molecular structure of the polymer molecule.®* %

Mechanical recycling is in principle possible for thermo-
plastics and packaging produced from them. In addition to
many optimisations around the value-added cycle, the central
question is whether a desired cycle is achievable, including
for reasons of climate protection, using mechanical recycling
methods and what material and energy limits apply.

Aside from packaging design, a prerequisite for optimal
recycling is the best possible separation and sorting of the
individual types of plastics in order to ensure high quality of
the recovered secondary plastic,®> the following definitions
applying to packaging plastics:

1. Mechanical recycling of thermoplastic packaging materi-
al is in principle also possible in a number of cycles if:

- the packaging is designed to be recyclable (design
FOR recycling),*®

- the plastics are as far as possible collected separate-
ly after use and are clean,” i.e. the packaging facil-
itates optimum emptying, so remaining as clean as
possible after use,

- the additive package originally used in the plas-
tics does not hamper subsequent use®® or such use
is also possible for additional additive packages in
subsequent cycles,

| See Rudolph et al. 2020.

| See Hellerich et al. 2010.

| See Federal Environmental Agency 2020b.
| See European Commission 2018b.

| See Federal Environmental Agency 2016.

| See ibid.

| See ibid.

100 | See da Costa et al. 2007.
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- the plastic is protected from the outset with addi-
tives, in particular antioxidants and UV stabilisers,
in such a way that it undergoes the least possible
degradation during the subsequent mechanical recy-
cling processes and any antioxidants consumed dur-
ing recycling can simply be added again,

- none of the additives and migrated ingredients form
degradation products during mechanical recycling
which conflict with reuse for equivalent applications,

- use of recycled plastics is boosted®® and sacrifices
can be made in terms of packaging aesthetics and
material efficiency in subsequent uses. One chal-
lenge here is that consumers are only to a limited
extent willing to accept severe greying or clouding
of the packaging or odour taint, in particular if these
changes interact incompatibly with the packaged
products or limit functionality. Modular approaches
for separating decoration and packaging might pos-
sibly make it possible here to use even recycled ma-
terials which have changed in colour.

Mechanical recycling inevitably modifies material qual-
ities because the mechanical and thermal stresses in-
volved in frequent reprocessing can modify carbon
chains and networks.'® This applies not only to the
plastics, but also to the additives they contain. These
are required to protect the plastic from oxidation (an-
tioxidants) and from photoageing (UV stabilisers) and
to enhance performance. When it comes to using recy-
cled material in food-contact applications, impurities
such as residues of the package contents, printing inks,
adhesives and also breakdown or degradation products
arising from thermal stress or degradation represent a
challenge. In the light of current gaps along the value
chain, purely mechanical recycling is therefore by itself
incapable of meeting the requirements of a closed loop
in which materials should always be reused for the same
purpose. This is ultimately the case for most materials
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(degradation of paper, browning of glass, reduction in 4. The same climate protection requirements apply to al-

the quality of metallic materials). ternative recycling processes as to mechanical recycling.
The carbon footprint should be as small as possible and
3. Moreover, even with ideal process control, processing in any event smaller than when using virgin material.’®

losses will occur.™®" 02 A continuously cycling process ac-

cordingly leads to a reduction in the amount of mate-  Mechanical recycling offers considerable potential for recy-
rial available in the cycle. Any losses of material have  cling packaging materials. However, scientific and technical
to be continuously offset. If fossil-based virgin material ~ circumstances mean that mechanical recycling alone is not
(climate impact) is not to be used for this purpose, other,  enough to achieve closed resource loops always for the
non-fossil resources will inevitably have to be used for same applications. Even in a Circular Economy for plastics
virgin plastics. Chemical recycling technologies or bio-  packaging, material and quality losses therefore have to
based plastics are possible sources of non-fossil-based  be offset by virgin-grade plastics.

virgin plastics.

In addition to the use of renewable raw materials, chemical recy-  classification of the technologies involved as well as their signif-
cling is accordingly currently being widely discussed, in particular  icance and potential for a Circular Economy for plastics pack-
for the recovery of plastics, as a non-fossil source of virgin-grade  aging.

raw materials. The following excursus provides an overview and

101 | See Allwood 2014.
102 | See Graedel et al. 2019.
103 | See Ellen MacArthur Foundation/Material Economics 2019.
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EXCURSUS: Chemical recycling

In both the public and scientific spheres, the debate around
chemical recycling is characterised by differing boundaries
and the use of differing terminology for processes which
have the same process features and therefore overlap or are
identical in terms of process technology. The use of terms
often linked to a specific objective leads to inconsistencies
and prevents a meaningful exchange of views.'%* 1% Explai-
ning and defining terms is therefore crucial for establishing
a common basis for work.

The packaging working group has agreed on the use of an
unfinished definition. It is based on the preliminary work of
“In4Climate”, a platform for climate-neutral industry, and also
allows the inclusion of future processes, providing they are
not purely mechanical and the product is not used as a fuel:

Chemical recycling is an umbrella term for processes that
use more than just mechanical or physical processes to
prepare the starting material but do not lead to complete
chemical conversion (combustion) with atmospheric oxy-
gen.

The currently most discussed chemical recycling processes are
outlined below. This list is not exhaustive, but presents the
range of processes which fall within the above definition of
chemical recycling:

Chemolysis covers processes such as alcoholysis, hydrolysis
and aminolysis, phosphorolysis and acidolysis in which po-
lycondensation products (e.g. polyesters, polyurethanes or
polyamides) are broken down into their monomers, oligomers
or other chemical components with the addition of a solvent,
depolymerisation reagent and heat.'®'°” In comparison with
pyrolysis, cracking and gasification, the process parameters
of chemolysis, involving pressures of between 20 and 40 bar
and temperatures of up to 280 degrees Celsius, are moderate.
It is particularly successful for separately collected material

| See Crippa et al. 2019.

| See Krause et al. 2020.

| See Al-Salem et al. 2009.

| See Solis/Silveira 2020.

| See Ragaert et al. 2017.

| See Hanich 2019.

| See Ragaert et al. 2017.

| See Lechleitner et al. 2020.
| See Hellerich et al. 2010.
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streams with low levels of contamination.'®® Glycolysis and
acidolysis processes can be carried out under standard pres-
sure at temperatures of up to 220 degrees Celsius.' If mixed
collected fractions are used as the feedstock for chemolysis,
the resultant recovered monomers are also mixed. These then
have to be separated from one another again in complex
fractionation processes. As a result, the process becomes in-
creasingly uneconomic, the more process steps are required
or the greater the desired purity of the product.™

The various thermochemical processes can be characterised
as follows:™

Pyrolysis breaks polymers down at temperatures of over
300 degrees Celsius in an inert atmosphere (no oxidation).
This generally results in a wide range of products which are
obtained by a free-radical chain cleavage mechanism. De-
pending on process conditions, the products obtained are
pyrolysis gas, synthetic crude oil/pyrolysis oil and pyrolysis
waxes which can be further processed by distillation and refi-
ning steps to yield higher-grade chemicals, such as monomers
for polymer chemistry or basic chemicals and fuels. These
processing steps can be integrated into the process or carried
out downstream in a conventional refinery.

Hydrogenation is the most technically and economically
demanding monomer recycling process. Operating at 150
to 250 bar and a temperature of 450 degrees Celsius, the
process relies on much more demanding process conditions
than those required for chemolysis processes. The greatest ad-
vantage of this process is that hydrogenation can be applied
to recycling materials of the polyvinyl chloride (PVC) class.'?

In comparison with pyrolysis, catalytic cracking additionally
involves the use of a catalyst. This lowers the activation
energy of the chain cleavage reaction and influences the
range of products. Due their possible action as catalyst
poisons, heteroatoms such as nitrogen, oxygen or sulfur may
have a problematic effect on the process.
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In comparison with pyrolysis, hydrocracking additionally
involves the addition of hydrogen at partial pressures of 20
to 150 bar. A bifunctional catalyst is often used. The availa-
bility of hydrogen results in the formation of mainly saturated
and aromatic hydrocarbon compounds. The process can also
be carried out in two stages with upstream pyrolysis and
downstream hydrogenation. This offers the advantage that
heteroatoms, interfering substances and coke can be removed
in an intermediate step following pyrolysis, so protecting the
catalyst.

Gasification is carried out by partial oxidation by means of
air, oxygen, steam or mixtures of hydrocarbons, conventionally
at temperatures of between 700 and 1,600 degrees Cel-
sius and pressures between 10 and 90 bar. The hydrocarbons
are generally partially reacted in the process. Depending on
process conditions and feedstocks, the product gas contains
not only carbon monoxide (CO) and hydrogen (H,) but also
methane (CH,) and higher-grade hydrocarbons, optionally
including heteroatoms. The reaction proceeds autothermally,
i.e. exothermic partial reactions in which energy is liberated
supply energy to those partial reactions which consume it. As
a result, the process requires no external energy supply. Gas
purification in the subsequent step is important because the
downstream processes in the value chain are predominantly
catalytic and therefore sensitive to impurities.

The objective of the naphtha/pyrolysis oil catalytic refor-
ming process is to transform its feedstocks into aromatic
compounds. This involves four reactions: dehydrogenation
of cycloalkanes to aromatics, dehydrocyclisation of paraffins
to aromatics, isomerisation and hydrocracking of alkanes to
branched or short-chain alkanes."*

The described methods are at very different levels of maturity.
There is no transparency in terms of efficiencies and costs.
Many supposedly objective publications are tendentious or
incomplete. No assessment can therefore be made on the
basis of publications.

113 | See Speight 2010.
114 | See Rollinson/Oladejo 2020.
115 | See Tabrizi et al. 2020.
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Driven by polymer chemistry's increasing demand for recy-
cling-based basic materials, some initial semi-commercial
projects are under way. Competition is helping to develop
a market for these new resources. The technical feasibility
of the various processes is undisputed, but their efficiency,
cost-effectiveness and contribution to climate protection are
debatable." It is incumbent on policy makers to provide uni-
form criteria for assessing sustainability and to encourage
investment in the construction and operation of pilot plants.
Such plants will then provide data for mass, energy and car-
bon balances which, evaluated against a uniform model, are
the prerequisite for the formulation of regulatory measures
on the route towards a Circular Economy. It is essential for
the various technologies to be evaluated in comparison with
competing recycling routes and in the context of system con-
ditions which are undergoing long-term change. In addition
to obtaining a technical perspective on chemical recycling,
it is therefore important not to neglect a systemic view of
the climate-friendly and resource-efficient characteristics of
plastics recycling.

Chemical recycling processes still have considerable develop-
ment potential. They can be a good option as a recovery route
for plastics waste which cannot (any longer) be mechanically
recycled and as a more climate-friendly alternative to incine-
ration. Some methods have the potential to reproduce the
pure, original (virgin-grade) polymer which can be used as
a blend component with mechanically recycled material to
ensure that the recycled material meets the necessary quality
requirements. Before implementing such chemical recycling,
it will still be necessary for energy balances to be prepared
for each process, emissions checked, risks to health analysed
and the environmental footprint evaluated on an industrial
scale."™ There is then a chance that key technologies will
emerge from the broad range of processes which will make a
decisive contribution to a climate-neutral Circular Economy.



Objectives derived from these two perspectives, namely place-
ment of packaging on the market and the closed-loop manage-
ment framework, are modelled below in a scenario for 2030 and
2050 with reference to two circularity strategies.

3.3.2 Scenario: What would a circular packaging
industry look like in 2030 and 2050?

The scenario presented below was commissioned by SUN Insti-
tute Environment & Economics and developed by the Wupper-
tal Institute. The scenario models the carbon savings achieved
by applying circularity strategies for the years 2030 and 2050.
Starting from the actual situation, market development to 2050
is projected assuming “business as usual” and this is contrasted
with a circularity scenario for 2050.

Base model

The volume of plastics waste generated per capita in Germa-
ny has more doubled over the last twenty years. Although the
industry is steadily increasing material efficiency, any resultant
savings are more than offset by continuously increasing packag-
ing volumes. Assuming sustained annual growth of 1.5 per cent,
the volume of plastics processed in the packaging sector would
increase to 4.8 million tonnes by 2030 and 6.5 million tonnes

Placing on the market

Guiding

principle
Objective of
circularity strategies

a circular system into the cycle”

3y

Avoidance

* Omit unnecessary packaging

 Material efficiency
Reduction of total
consumption Design, reuse and new business models
* Reuse (use the same packaging several

times)

Wuppertal Institute
potential analysis

« Substitution of plastics by other materials

* Defossilisation: material substitution
with mechanical or chemical recycled
material
or bio-based plastics

Decoupling from

» primary material

“Introduce packaging which is optimised for
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by 2050. In the absence of further intervention, annual carbon
emissions would rise to approximately 13 million tonnes per
year, which would correspond to around 1.6 percent of emis-
sions in 2018.

Achieving a climate-neutral Circular Economy in the packag-
ing industry requires a combination of circularity levers which
should be modelled in the circularity scenario:

= replacing primary material with secondary material (repeat-
ed material use, using recycled material from mechanical
and chemical recycling) where appropriate and where possi-
ble taking account of the origin of the recycled material and
the current post-use scenario,

= reducing overall consumption (reduced demand through
material efficiency and reuse, multiple life cycles for the
same packaging).

Circularity scenario

Circularity strategies pay off on two objectives, firstly reducing
the total consumption of materials placed on the market and
secondly decoupling from primary (virgin) plastics (defossilisa-
tion) by combining a number of the levers presented in the pre-
vious section.

Two perspectives

Closed-loop management

"Keep packaging and packaging material in the
cycle for as long as possible and in the highest
possible quality”

Use phase
* Spur consumers into action

Post-use phase
Infrastructure for segregated collection and
sorting

Levers

Recycling landscape /technologies:

* Improvement in quality of mechanical recycling
* Role of chemical recycling

* Role of thermal recovery

Prerequisites

Availability of bio-based raw materials, recycled
material

Figure 10: Structure of the 2030/2050 vision and modelling (Source:

own presentation)

39



Circular Economy
Initiative
Deutschland

v’

The circularity scenario takes as a starting point the indicated in-
itial value that 9.1 per cent of recycled plastics was reprocessed
into packaging in 2017,""®"7 and is based on inputs from experts
in the working group. Table 1 shows the targets which are to be
achieved by 2030 and 2050.

I PR T

Recycled material from mechanical recycling 25 % 40 %
Recycled material from chemical recycling 0% 20 %
Reuse 20 % 20 %

Table 1: Vision for circularity levers for plastics packaging
(Source: own presentation)

It must be borne in mind that these values relate to the plastics
packaging sector as a whole; especially in the non-food sector,
a number of key players have committed to even more ambi-
tious target values,"® and therefore these values should be un-
derstood as an average of food contact and non-food contact
packaging. The values are thus of the same order of magnitude
as those used as the basis for other packaging sector scenari-
0s.""%120.121 Dye to the considerable differences in the life cycle
assessment (LCA) of bio-based plastics outlined in the excursus
“Bioplastics”, this lever was not included in the model.

The carbon savings associated with this vision were evaluated
on the basis of life cycle analyses according to standard SO
14040/14044 of the Association of Plastics Recyclers (APR)'?2
which determined the savings for polyethylene (HDPE), poly-
ethylene terephthalate (PET) and polypropylene (PP) achieved
by using secondary raw materials. An open loop approach was
selected as the allocation mechanism here, i.e. the positive ef-
fects of recycling are distributed evenly over all use cycles. Of the
range of possible chemical recycling processes, the loniga pro-
cess developed at Delft University of Technology was used. The
savings arising from reuse were calculated using life cycle anal-
yses which differentiate between business-to-business (B2B) and
business-to-consumer (B2C) approaches. Appendix E contains a

116 | See Conversio 2018.

detailed description of the data sets used and the assumptions
made.

When it comes to evaluating the greenhouse gas saving poten-
tial of the various circularity levers in the future, the develop-
ment of the electricity mix will be particularly important as the
circularity levers' potential savings are dependent to very differ-
ent extents on process emissions.'?® For instance, analyses in the
course of the ChemCycling project have shown that for example
chemical recycling is currently associated with distinctly higher
process emissions than are fossil-based plastics, but ultimately
performs significantly better when energy substitutions are tak-
en into account.'* It must, however, be borne in mind that the
environmental impact assessment of chemical recycling is to a
large extent dependent on the future expansion of renewable
energies. If renewables account for a greater proportion of en-
ergy supplies in future, carbon capture and utilisation processes
for the production of polymers, for example, could then also pay
off in terms of climate protection.'?®

Discussion of results

Considerable carbon emission savings can be made in the me-
dium- and long-term if greater use is made of mechanically re-
cycled materials, products obtained from the chemical recycling
of plastics waste and reusable packaging. If the use of mechan-
ically recycled materials is steadily increased to 40 per cent, an
average of approximately 1.9 million tonnes of CO,e would be
saved annually by 2050, while an increase in the proportion
from chemical recycling to 20 per cent would save 1.2 million
tonnes. Increased use of reusable packaging systems could save
around one million tonnes of CO,e emissions (see Appendix E
for underlying assumptions). At the same time, however, these
modelling results also show that, in the absence of additional
measures, there would still be a substantial shortfall even in
2050 in achieving both climate neutrality and closed-loop man-
agement.

The results indicate that, when it comes to protecting the cli-
mate and conserving resources, it matters much less which

117 | The calculations were carried out prior to the publication of the 2020 Conversio study and therefore relate to the 2018 Conversio study.

118 | See Henkel 2020b.

119 | See Ellen MacArthur Foundation 2013.
120 | See Material Economics 2019.

121 | See Kaeb et al. 2016.

122 | See Franklin Associates 2018.

123 | The current European electricity mix was used as the basis for the analyses used here.

124 | See BASF 2020.
125 | See Bringezu 2014.
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specific types of polymer have circular alternatives developed
for them than that greater use is made of them in principle. For
instance, the potential savings from using recycled polyethylene
terephthalate (PET), high-density polyethylene (HDPE) or poly-
propylene (PP) are of very similar orders of magnitude. They all
perform significantly better than always using primary plastics.
This finding is relevant to the discussion of how the diversity of
plastics should be reduced in the future. The types of bulk plas-
tics used in future in packaging should be decided primarily on
the basis of the functional requirements applying to packaging.
The potential greenhouse gas savings from individual types of
plastic can be disregarded when selecting them as the savings
hardly differ.

With regard to specific areas of application, it is clear that the
ramp-up of circular alternatives will lead to greenhouse gas emis-
sion savings in the short term particularly in the non-food sec-
tor, because the legal challenges here are comparatively easier
to handle than in the case of food-contact packaging. From the
standpoint of protecting the climate and conserving resources,
it is apparent that still greater potential savings might be made

A climate-neutral Circular Economy for packaging in Germany

by reusing packaging in particular in B2B applications due to
the necessary logistics.

Overall, the modelled potential savings emphasise the need for
a systemic approach which, in addition to the functionality of
the packaging, must in particular also take account of the actual
availability of high-grade recycled materials. Accordingly, great-
er use of recycled material will only have environmental benefits
if additional plastic waste is fed into high-quality recycling for
this purpose and these quantities of recycled materials are not
diverted from other sectors or imported from abroad.

However, the modelling shows just as clearly that, even in 2050,
there will be a shortfall in achieving both climate neutrality and
a Circular Economy with defossilised cycles if only the currently
available predictions are used. If the target of climate neutrality
in the European Union and in Germany is also to be achieved for
the plastics packaging sector, mutually compatible technologi-
cal and economic prerequisites must additionally be met (see ex-
cursus "Thought experiment” in section 4.3). Developing a suita-
ble framework is therefore of particular importance.
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4 Closing the loop: two
case studies -
detergent and cheese
packaging

If it is to be possible to implement a climate-neutral Circular
Economy in the packaging industry, circularity strategies consid-
ered at a higher level, as described in section 3, can only provide
food for thought. When it comes to implementation under re-
al-world conditions, there is a need for an in-depth consideration
of the various (technical) requirements and general conditions
which apply to individual packaging applications. It is for this
reason that the packaging working group is presenting two case
studies in section 4 which it has investigated for their circulari-
ty potential and implementation challenges. The practical test
subjects are:

= high-density polyethylene (HDPE) detergent bottles and
= polyethylene terephthalate (PET) trays as cheese packaging.

Various criteria were taken into account in the selection of these
case studies. Both HDPE bottles and PET trays account for a total
of approximately 30,000 to 75,000 tonnes in the waste stream
of the dual systems.'?® In the case of HDPE bottles, HDPE ma-
terial streams from sectors other than packaging also increase
the volume of the material stream. In addition to their signifi-
cance in volume terms, the two examples illustrate different cir-
cumstances in the current situation since they differ in terms of

packaging content (foodstuff versus cleaning agent) and their
current recycling route (mainly mechanical recycling versus in-
cineration). The findings obtained therefore cover the require-
ments of many other packaging structures and, combined, are
suitable for drawing general conclusions.

4.1 Detergent packaging
(HDPE bottle)

Bottles made from high-density polyethylene (HDPE bottles)
are among the types of packaging which, right across Europe,
have longest been systematically collected, sorted and recycled.
The bottle design has furthermore already very largely been op-
timised for easy sortability and recyclability. However, most of
the resultant recycled materials are removed from the packaging
market, used in other areas, for example in waste water pipes,
and so lost to further use cycles. Moreover, most of the recy-
cling technology used is not adapted to the requirements of the
packaging market and is therefore incapable of delivering ap-
propriately high quality materials. There is therefore a consider-
able need for technological adaptation of existing capacity or
for new capacity adapted to the reuse of recycled materials to
produce bottles.

4.1.1 Detergent bottle functionality requirements
The following diagram summarises the requirements which ap-
ply to detergent packaging through its life cycle. They define the
framework for any innovation to rethink detergent packaging in
the context of circularity.

126 | There are no reliable data on the volumes of HDPE bottles or PET trays placed on the German or European market. The LUCID packaging register
should make this possible for Germany in the near future and so offer greater transparency. On the basis of an unpublished investigation by the
Pforzheim University of Applied Sciences, approximately 2.3 per cent of HDPE bottles and 2.8 per cent of PET trays are to be found in the waste
stream of the dual systems. Fluctuations of between 2 and 5 per cent are assumed here. Given that Germany's dual systems collect 1.5 million
tonnes of waste, this amounts to inputs of 30,000 to 75,000 tonnes of HDPE bottles and of PET trays into Germany's dual systems.
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Figure 11: Examples of requirements applicable to detergent packaging (Source: own presentation)

4.1.2 Current situation

There is a huge variety of packaging designs for polyethylene
(HDPE) detergent bottles in common use today. The bottles have
various colours, are provided with an adhesive label (paper, pol-
yethylene (PE), polypropylene (PP)) or a film label over the en-
tire bottle, a full body sleeve (polyethylene terephthalate (PET),
polystyrene (PS), polyolefins (PO)), have different types of clo-
sures (PE, PP) and possibly other additions such as dispensing
systems.

Most polyethylene bottles are collected with all other packaging
in the "yellow sack” or “yellow bin" schemes. After collection, the

dual systems’ waste stream is sent to the sorting plant, where it
is sorted into different types of material (fractions). A screening
drum firstly removes small parts and an air classifier removes
films, and near-infrared spectroscopy is used to sort the remain-
ing stream into fractions. As a result, a high-density polyethylene
(HDPE) fraction is obtained which is compressed into a bale and
sold on by the sorter.

Since automated HDPE bottle sorting is a long-established tech-
nology, it may be assumed that a large proportion of HDPE bot-
tles, once collected, are also sorted and recycled. Since the HDPE
fraction generates earnings, German sorters make sure that the
bottles do not end up in the mixed plastics fraction.
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The HDPE fraction passes through various processing steps. De-
pending on the application intended for the recycled material
and the grade of material required, processing may involve just
a few or a number of process steps. These are combined in differ-
ent ways depending on the recycling process. In plants for high-
grade recycled HDPE, the incoming HDPE bales are shredded,
hot washed and resorted. The colourful mixture of washed flakes
is sorted by colour. The material is then melted in an extruder
and additionally melt-filtered to purify it further. The recovered
HDPE pellets can be used, for example, to produce new non-food
HDPE bottles.

However, this multistage process is used for only some 7 to
9 per cent of the HDPE fraction. The remaining recycled HDPE
is primarily used in lower-grade applications, such as building
materials, pallets or irrigation pipes. Reprocessing is significantly
simplified for these applications, the hot washing or flake sort-
ing for example being omitted.

A balance must be struck between the costs of reprocessing and
the prevailing market price for recycled material. The more com-
plex the reprocessing process, the more expensive the recycled
material. High-grade recycled material ("natural” or "white") cur-
rently accounts for a much smaller share of the market. The ma-
jority of recycled material in volume terms (“grey/black”) is of
lower quality (colour and odour) and generally unsuitable for
primary packaging for consumer goods. High-grade recycled
material is almost always traded at higher prices than the (bet-
ter quality) virgin material because of strong market demand
(due to the voluntary pledges made by manufacturers'?’). Low-
er-grade recycled material has to be directed into downgraded
applications, such as building materials, sewage pipes or flower
pots. In this case, oversupply and poor quality means that pric-
es are significantly below those of virgin material. If the mixed
price achievable by recyclers, including a profit margin and reve-
nue from the dual system, is nevertheless inadequate, they lack
the financial resources to invest in better sorting and reprocess-
ing technology which can be used to produce more high-grade
recycled material with a corresponding price premium.

One approach to striking this balance is to reduce packaging
complexity. The more standardised the packaging design (struc-
ture, material, colour, etc.), the leaner the sorting and reprocess-
ing process can be, even when producing high-grade recycled
material. The conflict of interests which has to be resolved here
is how to motivate the early links in the value chain to modify
the packaging design, if initially the “only” beneficiaries of this
change at the bottom of the chain are the recyclers. It is clear
here that a closed loop can only be established along the entire
value chain. The Packaging Act defined compliance fees on an
environmental basis'?® so taking the first step towards the nec-
essary redistribution of costs. However, this instrument is not
yet being put to full use and there is a need for regulatory re-
adjustment. Bonuses for recyclable packaging are currently low
and possible bonuses for using recycled material are not even
offered.

4.1.3 Circularity strategies and levers for detergent
packaging

Despite the stated challenge that every stakeholder in the value
chain has to make its contribution, numerous circularity strate-
gies and levers for detergent packaging are already being tri-
alled or are in use.

Detergent concentrate solutions are one example of a preven-
tion strategy. They make it possible to offer a quantity of prod-
uct for a given number of washing cycles in distinctly small-
er packaging and at the same time hugely reduce transport
weight. This concept has for example already been implemented
by Truman's'® in the USA, Splosh™? in the United Kingdom and
everdrop™' in Germany. Zero-packaging concepts in the form of
filling stations in retail outlets are already undergoing real-world
trials, for example at German retailers Kaufland,'* Rossmann
and DM.™33

While the previously mentioned solutions are only used in niche
markets, refill systems, for example with stand-up pouches, are
already well established. Producing such pouches requires far

127 | See New Plastics Economy 2019: As part of the New Plastics Economy Global Commitment initiative by the Ellen MacArthur Foundation, 450 or-
ganisations which produce 20 per cent of the world's plastic packaging have committed to reducing plastics consumption and promoting its circu-

larity.
128 | See Bundesanzeiger 2017.
129 | See Truman's n.d.
130 | See Splosh 2020.
131 | See everdrop n.d.
132 | See Teraz Media 2020.
133 | See MDR 2020.
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less material than polyethylene (HDPE) bottles. Customers can
therefore (re)purchase the detergent in the stand-up pouch and
transfer the detergent into their HDPE bottle at home. By also
offering the refills in large sizes, further packaging material can
be saved. However, if a refill system is to make sense, it must
be possible to use secondary material, also taking account of
the origin of the recycled material, and the pouches themselves
must be recyclable. While there is already a well-established re-
cycling stream for HDPE bottles, it must be ensured across the
board firstly that the pouches are recyclable and secondly that
recyclers actually have an interest in recycling them.

A recyclable design is an important lever for keeping the poly-
ethylene bottle itself in the loop. Guidelines have already been
developed, for example by RecyClass'* and by University of Ap-
plied Sciences Campus Vienna.™®> Using a monomaterial is there-
by a major factor. In addition, components, for example bottle
and label, must be separable. For example, the labels must be
soluble and it must be ensured that the adhesive remains on the
label when it is separated, so that it is discharged with the la-
bel and does not interfere with the recycling process.’® To facil-
itate the currently usual near-infrared sorting process, the labels
should also occupy at most fifty per cent of the surface of the
packaging or be made of the same material, so allowing proper
identification of the packaging material. As sorting technology
develops, these requirements may change. Digital watermarks
on the packaging can provide the necessary process control in-
formation for sorting and recycling (see section 4.3 for further
details).

Recycled material quality can also be increased by dispensing
with colouring. Overall, the variety of colours should be re-
duced, opaque and carbon black-based colours avoided if pos-
sible and white or natural-coloured solutions given preference.
An industry-wide, common approach would be to standardise
colours, which could stop recycled materials from turning grey
as quickly. However, marketing aspects stand in the way of such
standardisation, for example brand recognition on the basis of
a specific colour. Consumer acceptance of grey packaging is
also sometimes low. Grey ought here to become established as
the identification colour for recycled material, similarly to the

134 | See RecyClass 2020.

135 | See FH Campus Wien 2019.

136 | See Henkel 2019.

137 | See Vernel n.d.

138 | See Packaging Journal 2020b.
139 | See Werner & Mertz Gruppe 2016.
140 | See ALPLA 2018.
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association between brown and recycled paper. One possible
remedy is full body sleeves, since they permit printing but avoid
through-colouring of the HDPE.' ¥ However, in many cases
new sleeve materials would first have to be developed and used
or digital watermarks would have to be established as a sorting
technology so that bottles with sleeves can be correctly sorted.

Not only recyclability but also the use of recycled material are
already established in practice for detergent bottles. Some man-
ufacturers are already using post-consumer HDPE recycled ma-
terial, either pure recycled material or mixed with virgin mate-
rial, to produce new bottles.’ %% One challenge thereby is to
generate a sufficiently large quantity of high-grade, consistent
recycled material.

4.2 Cheese packaging (PET tray)

The stringent food technology requirements applicable to
cheese packaging complicate the use of polyethylene tereph-
thalate (PET) trays for this purpose. Unlike polyethylene bottles,
almost no cheese packaging has yet been designed to be re-
cyclable, since in particular the trade-off between food storage
life and a recyclable packaging design presents a major chal-
lenge. The recycled material currently found in the trays is ob-
tained from the PET deposit bottle stream. Separate deposit
collection yields a largely harmonised material stream in which
cross-contamination can be ruled out and consequently, thanks
to an additional cleaning step, this recycled material is of relia-
ble quality and, complying with statutory requirements, can be
used in food packaging. However, since the recycled material
is extracted from the bottle stream and is incinerated after its
second life cycle as a tray, this development must be viewed
critically.

4.2.1 Cheese packaging functionality requirements
The following diagram summarises the requirements which ap-
ply to cheese packaging through its life cycle. They define the

framework for any innovation to rethink cheese packaging in the
context of circularity.
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Figure 12: Examples of requirements applicable to cheese packaging (Source: own presentation)



4.2.2 Current situation

There are various packaging designs in circulation for polyeth-
ylene terephthalate (PET) cheese trays as well. Depending on
requirements, the trays are produced with a polyethylene (PE)
heatsealing layer or additionally with an ethylene/vinyl alco-
hol copolymer (EVOH) barrier layer and the necessary laminat-
ing adhesive. The polyethylene (PE) heatsealing layer primarily
serves to seal the film while the ethylene/vinyl alcohol copoly-
mer (EVOH) barrier layer provides protection from oxygen and
water vapour among other things. The trays moreover often
have paper labels applied to them. The printed lidding films for
closing the cheese packaging are conventionally produced from
biaxially oriented polyester films (PET-BO) which are themselves
likewise provided with a PE heatsealing layer and optionally an
EVOH barrier layer. In addition, a resealable adhesive is com-
monly applied to enhance consumer convenience or a tactile
coating to improve visual properties.

The PET trays currently in use for cheese are therefore not recy-
clable. While monomaterial PET trays do indeed exist, they are
only in established use for applications with low requirements,
for example fruit and vegetable packaging. Moreover, using bio-
based raw materials is technically feasible but not yet attractive
in price terms.

It would be technically possible to sort PET trays separately by
near-infrared sorting (NIRS) after collection in the dual system.
There is a recycling stream for PET in general. For the trays in
question, however, the colour restrictions due to the introduced
multilayers and printing inks are so strict that the trays are usu-
ally screened out and incinerated. Another reason why PET trays
are not currently recyclable across the board is the adhesive.

A closed loop for cheese packaging would in any event not be
possible under the current collection and sorting system because
the potential cross-contamination due to the mixed collection of
food and non-food packaging waste means the recycled materi-
al is not permitted for use in food-contact applications. Current
advice on the food safety of PET packaging specifies that no
more than five per cent of recycled PET may come from non-
food applications.™ Guidelines from the RAL Quality Assurance
Association for recyclable PET go even further and effectively
rule out the use of material from the dual system."? This means
that practically the only recyclable material which can be used

141 | See EFSA CEF 2011.
142 | See Kauertz/Detzel 2017.
143 | See RecyClass n.d.
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in direct food-contact applications is polyethylene terephthalate
obtained from single-use bottles recycled under the Deutsches
Pfandsystem GmbH (DPG) deposit system. The recycled content
of today's commercially available PET trays may constitute more
than fifty per cent of the total plastics content. From a technical
standpoint, this proportion could be increased still further, pos-
sibly at the expense of the transparency of the trays and films.

4.2.3 Circularity strategies and levers for cheese
packaging

A few strategies and levers are already being implemented or
tested to improve the circularity of cheese packaging.

Some retailers with fresh food counters are trialling reuse sys-
tems, in which customers pack the cheese in containers they
have brought with them, in order to avoid packaging.

A recyclable packaging design provides an opportunity to con-
serve resources. To achieve this, the lidding film, the tray and the
label should either consist of the same material, for example of
amorphous polyethylene terephthalate (APET) instead of biaxi-
ally oriented polyester film (PET-BO), or it should be immediate-
ly apparent to consumers how they can be correctly separated.
Substituting barrier plastics can ensure a purer recycling stream
by avoiding foreign barrier layers such as ethylene/vinyl alcohol
copolymer (EVOH) and replacing them with plasma coatings, for
example a silicon oxide (SiO,) layer."3 In order to obtain a high-
grade recycled material, it would be advisable to ensure that any
print can be removed during the recycling process. Otherwise,
limiting the amount of print and colouring of the packaging is
generally of assistance for recycled material quality. Care should
also be taken not to use any fillers which change the material's
density.

Even if monomaterial polyethylene terephthalate (PET) cheese
packaging is produced, the question of recycling remains. As
things stand today, even a monomaterial PET cheese tray would
be incinerated in most plants because the colour requirements
relating to recycled PET are so stringent that PET recyclers screen
out all trays by way of precaution. In implementing this solution,
distributors would therefore have to work closely with recyclers
to ensure that “recyclable” does actually mean “recyclable under
real-world conditions". Initial PET tray sorting schemes are cur-
rently being introduced.
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One possible strategy, building on established recycling streams,
is to replace polyethylene terephthalate (PET) trays with
monomaterial polypropylene (PP) trays.'* The advantage of
the polypropylene solution is that these trays are not thermal-
ly recovered but instead sorted into the PP fraction and are
therefore also recyclable under real-world conditions. While the
recycled materials cannot currently be reprocessed into new
cheese packaging for the legal reasons already mentioned, they
can be given new life in products and packaging with lower re-
quirements. Closing the loop for polyolefins in the future means
that further possibilities must be evaluated, for example by sep-
arately diverting corresponding material streams. In addition, in-
depth investigations into the use of second or third generation
bio-based raw materials (i.e. obtained from residual materials)
are currently under way for polypropylene.' %6 Changing the
material may, however, also mean that barrier properties have
to be adjusted or thickness increased compared to a PET tray or
a higher temperature used for sealing.'

Monomaterial packaging, whether made from polyethylene tere-
phthalate (PET) or polypropylene (PP), is not a truly recyclable
solution under the present circumstances. If PET continues to be
used, recycled material from the bottle stream can be used as in-
put material, but the cheese packaging will be incinerated after
use. If PP is used, the packaging must be made from virgin mate-
rial, as there is no recycled PP which complies with food-contact
legislation. Any recovered secondary raw materials may, howev-
er, be used for other applications.

Another approach is to use fibre-based packaging with an ap-
propriate barrier coating.'® ' Highly effective collection, sort-
ing and recycling infrastructure for paper is in place in many
countries (more than eighty per cent of paper is recycled in Eu-
rope), which means that the majority of the packaging would
then be recycled. However, the greater the functional require-
ments which apply to the packaging, the more difficult it is to
produce fibre-based packaging in such a way that the main ma-
terial is recyclable paper. Functional finishes and coatings might
help to provide a solution for equipping recyclable paper pack-
aging with barrier properties (against grease, water and oxygen)
and sealability or seal strength. In this case too, it is thus not

144 | See Borealis 2019.

145 | See Carus/Dammer 2018.

146 | See Frischenschlager et al. 2018.
147 | See Plastics Europe n.d.

148 | See neue Verpackung 2019.
149 | See Siegwerk n.d.

150 | See reCIRCLE n.d. b.
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possible to make any blanket statements regarding environmen-
tal benefits. Instead, each case must be considered individually,
taking various impact categories into account.

4.3 Systemic approaches

The previously presented circularity strategies from sections 4.1
and 4.2 reflect the current status of some attempts at imple-
mentation and potential solutions for placing packaging on
the market. Further systemic closed-loop management solutions
which primarily apply to collection and sorting should not be
devised on the basis of one particular application; the infrastruc-
ture must as far as possible be functional for all packaging in
order to exploit economies of scale. In other words, in the past,
when placing packaging on the market, the starting point has
been product requirements, with applicable design, substitution
and avoidance strategies only being investigated afterwards.
This subsection explains the approaches under public discussion
which can be used to optimise the collection and sorting infra-
structure. The listed examples are based on situations where
room for manoeuvre is already known to be available. Possible
future technological developments, such as a smart waste bin,'°
should be regularly evaluated to determine whether they are
also capable of providing a systemic solution. Where possible,
conclusions applicable to the case studies are drawn for the ap-
proaches described here. The four approaches presented in this
section are not mutually exclusive, but can also be combined, for
example a multi-use solution with a deposit system or a bin for
recyclables with packaging comprising markers.

Deposit systems

The purpose of the first approach is to ensure segregated collec-
tion of increased volumes of packaging. Deposit systems pro-
vide financial incentives to encourage consumers to return con-
tainers and so ensure a high packaging return rate. Germany
already has well-established deposit systems both for single-use
packaging (polyethylene terephthalate (PET) beverage bottles)
and multi-use packaging (e.g. water bottles, beer bottles, yo-
ghurt jars). Deposit systems ensure segregated material streams.



Large, segregated material streams have advantages but involve
challenges too. For instance, a take-back system occupies a lot of
retail space and so increases costs. An effective deposit system
requires transparent and careful management of material and
cash streams. Another challenge is consumer acceptance, which
would be increased by optimised take-back systems. Initial con-
siderations are focusing on more widespread take-back stations
which are not limited to retail outlets but are also available,
for example, at petrol stations or underground railway stations.
Deposit payouts should also be made, for example, by a mobile
phone app instead of a voucher at the supermarket checkout.
The long-term economic objective ought to be for the system to
fund itself by the high-quality recycled material obtained and by
the reduction in sorting costs.

In relation to the case studies, deposit systems are primarily of
interest for cheese trays. Today's established sorting processes
already enable effective segregation of polyethylene bottles:
since consumers use the bottles at home and they are clearly
recognisable as plastics packaging, it can be assumed that the
misplacement rate is low and thus the majority of bottles are
collected. In the case of cheese packaging, however, a deposit
system would ensure a material stream suitable for food con-
tact which meets the regulatory requirement that only recycled
material from food-contact applications can be reused in these
applications, assuming that the packaging design was designed
with this in mind. Since re-sorting is also not permitted, deposit
systems are currently the only practical way to create a closed
loop for recycled material for food-contact applications.

In a multi-use system, customers return the empty packaging
to the retailer or manufacturer, who cleans it and then reuses
for selling the next product. Well-established examples are water
bottles, beer bottles and yoghurt jars. Numerous projects and
start-ups are currently setting up new multi-use deposit systems,
especially in the take-away sector of the catering industry.™" 52
153154 Design projects are, however, also on the rise in the retail
sector.'s> 196157158 |t s important, from both an environmental
and an economic standpoint, to introduce packaging as widely

151 | See Recup n.d.

152 | See Essen in Mehrweg n.d.

153 | See reCIRCLE n.d. a.

154 | See REBOWL n.d.

155 | See Packaging Journal 2020a.

156 | See Circolution n.d.

157 | See Mehrwelt n.d.

158 | See Loopstore n.d.

159 | See Coelho et al. 2020.

160 | See Ellen MacArthur Foundation 2019.
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as possible and to have an open pool so that transport distanc-
es can be kept short and consumers also have the option of re-
turning their packaging everywhere. This need for a large-scale
rollout is at the same time the major challenge facing the de-
velopment of a multi-use system which all manufacturers will
want to use. This is not only inconsistent with marketing aspects,
but also requires that filling machines be converted and mul-
ti-use containers purchased, and that a complete infrastructure
with cleaning plants be set up. The organisational challenges
involved with deposit schemes have already been mentioned in
the previous paragraph. In particular, existing single-use pack-
aging industries would lose out. However, a well-established,
systemically optimised multi-use concept could have long-term
cost-saving potential compared to single-use concepts and could
also open up the possibility of conserving resources and protect-
ing the environment.!° 160

With regard to the two described case studies of detergent and
cheese packaging, a multi-use solution would in principle be
conceivable for both products. In the case of cheese packaging,
the high barrier requirements make it a major challenge to devel-
op multi-use packaging and an accompanying cleaning concept
without having to accept some loss in shelf life. In the case of de-
tergent bottles, the question arises as to whether a refilling sta-
tion in which the bottle does not pass through reverse logistics
but instead remains with the consumer might not be the simpler,
lower-carbon alternative.

Bin for recyclables

The bin for recyclables is another potential method for uniform
collection from households throughout Germany and some lo-
cal authorities already have such bins. In contrast to the cur-
rently widespread yellow sack or yellow bin collections, in which
waste is separated according to use (e.g. packaging) and not
according to material (e.g. plastics), the intention is for all plas-
tics (and metal) waste to be collected in the bin for recyclables.
This means, for example, that items such as plastic toys or flow-
er pots, which today have to be disposed of in residual waste,
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may also be collected in the bin. The bin for recyclables would
make significantly more plastics material available for the recy-
cling process. Germany's Nature and Biodiversity Conservation
Union (NABU) says that some seven kilograms more plastics
waste would be collected per year and per household.’®” Waste
separation would be considerably simplified for consumers and
misplacement rates reduced. At present, while local authorities
can introduce abin for recyclables in agreement with the rele-
vant dual system, they cannot oblige the dual system to do so.

Disposal would not change for the stated applications, but there
would be an increase in the volume of recycled material avail-
able for use at least as non-food packaging. Possible cross-con-
tamination due to different limit values for individual product
groups must be taken into account here.

Marker-based systems

Marker-based systems are another approach to optimising cur-
rent sorting practice under discussion in the industry. Using
near-infrared spectroscopy, today's usual technology, to sort
mixed materials often results in just one material being recog-
nised or no clear prism image being captured. Markers, in con-
trast, ensure unambiguous technical detectability and so ena-
ble optimised sorting, including of mixed materials, by material,
corresponding processing and colour. In this way, they generate
a more highly segregated starting material (feedstock) for recy-
cling and increase sorting yield. This could in particular be signif-
icant if, in addition to mechanical recycling, other recycling tech-
nologies capable of further processing presorted mixed plastics
become established.

Digital watermarks are currently considered the most promising
marker-based technology. The HolyGrail™® project has already
conducted sorting tests at industrially appropriate speeds. One
advantage of this technology is that it can be retrofitted to ex-
isting sorting plants so there is no need for new processes and
plants. What makes digital watermarks particularly promising is
that they also add value in other areas, such as cost benefits in
logistics, inventory, checkout (“items per minute") and consumer
communication.

In our use cases, markers are of interest as a solution for an
uncoloured recycled polyethylene bottle with a full-sleeve film
label. The digital watermark contains the information required

161 | See NABU 2020.
162 | See Procter & Gamble 2019.
163 | See Deutsches Institut fiir Normung 2020.
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for process control during sorting and recycling. A sleeve solu-
tion would thus be easy to sort and could be kept in circulation.
What is of fundamental interest in the case of the cheese tray
is that digital markers make it technically feasible to distinguish
between food and non-food packaging. However, since Europe-
an Food Safety Authority (EFSA) regulations state that resorting
is not sufficient to permit use of the resultant recycled material
for food-contact applications because cross-contamination can-
not be ruled out, under the present circumstances markers are
of no help in obtaining more recycled material for food-contact
applications.

Recycled material standards

A final approach discussed here is recycled material stand-
ards. The standards currently in place are not yet sufficient to
allow recycled material markets to function, which is why trans-
action costs are high compared to the use of virgin material.
This is because buyers have to ensure prior to each purchase
that the recycled material does meet their requirements. Even
finding a suitable vendor in the first place presents a challenge.
This means that buying recycled material today is preceded by
a time-consuming and costly process of identifying vendors and
obtaining hand samples. Standards backed by appropriate guar-
antees can remedy this situation. DIN, the German Institute for
Standardization, has accordingly initiated a standardisation pro-
cess directed at enabling proper functioning of recycled material
markets.'®3

In fact, there are already a number of DIN standards for charac-
terising recycled plastics, for example DIN EN 15342 for polysty-
rene (PS), DIN EN 15344 for polyethylene (PE), DIN EN 15345
for polypropylene (PP), DIN EN 15346 for polyvinyl chloride
(PVC) and DIN EN 15348 for polyethylene terephthalate (PET).
These define physicochemical properties which can be used to
describe recycled materials and the methods with which the
properties can be determined. However, the stated standards
are outdated in places and no longer of great relevance to the
current state of technical requirements for recycled plastics. They
also have gaps in terms of the functioning of recycled material
markets. Selection of the necessary criteria will also be heavily
dependent on a recycled material's intended application. This is
all the more true if there is an increase in the share of recycled
material in the total volume of plastics used and thus in appli-
cations for mechanically recycled plastics and if attempts are
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made to raise the number of mechanical recycling loops priorto  for recycled materials to be classified into commercial classes
chemical recycling. for which a specific selection of lower and upper limits for phys-

icochemical properties is defined. Finally, criteria, in particular
Ensuring proper functioning of recycled material markets re-  those relating to a recycled material's origin and processing his-
quires property profiles to be completed. There is also a need  tory, must also be certified.

EXCURSUS: Thought experiment - a circular 30 per cent mechanically recycled material. These values are
plastics packaging industry by 2030 consistent with the vision presented in section 3.3.2 and are
intended to represent a realistic scenario. In the “circular”
This thought experiment is an unconventional approach by  scenario, materials usage is completely defossilised. The
the working group to address the question of what changes  second scenario is thus much more ambitious. Chemical re-
would have to be made to the technical, economic and regu-  cycling is an integral part of the scenario, on the assumption
latory framework by 2030 for the purchase and use of fully  that all the environmental and human toxicity issues will have
defossilised plastics to be the more economically advanta-  been resolved by 2030 and chemical recycling has a footprint
geous choice for a company. Factors such as the availability — at least 50 per cent smaller than using virgin material (see
of recycling capacity, recycled material origin and restrictions ~ Appendix F, 1 for all assumptions).
on the use of recycled material are deliberately set aside. It
is also not a comprehensive systemic study and/or modelling ~ The thought experiment is intended to reveal the impact of
exercise. Instead, the intention is to outline and analyse key  the ambitious scenario and to identify the circumstances
points for an ambitious circular plastics packaging industry  under which the ambitious circular scenario would be ad-
in 2030. For the purposes of this look into the future, the  vantageous. The following assumptions were made to enable
working group has broken away from the current situation  this calculation:
and, drawing on its combined industry expertise, has made as-
sumptions about carbon footprints, materials prices and policy = Carbon footprints for virgin material, mechanically re-

instruments from which conclusions can be drawn about the cycled material, chemically recycled material and bio-
possible composition of plastics prices in 2030. The three most based material for each of polyethylene terephthalate
influential factors on the overall price are identified by means (PET), polypropylene (PP) and polyethylene (PE) in 2030
of a sensitivity analysis. The changes in these three factors = Material prices for virgin material, mechanically re-
which would have to occur to make the “circular” scenario the cycled material, chemically recycled material and bio-
economically more attractive one are then identified. based material for each of PET, PP and PE in 2030

= Material demand for the three bulk plastics PET, PP and
The thought experiment compares the following two scena- PE in 2030

rios: the "base” scenario uses 70 per cent virgin material and

Use of virgin material Use of mechanically Use of chemically recycled Use of bio-based plastics
recycled material material
* | PET PP PE PET PP PE PET PP PE PET PP PE
1) Base 70 % 70 % 70 % 30 % 30 % 30 %
2) Circular 70 % 60 % 60 % 30 % 20 % 20 % 20 % 20 %

* PET = polyethylene terephthalate, PP = polypropylene, PE = polyethylene

Table 2: Thought experiment scenarios (Source: own presentation)
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= Policy instruments: a) environmental configuration of
compliance fees (for short: EPR levy) through a bonus for
using defossilised plastics and b) a carbon levy in 2030

The assumptions made and an explanation for them can
be found in Appendix F, 1 and 2. These assumptions give
rise to the following additional costs for the two scenarios
considered compared to the current situation. The precise
calculation is shown in Appendix F, 3).

1. Additional costs for base scenario:

This means that development of the parameters in line with
the working group's assumptions would be insufficient to
make the circular scenario the most attractive. A sensitivity
analysis (see Appendix F, 4) is therefore used to identify
which parameters have the greatest influence on price and
how they must be adjusted to make the “circular" scenario
more attractive than the "base" scenario. Varying the assu-
med parameters reveals that (1) a bonus for using recycled
material, (2) a carbon levy and (3) the additional costs for
chemical PET recycling are the greatest influencing factors on
the overall additional costs. The percentage by which each

2,933,000,000 euro of the three most highly influential factors would have to
2. Additional costs for circular scenario: change to equalise the costs of the scenarios is therefore
3,059,000,000 euro determined:
Original assumption Additional costs Additional costs Additional costs in both
identical at identical in the event scenarios (cost equality)
of change by
Bonus €200 € 260 30 % € 2,879,000,000
Carbon levy €100 € 146 46 % € 3,169,000,000
Additional costs, chemical € 600 €180 -70 % € 2,933,000,000
recycling of PET

Table 3: Equalisation of additional costs for the two scenarios (Source: own presentation)

This means if in each case just one parameter were to be
raised or lowered by the minimum amount indicated in the
table, the circular scenario would be economically equivalent.

= A bonus would be more advantageous from 260 euro
per tonne.

= A carbon levy would be more advantageous from 146
euro per tonne of CO,.

= Costs for chemically recycling PET would be more advan-
tageous from a price of 1,380 euro per tonne for chem-
ically recycled PET.

While changing just one individual parameter by a large
amount is mathematically possible, it is not compatible with
an economically and socially acceptable configuration. The
thirty percent increase in the bonus for using non-fossil-based
plastics is desirable because overall system costs are reduced.
However, it is questionable whether in 2030 the licensees of

the dual system will be able, with license revenue to a value
of around 540 euro per tonne, to meet the requirement for
collection of the volumes of packaging involved. Depending
on trends and scarcity in the overall EU emissions trading
system, a carbon levy of approximately 150 euro per tonne
of CO; is certainly conceivable but its main effect would be
to make the base scenario more expensive. The least likely
change is a price for chemically recycled material of 1,380
euro per tonne, which is slightly above the assumed price for
virgin material (1,200 euro per tonne). The working group
was very aware that even assuming chemically recycled ma-
terial to be fifty per cent more expensive than fossil-based
virgin material is very optimistic.

The rational and practical solution is therefore to make
moderate adjustments to as many parameters as possible.
This is also in line with the policy recommendations made
in this report: only by gradually shifting all the parameters



towards circularity from today onwards will the economic
requirements also be met. If, for example, the initially assu-
med bonus rises by approximately 10 per cent, the carbon
levy is 15 per cent higher and the additional costs for all
non-fossil-based plastics are in each case 10 per cent more
favourable than originally assumed, a circular scenario has
a slight economic advantage (see Appendix F).

Closing the loop: two case studies - detergent and cheese packaging

Overall, the thought experiment once again highlights the
existing challenges in the production of non-fossil-based
plastics: the costs for high-grade mechanically recycled
material, the carbon footprints and the costs for chemically
recycled material and bio-based plastics are not yet at the
target values suitable for 2030. Accordingly, research must be
intensified and investment support boosted (see section 5.5).
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5 Policy recommenda-
tions

Sections 1 to 4 may be summarised as follows: a Circular Econ-
omy requires (1) a paradigm shift with comprehensive chang-
es in mindset, organisation and strategy. There is a need for
(2) systemic change to our patterns of economic activity and
consumption and (3) the only way to formulate and imple-
ment this change is a joint effort by policy makers, business
and civil society. New forms of cooperation and communica-
tion are indispensable here.

1. A new value creation philosophy must be estab-
lished which recognises the enduring intrinsic
worth of products and materials.

Plastics packaging has become a highly charged social, politi-
cal and environmental issue. A radical rethink is needed so that
packaging is no longer seen as a disposable product. Material
should be used not only in the smallest possible quantities but
also as efficiently and for as long as possible: in a Circular Econo-
my (CE), packaging is transformed from a short-lived waste prod-
uct into a valuable material. Consistently implementing this par-
adigm shift will mean moving away from the outdated mindset
that closed-loop management is synonymous with mechanical
recycling and establishing a diverse landscape of Circular Econ-
omy innovation and reuse which successively draws the greatest
potential from each step of reducing, reusing and recycling. Cir-
cular Economy measures are not end-of-life optimisation, but are
primarily intended to reduce the use of primary materials, inten-
sify use phases and focus on keeping products and materials in
high-quality material streams.

Business models must be configured in such a way that profit
is maximised not by increasing material throughput, but by op-
timising resource utilisation. Such a value creation philosophy
also offers the packaging industry the chance to transfer compe-
tition from an established market with existing margins to a new
market where it can tap new value creation potential.

2. Changes must optimise the overall system, which
will require expansion of established system
boundaries.

System boundaries for Circular Economy transformations are not
the established industry structures and value chains. The offer
must be rethought on a needs basis, with the reduction in system
losses also reducing greenhouse gas emissions from the packag-
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ing industry. In line with the waste hierarchy, avoiding packaging
has the highest priority, provided that the environmental footprint
of the package (i.e. of the product and packaging as a whole)
does not increase as a result. Similarly, there may be potential
in decoupling from fossil raw materials as feedstocks, provided
that the non-fossil raw materials achieve better results in a life cy-
cle assessment (LCA). Packaging placed on the market should be
designed for efficient and effective resource management which
aims at achieving the longest possible use phase, enables recy-
cling in high-quality material streams and ensures proper disposal.

The ultimate goal of transformation must always be an optimised
overall system. When it comes both to seeking out and to evaluat-
ing transformation strategies, it is therefore necessary to always
think beyond individual industrial sectors and to interlink indus-
tries and processes, with sector coupling as the watchword.

3. Broad stakeholder dialogue and new forms of
cooperation between all parties are essential.

All stakeholders have a part to play in implementing this trans-
formation. Cooperation is required both across stakeholder
groups as well as within the value chain.

Cooperation across stakeholder groups involves system design-
ers and framework providers (policy makers), the entire packag-
ing value chain (industry), the drivers of innovation and research
collaboration (academia and industry) and end consumers (civil
society). Together, they must define a common, unified direction
and objectives in order to set the appropriate course and create
investment certainty.

Also required is still closer cooperation within the value chain,
because changes in individual links of the chain (e.g. materi-
al selection, packaging design, recycling infrastructure) have an
impact on the entire system. Implementing circular approaches
therefore requires a sharp focus on the entire product life cycle
and any associated systems in order to take account of interac-
tions and optimise them holistically. For example, bridges need
to be built between waste management and process chemistry
and in general greater transparency created with regard to ma-
terial streams across different steps in the value chain. Establish-
ing new solutions, for example packaging-as-a-service models,
will mean identifying new alliances of stakeholders.

Educational institutions, especially schools, will be called upon
to teach appropriate content and skills in order to create the
basis for such overarching cooperation with a changed value
creation philosophy.
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Figure 13: A Circular Economy means transforming the economy along various dimensions (Source: own presentation)

Starting points for action

Transforming the packaging industry into a system based on cir-
cular value creation means implementing measures which take
effect along the entire value chain. The working group has iden-
tified six starting points which are used as the basis for structur-
ing the packages of measures:

1. There is a need for an objective and generally accepted de-
cision-making aid to enable comparison between different
packaging alternatives.

2. Top priority must be given to avoiding packaging, unneces-
sary use of resources and packaging waste.

3. Packaging distributors must reassess the functional require-
ments of their packaging on the basis of product function
and bring the design of existing packaging into line with the
principles of design for circularity and sustainability.

4. Investment in modern collection and high-quality sorting
capacity, including funding for track and trace technolo-
gies, is required to improve the separation of value streams.
Consumer support and commitment (long-term behavioural
change) also need to be strengthened.

5. The supply of defossilised materials must be expanded.
There is a need for suitable qualities, reliable volume avail-
ability and a competitive price - all while taking account of
origin and the post-use phase.

6. More applications for defossilised material need to be
opened up to stimulate demand in the long term. This re-
quires technical innovation and an appropriate regulatory
framework.

The packaging working group of the Circular Economy Initiative
Deutschland (CEID) is in agreement that a circular packaging
industry is a European question. The policy recommendations
set out in detail below are therefore not restricted to Germany,
but also indicate how Germany as a central player in the debate
should show the way forward for Europe.
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Figure 14: Starting points for action (Source: own presentation)

5.1 Creating a generally accepted
decision-making aid for packag-
ing alternatives

The trade-offs described in the report between different sustaina-
bility goals and different packaging alternatives mean that there
is no universal way to determine which packaging alternative
is the "most sustainable”. As a result, the decision as to which
is the best packaging alternative for a product often has to be
made on a case-by-case basis because the answer depends on
many different product, process and market factors, such as the
requirements of the package contents, modes of transport, the
number of possible reuses or the recycling infrastructure acces-
sible under real-world conditions. However, there is a lack of a
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uniform decision-making basis which specifies objective crite-
ria and uniform system boundaries for making the evaluation
in order to ensure comparability of results from individual case
studies. In a first step, not only the avoidance of greenhouse gas
emissions but also the reuse rate or the associated direct avoid-
ance of primary raw materials can be used as the foremost eval-
uation criteria. Other parameters must, however, be included to
create a broad basis for decision-making. The Circular Economy
Initiative Deutschland proposes to be guided by the objectives it
has proposed in this respect.

However, a standardised individual case assessment alone
would appear not to be enough to support companies in de-
ciding which packaging alternative is the best for their prod-
uct. First of all, a life cycle assessment would have to be carried



out for all potential types of packaging (and their potential in-
frastructure), something which is not possible in practice. Sec-
ondly, a case-by-case evaluation can only model the environmen-
tal potential of systemic changes, for example of an open-pool,
multi-use system, to a very limited extent. Research funding is
therefore also necessary in order to develop such a holistic and
practically usable decision-making aid.

A generally accepted decision-making aid can also be the ba-
sis for a dedicated "packaging label” which, as an easily under-
standable and credible means of communication, could steer
demand towards sustainable and circular packaging. Develop-
ing such a label with appropriate criteria and indicators (as a
meaningful supplement or replacement for all existing labels)
will require an interdisciplinary, scientific consortium.

5.2 Avoiding waste

In the past, gains in efficiency in packaging design have been
incapable of offsetting the rapidly growing volume of (plastics)
packaging waste. The primary objective of the Packaging Act
(formerly the Packaging Ordinance) of avoiding packaging
waste, has therefore not been achieved for years. Increased
avoidance of waste must therefore be made a particular priority.
This entails a plan with specific targets, measures, economic
incentive systems and a defined timeline. Research can make
a contribution here by proposing appropriate indicators for set-
ting and monitoring targets. In general, the targets and require-
ments set out in the Packaging Act must be implemented in a
binding manner. Such a plan should include independent mon-
itoring bodies which a) provide information about the trans-
parent presentation of interim results on defined targets and
requirements, b) initiate appropriate measures in the event of
impending failure of the corresponding measures and c) are en-
titled to impose sanctions for non-compliance.

A further step towards avoiding packaging waste is to expand
opportunities for reusing packaging. There is a need to further
develop, test and implement reuse concepts suitable for large-
scale application which are environmentally advantageous and
economically viable. This requires increased industrial coopera-
tion, also in new alliances of stakeholders. Multi-use systems, for
example, are particularly environmentally advantageous if many
stakeholders make use of standardised packaging in an open-
pool system. It is important to verify the environmental advan-
tages of reuse concepts. Policy makers should provide greater
support here, for example by offering dialogue platforms and

164 | See RecyclingNews 2020.
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intensifying startup support in this area. When designing such
environmentally and economically optimised reuse concepts,
one further measure would be a gradual rollout, to beyond the
beverage sector, of binding usage rates for multi-use food, trans-
port and shipping packaging.

5.3 Implementing design for circular-
ity and sustainability

A major obstacle to closing the loop is the lack of attention
paid to Circular Economy principles in the design of packag-
ing (see section 3.3.1). During product design, greater considera-
tion must be given to the use and post-use phases of packaging,
i.e. all unavoidable packaging should be usable, reusable and
recyclable to a high quality for the longest possible period, and
thus designed for efficient and effective resource management.
In addition, material and product design should consistently en-
sure that no toxic effects occur along the value chain and sub-
sequent use is not impaired. Where environmentally appropriate
and possible, secondary material or alternatives to fossil-based
primary material should be used while taking account of the
overall system.

At the political level, section 21 of the Packaging Act intro-
duced an important lever for improving design. This section re-
quires bonuses in the compliance fees for recyclability, the use
of recycled materials or the use of renewable raw materials. Ad-
justments are, however, required in order to align reward systems
in a targeted and consistent manner with environmental bene-
fits, taking account of the packaging system as a whole. A prop-
erly functioning funding mechanism with unambiguous and
uniform rules is also needed, if this incentive in section 21 of the
Packaging Act is to be truly effective. This is because, if differing
regulations mean that the dual systems are in competition with
one other, there is no way for them to have ambitious steering
effects. One option for a uniform solution here would for exam-
ple be to establish a fund financed by private and public stake-
holders from which such bonus incentives could be financed.'®
There is an urgent need to find a solution which complies with
antitrust law and specifically promotes sensible avoidance ap-
proaches and multi-use systems.

The requirements for dual systems ought to be reworded to en-
sure a targeted effect. Compliance fees should be consistently
calculated on the basis of Circular Economy objectives and be
aligned accordingly. Reduced use of resources (e.g. by using re-
cycled materials) and good recyclability or a uniform packaging

57



Circular Economy
Initiative
Deutschland

v’

design should be incentivised. Flat-rate quantity discounts
without reference to such packaging design factors are not
very useful. They disadvantage small suppliers and obstruct
their innovative efforts. The evaluation criteria for establishing
surcharges and discounts on licences must be transparent. A
systematic approach must be developed for this purpose which
can be adapted as required while still safequarding previously
agreed fees.

Harmonisation of the legal requirements applicable to a prod-
uct and its packaging, for example product (protection) and
waste legislation, would also help to make it easier for compa-
nies to achieve the potential of a Circular Economy. These regu-
lations should also be harmonised internationally so that there
is no need for isolated national solutions but economies of scale
can instead be exploited and closed-loop management becomes
economically viable. There is therefore a need for EU-wide stand-
ardisation of definitions and requirements, as well as harmoni-
sation of specifications at the national and local authority level.

Obtaining segregated material streams in large volumes for me-
chanical recovery would require packaging to be designed in
such a way that consumers can easily separate it or to be con-
sistently made from monomaterial. In future, composite packag-
ing could also contribute to harmonised material streams once
scaled-up separation processes are available and implemented
in practice. Overall, however, the variety of packaging on the
market must be reduced. Minimum standards for EU-wide har-
monisation of packaging materials and their components
should be defined in order to achieve this. A first step is to draw
up lists of recommended materials, components and substanc-
es, taking account of toxicological aspects and their behaviour
in the use and post-use phase. In addition, it should be investi-
gated whether colour standardisation makes sense for certain
large-volume types of packaging (e.g. polyethylene (HDPE) hol-
low items) in order to achieve quality improvements in post-con-
sumer recycled material. Implementing minimum requirements
for packaging in order to harmonise material streams can like-
wise be controlled by means of the compliance fees. Should this
not prove successful, straightforward bans of specific materials,
material composites or chemical components may be a comple-
mentary measure if no recycling method is available for them
and recycling structures are in place for other materials which
meet the same product requirements.

If design for circularity and sustainability aspects are to be tak-
en into account in the long term, core Circular Economy ideas

must for example also be enshrined in curricula and correspond-

165 | See Stadt Villach/Saubermacher Dienstleistungs AG 2018.
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ing specific training content must be provided, for example for
early-career industrial designers or material developers.

5.4 Enabling better and harmonised
collection and sorting

Despite increased communication efforts by the dual systems,
the misplacement rate of post-consumer packaging waste is
high. Too much packaging still ends up in the residual waste
because of excessive soiling in the yellow sacks and bins. On
the one hand, this reduces the quality of the recycled material
and, on the other hand, considerable volumes of material, which
might potentially be recyclable, also fail to reach the dual sys-
tem and are instead incinerated by being disposed of with re-
sidual waste. In order to make sorting easier for citizens, waste
should in future be entirely separated by material type in Ger-
man households. Additional incentives should also be provided
for households to maximise segregation of used packaging, for
example on the basis of an analysis of sorting quality, an ap-
proach currently being tested in Austria.’®

Numerous factors can help to support consumers in sorting
packaging waste. If packaging is to be viewed as a material with
intrinsic worth and not as waste, (early childhood) education
and consistent factual and pragmatic communication are im-
portant in order to reduce frustration among customers due to
confusing recycling systems. Mandatory labelling, for instance a
uniform traffic light-coding system for separation, would enable
more informed purchasing decisions. “Circular purchasing deci-
sions" can be encouraged by positive incentive systems such as
a points account or deposit systems. Barriers to correct disposal
should also be broken down. This can be achieved by standard-
ising disposal systems across districts, increasing the provision
of drop-off stations, and using smart bins or digital labelling for
recycling at sorting plants.

Modern, for example marker-based, sorting technologies can
support consumers in sorting or optimise their sorting results.
Using these technologies could also help to build up sorting and
recycling infrastructure internationally, which has so far large-
ly been impossible due to national and regional differences in
waste legislation.

One incentive system for segregated collection which is already
functioning excellently is the deposit system. The extent to
which it makes sense to extend mandatory deposits to other
types of packaging, not only in the beverage sector but also



for further product groups which generate significant streams of
packaging waste, merits investigation. The prerequisite is that
the deposit packaging is standardised and designed to be recy-
clable from the outset.

5.5 Increasing the supply of defossil-
ised raw materials

At present, there are insufficient supplies of high-grade recy-
cled plastics materials and bio-based materials for replacing fos-
sil-based virgin material. Supplies of defossilised materials in the
necessary quality and quantity must therefore be built up.

As this report shows, the packaging industry is only just begin-
ning to exploit the potential of mechanical recycling. In par-
ticular, implementation of the policy recommendations for the
design of packaging is playing a decisive role in recycled materi-
al quality. At the same time, there is a need for significant invest-
ment in recycling technology and infrastructure to modernise
plants (e.g. through uniform material stream management, the
integration of multistage sorting processes, hot washing process-
es, deinking) and to build up the necessary capacity. Achieving
this will require further development not only of quality-oriented
business models but also of technological measures for targeted
handling of packaging material streams. It is apparent at this
point just how important it is to intensify cooperation along
the value chain so that high-grade recycled material can be pro-
duced. At present, there is an oversupply of low-quality recycled
material and a shortage of high-grade recycled material, a situ-
ation which is not beneficial for either packaging manufacturers
or recyclers.

The current statutory mechanical recycling rate with its pure-
ly quantitative targets has also contributed to this situation. If
quality is to be improved, the focus must in future be not only
on improving inputs into recycling systems but also on output
quality. In addition, recovery and recycling rates, especially for
plastics, should be broken down into specific types. This allows
more accurate consideration of the fact that more ambitious tar-
gets can be set in some areas than in others (e.g. food packaging
versus packaging for electrical appliances). To this end, efforts
should be made to ensure uniform regulations within the Euro-
pean Union (EU).

Mechanical recycling offers significant and as yet far from ex-
hausted potential for making renewed use of packaging mate-
rials. However, as the excursus on mechanical recycling shows,
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permanent, closed loop management of packaging materials
for the same applications cannot be achieved by mechanical re-
cycling alone. Further research is required to determine which
materials are particularly suitable for closed-loop management
and how the number of cycles can be increased. There would
nevertheless be a need in a closed Circular Economy model to
offset material and quality losses in mechanical recycling with
virgin-grade defossilised plastics. Chemical recycling and bio-
based plastics are, however, only solutions if they offer environ-
mental advantages; in other words, the specific situation must
always be individually considered. For bio-based plastics, for ex-
ample, competition with foodstuffs must be ruled out. Sustain-
ability criteria should be implemented in the form of credible
certification schemes. It must be ensured that chemical recycling
is not considered equivalent to mechanical recycling, but rather
is defined as a possible complementary technology where me-
chanical recycling is more environmentally advantageous. In
addition to energy inputs, further factors such as for example
toxicity and purity and raw materials costs or inputs still need
to be evaluated in comprehensive studies. Given that the chemi-
cals industry has a future feedstock problem to solve and recog-
nising that huge international effort is being put into scalable
chemical recycling processes, Germany should, however, be more
than simply an observer when it comes to producing and sup-
plying sufficient high-quality feedstocks. Germany could forge
ahead innovatively and point the way forward to climate-neu-
tral chemical recycling. In particular, cross-technology processes
and cascading use will in future be of significance in providing
secondary raw materials for a more efficient Circular Economy.
Gaining a better understanding of the purposes for which and
volumes in which chemically recycled and bio-based virgin mate-
rials are required entails investigating what an environmental-
ly optimised and technically meaningful defossilised material
mix might be. To enable applicational research into these issues
and for example allow integrated sustainability analyses to be
carried out, pure research funding could be complemented by
also setting up a real-world laboratory.

At the same time, funding should be provided for projects which
open up new and responsible bio-based raw material sources.
The focus should be on harnessing existing residues, for exam-
ple available agricultural, commercial and household waste, as
well as biological side streams such as waste wood, whey com-
ponents and biowaste, as feedstocks for synthesising bio-based
plastics.

During the changeover from chemical processes for purely
fossil-based natural resources to completely defossilised raw
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materials, mixed forms will arise that require a certified mass
balance approach, for both bio-based and chemically recycled
materials. This is because the conversion products will gradual-
ly be integrated into the existing chemical infrastructure in or-
der to finance the changeover. This means that the defossilised
starting material streams are not kept physically separate from
fossil raw materials and it is therefore not possible to trace what
percentage of which starting material ends up in which finished
product. To a certain extent, the mass balance approach replac-
es this unachievable transparency with rules of apportionment.
It defines how the quantity of input defossilised material may be
apportioned to the finished products and thus also determines
what may be marketed as “recycled” or “bio-based". To ensure
general acceptance of the mass balance approach, it is essential
for it to be developed by an independent consortium according
to scientific principles and to be independently certified.

There is a need for an in-depth discussion from different perspec-
tives about the extent to which offsetting against statutory
recycling rates makes sense in order to stimulate investment in
chemical recycling, or whether conversely such offsetting means
there is a greater risk of the full potential of mechanical recycling
not being fully utilised. Given that the aim of implementing Cir-
cular Economy measures is to reduce greenhouse gas emissions,
any regulations which are adopted should in particular not rule
particular technologies in or out but instead promote those solu-
tions which can demonstrate the smallest carbon footprint.

5.6 Increasing the demand for
defossilised material

Defossilised material, i.e. recycled materials and virgin material
from renewable raw materials, competes with fossil-based virgin
material in terms of price. As a result, especially in times of low
oil prices, economic incentives are necessary in order to increase
the use of defossilised material and create stable demand. There
are two fundamental ways of achieving this: increasing the price
of fossil-based virgin material or subsidising defossilised alter-
natives.

The price of fossil-based virgin material could be increased by a
general carbon levy or a raw materials tax on all packaging
materials. The impact of such instruments should first be eval-
uated. The "EU plastics levy",'®® which has already been adopt-
ed and which, if appropriately designed, could have a similar
effect to a raw materials tax, does not go far enough. Since it is

the volume of non-recycled waste from plastics packaging which
serves as the basis for calculating the level of national contribu-
tions, the levy starts from the wrong place from an environmen-
tal standpoint. Such a levy has an incentive effect towards less
waste requiring thermal recovery only if the additional costs bur-
den the distributor of non-recyclable packaging made of prima-
ry material. The costs would therefore have to be apportioned,
something which should be taken into account in the national
embodiment of the levy. Since only plastics are affected by the
levy, there is a risk that they will be replaced by other materials
which are less or not at all recyclable or have a larger environ-
mental footprint. The levy is also not earmarked, for example to
finance necessary improvements in materials management and
recycling infrastructure. These areas thus still lack the necessary
investment.

In order to provide an appropriate level of stimulus for the re-
cycled materials market, it makes sense to gradually roll out a
fixed minimum proportion for the use of post-consumer recy-
cled plastics in certain sectors. These mandatory usage rates
would lead to an increase in demand for recycled materials
and the emergence of a genuine recycled raw materials market.
However, when determining this minimum proportion, it must
be ensured that the recycled materials are also available on the
market in the necessary quality. It would be helpful if recycled
material usage rates and quality standards could be defined at
an appropriately early stage in order to provide investment cer-
tainty for construction of the required capacity. A nuanced ap-
proach should, however, be taken. As explained in section 4,
for food products the only source for such a recycled material
content is the deposit bottle stream. Under the German DPG de-
posit system, this material could be kept in a genuinely closed
loop but, if used for food packaging, would be removed from a
high-quality material stream and in many cases incinerated after
its second life cycle. This example is representative of a systemic
problem that using recycled material in packaging does not nec-
essarily in itself make sense or that the actual subsequent use of
the recycled material must always be taken into consideration in
addition to its origin and quantity.

As the cheese packaging use case (section 4.2) also shows, the
European Food Safety Authority (EFSA) requirement that at
most five per cent of the polyethylene terephthalate (PET) recy-
cled material for food packaging may originate from non-food
applications is a major obstacle to the use of recycled material.
This condition should be subjected to critical review. There is
a fundamental need to devise mechanisms and strategies for

166 | The levy was adopted in July 2020 and serves as a tool to calculate national contributions to the corona-battered EU budget. The volume of non-re-
cycled plastics packaging waste is to be used as the basis for calculating the level of national contributions.
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the future as to how further recycled materials, in addition to
polyethylene terephthalate (PET) from the deposit stream, can
be approved as a secondary raw material for food contact, for
example by separately diverting previously optimised polyolefin
food packaging. The development of suitable barrier coatings as
migration barriers may also play a role. The restriction that only
recycled materials from the PET deposit bottle stream can be
used for food packaging must be overcome.

Establishing safety requirements and standards for recycled
materials applicable across the EU would simplify the use of
recycled materials. Such common standards should ensure
that recycled materials are always used in a specific quality for
a particular product group and are produced accordingly. For

Policy recommendations

example, the same quality standards are not required for clean-
ing products as are required for food-contact packaging. Min-
imum qualities should therefore be defined for different prod-
uct groups (cosmetics, cleaning products, food). Clearly defined
standards would also contribute to better planning of demand
and so ensure availability of sufficient recycled material of the
appropriate qualities. This is because standardisation enables
purchase guarantees to be agreed in the industry, so in turn
creating investment certainty for recycling companies. Policy
makers should promote the establishment of these standards,
for example by using and, where appropriate, mandating estab-
lished standardisation organisations. By developing test meth-
ods, research can contribute to ensuring material and product
safety standards.
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6 Roadmap and outlook

The members of the working group have prioritised the policy  them into the following roadmap for achieving the outlined vi-
recommendations for policy makers, business, science and civil  sion for a Circular Economy for packaging.
society set out in detail in the previous section and scheduled

Projects [> 2021-2024: short term “Setting the course”
1. Initiation of development work on a scientifically based decision-making aid for the sustainability of packaging
2. Development of binding waste prevention concepts and establishment of an independent control body
3. Finalisation of section 21 Packaging Act (aligned with EU requirements)
— 4. Establishment of a uniform national collection system with separation by material
Public policy 5. Submission of a binding EU-wide plan for expanding and optimising collecting, sorting and recycling infrastructure
6. Investment support for sorting and recycling technologies
7. Initiation of recycled material and recycling standardisation processes at the EU level
8. Clear communication and uniform labelling for consumers
9. Provision of education and training
,0 10. Development and scaling up of (business model) innovations in which active avoidance of non-necessary
t‘ packaging is the top priority
— 11. Ensuring packaging is reused or mechanically recovered to the highest possible quality by means of appropriate
Business design
12. Consistency of material and product design such that no toxic effects occur along the value chain and impair
subsequent use
13. Collaborative introduction of common (minimum) standards for harmonising packaging and its components
14. Collaborative development of common recycled material and recycling standards
15. Optimisation of educational work with regard to purchase decisions in favour of the most sustainable product as
well as the functioning of the separate collection of recyclable materials
16. Provision of an assessment basis or decision-making aid for the sustainability of packaging (taking account of
overall systemic effects)
~ 17. Creation of potential analyses for reuse systems
18. Further research into consumer behaviour
Sciene 19. Compilation of suitability lists for recommended materials, components and substances in the light of human and
ecotoxicology and their behaviour in the use and post-use phases
20. Research and further development of recycling technologies and alternative raw materials and their suitability for
packaging
21. Provision of appropriate training content (e.g. recyclable product design)
‘.’ 22. Change of attitude: packaging has intrinsic worth

' ‘ 23. Avoidance of product and food waste
. 24. Avoidance of unnecessary packaging by aware and responsible consumption
Civil society 25. Proper pre-sorting and disposal, in particular no littering
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Roadmap and outlook

Projects I>

Up to 2027: medium term “Creating structure”

26.
27.
28.

Public policy

LY

Harmonisation of national and transnational regulatory framework (e.g. product protection and waste legislation)
EU-wide introduction of binding minimum standards for harmonising packaging materials and their components
Use of decision-making aids to design economic incentives (bonus/penalty systems, carbon levy, etc.)

Common development and rollout of technologies and tools for creating transparency in material streams
Greater collaborative development of circular economy system innovations
31. EU-wide coordinated expansion of collection, sorting and recycling infrastructure

[—
Business 32. Active participation in and funding of the development and optimisation of collection, sorting and recycling
technologies
33. Use and ongoing development of alternative raw materials
34. Provision of tools and methods for monitoring of avoidance and reduction of packaging volumes
35. Provision of tools and methods for determining the environmentally optimum defossilised material mix
~
Sciene
. . 36. Acceptance and support of new packaging alternatives
. Willingness to bear what may sometimes be higher costs of the transformation to a Circular Economy in order to

'.‘ 37

Civil society

shape a sustainable system and reduce costs (including external effects) for society as a whole

Projects I>

Up to 2030: long term “Breaking through”

38. Long-term increase in recycling rates (coupled to qualities and types of material) and adjustment of the licensing

fee

Public policy

39. Paradigm shift: ongoing prioritisation of the goals of a CE in schools, in the media and in policy action
40. Transfer of measures in a global context for leading markets on the one hand (“race to the top") and developing

economies on the other (development cooperation)
,° 41. Establishment of transparent and trustworthy value networks
“ ! | 42. Expansion of system innovations worldwide
[—
Business

Figure 15: Roadmap for achieving the vision (Source: own presentation)

Implementing this roadmap can enable system change towards
a Circular Economy for packaging. The key to success will be to
set an ambitious course in the short term and so create invest-
ment incentives and certainty. Establishing a circular model is
essential to meeting society's high expectations. Above all, how-
ever, tackling the transformation early and with determination
will also have long-term economic benefits as environmental reg-
ulation becomes increasing stringent.

The members of the packaging working group of the Circular
Economy Initiative Deutschland hope that this report has made
a useful contribution to the dialogue in favour of a Circular
Economy for packaging. The transformation is still at its outset
and is dependent on further collaborative exchange. It is now
up to all the various stakeholders from politics, business, science
and civil society to make a concerted effort to put the proposed
policy recommendations into practice.

63



Circular Economy
Initiative
Deutschland

Appendix

A List of abbreviations

R [
R [
o e

SiOx Silicon suboxide
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D About the Circular Economy
Initiative Deutschland

The Circular Economy Initiative Deutschland (CEID) brings to-

gether stakeholders from business, science and civil society with i Civil society

the aim of developing a joint vision for Germany and identifying olitics associations

the existing circumstances and future requirements. The Initia-
tive’s work is carried out in various committees, with the steering
committee taking responsibility for management and strategy.
The task force consists of representatives from those businesses,
academic institutions and civil society organisations represent-
ed on the steering committee as well as staff members from the
Circular Economy Initiative Deutschland office and from collabo-
rative partner SYSTEMIQ. The task force's main role is to develop
a Circular Economy roadmap. The working groups discuss specif-
ic issues such as packaging or batteries and elaborate opportu-
nities and challenges in terms of implementation of the Circular
Economy.

acatech - Circular
Economy Initiative
Deutschland office

SYSTEMIQ as
cooperation partner

National and international experts

Funding for the project is provided by the Federal Ministry of

Education and Research (BMBF). Involving the relevant govern-

ment departments in the steering committee ensures wide-rang- Working group Working group Working group
ing links with policy makers, while acatech and SYSTEMIQ, as Business Models | Traction batteries Packaging

the Initiative's office, coordinate the Initiative and undertake in-
dependent, substantive preparatory work. acatech’'s Vice-Presi-
dent Thomas Weber chairs the Initiative.

Figure 16: Organisational chart and areas of focus of the Circu-

The work of the Circular Economy Initiative Deutschland is divid-  /ar Economy Initiative Deutschland (Source: own presentation)

ed between three working groups:
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1. Working group 1. Working group 11l. Working group
Traction batteries Circular Business Models and Digital Technologies Packaging
Coordination: Prof. Dr-Ing. Ao Coordination: Prof. Dr. Erik Hansen, Johannes Kepler University Coordination: Prof. Dr-Ing.
Kwade, TU Braunschweig and Linz (JKU) and Patrick Wiedemann, Reverse Logistics Group Peter Elsner, Fraunhofer ICT
Dr-Ing. Christian Hagelliken, Business model typology - digital technologies - regulatory and Prof. Dr. Thomas Miiller-
Umicore framework conditions Kirschbaum, Henkel
e Vision 2030 * Vision 2030
Pilot profiles of projects: Use cases:
* Knowledge of battery life Circular Economy Roadmap * Non-Food - HDPE bottle
* Model-based decision for Germany * Food - PET tray

platform for Eol use * Policy recommendations on technology
* Battery disassembly network development and regulatory framework

* Macroeconomic analysis of contribution to
reduced materal input and GHG emissions

« Vision 2030/2050

Figure 17: The Circular Economy Initiative Deutschland links specific case studies with overarching issues

(Source: own presentation)

= The business models working group works on a conceptual
level to address the potential for circular business models
and digital technologies for driving innovation.

= The other two working groups focus on the sectorspecific
functional systems of traction batteries and packaging.

Various criteria were applied when selecting the two functional
systems for the traction battery and packaging working groups,
these being in particular

relevance to Germany as a location for business,

potential for real-world implementation in the form of col-
laborative business projects over the life of the Initiative,
possibility of establishing new, cross-sectoral value networks,
and

achievable added value in an international context, for ex-
ample by approaching Europe’s Circular Economy debate
from a new angle or through links with European business
partners.
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E Fundamentals for developing the
vision

Plastics packaging has become a central pillar of our consump-
tion patterns and serves a very wide range of functions which
make a significant contribution to climate protection and re-
source conservation. Among other things, in the absence of
plastics packaging, our current food system would involve even
higher levels of food waste and substantially greater losses of

resources than would be involved in the production, use and re-
cycling of packaging.®’

At the same time, however, the plastics packaging system is
faced with the challenge of moving from a linear “Make - Use -
Dispose” system to circular solutions in which the greatest possi-
ble proportion of the value of the packaging product itself and
the natural resources used to produce it is retained.’®® Against
this background, the Circular Economy action plan focuses spe-
cifically, among other things, on the issue of plastics packaging,
which it sees as having particular potential for achieving the
stated objective of a “cleaner, more competitive Circular Econo-
my" for Europe.'®®

The aim of this report is to build a data set which can be used as
the starting point for the work of the Circular Economy Initiative
Deutschland’s packaging working group. To this end, the central
assumptions for a potential “optimised packaging system” vision
for the years 2030 and 2050 are discussed below, together with
the associated environmental impact.

Methodology and procedure

With this goal in mind, a number of possible scenarios are consid-
ered below which result from the optimisation of key individual
levers such as the use of secondary raw materials or bio-based
plastics. The analysis, based on otherwise constant parameters, is
thus incomplete and does not avert the need to develop forecasts,
in particular in terms of 2050. The underlying assumptions were

167 | See Markwardt/Wellenreuther 2017.
168 | See Ellen MacArthur Foundation 2017a.
169 | See European Commission 2020.
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made on an exogenous basis, being based either on the academ-
ic literature as it stands or the results of the expert discussions
within the relevant working group (the central assumptions and
their sources are stated transparently here). For particularly rele-
vant points or those issues where different perspectives are to be
found even within the working group, sensitivities were calculated
and the results juxtaposed, without any statement being made as
to which might be considered the more probable or realistic.

For these considerations, the quality and functionality of the
packaging have in particular been assumed to be constant, i.e.
no trade-offs are made, for example, in terms of the occurrence
of food waste. At the same time, it is assumed with regard to
packaging that no disruptive innovations are to be expected in
the run-up to 2050 which might for example make the use of
packaging superfluous due to new food production methods.
The focus is on packaging placed on the market in Germany and
the associated effects along the entire value chain; any devia-
tions from this system limit are explicitly stated.

Scenario 2030/2050

Against the described background of plastics packaging circular-
ity in Germany, the intention is to develop an optimised packag-
ing system scenario for the period 2030/2050. The parameters
considered include the following points:

1. Developments in the volume of plastics packaging used in a
business-as-usual (BAU) scenario to 2030/2050 in line with
growing demand

2. Developments in material efficiency when using plastics for
packaging

3. Developments in the proportion of recycled materials in the
packaging sector, differentiated by volume from chemical
and mechanical recycling

4. Developments in the proportion of bio-based plastics in the
packaging sector

5. Developments in the proportion of reusable packaging.



1. and 2.: Developments in a business-as-usual
scenario and packaging material efficiency

As described, the volume of plastics packaging placed on the
market has been constantly increasing in recent years. Moreo-
ver, some current trends are likely to lead to increasing volumes
of packaging in the future, for example the trend for packaged
sliced sausage and cheese."?

At the same time, manufacturers and retail have in recent years
invested massively in optimising packaging material efficiency,
so as to save on material and logistics costs. For this reason, a

Appendix

marked reduction in finished weights especially in dimension-
ally stable plastics packaging has been observable on the mar-
ket, alongside a slight decrease in film basis weights. Private fi-
nal consumption of plastics packaging in year 2013 would have
been a total of 955,000 tonnes higher had finished weights
remained the same as they were in 1991.""

The BAU scenario thus represents the net effect of volume
growth combined with increasing material efficiency. Assuming
the current situation, the results for 2030/2050 for volumes of
relevant types of plastics would be as follows.

Total in 2017 Proportion packaging [Volumes in T t]

[Volumes in T ] 2017 2030 2050
HDPE 1,828 731.2 887 1,195
LDPE 2,144 1,286.4 1,561 2,103
PS 452 113 137 185
PP 2,453 809.49 982 1,323
PVC 1,843 276.45 335 452
PET 916 7328 889 1,198
Total 9,636
of which packaging 3,949.34 4793 6,455

Table 4: Extrapolated plastics volumes in the business-as-usual scenario for 2030/2050 (Source: own presentation)
Data of Conversio 2018 and Schiiler 2019

170 | See Schiiler 2020.
171 | See Schiiler 2019.
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3. and 4.: Assumptions relating to proportions of
recycled material from mechanical and chemical
recycling

One of the central levers for plastics packaging sector circular-
ity is, as described, the proportion of non-fossil-based, primary
plastics. Against this background, the working group has agreed
on a vision intended to provide the basis for the scenario calcu-
lated here.

Starting from a value of 90.9 per cent primary plastics in 2017,
the intention is to achieve the targets listed in the following ta-
ble by 2030/2050. It must be borne in mind that these values
relate to the plastics packaging sector as a whole; especially in
the non-food sector, a number of key players have committed to
even more ambitious target values,'”® and therefore these val-
ues should be understood as an average of food contact and

Recycled material from mechanical recycling | 25 % 40 %
Recycled material from chemical recycling 0% 20 %
Bio-based plastics 5 % 20 %

Table 5: Vision 2030/2050 (Source: own presentation)

172 | See Conversio 2018.

173 | See Henkel 2020a.

174 | See Ellen MacArthur Foundation 2013.
175 | See Material Economics 2019.

176 | See Kaeb et al. 2016.

177 | See Franklin Associates 2018.
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non-food contact packaging. The values thus reflect orders of
magnitude as used in other scenarios relating to the packaging
Sector.174, 175,176

The associated CO, savings were assessed with reference to a
study by the Association of Plastics Recyclers (APR) in which
comprehensive life cycle analyses were carried out for individual
materials.””’

The figure below shows the very marked differences in the ratio
of primary to secondary material depending on the allocation
mechanism used: the framework for carrying out life cycle anal-
yses makes it possible to assign the savings enabled by using re-
cycled material to both the starting product and the product in
which the recycled material is used. Since the vision developed
is directed towards recycling material as often as possible, the
audit was prepared using an open-loop methodology.
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PC resin PC resin Process
collection & transport to Process water | Process energy, | Process energy, |emissions & Recycled resin

sorting reclaimer & chemicals bale to flake flake to pellet | wastes pellet total

CUT-OFF

MJ (Megajoule) per kg of resin

Recycled PET 1.19 0.87 0.21 6.44 6.14 0 14.8
Recycled HDPE 1.52 0.92 0.13 2.55 3.57 0 8.69
Recycled PP 1.64 1.04 0.11 6.09 6.09 0 8.89
OPEN LOOP

MJ per kg of resin

Recycled PET 0.60 0.43 0.10 3.22 3.07 0 42.3
Recycled HDPE 0.76 0.46 0.067 1.27 1.78 0 42.0
Recycled PP 0.82 0.52 0.057 3.04 3.04 0 416

Virgin pellet Recycled resin % | Virgin pellet Recycled resin %
(including Recycled % of reduction from (excluding Recycled % of reduction from

feedstock energy) | virgin virgin feedstock energy) | virgin virgin

CUT-OFF

MJ per kg of resin

Recycled PET 69.8 21% 79% 333 45% 55%
Recycled HDPE 75.3 12% 88% 250 35% 65 %
Recycled PP 74.4 12% 88% 25.1 35% 65 %
OPEN LOOP

MJ per kg of resin

Recycled PET 69.8 61% 39% 333 72% 28%
Recycled HDPE 75.3 56 % 44% 25.0 67 % 33%
Recycled PP 744 56 % 44% 251 68% 32%

Figure 18: Total energy results for recycled resin compared to virgin resin, with and without feedstock energy
(Source: Franklin Associates 2018)
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It was assumed here, for simplicity's sake, that the different
greenhouse gas effects of different materials for otherwise iden-
tical packaging result solely from the production process for the
starting materials (polymer production stage), i.e. that both the
further processing process and the product design or post-use
phase remain unchanged.

In this context, the Joint Research Centre of the European Com-
mission made use of the Comparative Life-Cycle Assessment of
Alternative Feedstock for Plastics Production study, the aim of
which was to develop a comprehensive data set for the assess-

PET from loniga BHET*
(10,000 million tonnes per
annum (mtpa))

PET from loniga BHET
(50,000 mtpa)

5000

PET from mechanical
recycling (20 % loss)

ment of different packaging starting materials.'”® This project
was initiated by the European Commission in the context of the
Strategy for Plastics in the Circular Economy and looks at the
overall effects of recycled material usage, among other things,
in relation to packaging as a functional unit. It is clear from
this that the differences between primary material and recycled
material are much smaller than might be expected, the reason
being, inter alia, the more complex processing of plastics with
higher recycled material contents, which for some kinds of pack-
aging need greater wall thicknesses, for example.

PET from mechanical
recycling (10 % loss)

Conventionally
produced PET
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*—o17
¢ — 62
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* Bis(hydroxyethyl)terephthalate (BHET) is an intermediate product in the industrial synthesis of Polyethylene terephthalate (PET).

Figure 19: Greenhouse gas reduction potentials for different recycling routes (Source: Bergsma/Lindgren 2018)

178 | See Nessi et al. 2020.
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Even chemical recycling is subject to widely varying definitions
and thus also different evaluations (see excursus “Chemical re-
cycling”, page 37)."7° For evaluation purposes, a method de-
veloped by Delft University of Technology was used, for which a
comprehensive life cycle analysis for polyethylene terephthalate
(PET) was performed.™® For simplicity's sake, the determined rel-
ative reduction potentials were also applied to the other types of
plastics under consideration here.

5) Multi-use packaging

One possible way of optimising the plastics packaging system is
to establish multi-use systems in which the same item of pack-
aging can be used repeatedly for the same purpose, instead of
being disposed of after a single use.

Studies have shown that the consumption of packaging materi-
als in the businessto-consumer (B2C) and business-to-business
(B2B) sectors drops considerably in principle as a result of in-
creased use of multi-use packaging (MUP) systems, with a con-
sequent reduction in negative environmental impact.’' In gener-
al, although MUP systems are more commonly used in the B2B

Appendix

sector, there are also long-established systems in some B2C mar-
kets (beer, mineral water etc.).

However, a comprehensive analysis of environmental impact in
the form of a life cycle analysis is needed in each case when it
comes to deciding whether an MUP is preferable to a single-use
packaging (SUP) system. Against this background, a distinction
was drawn for assessment purposes between end consumer
packaging and commercial packaging, the potential savings be-
ing looked at on the basis of the following product examples:

a) Beverages (single-use PET versus multi-use PET)
b) Plastic cartons for transporting foodstuffs

Reusable plastic crates

In Italy, approximately 36 per cent of fruit and vegetables are
distributed in reusable plastic crates (RPCs), as is revealed by
a comprehensive life cycle analysis for assessing environmen-
tal performance.’ A comparison of RPCs for transporting fruit
and vegetables with a system based on disposable plastic crates
(DPCs) makes it clear that their environmental impact is primarily

300
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Ratio of CO,e emissions RPC to CO,e emissions DPC
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Figure 20: Emission of CO, equivalents from RPCs in comparison with DPCs (Source: Tua et al. 2019)

179 | See Ramesohl et al. 2020.
180 | See Bergsma/Lindgreen 2018.
181 | See Coelho et al. 2020.

182 | SeeTua et al. 2019.
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dependent on the number of times they are used.' The figure
below shows that it is only after their third use that RPCs have a
better life cycle assessment than DPCs.

Disposable plastic crates carry the same volume as reusable
plastic crates, but are sixty per cent lighter, meaning that their
production causes significantly lower CO, emissions. If used only
once, the climatic impact of reusable plastic crates is thus 2.6
times higher than that of disposable plastic crates.'® In con-
trast, after 125 uses, the carbon emissions of reusable plastic
crates are just 8.2 per cent of those of disposable plastic crates.

Multi-use PET bottles

When considering multi-use systems for beverages too, various
assumptions have to be made which have a critical effect on the
relative advantages of specific systems. A life cycle analysis re-
lating to the environmental impact of multi-use and single-use
bottles within the German mineral water market, which specif-
ically investigated carbon footprint as a function of respective
transport distances, revealed that the negative environmental
impact of single-use bottles is significantly higher than that of
multi-use PET bottles.'s>

As the figure shows, the carbon emissions of multi-use PET bot-
tles per 1,000 litres are approximately 30 per cent lower than
the emissions arising from single-use PET bottles. Consistently
using multi-use PET bottles for packaging alcohol-free bever-
ages could save considerable quantities of carbon emissions.
These potential savings result above all from the fact that the
primary consumption of fossil resources can be reduced by over
a third through repeated use of PET bottles.'®® Just how advan-
tageous multi-use PET is over single-use PET is primarily de-
pendent on the respective trippage rates of the bottles.”®” The
Genossenschaft Deutscher Brunnen eG uses a multi-use PET sys-
tem with standard bottles which can be refilled up to 25 times
for distribution in regional circuits.'® So far there is no exact

183 | See Tua et al. 2019.

184 | See European Commission et al. 2010.

185 | See Genossenschaft Deutscher Brunnen eG 2008.
186 | See ibid.

187 | See Kauertz/Detzel 2017.

188 | See Genossenschaft Deutscher Brunnen eG 2020.
189 | See Kauertz/Detzel 2017.

190 | See Umweltbundesamt 2018.
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Figure 21: Comparison of greenhouse gas emissions of
multi-use PET and single-use PET (Source: own presentation,
based on: ifeu 2020)

data available about the frequency of reuse needed to make
the multi-use PET bottle preferable to the single-use variant from
an environmental standpoint. Because the material of single-use
PET bottles is thinner, they are somewhat lighter and thus con-
sume less material, but on average they are transported over
significantly longer distances. It should therefore be assumed
that the multi-use PET bottle is superior to the single-use bottle
environmentally speaking from the second use onwards.'® Also,
according to the Federal Environment Agency, the resource and
energy consumption associated with the regional transport and
cleaning of multi-use bottles is significantly lower than the cost
of recycling and producing single-use PET bottles.'®



F  Assumptions and calculations for
the thought experiment 2030

1. Assumptions regarding plastics demand, prices
and carbon footprints

The thought experiment ventures a look into the future and is
based wholly on assumptions. First of all, the current situation
was researched in relation to the necessary parameters. Build-
ing on this, the working group then discussed how the param-
eters might develop and agreed on values. These assumptions
are therefore based on the combined sectoral expertise of the
members of the working group and their evaluation of future
developments.

a. Material demand

Only the three bulk plastics polyethylene terephthalate (PET),
polyethylene (HDPE) and polypropylene (PP) are considered
here. Each of these three materials is assumed to have annual
demand of around one million tonnes, which approximately cor-
responds to the order of magnitude in 2020 and thus includes a
reduction in absolute terms in plastics consumption given that it
is assumed packaging demand will increase.

Appendix

b. Secondary material footprints

The assumed footprints are explicitly not the most realistic possi-
ble forecast based on current developments. Rather, the assump-
tions are an attempt to tread the fine line between the necessary
reduction in carbon footprint and technical feasibility.

It was assumed that 2030's virgin material footprint will match
today's.

When forecasting the CO, savings associated with mechanically
recycled material, reference was made to a study by the Associa-
tion of Plastics Recyclers (APR) in which comprehensive life cycle
analyses were carried out for individual materials.'

The footprint of chemically recycled material was forecast on the
basis of a chemical method developed at the Delft University
of Technology, for which a comprehensive life cycle analysis for
PET was performed.'? For simplicity's sake, the determined rela-
tive reduction potentials were also applied to the other types of
plastics material under consideration here. These data from the
literature were related to sector knowledge and expectations.
For example, individual companies have set internal objective
requiring the footprint for chemical recycling to be at least fifty
per cent below that of virgin material by 2030.

PET PP PE

Assumptions regarding material demand (in t/a)
| 1 million | 1 million | 1 million

Assumptions about carbon footprints (in kg CO,e/kg)
Virgin material 2.8 1.8 1.9
Mechanically recycled material 0.9 0.5 0.6
Chemically recycled material 1.0 1.0 1.0
Bio-based virgin material 1.0 1.0 1.0
Assumptions about material prices (in euro/t)
Virgin material 1,200 1,100 1,000
Mechanically recycled material 1,440 1,320 1,200
Chemically recycled material 1,800 1,650 1,500
Bio-based virgin material 1,800 1,650 1,500

Table 6: Assumptions regarding plastics demand, prices and carbon footprints (Source: own presentation)

191 | See Franklin Associates 2018.
192 | See Bergsma/Lindgreen 2018.
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The working group assessed the footprint of bio-based virgin ma-
terial at the same level as that of chemically recycled material.

c. Prices

It is assumed that the price of virgin material will approximately
match today's in 2030. The necessary technology improvements
and investment needs mean that the costs for mechanically re-
cycled material will be 120 per cent those of virgin material.
The costs for chemically recycled material are assumed to be
150 per cent those for virgin material, which, in light of the nec-
essary investment, would appear to be an optimistic lower limit.
For bio-based PET, HDPE and PP the price level is assumed by
the working group to be around 150 per cent that of virgin ma-
terial.

2. Assumptions about policy instruments in 2030

tonne. In the thought experiment, it is thus calculated that the
bonus is paid for each type of recycled material and also for
bio-based plastics or this amount is deducted from the EPR levy.

Based on current developments, a carbon levy on all fossil car-
bon content of 100 euro per tonne CO, is assumed. The lower
limit appears compatible with the development of a carbon tax
or of an expected carbon price within an EU emissions trading
scheme expanded to all fossil carbon sources. Reference was
made to the studies carried out by the Mercator Research Insti-
tute on Global Commons and Climate Change'? and the Fed-
eral Environment Agency'* for the purpose of calculating this
amount and the development of prices within the sensitivity
analysis.

3. Calculation of the additional costs for the scenar-
ios on the basis of the stated assumptions

_— Assumed level in [Sums in million euro] ‘ Base ‘ Circular
Policy instrument 2030
Licensing costs (EPR base price) 2,400 2,400
£71 LEiE elmel [0 202/ €l Bonus for use of recycled material -180 -600
EPR bonus {in euro/) 200 Additional costs for mechanically 198 220
Carbon levy (in euro/t CO,) 100 recycled material
Costs for chemically recycled material | - 390
Table 7: Policy instruments 2030 (Source: own presentation) Costs for bio-based virgin material - 210
Carbon levy 515 239
Additional costs 2,933 3,059

A basic amount of 800 euro per tonne is assumed for the ex-
tended producer responsibility levy (EPR levy). The use of de-
fossilised plastic is remunerated with a bonus of 200 euro per

193 | See Edenhofer et al. 2019.
194 | See Burger et al. 2019.
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Table 8: Cost calculation (Source: own presentation)



Appendix

4. Variations in the central parameters

Figure 22 shows which parameters have the greatest influence on additional costs.
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Carbon footprint, PET Carbon footprint, HDPE
Carbon footprint, PP Carbon levy

Figure 22: Variations in central parameters (Source: own presentation)
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Varying the assumed parameters reveals that (1) a bonus for
using recycled material, (2) a carbon levy and (3) the additional
costs for chemical PET recycling are the greatest influencing fac-
tors on total costs.

5. Calculation of the additional costs for both
scenarios with adjusted assumptions

The following calculation was drawn up to obtain a set of ex-
ample assumptions which would make the resultant economic
requirements for the circular scenario more advantageous.

[Sums in million euro] ‘ Base ‘ Circular
Licensing costs (EPR base price) + 2,400 + 2,400
Bonus for use of recycled material

(10 % higher bonus) - 198 - 660
Additional costs for mechanically recycled

material +178 +378
(10 % lower additional costs)

Costs for chemically recycled material ~ + 357
(10 % lower additional costs)

Costs for bio-based virgin material _ +189
(10 % lower additional costs)

Carbon levy

(15 % higher) 592 2
Additional costs 2,972 2,933

Table 9: Cost calculation with adjusted assumptions for making
the “circular” scenario more economically advantageous
(Source: own presentation)

This provides the target values for the individual parameters list-
ed in Table 10 and Table 11. Although the calculations carried
out for the thought experiment as a whole are greatly simpli-
fied, it is clear that all stakeholders from the worlds of politics,
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business, academia and civil society must make significant ef-
forts if a circular plastics packaging industry is to be achieved
(see section 5, Policy recommendations).

‘ PET ‘ PP ‘ PE
Target values for carbon footprint (in kg CO,e/kg)
Virgin material 2.8 1.8 1.9
Mechgnical[y recycled 09 05 06
material
Chemically recycled material | 1.0 1.0 1.0
Bio-based virgin material 1.0 1.0 1.0
Target values for material prices (in euro/t)
Virgin material 1,200 990 900
':::E::;’lica”y recycled 1416 1,298 1,180
Chemically recycled material | 1,740 1,595 1,450
Bio-based virgin material 1,740 1,595 1,450

Table 10: Necessary target values for plastics prices and carbon
footprints for making the “circular” scenario more economically
advantageous (Source: own presentation)

Policy instrument

Adjusted assumption for making
the “circular” scenario more
economically advantageous

EPR basic amount (in euro/t) 800
EPR bonus (in euro/t) 220
Carbon levy (in euro/t CO,) 115

Table 11: Necessary policy instruments for making the “circular”
scenario more economically advantageous
(Source: own presentation)



G The impact of the COVID-19 crisis
on the packaging industry

In early 2020, the coronavirus pandemic hit Europe. A lockdown
has been imposed on virtually all the member states of the Eu-
ropean Union which has had a serious impact on the various
spheres of everyday life and the economy. This section examines
the effects on the packaging industry in Germany, with a particu-
lar focus on plastics packaging, which is in the transformation
phase towards a circular economy.'%

Observable phenomena

After the outbreak of the pandemic, similar purchasing behav-
iour was observed in a number of countries, depending on the
phase of the pandemic the country was in. Non-perishable foods
and hygiene articles, in particular, were stockpiled.™® In addi-
tion, there was a sharp rise in online retail demand for clothing,
beauty and household cleaning products and food.'’

A change in perspective was observed in relation to packag-
ing: the pandemic was accompanied by greater acceptance of
single-use plastics products, for example face masks and food
packaging, supported by arguments such as hygiene, product
safety and breaking chains of infection.'®® In contrast, multi-use
systems, for example drinking cups or carrier bags, were regard-
ed with more suspicion because, depending on the surface, the
virus has a lifespan of several days.”® At the beginning of the
crisis, politicians classified the packaging industry as systemical-
ly important in order to maintain the population's security of
supply with food and everyday products.?®

Social distancing during lockdown and resultant changes in
everyday life also highlighted the importance of a properly func-
tioning waste management system. While mountains of waste
piled up, even away from collection points, industries with high
recycling rates suffered shortages of important resources.?”!

195 | See Newsroom.Kunststoffverpackungen 2020.
196 | See Strobl 2020.

197 | See Statista 2020.

198 | See Kaufman 2020.

199 | See Miyares 2020.

200 | See Folkesson 2020.

201 | See Roberts et al. 2020.

202 | See Folkesson 2020.

203 | See EUWID Recycling und Entsorgung 2020c.
204 | See Krishnamoort 2020.

205 | See Messenger 2020.

Appendix

Impact on the plastics and packaging industries

A sometimes enormous increase in demand for food and beauty
and household cleaning products, with an accompanying surge
in the use of plastics packaging, contrasted with a significant
loss of business in other sectors, such as plastics for industrial
goods not classified as systemically important.?® The impact of
the pandemic on plastics packaging manufacturers is thus varia-
ble. In a survey carried out by EUWID in May 2020,2% 37 out of
120 companies surveyed reported sharp declines in sales, while
over half reported sales increases. Eighty per cent of the compa-
nies are still able to fulfil their orders.

In parallel, oil prices fell to a low, in the wake of which the pric-
es of oil-based products also fell.2* It should, however, be borne
in mind here that plastics prices typically lag several months
behind oil price trends as a result of pricing formulae in fixed
supply relationships. Initial renegotiations between raw material
producers, converters and brand owners are already under way.

This development has hit the plastics recycling industry particu-
larly hard, as production costs are not linked to the oil price and
recycled materials have accordingly become more expensive in
relation to virgin material. In addition, some losses have been
recorded as recycled materials are currently produced almost ex-
clusively by means of mechanical recycling processes and, for
quality reasons (dark colour, odour taint), can be used almost
exclusively in industrial applications (e.g. construction sector,
damp-proofing membranes or irrigation pipes), which have, how-
ever, been hardest hit by the slump in sales.?%

The use of recycled materials in consumer goods packaging,
which many branded goods companies have committed to do,
continues to be characterised by excess demand. The recycled
materials market for polyethylene terephthalate (PET) is primar-
ily based on material streams from PET deposit bottle collection
and has been unaffected by the pandemic. Recycled materials
from the lightweight plastics packaging fraction (yellow bin/
sack) could not be used to any great extent due to the lack of
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availability in the quality required for consumer goods packaging
(natural/white, odourless). The surplus of grey-black and some-
times odourtainted material could therefore not be offset by
demand for recycled material for consumer goods packaging. A
coronavirus-related decline in demand for recycled material in the
consumer goods sector has as yet not been observed, despite a
worsening price gap, even if isolated declines have been report-
ed primarily due to falling prices of virgin material. 2% 207 A fur-
ther increase in demand for recycled material is expected. These
trends currently do not appear to be affected by the pandemic.

In summary, it may be noted that only some of the packaging
industry in Germany has been affected by the first wave of the
coronavirus crisis (the impact differing by product). The recy-
cling industry was already experiencing some difficulties and
the coronavirus crisis has only made them more apparent: waste

206 | See EUWID Recycling und Entsorgung 2020b.
207 | See EUWID Recycling und Entsorgung 2020a.
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volumes have risen dramatically, the system gaps between dis-
posers/recyclers and plastics manufacturers have widened, and
the dialogue in the recycling industry about the value of es-
tablished and new technologies is intensifying. There are some
opportunities in digitalisation which, given new impetus by the
pandemic, is now also making greater inroads into waste man-
agement and could provide the packaging industry with an
urgently needed interface to raw materials markets. All in all,
the crisis has exposed existing fractures in the system and is
pointing a path to a more resilient future. This is the path that
must now be followed. After all, the packaging industry is of
systemic importance for safely supplying the population with
food and consumer goods. The target system of the future is a
Circular Economy. This means that areas of systemic importance
must also pursue this goal - in other words the packaging indus-
try has an obligation to be compatible with a circular future.



References

Albrecht et al. 2011
Albrecht, P/Brodersen, J./Horst, D./Scherf, M.. Mehrweg- und
Recyclingsysteme fiir ausgewdhlite Getrinkeverpackungen aus
Nachhaltigkeitssicht, 2011. URL: https;//www.duh.de/uploads/
tx_duhdownloads/DUH_Getraenkeverpackungssysteme.pdf [re-
trieved: 11.11.2020].

Allwood 2014

Allwood, J. M.: “Chapter 30 - Squaring the Circular Economy:
The Role of Recycling within a Hierarchy of Material Manage-
ment Strategies”. In: Worrell, E,/Reuter, M.A. (Eds.): Handbook of
Recycling, Amsterdam et al.: Elsevier 2014, p. 445-477.

ALPLA 2018
ALPLA: Recycling, 2018. URL: https;//sustainability.alpla.com/
de/recycling [retrieved: 05.08.2020].

Al-Salem et al. 2009

Al-Salem, S. M./Lettieri, P/Baeyens, J.: “Recycling and Recovery
Routes of Plastic Solid Waste (PSW): a Review". In: Waste Man-
agement (New York, N.Y,), 29: 10, 2009, p. 2625-2643.

BASF 2020

BASF: ChemCyclingTM: Environmental Evaluation by Life Cycle
Assessment (LCA), 2020. URL: https;//www.basf.com/global/
de/who-we-are/sustainability/we-drive-sustainable-solutions/
circular-economy/mass-balance-approach/chemcycling/Ica-for-
chemcycling.html [retrieved: 17.08.2020].

Bergsma/Lindgreen 2018

Bergsma, G./Lindgreen, E.R.: Summary of loniga LCA. Screening
Carbon Footprint Analysis, 2018. URL: https;//www.cedelft.eu/
en/publications/2154/summary-of-ioniga-lca-screening-carbon-
footprint-analysis [retrieved: 17.08.2020].

Bertling et al. 2018
Bertling, J,/Hamann, L/Bertling, R.: Kunststoffe in der Umwelt:
Mikro- und Makroplastik, Oberhausen, 2018.

Bishop et al. 2020

Bishop, G.,/Styles, D,/Lens, P. N. L.: "Recycling of European Plas-
tic is a Pathway for Plastic Debris in the Ocean”. In: Environment
International, 142, 2020, p. 105893.

References

Blum et al. 2020
Blum, N. U,/Haupt, M./Bening, C. R.: “Why 'Circular’ doesn't al-

ways Mean ‘Sustainable™. In: Resources, Conservation and Recy-
cling, 162, 2020.

Borealis 2019

Borealis: “Zusammenarbeit von Borealis und Mondi liefert einfach-
er rezyklierbare polypropylenbasierte Lebensmittelverpackungen”
(press release, 02.09.2019). URL: https;//www.borealisgroup.com/
news/zusammenarbeit-von-borealis-und-mondi-liefert-einfacher-
rezyklierbare-polypropylenbasierte-lebensmittelverpackungen [re-
trieved: 05.08.2020].

Bringezu 2014

Bringezu, S.. “Carbon Recycling for Renewable Materials and
Energy Supply”. In: Journal of Industrial Ecology, 18: 3, 2014,
p. 327-340.

Federal Law Gazette 2017

Federal Law Gazette: Gesetz tiber das Inverkehrbringen, die Riick-
nahme und die hochwertige Verwertung von Verpackungen,
Packaging Act (VerpackG) 2017.

Federal Ministry for the Environment, Nature Conservation
and Nuclear Safety 2013

Federal Ministry for the Environment, Nature Conservation and
Nuclear Safety: Abfallvermeidungsprogramm des Bundes unter
Beteiligung der Lédnder, Bonn, 2013.

Federal Ministry for the Environment, Nature Conservation
and Nuclear Safety 2019

Federal Ministry for the Environment, Nature Conservation and
Nuclear Safety: “Svenja Schulze: Fragwiirdige Plastikmiill-Exporte
kénnen wir jetzt stoppen” (press release of 11.05.2019). URL:
https;//www.bmu.de/pressemitteilung/svenja-schulze-fragwuer
dige-plastikmuell-exporte-koennen-wir-jetzt-stoppen/ [retrieved:
31.08.2020].

Federal Ministry of Education and Research 2020

Federal Ministry of Education and Research: ReziProK. Res-
sourceneffiziente Kreislaufwirtschaft - Innovative Produktkreis-
ldufe, 2020. URL: https;//innovative-produktkreislaeufe.de/
Verbundprojekte/%C3%9Cbersicht.html [retrieved: 30.06.2020].

Burger et al. 2019

Burger, A/Linenbiirger, B./Kiihleis, C.. CO,-Bepreisung in
Deutschland, 2019.

81


https://www.duh.de/uploads/tx_duhdownloads/DUH_Getraenkeverpackungssysteme.pdf
https://www.duh.de/uploads/tx_duhdownloads/DUH_Getraenkeverpackungssysteme.pdf
https://sustainability.alpla.com/de/recycling
https://sustainability.alpla.com/de/recycling
https://www.basf.com/global/de/who-we-are/sustainability/we-drive-sustainable-solutions/circular-economy/mass-balance-approach/chemcycling/lca-for-chemcycling.html
https://www.basf.com/global/de/who-we-are/sustainability/we-drive-sustainable-solutions/circular-economy/mass-balance-approach/chemcycling/lca-for-chemcycling.html
https://www.basf.com/global/de/who-we-are/sustainability/we-drive-sustainable-solutions/circular-economy/mass-balance-approach/chemcycling/lca-for-chemcycling.html
https://www.basf.com/global/de/who-we-are/sustainability/we-drive-sustainable-solutions/circular-economy/mass-balance-approach/chemcycling/lca-for-chemcycling.html
https://www.cedelft.eu/en/publications/2154/summary-of-ioniqa-lca-screening-carbon-footprint-analysis
https://www.cedelft.eu/en/publications/2154/summary-of-ioniqa-lca-screening-carbon-footprint-analysis
https://www.cedelft.eu/en/publications/2154/summary-of-ioniqa-lca-screening-carbon-footprint-analysis
https://www.borealisgroup.com/news/zusammenarbeit-von-borealis-und-mondi-liefert-einfacher-rezyklierbare-polypropylenbasierte-lebensmittelverpackungen
https://www.borealisgroup.com/news/zusammenarbeit-von-borealis-und-mondi-liefert-einfacher-rezyklierbare-polypropylenbasierte-lebensmittelverpackungen
https://www.borealisgroup.com/news/zusammenarbeit-von-borealis-und-mondi-liefert-einfacher-rezyklierbare-polypropylenbasierte-lebensmittelverpackungen
https://www.bmu.de/pressemitteilung/svenja-schulze-fragwuerdige-plastikmuell-exporte-koennen-wir-jetzt-stoppen/
https://www.bmu.de/pressemitteilung/svenja-schulze-fragwuerdige-plastikmuell-exporte-koennen-wir-jetzt-stoppen/
https://innovative-produktkreislaeufe.de/Verbundprojekte/%C3%9Cbersicht.html
https://innovative-produktkreislaeufe.de/Verbundprojekte/%C3%9Cbersicht.html

Circular Economy
Initiative
Deutschland

v’

Carus/Dammer 2018

Carus, M,/Dammer, L: The “Circular Bioeconomy” - Concepts,
Opportunities and Limitations, 2018. URL: http://bio-based.eu/
download/?did=120804&file=0 [retrieved: 09.09.2020].

Circolution n.d.

Circolution: We are Building a Scalable System of Reusable Pack-
aging for all Food Segments, n.d. URL: https;//www.circolution.
com/ [retrieved: 05.08.2020].

Circular Plastics Alliance 2019
Circular Plastics Alliance: Declaration of the Circular Plastics Al-
liance, 2019. URL: https;//ec.europa.eu/docsroom/documents/
36361 [retrieved: 12.05.2020].

Coelho et al. 2020

Coelho, P. M.,/Corona, B./Klooster, R. ten/Worrell, E.. “Sustaina-
bility of Reusable Packaging-Current Situation and Trends". In:
Resources, Conservation & Recycling: X, 6, 2020, p. 100037.

Conversio 2018

Conversio: Stoffstrombild Kunststoffein Deutschland 2017, Kurzfas-
sung der Converio Studie, 2018. URL: https;//www.conversio-
gmbh.com/res/Kurzfassung_Stoffstrombild_2017_190918.pdf
[retrieved: 18.11.2020].

Conversio 2020

Conversio: Stoffstrombild Kunststoffe in Deutschland 2019,
Kurzfassung der Conversio Studie, 2020. URL: https;//www.
conversio-gmbh.com/res/Kurzfassung_Stoffstrombild_2019.pdf
[retrieved: 05.01.2021].

Crippa et al. 2019

Crippa, M./Wilde, B. de/Koopmans, R./Leyssens, J.,/Muncke, J./
Ritschkoff A-C,/van Doorsselaer, K,/Velis, C.,/Wagner, M.. A Cir-
cular Economy for Plastics, Brussels, Belgium, 2019.

Da Costa et al. 2007

Da Costa, H. M,/Ramos, V. D.,/Oliveira, M. G. de: "Degradation
of Polypropylene (PP) during Multiple Extrusions: Thermal Analy-
sis, Mechanical Properties and Analysis of Variance”. In: Polymer
Testing, 26: 5, 2007, p. 676-684.

82

DIN, the German Institute for Standardization 2020
DIN, the German Institute for Standardization: Standards fiir den
(internetbasierten) Handel mit und Verarbeitung von Kunstst-
offabfillen und Rezyklaten, 2020. URL: https;//www.din.de/
de/forschung-und-innovation/din-spec/alle-geschaeftsplaene/
wdc-beuth:din21:326130420 [retrieved: 06.08.2020].

Edenhofer et al. 2019
Edenhofer, 0./Flachsland, C/Kalkuhl, M.,/Knopf, B.,/Pahle, M.:
Optionen fiir eine CO-Preisreform, 2019.

EFSA CEF 2011

EFSA CEF: Scientific Opinion on the Criteria to be Used for Safe-
ty Evaluation of a Mechanical Recycling Process to Produce Recy-
cled PET Intended to be Used for Manufacture of Materials and
Atrticles in Contact with Food (7), 2011.

Ellen MacArthur Foundation 2013

Ellen MacArthur Foundation: Towards the Circular Economy Vol.
1. Economic and Business Rationale for an Accelerated Transi-
tion, 2013. URL: https;//www.ellenmacarthurfoundation.org/
publications/towards-the-circular-economy-vol-1-an-economic-
and-business-rationale-for-an-accelerated-transition  [retrieved:
31.08.2020].

Ellen MacArthur Foundation 2017a

Ellen MacArthur Foundation: New Plastics Economy. A Circular
Economy for Plastic in which it never Becomes Waste, 2017. URL:
https;//www.ellenmacarthurfoundation.org/ourwork/activities/
new-plastics-economy [retrieved: 17.08.2020].

Ellen MacArthur Foundation 2017b

Ellen MacArthur Foundation: The New Plastics Economy. Catalys-
ing Action, 2017. URL: https;//www.ellenmacarthurfoundation.
org/publications/new-plastics-economy-catalysing-action  [re-
trieved: 09.09.2020].

Ellen MacArthur Foundation 2019

Ellen MacArthur Foundation: Reuse. Rethinking Packaging, 2019.
URL:  https;//www.ellenmacarthurfoundation.org/publications/
reuse [retrieved: 09.09.2020].


http://bio-based.eu/download/?did=120804&file=0
http://bio-based.eu/download/?did=120804&file=0
https://www.circolution.com/
https://www.circolution.com/
https://ec.europa.eu/docsroom/documents/36361
https://ec.europa.eu/docsroom/documents/36361
https://www.conversio-gmbh.com/res/Kurzfassung_Stoffstrombild_2017_190918.pdf
https://www.conversio-gmbh.com/res/Kurzfassung_Stoffstrombild_2017_190918.pdf
https://www.conversio-gmbh.com/res/Kurzfassung_Stoffstrombild_2019.pdf
https://www.conversio-gmbh.com/res/Kurzfassung_Stoffstrombild_2019.pdf
https://www.din.de/de/forschung-und-innovation/din-spec/alle-geschaeftsplaene/wdc-beuth:din21:326130420
https://www.din.de/de/forschung-und-innovation/din-spec/alle-geschaeftsplaene/wdc-beuth:din21:326130420
https://www.din.de/de/forschung-und-innovation/din-spec/alle-geschaeftsplaene/wdc-beuth:din21:326130420
https://www.ellenmacarthurfoundation.org/publications/towards-the-circular-economy-vol-1-an-economic-and-business-rationale-for-an-accelerated-transition
https://www.ellenmacarthurfoundation.org/publications/towards-the-circular-economy-vol-1-an-economic-and-business-rationale-for-an-accelerated-transition
https://www.ellenmacarthurfoundation.org/publications/towards-the-circular-economy-vol-1-an-economic-and-business-rationale-for-an-accelerated-transition
https://www.ellenmacarthurfoundation.org/our-work/activities/new-plastics-economy
https://www.ellenmacarthurfoundation.org/our-work/activities/new-plastics-economy
https://www.ellenmacarthurfoundation.org/publications/new-plastics-economy-catalysing-action
https://www.ellenmacarthurfoundation.org/publications/new-plastics-economy-catalysing-action
https://www.ellenmacarthurfoundation.org/publications/reuse
https://www.ellenmacarthurfoundation.org/publications/reuse

Ellen MacArthur Foundation/Material Economics 2019

Ellen MacArthur Foundation/Material Economics: Completing
the Picture: How the Circular Economy Tackles Climate Change,
2019. URL: https;//www.ellenmacarthurfoundation.org/assets/
downloads/Completing_The_Picture_How_The_Circular_
Economy-_Tackles_Climate_Change_V3_26_September.pdf [re-
trieved: 09.09.2020].

Essen in Mehrweg n.d.
Essen in Mehrweg: Die Kampagne, n.d. URL: https;//www.essen
inmehrweg.de/die-kampagne/ [retrieved: 05.08.2020].

European Commission 2018a

European Commission: Report from the Commission to the Eu-
ropean Parliament and the Council on thelimpact of the Use of
Oxo-degradable Plastic, Including Oxo-degradable Plastic Carri-
er Bags, on the Environment, 2018. URL: https;//eur-lex.europa.
eu/legal-content/EN/TXT/?qid=1516986702401&uri=CELEX:
52018DC0035 [retrieved: 05.01.2021].

European Commission 2018b

European Commission: Eine europdische Strategie fiir Kunststof-
fe in der Kreislaufwirtschaft, 2018. URL: https;//eur-lex.europa.
eu/legal-content/DE/TXT/?uri=CELEX%3A52018DC0028 [re-
trieved: 12.05.2020].

European Commission 2019a

European Commission: Environmental Impact Assessments of Inno-
vative Bio-based Products. Summary of Methodology and Conclu-
sions, 2019. URL: https;//op.europa.eu/en/publication-detail/-/
publication/9ab51539-2e79-11e9-8d04-01aa75ed71al  [re-
trieved: 09.12.2020].

European Commission 2019b

European Commission: Preparatory Studly for the Ecodesign Work-
ing Plan 2020-2024, 2019. URL: https://ec.europa.eu/growth/
content/preparatory-study-ecodesign-working-plan-2020-2024 _
en [retrieved: 12.05.2020].

European Commission 2020

European Commission: A New Circular Economy Action Plan. For
a Cleaner and more Competitive Europe, 2020. URL: https;//
eur-lex.europa.eu/resource.html?uri=cellar:.9903b325-6388-
11ea-b735-01aa75ed71a1.0017.02/DOC_1&format=PDF [re-
trieved: 11.06.2020].

References

European Commission et al. 2010

European Commission/Joint Research Centre/Institute for Envi-
ronment and Sustainability: International Reference Life Cycle
Data System (ILCD) Handbook, Luxembourg, 2010.

European Union 2018

European Union: Directive (EU) 2018/852 of the European Par-
liament and of the Council of 30 May 2018 Amending Directive
94/62/EC on Packaging and Packaging Waste, Directive (EU)
2018/852, 2018.

European Union 2019

European Union: Directive (EU) 2019/904 of the European Par-
liament and of the Council of 5 June 2019 on the Reduction of
the Impact of Certain Plastic Products on the Environment, Direc-
tive (EU) 2019/904, 2019.

European Bioplastics 2016

European Bioplastics: What are Bioplastics? Material Types, Ter-
minology, and Labels - An Introduction, 2016. URL: https;//
docs.european-bioplastics.org/2016/publications/fs/EUBP_fs_
what_are_bioplastics.pdf [retrieved: 10.11.2020].

European Plastics Pact 2020

European Plastics Pact: The European Plastics Pact. Bringing
together Frontrunner Companies and Governments to Acceler-
ate the Transition towards a European Circular Plastics Econo-
my, 2020. URL: https;//europeanplasticspact.org/ [retrieved:
31.08.2020].

Eurostat 2018

Eurostat: Packaging Waste by Waste Management Operations
(env_waspac), 2018. URL: http:;//appsso.eurostat.ec.europa.eu/
nui/show.do?dataset=env_waspac [retrieved: 12.01.2021].

Eurostat 2020

Eurostat: Packaging Waste Statistics. Development of all Packag-
ing Waste Generated, Recovered and Recycled, EU-27,2007-2017,
2020. URL: https;//ec.europa.eu/eurostat/statistics-explained/
index.php/Packaging_waste_statistics [retrieved: 31.08.2020].

EUWID Recycling und Entsorgung 2020a

EUWID Recycling und Entsorgung: Viele private Entsorger leid-
en bereits stark unter Auswirkungen der Coronakrise (19/2020),
2020.

83


https://www.ellenmacarthurfoundation.org/assets/downloads/Completing_The_Picture_How_The_Circular_Economy-_Tackles_Climate_Change_V3_26_September.pdf
https://www.ellenmacarthurfoundation.org/assets/downloads/Completing_The_Picture_How_The_Circular_Economy-_Tackles_Climate_Change_V3_26_September.pdf
https://www.ellenmacarthurfoundation.org/assets/downloads/Completing_The_Picture_How_The_Circular_Economy-_Tackles_Climate_Change_V3_26_September.pdf
https://www.esseninmehrweg.de/die-kampagne/
https://www.esseninmehrweg.de/die-kampagne/
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1516986702401&uri=CELEX:52018DC0035
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1516986702401&uri=CELEX:52018DC0035
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1516986702401&uri=CELEX:52018DC0035
https://eur-lex.europa.eu/legal-content/DE/TXT/?uri=CELEX%3A52018DC0028
https://eur-lex.europa.eu/legal-content/DE/TXT/?uri=CELEX%3A52018DC0028
https://op.europa.eu/en/publication-detail/-/publication/9ab51539-2e79-11e9-8d04-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/9ab51539-2e79-11e9-8d04-01aa75ed71a1
https://ec.europa.eu/growth/content/preparatory-study-ecodesign-working-plan-2020-2024_en
https://ec.europa.eu/growth/content/preparatory-study-ecodesign-working-plan-2020-2024_en
https://ec.europa.eu/growth/content/preparatory-study-ecodesign-working-plan-2020-2024_en
https://eur-lex.europa.eu/resource.html?uri=cellar:9903b325-6388-11ea-b735-01aa75ed71a1.0017.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:9903b325-6388-11ea-b735-01aa75ed71a1.0017.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:9903b325-6388-11ea-b735-01aa75ed71a1.0017.02/DOC_1&format=PDF
https://docs.european-bioplastics.org/2016/publications/fs/EUBP_fs_what_are_bioplastics.pdf
https://docs.european-bioplastics.org/2016/publications/fs/EUBP_fs_what_are_bioplastics.pdf
https://docs.european-bioplastics.org/2016/publications/fs/EUBP_fs_what_are_bioplastics.pdf
https://europeanplasticspact.org/
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_waspac
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_waspac
https://ec.europa.eu/eurostat/statistics-explained/index.php/Packaging_waste_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php/Packaging_waste_statistics

Circular Economy
Initiative
Deutschland

v’

EUWID Recycling und Entsorgung 2020b

EUWID Recycling und Entsorgung: Coronakrise und Verfall
der Neuwarenpreise bringen Kunststoffrecycler in Existenznéte
(20/2020), 2020.

EUWID Recycling und Entsorgung 2020c
EUWID Recycling und Entsorgung: Corona trifft Hersteller von
Verpackungen unterschiedlich (21/2020), 2020.

everdrop n.d.
everdrop: Tschiiss Plastik! Lass uns die Welt ein bisschen sau-
berer machen, n.d. URL: https;//www.everdrop.de/ [retrieved:
31.08.2020].

Fehringer 2019

Fehringer, R.: Okobilanz fiir Gebinde aus PET und anderen Ma-
terialien. Akronym: ALPLA LCA Packaging, 2019. URL: https,//
www.challengingplastics.com/sites/default/files/2019-09/
ALPLA%20LCA%20Packaging%20Report%20%281.2%29.
pdf [retrieved: 11.11.2020].

Feil/Pretz 2020

Feil, A,/Pretz, T.. "Mechanical Recycling of Packaging Waste".
In: Elsevier (Ed.): Plastic Waste and Recycling: Elsevier 2020,
p. 283-319.

Feil et al. 2017

Feil, A/Pretz, T./Jansen, M./van Thoden Velzen, E. U.: "Separate
Collection of Plastic Waste, Better than Technical Sorting from
Municipal Solid Waste?". In: Waste Management & Research:
The Journal for a Sustainable Circular Economy, 35: 2, 2017,
p. 172-180.

FH Campus Wien 2019

University of Applied Sciences Campus Vienna: Circular Packag-
ing Design Guideline. Recommendations for the design of recycla-
ble packaging, 2019. URL: https;//www.fh-campuswien.ac.at/
forschung/kompetenzzentren-fuer-forschung-und-entwicklung/
kompetenzzentrum-fuer-sustainable-and-future-oriented-
packaging-solutions/circular-packaging-design-guideline.html
[retrieved: 03.08.2020].

Folkesson 2020

Folkesson, M.: SG har Covid-19 padverkat plastindustrin i Europa,
2020. URL: https;//www.plastnet.se/article/view/722710/sa_
har_covid19_paverkat_plastindustrin_i_europa?ref=newsletter
&utm_medium=email&utm_source=newsletter&utm_cam
paign=daily [retrieved: 28.07.2020].

84

Franklin Associates 2018

Franklin Associates: Life Cycle Impacts for Postconsumer Recycled
Resins: PET, HDPE, and PP, 2018. URL: https;//plasticsrecycling.
org/images/apr/2018-APR-Recycled-Resin-Report.pdf [retrieved:
17.08.2020].

Frischenschlager et al. 2018

Frischenschlager, H./Reinberg, V.,/Kisser, J.: Roadmap 2050 Bio-
basierter Kunststoff - Kunststoff aus nachwachsenden Rohstoff-
en (Nachhaltig Wirtschaften 6/2018), 2018.

Gemeinsame Stelle dualer Systeme Deutschlands GmbH n.d.
Gemeinsame Stelle dualer Systeme Deutschlands GmbH: Miill-
trennung wirkt. Wir zeigen, wie und warum, n.d. URL: https;//
www.muelltrennung-wirkt.de/ [retrieved: 08.09.2020].

Genossenschaft Deutscher Brunnen eG 2008

Genossenschaft Deutscher Brunnen eG: Okobilanz. Vorsprung
fiir Mehrweg. Mehrweg- und Einwegflaschen im Mineralwasser-
markt, 2008. URL: https;//www.gdb.de/fileadmin/content/
Sonstiges/GDB_IFEU_Oekobilanz_MW_2008_broschuere.pdf.
[retrieved: 17.08.2020].

Genossenschaft Deutscher Brunnen eG 2020

Genossenschaft Deutscher Brunnen eG: Flaschen und Kdsten.
Fiir jeden Konsumanlass die richtige Verpackung, 2020. URL:
https;//www.gdb.de/mehrweg/flaschen-und-kaesten/ [retrieved:
05.10.2020].

Gesellschaft fiir Verpackungsmarktforschung mbH 2018
Gesellschaft fiir Verpackungsmarktforschung mbH: Recycling-Bi-
lanz fiir Verpackungen, Berichtsjahr 2017 - Zusammenfassung
der Ergebnisse, 2018. URL: https;//gvmonline.de/files/recycling/
Recycling_2017_Zusammenfassung_Ergebnisse.pdf [retrieved:
28.10.2020].

Gesellschaft fiir Verpackungsmarktforschung mbH/BKV
GmbH 2020

Gesellschaft fiir Verpackungsmarktforschung mbH/BKV GmbH:
Kurzfassung der Studie “Potenzial zur Verwendung von Recy-
cling-Kunststoffen in der Produktion von Kunststoffverpackungen
in Deutschland”, 2020.


https://www.everdrop.de/
https://www.challengingplastics.com/sites/default/files/2019-09/ALPLA%20LCA%20Packaging%20Report%20%281.2%29.pdf
https://www.challengingplastics.com/sites/default/files/2019-09/ALPLA%20LCA%20Packaging%20Report%20%281.2%29.pdf
https://www.challengingplastics.com/sites/default/files/2019-09/ALPLA%20LCA%20Packaging%20Report%20%281.2%29.pdf
https://www.challengingplastics.com/sites/default/files/2019-09/ALPLA%20LCA%20Packaging%20Report%20%281.2%29.pdf
https://www.fh-campuswien.ac.at/forschung/kompetenzzentren-fuer-forschung-und-entwicklung/kompetenzzentrum-fuer-sustainable-and-future-oriented-packaging-solutions/circular-packaging-design-guideline.html
https://www.fh-campuswien.ac.at/forschung/kompetenzzentren-fuer-forschung-und-entwicklung/kompetenzzentrum-fuer-sustainable-and-future-oriented-packaging-solutions/circular-packaging-design-guideline.html
https://www.fh-campuswien.ac.at/forschung/kompetenzzentren-fuer-forschung-und-entwicklung/kompetenzzentrum-fuer-sustainable-and-future-oriented-packaging-solutions/circular-packaging-design-guideline.html
https://www.fh-campuswien.ac.at/forschung/kompetenzzentren-fuer-forschung-und-entwicklung/kompetenzzentrum-fuer-sustainable-and-future-oriented-packaging-solutions/circular-packaging-design-guideline.html
https://www.plastnet.se/article/view/722710/sa_har_covid19_paverkat_plastindustrin_i_europa?ref=newsletter&utm_medium=email&utm_source=newsletter&utm_campaign=daily
https://www.plastnet.se/article/view/722710/sa_har_covid19_paverkat_plastindustrin_i_europa?ref=newsletter&utm_medium=email&utm_source=newsletter&utm_campaign=daily
https://www.plastnet.se/article/view/722710/sa_har_covid19_paverkat_plastindustrin_i_europa?ref=newsletter&utm_medium=email&utm_source=newsletter&utm_campaign=daily
https://www.plastnet.se/article/view/722710/sa_har_covid19_paverkat_plastindustrin_i_europa?ref=newsletter&utm_medium=email&utm_source=newsletter&utm_campaign=daily
https://plasticsrecycling.org/images/apr/2018-APR-Recycled-Resin-Report.pdf
https://plasticsrecycling.org/images/apr/2018-APR-Recycled-Resin-Report.pdf
https://www.muelltrennung-wirkt.de/
https://www.muelltrennung-wirkt.de/
https://www.gdb.de/fileadmin/content/Sonstiges/GDB_IFEU_Oekobilanz_MW_2008_broschuere.pdf
https://www.gdb.de/fileadmin/content/Sonstiges/GDB_IFEU_Oekobilanz_MW_2008_broschuere.pdf
https://www.gdb.de/mehrweg/flaschen-und-kaesten/
https://gvmonline.de/files/recycling/Recycling_2017_Zusammenfassung_Ergebnisse.pdf
https://gvmonline.de/files/recycling/Recycling_2017_Zusammenfassung_Ergebnisse.pdf

Gesellschaft fiir Verpackungsmarktforschung mbH/
Denkstatt 2018

Gesellschaft ~ fir Verpackungsmarktforschung mbH/Denk-
statt: Nutzen von Verpackungen: Verpackungen nutzen - auch
in 6kologischer Hinsicht, 2018. URL: https;//kunststoff.swiss/
Downloads/Nachhaltigkeit/ds_Verpackungen-nutzen-auch-in-
%C3%B6kologischer-Hinsicht.pdf [retrieved: 03.08.2020].

Geyer et al. 2017

Geyer, R/Jambeck, J. R/Law, K. L.: "Production, Use, and Fate
of all Plastics ever Made". In: Science Advances, 3: 7, 2017,
e1700782.

Graedel et al. 2019

Graedel, T/Reck, B./Ciacci, L,/Passarini, F.: "On the Spatial Di-
mension of the Circular Economy”. In: Resources, 8: 1, 2019,
p. 32.

Hahladakis/lacovidou 2018

Hahladakis, J. N./lacovidou, E.: “Closing the Loop on Plastic
Packaging Materials; What is Quality and How does it Affect
their Circularity?”. In: The Science of the Total Environment, 630,
2018, p. 1394-1400.

Hanich 2019

Hanich, R.: "Chemical Recycling of Post-Consumer Mattress Ma-
terials”. In: Teipel, U,/Schweppe, R. (Eds.): 5. Symposium Roh-
stoffinnovation und Rohstoffeffizienz, Stuttgart: Fraunhofer Ver-
lag 2019.

Haupt et al. 2018

Haupt, M,/Kagi, T,/Hellweg, S.: “Modular Life Cycle Assessment
of Municipal Solid Waste Management". In: Waste Management
(New York, N.Y.), 79, 2018, p. 815-827.

Hellerich et al. 2010
Hellerich, W,/Harsch, G.,/Haenle, S.. Werkstoff-Fiihrer Kunststof-
fe. Eigenschaften, Priifungen, Kennwerte, Munich.: Carl Hanser
Fachbuchverlag 2010.

Henkel 2019

Henkel: "Henkel's RE Klebstoffe und Beschichtungen ermégli-
chen verbessertes Verpackungsrecycling” (press release of
16.10.2019). URL: https;//www.henkel.de/presse-und-medien/
presseinformationen-und-pressemappen/2019-10-16-henkels-
re-klebstoffe-und-beschichtungen-ermoeglichen-verbessertes-
verpackungsrecycling-990800 [retrieved: 03.08.2020].

References

Henkel 2020a

Henkel: "Ambitionierte Verpackungsziele fir 2025" (press re-
lease of 20.03.2020). URL: https;//www.henkel.de/presse-und-
medien/presseinformationen-und-pressemappen,/2020-03-20-
henkel-wird-50-prozent-weniger-neue-kunststoffe-aus-fossilen-
quellen-einsetzen-1046428. [retrieved: 17.08.2020].

Henkel 2020b

Henkel: "Henkel wird 50 Prozent weniger neue Kunststoffe aus
fossilen Quellen einsetzen” (press release of 20.03.2020). URL:
https;//www.henkel.de/presse-und-medien/presseinformationen-
und-pressemappen,/2020-03-20-henkel-wird-50-prozent-weniger-
neue-kunststoffe-aus-fossilen-quellen-einsetzen-1046428  [re-
trieved: 09.09.2020].

Hoornweg et al. 2013

Hoornweg, D./Bhada-Tata, P/Kennedy, C.: “Environment: Waste
Production Must Peak this Century”. In: Nature, 502: 7473,
2013, p. 615-617.

ifeu - Institut fiir Energie- und Umweltforschung Heidelberg
GmbH 2020

ifeu - Institut fir Energie- und Umweltforschung Heidelberg
GmbH: Klimabilanz von Mineral- und Leitungswasser, 2020.
URL: https;//www.ifeu.de/klimabilanzvon-mineral-und-leitungs
wasser/ [retrieved: 22.10.2020].

IK Industrievereinigung Kunststoffverpackungen e. V. 2019
IK Industrievereinigung Kunststoffverpackungen e. V.: Wie kén-
nen wir Recyclate aus Kunststoffverpackungen verstdrkt im Kreis-
lauf fiihren? Statement by IK Industrievereinigung Kunststoffver-
packungen e. V. in the course of the official technical discussion
in the Environment, Nature Conservation and Nuclear Safety
committee of the German lower house of parliament on 10 April
2019, 2019. URL: https;//www.bundestag.de/resource/blob/6
33596/9fbdfddad6c3865f86ccae554f5b64f5,/19-16-186-B_
Fachgespraech_Recyclate_Dr-Isabell-Schmidt-data.pdf?_sm_
byp=iVVOHILPJ3SLG4qs [retrieved: 07.09.2020].

Institute for Bioplastics and Biocomposites 2020

Institute for Bioplastics and Biocomposites: Wie steht es um
die Entsorgung von Biokunststoffen?, 2020. URL: https://www.
ifbb-hannover.de/de/fag/wie-steht-es-um-die-entsorgung-von-
biokunststoffen.html [retrieved: 19.08.2020].

85


https://kunststoff.swiss/Downloads/Nachhaltigkeit/ds_Verpackungen-nutzen-auch-in-%C3%B6kologischer-Hinsicht.pdf
https://kunststoff.swiss/Downloads/Nachhaltigkeit/ds_Verpackungen-nutzen-auch-in-%C3%B6kologischer-Hinsicht.pdf
https://kunststoff.swiss/Downloads/Nachhaltigkeit/ds_Verpackungen-nutzen-auch-in-%C3%B6kologischer-Hinsicht.pdf
https://www.henkel.de/presse-und-medien/presseinformationen-und-pressemappen/2019-10-16-henkels-re-klebstoffe-und-beschichtungen-ermoeglichen-verbessertes-verpackungsrecycling-990800
https://www.henkel.de/presse-und-medien/presseinformationen-und-pressemappen/2019-10-16-henkels-re-klebstoffe-und-beschichtungen-ermoeglichen-verbessertes-verpackungsrecycling-990800
https://www.henkel.de/presse-und-medien/presseinformationen-und-pressemappen/2019-10-16-henkels-re-klebstoffe-und-beschichtungen-ermoeglichen-verbessertes-verpackungsrecycling-990800
https://www.henkel.de/presse-und-medien/presseinformationen-und-pressemappen/2019-10-16-henkels-re-klebstoffe-und-beschichtungen-ermoeglichen-verbessertes-verpackungsrecycling-990800
https://www.henkel.de/presse-und-medien/presseinformationen-und-pressemappen/2020-03-20-henkel-wird-50-prozent-weniger-neue-kunststoffe-aus-fossilen-quellen-einsetzen-1046428
https://www.henkel.de/presse-und-medien/presseinformationen-und-pressemappen/2020-03-20-henkel-wird-50-prozent-weniger-neue-kunststoffe-aus-fossilen-quellen-einsetzen-1046428
https://www.henkel.de/presse-und-medien/presseinformationen-und-pressemappen/2020-03-20-henkel-wird-50-prozent-weniger-neue-kunststoffe-aus-fossilen-quellen-einsetzen-1046428
https://www.henkel.de/presse-und-medien/presseinformationen-und-pressemappen/2020-03-20-henkel-wird-50-prozent-weniger-neue-kunststoffe-aus-fossilen-quellen-einsetzen-1046428
https://www.henkel.de/presse-und-medien/presseinformationen-und-pressemappen/2020-03-20-henkel-wird-50-prozent-weniger-neue-kunststoffe-aus-fossilen-quellen-einsetzen-1046428
https://www.henkel.de/presse-und-medien/presseinformationen-und-pressemappen/2020-03-20-henkel-wird-50-prozent-weniger-neue-kunststoffe-aus-fossilen-quellen-einsetzen-1046428
https://www.henkel.de/presse-und-medien/presseinformationen-und-pressemappen/2020-03-20-henkel-wird-50-prozent-weniger-neue-kunststoffe-aus-fossilen-quellen-einsetzen-1046428
https://www.ifeu.de/klimabilanz-von-mineral-und-leitungswasser/
https://www.ifeu.de/klimabilanz-von-mineral-und-leitungswasser/
https://www.bundestag.de/resource/blob/633596/9fbdfddad6c3865f86ccae554f5b64f5/19-16-186-B_Fachgespraech_Recyclate_Dr-Isabell-Schmidt-data.pdf?_sm_byp=iVV0HrLPJ3SLG4qs
https://www.bundestag.de/resource/blob/633596/9fbdfddad6c3865f86ccae554f5b64f5/19-16-186-B_Fachgespraech_Recyclate_Dr-Isabell-Schmidt-data.pdf?_sm_byp=iVV0HrLPJ3SLG4qs
https://www.bundestag.de/resource/blob/633596/9fbdfddad6c3865f86ccae554f5b64f5/19-16-186-B_Fachgespraech_Recyclate_Dr-Isabell-Schmidt-data.pdf?_sm_byp=iVV0HrLPJ3SLG4qs
https://www.bundestag.de/resource/blob/633596/9fbdfddad6c3865f86ccae554f5b64f5/19-16-186-B_Fachgespraech_Recyclate_Dr-Isabell-Schmidt-data.pdf?_sm_byp=iVV0HrLPJ3SLG4qs
https://www.ifbb-hannover.de/de/faq/wie-steht-es-um-die-entsorgung-von-biokunststoffen.html
https://www.ifbb-hannover.de/de/faq/wie-steht-es-um-die-entsorgung-von-biokunststoffen.html
https://www.ifbb-hannover.de/de/faq/wie-steht-es-um-die-entsorgung-von-biokunststoffen.html

Circular Economy
Initiative
Deutschland

v’

Jambeck et al. 2015

Jambeck, J. R/Geyer, R,/Wilcox, C,/Siegler, T. R,/Perryman, M,/
Andrady, A,/Narayan, R/Law, K. L: "Marine Pollution. Plastic
Waste Inputs from Land into the Ocean”. In: Science (New York,
N.Y.), 347: 6223, 2015, p. 768-771.

Joint Research Centre 2020

Joint Research Centre: Comparative Life-Cycle Assessment of Al-
ternative Feedstock for Plastics Production (Draft report for stake-
holder consultation), 2020. URL: https;//eplca.jrc.ec.europa.
eu//permalink/PLASTIC_LCIl/Plastics%20LCA_Report%20I1_
LCA%?20Case%20Studies_2020.06.03.pdf [retrieved: 16.11.
2020].

Kaeb et al. 2016

Kaeb, H./Aeschelmann, F,/Dammer, L/Carus, M.: Market Study
on the Consumption of Biodegradable and Compostable Plastic
Products in Europe 2015 and 2020, 2016.

Kauertz/Detzel 2017

Kauertz, B./Detzel, A.. Verwendung und Recycling von PET in
Deutschland. Verwendung von PET und PET-Rezyklaten aus Ver-
packungen in Deutschland, 2017.

Kaufman 2020
Kaufman, L.: "Plastics Had Been Falling Out of Favor. Then Came
the Virus". In: Bloomberg Green, 15.03.2020.

Krause et al. 2020
Krause, L/Dietrich, F,/Carus, M./Skoczinski, P/Ruiz, P/Dammer,
L/Raschka, A.. Chemical Recycling - Status, Trends, and Chal-
lenges, Hiirth, 2020.

Krishnamoort 2020
Krishnamoort, R.: “Lower For Longer: COVID-19's Impact On
Crude Oil And Refined Products”. In: Forbes, 22.03.2020.

Lau et al. 2020

Lau, W. W. Y,/Shiran, Y.,/Bailey, R. M./Cook, E/Stuchtey, M. R,/
Koskella, J./Velis, C. A,/Godfrey, L/Boucher, J.,/Murphy, M. B,/
Thompson, R. C.,/Jankowska, E./Castillo, A./Pilditch, T. D./Dixon,
B./Koerselman, L/Kosior, E./Favoino, E,/Gutberlet, J./Baulch,
S/Atreya, M. E./Fischer, D./He, K. K,/Petit, M. M,/Sumaila, U.
R./Neil, E,/Bernhofen, M. V,/Lawrence, K,/Palardy, J. E.: “Evalu-
ating Scenarios toward Zero Plastic Pollution”. In: Science (New
York, N. Y.), 2020.

86

Lechleitner et al. 2020

Lechleitner, A,/Schwabl, D./Schubert, T,/Bauer, M,/Lehner, M..
“Chemisches Recycling von gemischten Kunststoffabféllen als
erganzender Recyclingpfad zur Erhéhung der Recyclingquote”.
In: Osterreichische Wasser- und Abfallwirtschaft, 72: 1-2, 2020,
p. 47-60.

Loopstore n.d.
Loopstore: How It Works, n.d. URL: https;//loopstore.com/how-
it-works [retrieved: 05.08.2020].

Markwardt/Wellenreuther 2017
Markwardt, S,/Wellenreuther, F.: Key Findings of LCA Study on
Tetra Recart, Heidelberg, 2017.

Material Economics 2019
Material Economics: Industrial Transformation 2050, 2019.

MDR 2020

MDR: Abfiillen im groBen Stil. Rossmann und DM testen Zap-
fstationen, 2020. URL: https;//www.mdr.de/brisant/ratgeber/
abfuellen-drogerie-rossmann-dm-test-100.html [retrieved: 03.08.
2020].

Mehrwelt n.d.
Mehrwelt: Zuriick fiir die Zukunft, n.d. URL: https;//www.mehr
welt.com/ [retrieved: 05.08.2020].

Messenger 2020

Messenger, B.. “Plastics Recyclers Europe: European Plastics
Recyclers Cease Production”. In: Waste Management World,
15.05.2020.

Milios/Dalhammar 2020

Milios, L/Dalhammar, C.: “Ascending the Waste Hierarchy: Re-
use Potential in Swedish Recycling Centres”. In: Detritus, in press:
0, 2020.

Miyares 2020
Miyares, B.: “Opinion: COVID-19 Swings “Reusable” from Good
to Bad". In: Packaging World, 25.05.2020.

NABU 2020

NABU: Was ist die Wertstofftonne? Vorteile der gemeinsam-
en Sammlung von Plastik, Metall und Verbundstoffen, 2020.
URL:  https;//www.nabu.de/umwelt-und-ressourcen/abfall-und-
recycling/recycling/14906.html [retrieved: 31.08.2020].


https://eplca.jrc.ec.europa.eu//permalink/PLASTIC_LCI/Plastics%20LCA_Report%20II_LCA%20Case%20Studies_2020.06.03.pdf
https://eplca.jrc.ec.europa.eu//permalink/PLASTIC_LCI/Plastics%20LCA_Report%20II_LCA%20Case%20Studies_2020.06.03.pdf
https://eplca.jrc.ec.europa.eu//permalink/PLASTIC_LCI/Plastics%20LCA_Report%20II_LCA%20Case%20Studies_2020.06.03.pdf
https://loopstore.com/how-it-works
https://loopstore.com/how-it-works
https://www.mdr.de/brisant/ratgeber/abfuellen-drogerie-rossmann-dm-test-100.html
https://www.mdr.de/brisant/ratgeber/abfuellen-drogerie-rossmann-dm-test-100.html
https://www.mehrwelt.com/
https://www.mehrwelt.com/
https://www.nabu.de/umwelt-und-ressourcen/abfall-und-recycling/recycling/14906.html
https://www.nabu.de/umwelt-und-ressourcen/abfall-und-recycling/recycling/14906.html

Nessi et al. 2020

Nessi, S,/Sinkko, T,/Bulgheroni, C/Garcia-Gutierrez, P/Giunto-
li, J./Konti, A./Sanye-Mengual, E./Tonini, D,/Pant, R/Marelli, L.
Comparative Life-Cycle Assessment of Alternative Feedstock for
Plastics Production, Draft Report for Stakeholder Consultation
-Part 2-10 LCA Case Studies (Annexes), 2020. URL: https;//eplca.
jrc.ec.europa.eu//permalink/PLASTIC_LCI/Plastics%20LCA_
Report%20l11_Annexes_2020.06.03.pdf [retrieved: 17.08.2020].

Neue Verpackung 2019

Neue Verpackung: Gemeinsame Entwicklung von Rewe und
Mondi, 2019. URL: https;//www.neue-verpackung.de/64681/
gemeinsame-entwicklung-von-rewe-und-mondi/ [retrieved:05.08.
2020].

New Plastics Economy 2019

New Plastics Economy: The New Plastics Economy Global Com-
mitment, 2019 Progress Report, 2019. URL: https;//www.
newplasticseconomy.org/assets/doc/Global-Commitment-2019-
Progress-Report.pdf [retrieved: 12.05.2020].

Newman et al. 2015

Newman, S./Watkins, E.,/Farmer, A,/Brink, P. ten/Schweitzer, J -
P "The Economics of Marine Litter". In: Klages, M.,/Gutow, L/
Bergmann, M. (Eds.): Marine Anthropogenic Litter, Cham et al.:
Springer 2015, p. 367-394.

Newsroom.Kunststoffverpackungen 2020
Newsroom.Kunststoffverpackungen: Der Weg der Kunststoff-
verpackungsindustrie zur Kreislaufwirtschaft, 2020. URL: https;//
newsroom.kunststoffverpackungen.de/2020,/06/18/kunststoff
verpackungsindustrie-auf-dem-weg-zur-kreislaufwirtschaft/ [re-
trieved: 28.07.2020].

Obermeier/Lehmann 2019

Obermeier, T./Lehmann, S.. Recycling-Quotenzauber. Schaffen
wir in Deutschland die europdischen Recyclingziele?, 2019. URL:
https;//www.nabu.de/imperia/md/content/nabude/abfall
politik/191010-0bermeier_-_recycling-quotenzauber.pdf  [re-
trieved: 31.08.2020].

Packaging Journal 2020a

Packaging Journal: Chips in Mehrwegverpackungen. Nachhal-
tige Verpackungen und Ansdtze fiir die Zukunft, 2020. URL:
http://ftp.pacoon.de/downloads/packaging_journal_2_2020_
Mehrwegkonzept.pdf [retrieved: 05.08.2020].

References

Packaging Journal 2020b

Packaging Journal: Design for Recycling - Pionierarbeit von Wer-
ner & Mertz, 2020. URL: https://packaging-journal.de/design-for-
recycling-pionierarbeit-werner-mertz/ [retrieved: 03.08.2020].

pacoon n.d.

pacoon: PACOON treibt das internationale REUSE-System CYR-
COL voran, n.d. URL: https;//www.pacoon.de/cyrcol-reuse-system
[retrieved: 05.02.2021].

Plastics Europe n.d.
Plastics Europe: Eco-Profiles, n.d. URL: https;//www.plasticseurope.
org/en/resources/eco-profiles [retrieved: 09.09.2020].

Procter & Gamble 2019

Procter & Gamble: HolyGrail: Tagging Packaging for Accurate
Sorting and High-Quality Recycling, 2019. URL: https;//assets.
ctfassets.net/oggad6svuzkv/1Mp2tj3PM4L5FR805RNC1X/2
d498b0c8f0f55540b3b297bc5bf67d2/Holy_Grail_project_
summary.pdf [retrieved: 06.08.2020].

Prognos/Gesellschaft fiir Verpackungsmarktforschung mbH
2016

Prognos/Gesellschaft flir Verpackungsmarktforschung mbH:
Potenziale zur Steigerung der werkstofflichen Verwertung von
Kunststoffverpackungen - recyclinggerechtes Design, Sortiertech-
nik (Prognos/GVM), Berlin, 2016.

Ragaert et al. 2017

Ragaert, K,/Delva, L,/van Geem, K.: "Mechanical and Chemical
Recycling of Solid Plastic Waste". In: Waste Management (New
York, N. Y,), 69, 2017, p. 24-58.

Ramesohl et al. 2020

Ramesohl, S,/Vetter, L/Meys, R,/Steger, S.: Chemisches Kunst-
stoffrecycling - Potenziale und Entwicklungsperspektiven, Gelsen-
kirchen, 2020.

REBOWL n.d.
REBOWL: Reuse. Return. Repeat, n.d. URL: https;//rebowl.de/ [re-
trieved: 05.08.2020].

reCIRCLE n.d. a

reCIRCLE: Mehr Mehrweg fiir dein Food to go, n.d. URL: https,//
www.recircle.de/ [retrieved: 05.08.2020].

87


https://eplca.jrc.ec.europa.eu//permalink/PLASTIC_LCI/Plastics%20LCA_Report%20II_Annexes_2020.06.03.pdf
https://eplca.jrc.ec.europa.eu//permalink/PLASTIC_LCI/Plastics%20LCA_Report%20II_Annexes_2020.06.03.pdf
https://eplca.jrc.ec.europa.eu//permalink/PLASTIC_LCI/Plastics%20LCA_Report%20II_Annexes_2020.06.03.pdf
https://www.neue-verpackung.de/64681/gemeinsame-entwicklung-von-rewe-und-mondi/
https://www.neue-verpackung.de/64681/gemeinsame-entwicklung-von-rewe-und-mondi/
https://www.newplasticseconomy.org/assets/doc/Global-Commitment-2019-Progress-Report.pdf
https://www.newplasticseconomy.org/assets/doc/Global-Commitment-2019-Progress-Report.pdf
https://www.newplasticseconomy.org/assets/doc/Global-Commitment-2019-Progress-Report.pdf
https://newsroom.kunststoffverpackungen.de/2020/06/18/kunststoffverpackungsindustrie-auf-dem-weg-zur-kreislaufwirtschaft/
https://newsroom.kunststoffverpackungen.de/2020/06/18/kunststoffverpackungsindustrie-auf-dem-weg-zur-kreislaufwirtschaft/
https://newsroom.kunststoffverpackungen.de/2020/06/18/kunststoffverpackungsindustrie-auf-dem-weg-zur-kreislaufwirtschaft/
https://www.nabu.de/imperia/md/content/nabude/abfallpolitik/191010-obermeier_-_recycling-quotenzauber.pdf
https://www.nabu.de/imperia/md/content/nabude/abfallpolitik/191010-obermeier_-_recycling-quotenzauber.pdf
http://ftp.pacoon.de/downloads/packaging_journal_2_2020_Mehrwegkonzept.pdf
http://ftp.pacoon.de/downloads/packaging_journal_2_2020_Mehrwegkonzept.pdf
https://packaging-journal.de/design-for-recycling-pionierarbeit-werner-mertz/
https://packaging-journal.de/design-for-recycling-pionierarbeit-werner-mertz/
https://www.pacoon.de/cyrcol-reuse-system
https://www.plasticseurope.org/en/resources/eco-profiles
https://www.plasticseurope.org/en/resources/eco-profiles
https://assets.ctfassets.net/oggad6svuzkv/1Mp2tj3PM4L5FR8O5RnC1X/2d498b0c8f0f55540b3b297bc5bf67d2/Holy_Grail_project_summary.pdf
https://assets.ctfassets.net/oggad6svuzkv/1Mp2tj3PM4L5FR8O5RnC1X/2d498b0c8f0f55540b3b297bc5bf67d2/Holy_Grail_project_summary.pdf
https://assets.ctfassets.net/oggad6svuzkv/1Mp2tj3PM4L5FR8O5RnC1X/2d498b0c8f0f55540b3b297bc5bf67d2/Holy_Grail_project_summary.pdf
https://assets.ctfassets.net/oggad6svuzkv/1Mp2tj3PM4L5FR8O5RnC1X/2d498b0c8f0f55540b3b297bc5bf67d2/Holy_Grail_project_summary.pdf
https://rebowl.de/
https://www.recircle.de/
https://www.recircle.de/

Circular Economy
Initiative
Deutschland

v’

reCIRCLE n.d. b
reCIRCLE: ReCircle Recycling, n.d. URL: https;//www.recircle
recycling.com/ [retrieved: 28.10.2020].

Recup n.d.
Recup: Hier gibt's Mehrweg statt Einweg!, nd. URL: https;//
recup.de/der-recup [retrieved: 05.08.2020].

RecyClass n.d.

RecyClass: Richtlinien fiir recyclingorientiertes Produktdesign,
n.d. URL: https://recyclass.eu/de/uber-recyclass/richtlinien-fuer-
recyclingorientiertes-produktdesign/ [retrieved: 09.09.2020].

RecyClass 2020

RecyClass: HDPE Colored Containers Guideline, 2020. URL:
https://recyclass.eu/wp-content/uploads/2020/07 /HDPE-
colored-containers_guideline-1.pdf [retrieved: 09.09.2020].

RecyclingNews 2020

RecyclingNews: Wir brauchen dkonomische Anreize fiir den
Rezyklateinsatz, Interview with Markus Miller-Drexel, 2020.
URL:  https;//www.recyclingnews.de/recycling/wir-brauchen-
oekonomische-anreize-fuer-den-rezyklateinsatz/[retrieved: 30.09.
2020].

Roberts et al. 2020

Roberts, K. P/Stringfellow, A/Williams, I.: “Rubbish is Piling Up
and Recycling has Stalled - Waste Systems Must Adapt". In: The
Conversation, 30.04.2020.

Rollinson/Oladejo 2020
Rollinson, A. N./Oladejo, J.: Chemical Recycling: Status, Sustain-
ability, and Environmental Impacts, 2020.

Rudolph et al. 2020

Rudolph, N./Kiesel, R/Aumnate, C.. Einfiihrung Kunststoff-
recycling. Okonomische, 6kologische und technische Aspekte der
Kunststoffabfallverwertung 2020.

Schiiler 2013

Schiiler, K: Aufkommen und Verwertung von Verpackungsab-
fdllen in Deutschland im Jahr 2013, 2013. URL: https;//
www.umweltbundesamt.de/sites/default/files/medien/378/
publikationen/texte_101_2015_verpackungsabfaelle_2013.
pdf [retrieved: 12.05.2020].

88

Schiiler 2019

Schiiler, K.: Aufkommen und Verwertung von Verpackungsab-
fillen in Deutschland im Jahr 2017, Abschlussbericht, 2019.
URL:  https;//www.umweltbundesamt.de/sites/default/files/
medien/2546/publikationen/2019_11_19_aufkommen_u_
verwertung_verpackungsabfaelle_2017_final.pdf  [retrieved:
21.04.2020].

Schiiler 2020

Schiiler, K: Aufkommen und Verwertung von Verpackungsab-
féllen in Deutschland im Jahr 2018, Final Report, 2020. URL:
https;//www.umweltbundesamt.de/publikationen/aufkommen-
verwertung-von-verpackungsabfaellen-in-13 [retrieved: 19.01.
2021].

Science Advice for Policy by European Academies 2019
Science Advice for Policy by European Academies: A Scientific
Perspective on Microplastics in Nature and Society, Berlin, 2019.

Siegwerk n.d.

Siegwerk:  Our Circular Solutions, n.d. URL: https;//www.
siegwerk.com/en/circular-economy/our-circular-solutions.html
[retrieved: 05.08.2020].

Solis/Silveira 2020

Solis, M./Silveira, S.. “Technologies for Chemical Recycling of
Household Plastics - A Technical Review and TRL Assessment”.
In: Waste Management (New York, N.Y.), 105, 2020, p. 128-138.

Speight 2010
Speight, J. G.: The Refinery of the Future, Norwich, N.Y-Oxford:
William Andrew; Elsevier Science distributor 2010.

Splosh 2020
Splosh: Zero-Waste, 2020. URL: https;//www.splosh.com/about-
us/zero-waste [retrieved: 03.08.2020].

Stadt Villach/Saubermacher Dienstleistungs AG 2018

Stadt Villach/Saubermacher Dienstleistungs AG: Smart Waste -
Villach und Saubermacher testen “schlaue” Services fiir Blir-
gerlnnen und ihre Stadt. Press release, 2018. URL: https;//
saubermacher.at/content/uploads/fileadmin/pdfs/Presse_DE/
2018/Presseinformation_Smart_Waste_Villach.pdf [retrieved:
31.08.2020].


https://www.recirclerecycling.com/
https://www.recirclerecycling.com/
https://recup.de/der-recup
https://recup.de/der-recup
https://recyclass.eu/de/uber-recyclass/richtlinien-fuer-recyclingorientiertes-produktdesign/
https://recyclass.eu/de/uber-recyclass/richtlinien-fuer-recyclingorientiertes-produktdesign/
https://recyclass.eu/wp-content/uploads/2020/07/HDPE-colored-containers_guideline-1.pdf
https://recyclass.eu/wp-content/uploads/2020/07/HDPE-colored-containers_guideline-1.pdf
https://www.recyclingnews.de/recycling/wir-brauchen-oekonomische-anreize-fuer-den-rezyklateinsatz/
https://www.recyclingnews.de/recycling/wir-brauchen-oekonomische-anreize-fuer-den-rezyklateinsatz/
https://www.umweltbundesamt.de/sites/default/files/medien/378/publikationen/texte_101_2015_verpackungsabfaelle_2013.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/378/publikationen/texte_101_2015_verpackungsabfaelle_2013.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/378/publikationen/texte_101_2015_verpackungsabfaelle_2013.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/378/publikationen/texte_101_2015_verpackungsabfaelle_2013.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/2546/publikationen/2019_11_19_aufkommen_u_verwertung_verpackungsabfaelle_2017_final.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/2546/publikationen/2019_11_19_aufkommen_u_verwertung_verpackungsabfaelle_2017_final.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/2546/publikationen/2019_11_19_aufkommen_u_verwertung_verpackungsabfaelle_2017_final.pdf
https://www.umweltbundesamt.de/publikationen/aufkommen-verwertung-von-verpackungsabfaellen-in-13
https://www.umweltbundesamt.de/publikationen/aufkommen-verwertung-von-verpackungsabfaellen-in-13
https://www.siegwerk.com/en/circular-economy/our-circular-solutions.html
https://www.siegwerk.com/en/circular-economy/our-circular-solutions.html
https://www.splosh.com/about-us/zero-waste
https://www.splosh.com/about-us/zero-waste
https://saubermacher.at/content/uploads/fileadmin/pdfs/Presse_DE/2018/Presseinformation_Smart_Waste_Villach.pdf
https://saubermacher.at/content/uploads/fileadmin/pdfs/Presse_DE/2018/Presseinformation_Smart_Waste_Villach.pdf
https://saubermacher.at/content/uploads/fileadmin/pdfs/Presse_DE/2018/Presseinformation_Smart_Waste_Villach.pdf

Statista 2020

Statista: Ursprung der gesteigerten Online-Nachfrage in ver-
schiedenen Produktkategorien, 2020. URL: https;//de.statista.
com/statistik/daten/studie/1114179/umfrage/ursache-
des-nachfrageanstiegs-nach-produktkategorien-waehrend-der-
corona-krise/ [retrieved: 28.07.2020].

Strobl 2020

Strobl, S.: Der Einfluss von COVID-19 auf den ésterreichischen
Handel, 2020. URL: https;//www.nielsen.com/at/de/insights/
article/2020/einfluss-von-covid-19-auf-osterreichischen-handel/
[retrieved: 09.09.2020].

Tabrizi et al. 2020

Tabrizi, S,/Rollinson, A. N./Hoffmann, M./Favoino, E.. Under-
standing the Environmental Impacts of Chemical Recycling - Ten
Concerns with Existing Life Cycle Assessments, 2020.

Teraz Media 2020

Teraz Media: Kaufland v bratislavskej predajni zaina s preda-
Jjom CEapovanej drogérie, 2020. URL: https;//www.teraz.sk/
ekonomika/kaufland-v-bratislavskej-predajni-zaci/469805-
clanok.html [retrieved: 21.09.2020].

Thegersen 2014
Thagersen, J.: “Unsustainable Consumption”. In: European Psy-
chologist, 19: 2, 2014, p. 84-95.

Truman's n.d.
Truman's: If Only World Domination Could Be Boxed Up, n.d.
URL:  https;//www.trumans.com/pages/packaging [retrieved:
03.08.2020].

Tua et al. 2019

Tua, C/Biganzoli, L/Grosso, M./Rigamonti, L. “Life Cycle As-
sessment of Reusable Plastic Crates (RPCs)". In: Resources, 8: 2,
2019, p. 110.

Federal Environment Agency 2016

Federal Environment Agency: Steigerung des Kunststoffrecy-
clings und des Rezyklateinsatzes, 2016. URL: https;//www.
umweltbundesamt.de/sites/default/files/medien/377/
publikationen/170601_uba_pos_kunststoffrecycling_dt_
bf.pdf [retrieved: 31.08.2020].

References

Federal Environment Agency 2018

Federal Environment Agency: Neuer Tiefststand: Immer weniger
Mehrwegflaschen, 2018. URL: https;//www.umweltbundesamt.
de/themen/neuer-tiefststand-immer-weniger-mehrwegflaschen
[retrieved: 17.08.2020].

Federal Environment Agency 2019

Federal Environment Agency: Entwicklung des Verpackung-
saufkommensin Tausend Tonnen,2019.URL: https,//www.umwelt
bundesamt.de/sites/default/files/medien/384/bilder/
dateien/2_tab_entwicklung-verpackungsaufkommen_2019-12-
23.pdf [retrieved: 31.08.2020].

Federal Environment Agency 2020a
Federal Environment Agency: Biobasierte und biologisch ab-
baubareKunststoffe,2020.URL:https;//www.umweltbundesamt.
de/biobasierte-biologisch-abbaubare-kunststoffe#1 1-was-ist-der-
unterschied-zwischen-biobasierten-und-biologisch-abbaubaren-
kunststoffen [retrieved: 31.08.2020].

Federal Environment Agency 2020b

Federal Environment Agency: Chemisches Recycling, 2020.
URL:  https,//www.umweltbundesamt.de/sites/default/files/
medien/1410/publikationen/2020-07-17_hgp_chemisches-
recycling_online.pdf [retrieved: 10.08.2020].

United Nations Environment Programme 2015

United Nations Environment Programme: Global Waste Man-
agement Outlook, 2015. URL: https:;//www.unenvironment.org/
resources/report/global-waste-management-outlook [retrieved:
09.09.2020].

Vernel n.d.

Vernel: Vernel-Verpackungen richtig recyceln, n.d. URL: https,//
www.vernel.de/de/home/alles-ueber-vernel/alles-ueber-social-
plastic.html [retrieved: 04.08.2020].

Weber/Stuchtey 2019
Weber, T,/Stuchtey, M. (Eds.): Pathways towards a German Cir-
cular Economy - Lessons from European Strategies (Preliminary
Study), Munich, 2019.

Weiss et al. 2012
Weiss, M./Haufe, J,/Carus, M.,/Branddo, M./Bringezu, S.,/Her-
mann, B./Patel, M. K.: "A Review of the Environmental Impacts
of Biobased Materials". In: Journal of Industrial Ecology, 16: 1,
2012, p. 169-181.

89


https://de.statista.com/statistik/daten/studie/1114179/umfrage/ursache-des-nachfrageanstiegs-nach-produktkategorien-waehrend-der-corona-krise/
https://de.statista.com/statistik/daten/studie/1114179/umfrage/ursache-des-nachfrageanstiegs-nach-produktkategorien-waehrend-der-corona-krise/
https://de.statista.com/statistik/daten/studie/1114179/umfrage/ursache-des-nachfrageanstiegs-nach-produktkategorien-waehrend-der-corona-krise/
https://de.statista.com/statistik/daten/studie/1114179/umfrage/ursache-des-nachfrageanstiegs-nach-produktkategorien-waehrend-der-corona-krise/
https://www.nielsen.com/at/de/insights/article/2020/einfluss-von-covid-19-auf-osterreichischen-handel/
https://www.nielsen.com/at/de/insights/article/2020/einfluss-von-covid-19-auf-osterreichischen-handel/
https://www.teraz.sk/ekonomika/kaufland-v-bratislavskej-predajni-zaci/469805-clanok.html
https://www.teraz.sk/ekonomika/kaufland-v-bratislavskej-predajni-zaci/469805-clanok.html
https://www.teraz.sk/ekonomika/kaufland-v-bratislavskej-predajni-zaci/469805-clanok.html
https://www.trumans.com/pages/packaging
https://www.umweltbundesamt.de/sites/default/files/medien/377/publikationen/170601_uba_pos_kunststoffrecycling_dt_bf.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/377/publikationen/170601_uba_pos_kunststoffrecycling_dt_bf.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/377/publikationen/170601_uba_pos_kunststoffrecycling_dt_bf.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/377/publikationen/170601_uba_pos_kunststoffrecycling_dt_bf.pdf
https://www.umweltbundesamt.de/themen/neuer-tiefststand-immer-weniger-mehrwegflaschen
https://www.umweltbundesamt.de/themen/neuer-tiefststand-immer-weniger-mehrwegflaschen
https://www.umwel
bundesamt.de/sites/default/files/medien/384/bilder/dateien/2_tab_entwicklung-verpackungsaufkommen_2019-12-23.pdf
https://www.umwel
bundesamt.de/sites/default/files/medien/384/bilder/dateien/2_tab_entwicklung-verpackungsaufkommen_2019-12-23.pdf
https://www.umwel
bundesamt.de/sites/default/files/medien/384/bilder/dateien/2_tab_entwicklung-verpackungsaufkommen_2019-12-23.pdf
https://www.umwel
bundesamt.de/sites/default/files/medien/384/bilder/dateien/2_tab_entwicklung-verpackungsaufkommen_2019-12-23.pdf
https://www.umweltbundesamt.de/biobasierte-biologisch-abbaubare-kunststoffe#11-was-ist-der-unterschied-zwischen-biobasierten-und-biologisch-abbaubaren-kunststoffen
https://www.umweltbundesamt.de/biobasierte-biologisch-abbaubare-kunststoffe#11-was-ist-der-unterschied-zwischen-biobasierten-und-biologisch-abbaubaren-kunststoffen
https://www.umweltbundesamt.de/biobasierte-biologisch-abbaubare-kunststoffe#11-was-ist-der-unterschied-zwischen-biobasierten-und-biologisch-abbaubaren-kunststoffen
https://www.umweltbundesamt.de/biobasierte-biologisch-abbaubare-kunststoffe#11-was-ist-der-unterschied-zwischen-biobasierten-und-biologisch-abbaubaren-kunststoffen
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2020-07-17_hgp_chemisches-recycling_online.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2020-07-17_hgp_chemisches-recycling_online.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/2020-07-17_hgp_chemisches-recycling_online.pdf
https://www.unenvironment.org/resources/report/global-waste-management-outlook
https://www.unenvironment.org/resources/report/global-waste-management-outlook
https://www.vernel.de/de/home/alles-ueber-vernel/alles-ueber-social-plastic.html
https://www.vernel.de/de/home/alles-ueber-vernel/alles-ueber-social-plastic.html
https://www.vernel.de/de/home/alles-ueber-vernel/alles-ueber-social-plastic.html

Circular Economy
Initiative
Deutschland

Werner & Mertz Gruppe 2016 World Wide Fund For Nature 2019

"Weltneuheit: Werner & Mertzstartet mit 100-Prozent HDPE-Recy- ~ World Wide Fund For Nature: Plastikmdill in den Weltmeeren, Fak-
clat” (press release of 19.08.2016). URL: https;//werner-mertzde/  tenblatt, 2019. URL: https;//www.wwf.de/fileadmin/fm-wwf/
Pressecenter/Pressetexte/Detail_3776.htm| [retrieved: 05.08.  Publikationen-PDF/WWF-Faktenblatt-Plastikmuell.pdf [retrieved:
2020]. 02.09.2020].
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About acatech - National Academy
of Science and Engineering

acatech advises policymakers and the general public, supports policy meas-
ures to drive innovation, and represents the interests of the technological
sciences internationally. In accordance with its mandate from Germany's
federal government and states, the Academy provides independent, sci-
ence-based advice that is in the public interest. acatech explains the opportu-
nities and risks of technological developments and helps to ensure that ideas
become innovations - innovations that lead to greater prosperity, welfare,
and quality of life. acatech brings science and industry together. The Acade-
my's Members are prominent scientists from the fields of engineering, the
natural sciences and medicine, as well as the humanities and social sciences.
The Senate is made up of leading figures from major science organisations
and from technology companies and associations. In addition to its head-
quarters at the acatech FORUM in Munich, the Academy also has offices in
Berlin and Brussels.
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