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Solvent-based purification is an effective and efficient technology for material re-use of plastics polluted
with impurities and harmful substances like expanded polystyrene from construction;
© PolyStyrenelLoop (left), EPC (right)

The authors describe the status quo of as an alternative to incineration for the

plastics recycling and evaluate the availa-
ble processes in terms of their weaknesses,
strengths and environmental compatibility.
They place particular emphasis on defin-
ing and positioning solvent-based purifi-
cation as a physical process that closes

the gap between mechanical and chemical
recycling. They specifically address the
technically and practically proven Crea-
Solv® Process, which offers a new solution

treatment of contaminated plastic waste
from applications in construction, packag-
ing, electrical and electronic equipment,
etc. They identify weak points with regard
to imprecise, insufficiently differentiated
definitions in existing waste directives and,
based on this, formulate recommendations
for the creation of specific directives that
could finally also pave the way for a viable
Circular Economy for plastics.
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Material Recycling in a

Circular Economy for Plastics

A Critical Assessment

The initiated transition to a circular economy
requires a further increase of material
recycling. For the area of plastics, this means
processing them in such a way that the
polymers they contain can be reused, thus
making a valuable contribution to reducing
the environmental impact caused by plastic
waste.

Achieving the recycling targets of the EU
Plastics Strategy requires new, advanced
technologies. These must go beyond the
limits of traditional mechanical recycling,
which today is mainly responsible for the
reported recycling rates.

The Fitness Check of the EU Waste Directives
(2014) and the EASAC report «Packaging
Plastics in a Circular Ecomomy»* identified

a need for more specific requirements and a
number of systemic flaws in the current linear
economic model for plastic packaging (e.g.,
that recycling of low-grade mixed plastic
waste is uneconomic). The report considers it
«essential to develop an integrated recycling
system that is capable of processing all plastic
waste, while reducing emissions and resource
consumption.»?

Comparative Assessment in line
with the Natural Sciences is
required

An elementary step on the way to a Circular
Economy is the evaluation of all current

and innovative recovery technologies in
combination with a more specific (more
precise) definition of the term “recycling”.
This must

e understand plastics as a synthetic material
consisting of organic polymers produced
from fossil or other oils,

e be in line with the knowledge of physics
and chemistry,
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e follow the concept of the waste hierarchy
(reduce - reuse - recycle),

e be based on the value chain for plastics
(chemical element -> intermediate ->
monomer -> polymer -> plastic), and

o define material recycling (polymer to
polymer) as preparation for reuse of the
polymer component.

Currently, in this context, chemical recycling
(depolymerization, pyrolysis and gasification),
based on chemical processes, is generally
considered as only available alternative to
mechanical recycling and able to treat waste
streams, which are considered as non-
recyclable.

Solvent-based Purification /
Dissolution closes the Gap

This picture is wrong and incomplete, because
it does not take into account the physical
dissolution as a process of material recycling.
This separation process is a selective
extraction and, like mechanical recycling,

it is based on physical processes. Only the
aggregate state (solid to liquid to solid) is
changed, but not the polymeric structure,
and the energy used for polymerization is
retained. In contrast to chemical processes,
which destroy the polymer chains, so that a
new polymerization is required to close the
cycle!’, physical dissolution allows to reuse
polymers (Fig. 1).

Solvent-based purification begins with

the dissolution of plastic waste sorted by
polymer type. It is followed by filtration to
remove insoluble impurities, precipitation of
the clean polymer (separation), drying and
finally preparation for extrusion to produce
granulates which can then be used to
manufacture new plastic articles. The solvents
are distilled and reused, the separated
impurities are disposed of (Fig. 2).
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Figure 1. Mechanical and solvent-based recycling as physical processes compared to chemical recovery.

Effective, efficient and
compliant

Solvent-based purification is proving to be an
effective and efficient (economical) way to
reuse polymers in plastic waste streams for
which mechanical recycling is not applicable
for a variety of reasons, because it allows
almost complete separation of

e additives and legislated or hazardous
substances, such as flame retardants,
plasticizers, etc.,

e degradation products of polymer chains,
as they are generated during any thermal
processing, thus allowing to increase the
number of possible recycling cycles,

e other polymers from composite materials,
such as multilayer laminates for packaging,
and metals (automobiles / ELV and
electr(on)ical articles / WEEE), as well as

e carbon and glass fibers in reinforced
plastics (ELV, WEEE).

Dissolution meets the recycling definition of
the Waste Framework Directive 2008/98/

EC (2018/851 EU) and the Waste Electrical
and Electronic Equipment Directive 2012/19/
EC (WEEE), as the polymers are reprocessed

for the original or other purposes. However,
solvent-based purification also qualifies as
preparation for reuse, as it is cleaning of the
polymer components of plastic articles as a
requirement for reuse (material recycling,
polymer to polymer). In addition, it meets the
recycling definition of Directive 94/62/EC on
Packaging and Directive 2000/53/EC on end-
of-life vehicles, both which require material
recycling for waste materials for the original
or other purposes (polymer to polymer).

Approved process

A technically and practically proven process
for solvent-based purification is the CreaSolv®
Process developed jointly by CreaCycle

GmbH and Fraunhofer Institute for Process
Engineering and Packaging (IVV) (Fig. 3).
Here, proprietary CreaSolv® Formulations are
used that have a minimized risk potential for
the user and the environment (i.e. ideally

do not require labeling according to GHS
criteria). The technology works like a washing
machine for polymer chains at the molecular
level and is clearly explained at https://www.
youtube.com/watch?v=43rgKIblsI8.

With reference to the CreaSolv® Process,
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Figure 2. Comparison of mechanical and solvent-based recycling as physical processes.

the German Federal Environment Agency
(UBA) classifies solvent-based purification/
dissolution technologies as material recycling
because they are based on physical processes
and the polymer structure is preserved?. They
also fall into categories cl or c2 of the waste
hierarchy of the Dutch Waste Management
Plan (LAP3), as the polymers are recovered
as original materials and thus contribute to
the fulfillment of the VANG (Van Afval Naar
Grondstof - From Waste to Basic Material)
targets®.

Specifically related to the recycling of flame
retarded polystyrene foam waste from the
construction sector, in 2017 dissolution using
the CreaSolv® Process was included in the
Basel Convention Technical Guidelines as

a "Best Available Technique” (BAT) for the
removal of persistent organic pollutants
(POPs)18,

In 2016, DEKRA prepared a life cycle
assessment (LCA) for the Vinyloop® process*
for PVC, and TUV Rheinland published the life
cycle assessment for the CreaSolv® Process
for construction EPS (PolyStyrenelLoop)®

in 2017. Both show 40 to 45% lower CO,
emissions compared to incineration with
energy recovery.

In an effective circular economy, the reuse of
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materials has priority. It is therefore oriented
to the value chain and the environmental
impact of various recycling processes. Fig. 4
shows the position and function of solvent-
based purification alongside mechanical
recycling and feedstock recovery.
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Figure 3. Solvent-based purification using the
CreaSolv® Process as an example.
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Definition: Solvent-based Purification / Dissolution

Material recycling of plastics or polymers in which adhering or embedded impurities,
pollutants or composite materials are dissolved and separated by physical processes, chan-
ging only the aggregate state but not the composition of the polymers, in order to be able
to use them again for the original or another purpose.

Obstacle: unspecific and A functioning circular economy must strive

contradictory requirements to preserve materials and design products
suitable for recycling. Downcycling is only

Although the technological conditions to be accepted as an alternative if no

exist, unspecific and in part contradictory better solution exists. In addition, the use

requirements for plastics recycling continue of recycled plastics is to be preferred, and

to prevent an effective circular economy. boundary conditions must be implemented so

This is expressed, among other things, in the that this is possible in a competitive manner.
recycling rates. These are currently over 70%  Unfortunately, the current official guidelines
for metal, glass and paper, while plastic only are not always target-oriented here.
achieves around 30%.
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Figure 4. Comparison of currently available processes for processing plastic waste in terms of value chain,
environmental impact and value of the products.
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History of Solvent-based Purification

Solvent-based purification has long been known and practiced for decades. However, cheap
landfilling, incineration and export of plastic waste to Asia has limited, prevented or ended
the commercialization of this technology to date.

e In 1996 - using the Orange R-net system developed by Sony, expanded polystyrene
(EPS) packaging was collected in D-limonene solution in Tokyo and recycled back into
expanded PS for packaging. After about 10 years, the project was abandoned for cost
reasons.

e 2002 - Solvay operates the 10,000 t/a Vinyloop® plant for the recycling of polyvinyl chlo-
ride (PVC) in Ferrara, Italy until 2018, when the plant is closed because the process was
not designed to separate DEHP, a plasticizer banned from 2018.

e 2011 - Polystyvert in Quebec, Canada, collects polystyrene foam (EPS) packaging in
p-cymene solution (a terpene like D-limonene) and recycles it into polystyrene.

e 2018 - Unilever builds and operates a pilot plant for the CreaSolv® Process with a capaci-
ty of 700 t/a to recycle pouch packaging waste (multilayer sachets) in Indonesia - const-
ructed by LOEMI.

e 2018 - APK operates a Newcycling® process plant with 8,000 t/a capacity for industrial
polyethylene/polyamide multilayer packaging waste in Merseburg, Germany.

e 2019 - PolyStyreneLoop builds a demonstration plant for the CreaSolv® Process with
3,300 t/a capacity for recycling polystyrene insulation foam from the construction sector
(EPS and XPS), which contains the legislated flame retardant additive HBCD. Start-up in
Terneuzen, the Netherlands, is scheduled for the 2nd quarter of 2021. Plant construction
will be carried out by EPC Engineering & Technologies.

e 2020 - CreaSolv® pilot plant with 700 t/a capacity for multilayer plastic packaging waste
from LOMI in Bavaria, Germany - Circular Packaging and MultiCycle project.

e 2020 - PureCycle completes US$250 million financing and begins construction of a
48,000 t/a polypropylene recycling plant in Ohio, USA.

e 2021 - CreaSolv® Pilot plant with a capacity of 15-20 kg/h at the Fraunhofer Institute IVV

for recycling PVC flooring (Circular Flooring Project) with removal of legislated plasticizers
(phthalic acid esters). Commissioning is planned for the 2nd half of 2021.
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Metal: inorganic chemical element (iron, copper, etc.) from minerals
Glass: inorganic molecule (silicate) from minerals (sand)

Paper: organic polymer (cellulose) from plants

Plastics:

. Different definitions for recycling in
the EU Waste Directives

The Waste Framework Directive and the
Waste Electrical and Electronic Equipment
Directive do not distinguish whether waste
materials are reprocessed into products,
materials or substances. They include the
definition preparation for reuse.

The Packaging and ELV Directives both
define reprocessing of waste materials for
the original purpose or for other purposes.
Preparation for reuse is not included in either
directive.

Neither of the waste directives contains
definitions for an article, a material, a
substance or a component of an article.

. No clear target-oriented guidelines
for plastics recycling by using
generic terms.

The chemical industry sells chemical
products of the entire value chain such as
plastics (polymer with additives), polymers,
monomers and elements. Product and
article are synonyms.

Plastic products made of composite
materials consist of one or more polymer
components to match product properties
to requirements (e.g. packaging films:
flexibility, oxygen and water-vapor barrier,
adhesion, etc.). Materials are substances
that are processed in production processes
and enter the final products.

Polymers and additives fall under REACH,
where polymers, monomers, molecules,
and elements are generally defined as
substances.

synthetic organic polymers from fossil fuels or oils

. Lack of a Recovery Hierarchy - too
little differentiation

The EU lacks a recovery hierarchy. In
addition, the current waste directives for
polymer-based waste are not differentiated
enough, and they do not consider conditions
for repeated reuse of the same material or
substance (material recycling of polymers).
Recycling is used as a generic term that
defines reuse and downcycling as equivalent.
This allows high recycling rates to be achieved
through reuse for metals, glass or paper, but
this creates conflicts for plastics, as reuse and
recycling occupy two different positions in the
waste hierarchy (Fig. 5).

. No distinction between physical and
chemical recovery processes

Industry consultants, lobby groups and
environmental organizations repeatedly
confuse physical and chemical processes
for recycling plastics and incorrectly refer
to solvent-based purification/dissolution as
chemical recycling®t>. However, the German
Federal Environment Agency (UBA) has
explained the technical and legal basis in
detail in its background paper “Chemical
Recycling”. 1t also includes the clarification
that solvent-based purification is not
chemical recycling? because it is based on
physical processes and should therefore be
classified as material recycling.

The lack of specific requirements for reuse
and recycling allows conflict with the natural
sciences and the waste hierarchy and blocks
the path to a circular economy. This is all

Page 7



Recycling Prﬂplrlngfrurra—un Recovery Processes
Inpuit Inpat Output Physical Recycling  Chesmical Recovery |
malerialy nﬂ substances
for the oeiginal of other ppoSes plastic artice
plastic plastic plastic plastic | mechanical recyding [/ purification
WH» Py polymer polyTer polyTer polyrer purilbcation
RN depolymerization
intermeadiate Pyrolysis
v gasification |
materials malerials  substances
for the anginl of other purposes. | plastic artace
pastic lastic plastic | mechanical recydling [ purification
WEEE palymer polpmer polyroer polyrmer polyroer pusification
T depolymerization
fatermmeaiate Pyrolysis
G smification |
| matarials for re-use is not defingd/available
ELV for the ongingl o other purposes;
st plastic meechanécal recydling [/ purification
purification
Preparing for re-use is not defined/available
Tor the original or other purposes
Packaging astic plastic mechanical recycling [ purification
LA Ll purification
WD Darective: 008/S8/EC - Wirshe Frimissork Directras (WFD) Purification = Sohert-tured Pufication (589) / Dissolution
WELE Direxctive 2012/19/E0 on waste slectrical and Sectronic aquapment (WEEE)
0y Eirective 2000/53/EC on end-of-ife vehickes (ELV)
Packaging Directive S4/62EC on Packaging and Packaging \Waste
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waste.

the more unacceptable as the 2002 draft EU
Packaging Directive already contained clear
definitions for different types of recycling
and reuse. Prof. Arnold Tucker (TNO)

noted them in his article Plastics Waste -
Feedstock Recycling, Chemical Recycling and
Incineration?e.

1. reuse implies the use of the same product
without essential changes in a nhew use
cycle (e.g. refillable packaging after
cleaning);

2. material recycling implies the application
of the material used, without changing the
chemical structure, for a new application;

3. chemical recycling implies the application
of the material used, but in such a way
that the resulting chemicals can be used
to produce the original material again;

4. feedstock recycling implies a change of
the chemical structure of the material,
where the resulting chemicals are used
for another purpose than producing the
original material;

5. recycling with energy recovery implies
input into a device where the energy
content of the input material is used.

These simple and straightforward definitions
make a lot of sense, sound familiar and
capture everything for a logical distinction -
but have never been applied. Instead, ISO
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standard 15270/2008 Plastics - Guideline for
the recovery of plastic waste' today defines
feedstock recycling and chemical recycling as
synonyms!

. New production of polymers and
plastics ignores end-of-life costs

Falling oil prices repeatedly lead to falling
prices for polymers as the basis for virgin
plastics. This causes plastic recyclers to lose
their business base as they have to pay for
collection and sorting. Although they are not
the originators of the plastic waste, they must
purchase sorted plastic waste. In industries
with high material consumption, such as

the packaging, automotive and electrical
(electronics) industries, plastic recyclates

are considered a cheap opportunistic source
of raw material that competes with virgin
material and is turned on or off depending on
the price situation.

Recommendations for an
effective Circular Economy for
plastics

From the explanations, comments and
overviews presented so far, there is a clear
demand for measures that finally also pave
the way for plastics to become a true circular
economy.
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. Clear definitions as part of plastic-
specific guidelines to be drawn up

Plastics are synthetic materials that are used
today in all areas of daily life. The quantities
used are constantly increasing, but the
resulting waste does not fit into our current
waste guidelines. The development and
introduction of an EU directive specifically for
plastic waste should therefore be demanded.
This is a serious global issue that deserves
our full attention. These waste directives
must distinguish between products, materials,
substances and components! We need
definitions for all terms to establish clear
descriptions. This can then point the way to
upcycling instead of downcycling.

. Introduction of a recovery hierarchy
based on physical and chemical
processes

Future directives must clearly define and
specify the terms reuse, recycling, and
recovery of materials. These should then be
incorporated into a recovery hierarchy that is
applicable to all waste directives, is consistent
with the natural sciences and the waste
hierarchy, and supports a circular economy.
The terms used should be equally applicable
to both plastics and materials in general,
without any adverse effect on the current
(high) recycling rates for materials such as
metals, glass, paper, etc.

Fig. 6 shows how such a hierarchy

should be structured. With only a few
modifications, it is based on the proposal
from the 2002 draft packaging directive
by taking into account experiences and
improvements that have been made in the
meantime (e.g., the distinction between
physical and chemical processes). For all
other directives, one can replace the term
plastic waste with waste materials and
polymers or plastics with materials. The
various recovery processes for plastics can
be omitted for these areas.

. Knowledge of economic efficiency
and environmental impact

A sensible decision on which route to take in
the recycling hierarchy requires knowledge of
all available recovery technologies with their
specific advantages and disadvantages. Only
then these can be used in the sense of an
optimal sustainable handling of the growing
plastic waste volumes by taking into account
the consumption of resources and the amount
of environmentally harmful emissions.

. Responsibility for products with the
producers

The general requirement is that producers of
virgin plastics should also bear the end-of-

life costs. In this context, an EU plastics tax
should primarily support the commercialization
of new recycling technologies and the capacity
increase of recycling processes that preserve
(physical recycling) or re-generate (chemical
recycling with polymerization) polymer chains.
At the same time, it should contribute to

the improvement of sorting capacities and
quality to enable more material recycling and
to minimize the share of chemical feedstock
recovery.

The demand for recycling-friendly design goes
in the same direction. This should be based on
the available recycling technologies. The focus
should primarily be on physical recycling in
order to be able to reuse polymer components
and reduce single-use. The introduction

of extended producer responsibility (EPR)
principles serves the goal of increasing the
proportion of recycled plastics in new products
in order to establish a stable, profitable
recycling business that is no longer dependent
on the price of oil.
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Re-use, Recycling and Recovery of Plastic Waste
Recovery Hierarchy - Definitions for a Successful Circular Economy

a. Melting (mechanical recycling)
b. Dissolution (solvent-based purification)

structure of the polymers through
a. Depolymerization (Solvolysis)
b. Pyrolysis (Cracking)
¢. Gasification

plastic;

structure of the polymers through
2. Depolymerization (Solvolysis)
b. Pyrolysis (Cracking)
¢. Gasification

plastic,

1. Reuse implies the use of the same product without essential changes in 2 new use cycle

2. Material recycling implies the processing of plastic waste with physical processes, without changing the chemical
structure of polymers, for a new or a similar application through

3. Chemical recycling implies the processing of plastic waste with chemical processes, thus changing the chemical

in such a way that the resulting chemicals (Feedstock) will be used to process and polymerize the original polymer or

4. Feedstock recovery implies the processing of plastic waste with chemical processes, thus changing the chemical

in such a way that the resulting chemicals will be used for another purpose than producing the original polymer or

5. Energy recovery implies the input into a device where the energy content of plastic waste is used. E

Figure 6. Recovery hierarchy for plastic waste

. Recognition and inclusion of
Solvent-based Recycling as Material
Recycling.

Dissolution meets the recycling definition of
the Waste Framework Directive and is based
on physical processes that - like mechanical
recycling - do not change the chemical
structure of polymers. That is why the
authors call for EU member states to approve
solvent-based purification/dissolution for the
calculation of recycling quotas.
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Such recognition is necessary to secure
future investments in the development and
commercialization of dissolution technologies
in order to achieve the ambitious recycling
targets of the EU Green Deal.

April 2021
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@H CreaCycle GmbH

Tusovative Plastic Recyeling Teckmologies

ENGINEERING & TECHNOLOGIES

oM

CreaCycle GmbH and the Fraunhofer Institute for Process Engi-
neering and Packaging (IVV) have combined their competences in a
cooperation with the aim of ,plastic/material recycling with a sol-
vent-based process" (selective extraction) and together developed
the CreaSolv® Process, which is based on physical processes and
does not change polymeric structures. CreaCycle develops and sup-
plies special CreaSolv® Formulations with the lowest possible risk
potential for users and the environment.

Fraunhofer IVV is a leading R&D provider in the food and food pack-
aging sector with specific expertise in the field of plastics/materials
recycling. The department ,Process Development Polymer Recy-
cling" has developed and patented the CreaSolv® Process, which
enables the recovery of pure polymers of high quality from plastic
and packaging waste. The range of services includes the optimi-
zation of existing recycling processes, the analysis of products for
hazardous ingredients, and support in replacing fossil raw materials
with renewable ones.

EPC Engineering & Technologies GmbH is a family-owned
German technology company with more than 145 years of engi-
neering tradition. The main business areas of the company are
process technology licensing, engineering services as well as the
construction of turnkey plants. EPC's core competencies include pol-
ymers & fibers (both recycling and production plants), fine chem-
icals & pharmaceutical technologies, chemical plants, sustainable
energy, foodstuff and biotechnologies, as well as construction and
infrastructure projects. EPC Engineering & Technologies has been
involved in the development of the CreaSolv® Process and is the
exclusive licensor for this technology and the engineering partner of
PolyStyrenelLoop

PolyStyrenelLoop B.V. is a Dutch cooperative with more than 70
members across the EPS/XPS value chain and is currently building
a CreaSolv® Demonstration plant with an annual capacity of 3.300
tons in Terneuzen, the Netherlands, for the recycling of expanded
polystyrene (EPS/XPS) construction waste contaminated with the
flame retardant additive HBCD (hexabromocyclododecane), which
is now banned as a POP. Commissioning is scheduled for the 2nd
quarter of 2021.

LOMI GmbH has been developing high-quality and innovative pro-
cess engineering plants since 1991, especially for handling solvents.
In 2018, LOMI set up the first CreaSolv® Pilot plant for the recycling
of pouches (sachets) in Indonesia for Unilever. In 2020, its own
CreaSolv® Pilot plant was installed in Germany to support the com-
mercialization of their clients.

Page 11



Sources

1.

10.

11.

12.

13.

14.

15.

16.

17.

EASAC report ‘Packaging plastics in the circular economy’, 2020, ISBN: 978-3-8047-4129-4;, WwW.easac.
eu.

UBA, Hintergrundpapier Chemical Recycling" Juli 2020 https://www.umweltbundesamt.de/sites/de-
fault/files/medien/1410/publikationen/2020-07-17 hgp_chemisches-recycling online.pdf

VANG - the Netherlands’ Waste-to-Resource program - http://www.care4.earth/EN/waste-to-resour-
ce/

Vinyloop® White Paper from 2012 - https://plasticker.de/docs/news/VinyLoop A4 ENG.pdf
Life Cycle Assessment for End of Life Treatment of Expandable Polystyrene (EPS) from External Ther-
mal Insulation Composite Systems (ETICS) from March 2017 - Link: https://www.creacycle.de/
images/2018.03.16_PSlLoop_LCA.pdf

Netherlands Institute for Sustainable Packaging (KIDV) “Chemical recycling of plastic packaging materials:
analysis and opportunities for upscaling” published 25 October 2018 - Link https://kidv.nl/media/engel-

se_kidv_publicaties/chemical_recycling_of_plastic_packaging_materials_analysis_and_oppor-
tunities_for_upscaling.pdf?1.1.6

CE Delft - “"Chemical recycling and its CO2 reduction potential published February 2019 - Link https://
www.cedelft.eu/assets/upload/file/Presentaties/2019/Chemical%20recycling%?20an%20environ-
mental%20perspective%20CE%?20Delft%2020%20february%202019%20brussel.pdf

VNO-NCW - “Actieplan Doorbraakproject Chemische Recycling” - Innovatieve recycling: het reduceren van
CO2 en ontwikkelen van groene chemie voor Nederland. Published 30 April 2019.

Zero Waste Europe “Eldorado of Chemical Recycling” from August 2019: Link https://zerowasteeurope.
eu/2019/08/press-release-el-dorado-of-chemical-recycling-state-of-play-and-policy-challenges/

Greenpeace "False Solutions Report: Throwing away the future”, published October 2019 : Link
https://www.greenpeace.org/new-zealand/publication/throwing-away-the-future

EU-Recycling Magazin 11/2019 - Deutsche Gesellschaft fiir Abfallwirtschaft (German Association for Was-
te Management) ,Chemisches Recycling — ein L6sungsweg flir das Recycling von Mischkunststoffen" from

December 2019 - Link https://eu-recycling.com/Archive/25138

AMI Consulting - White Paper “"Chemical Recycling and the Plastics Industry” published 02 January

2020 Link: https://www.ami.international/media/198178/chemical recycling plastics in-

dustry 19.pdf? cldee=Z22VyYWxkLmFsdG5hdUBjcmVhY3IlibGUuZGU%3d&recipientid=-
contact-206851f56e12e811811e70106faab5f1-f9128f41664444c4a2ef9ec3eeed9915&utm_sour-
ce=ClickDimensions&utm_medium=email&utm campaign=200120 S002 Em LG AMI UK
Customer Leads Rec%26Sustain&esid=ee434b5e-8333-eal1-a813-000d3a24e147

GAIA (Global Alliance for Incinerator Alternatives) 2020 "Chemical Recycling: Status, Sustainability, and
Environmental Impacts - https://www.no-burn.org/wp-content/uploads/CR-Technical-Assessment
June-2020.pdf

Nova Institute — Press Release "New Market and Technology Report: Chemical Recycling - Status, Trends,
and Challenges” from 05.11.2020 - http://nova-institute.eu/press/?id=223

Eunom/a - "Chemical Recyc//ng State of Play”, report for CHEM Trust pub//shed 9 December 2020 - Link:

Rapra Review Reports, Volume 13, Number 4, 2002, Arnold Tucker, TNO "Plastics Waste - Feedstock
Recycling, Chemical Recycling and Incineration” - Link:_https://books.google.de/books?hl=de&l-
r=&id=16-QHge03foC&oi=fnd&pg=PA3&dqg=Plastic+Waste,+Feedstock+recycling+Chemi-
cal+Recycling+and+incineration+-+TNO+A.Tucker&ots=kVBdr5V5hm&sig=Z0yHVIc--VosZvZB-
jF38QmJPFiM#v=0onepage&qg&f=false

Kunststoffe international 5/2020 “The Role of Chem/stry in Recycllng” https://www.creacycle.de/en/
ling.h

19.

nY_QF]ACegQIBBAC&urI http%3A%2F%2Fwww baseI |nt%2FPortaIs%2F4%2FdownIoad as-
px%3Fd%3DUNEP-CHW.13-6-Add.1-Rev.1.English.pdf&usg=A0vVaw10q7et81z0IWM_0-HOMjLc

ISO 15270: 2008 P/ast/cs Gu1de//nes for the recovery and recycling of plastics waste — Link https://www.



www.easac.eu
www.easac.eu
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
http://www.care4.earth/EN/waste-to-resource/
http://www.care4.earth/EN/waste-to-resource/
https://plasticker.de/docs/news/VinyLoop_A4_ENG.pdf
https://www.creacycle.de/images/2018.03.16_PSLoop_LCA.pdf
https://www.creacycle.de/images/2018.03.16_PSLoop_LCA.pdf
https://kidv.nl/media/engelse_kidv_publicaties/chemical_recycling_of_plastic_packaging_materials_analysis_and_opportunities_for_upscaling.pdf?1.1.6
https://kidv.nl/media/engelse_kidv_publicaties/chemical_recycling_of_plastic_packaging_materials_analysis_and_opportunities_for_upscaling.pdf?1.1.6
https://kidv.nl/media/engelse_kidv_publicaties/chemical_recycling_of_plastic_packaging_materials_analysis_and_opportunities_for_upscaling.pdf?1.1.6
https://www.cedelft.eu/assets/upload/file/Presentaties/2019/Chemical%20recycling%20an%20environmental%20perspective%20CE%20Delft%2020%20february%202019%20brussel.pdf
https://www.cedelft.eu/assets/upload/file/Presentaties/2019/Chemical%20recycling%20an%20environmental%20perspective%20CE%20Delft%2020%20february%202019%20brussel.pdf
https://www.cedelft.eu/assets/upload/file/Presentaties/2019/Chemical%20recycling%20an%20environmental%20perspective%20CE%20Delft%2020%20february%202019%20brussel.pdf
https://zerowasteeurope.eu/2019/08/press-release-el-dorado-of-chemical-recycling-state-of-play-and-policy-challenges/
https://zerowasteeurope.eu/2019/08/press-release-el-dorado-of-chemical-recycling-state-of-play-and-policy-challenges/
https://www.greenpeace.org/new-zealand/publication/throwing-away-the-future/
https://eu-recycling.com/Archive/25138
https://www.ami.international/media/198178/chemical_recycling_plastics_industry_19.pdf?_cldee=Z2VyYWxkLmFsdG5hdUBjcmVhY3ljbGUuZGU%3d&recipientid=contact-206851f56e12e811811e70106faab5f1-f9128f41664444c4a2ef9ec3eeed9915&utm_source=ClickDimensions&utm_medium=email&utm_campaign=200120_S002_Em_LG_AMI_UK_Customer_Leads_Rec%26Sustain&esid=ee434b5e-8333-ea11-a813-000d3a24e147
https://www.ami.international/media/198178/chemical_recycling_plastics_industry_19.pdf?_cldee=Z2VyYWxkLmFsdG5hdUBjcmVhY3ljbGUuZGU%3d&recipientid=contact-206851f56e12e811811e70106faab5f1-f9128f41664444c4a2ef9ec3eeed9915&utm_source=ClickDimensions&utm_medium=email&utm_campaign=200120_S002_Em_LG_AMI_UK_Customer_Leads_Rec%26Sustain&esid=ee434b5e-8333-ea11-a813-000d3a24e147
https://www.ami.international/media/198178/chemical_recycling_plastics_industry_19.pdf?_cldee=Z2VyYWxkLmFsdG5hdUBjcmVhY3ljbGUuZGU%3d&recipientid=contact-206851f56e12e811811e70106faab5f1-f9128f41664444c4a2ef9ec3eeed9915&utm_source=ClickDimensions&utm_medium=email&utm_campaign=200120_S002_Em_LG_AMI_UK_Customer_Leads_Rec%26Sustain&esid=ee434b5e-8333-ea11-a813-000d3a24e147
https://www.ami.international/media/198178/chemical_recycling_plastics_industry_19.pdf?_cldee=Z2VyYWxkLmFsdG5hdUBjcmVhY3ljbGUuZGU%3d&recipientid=contact-206851f56e12e811811e70106faab5f1-f9128f41664444c4a2ef9ec3eeed9915&utm_source=ClickDimensions&utm_medium=email&utm_campaign=200120_S002_Em_LG_AMI_UK_Customer_Leads_Rec%26Sustain&esid=ee434b5e-8333-ea11-a813-000d3a24e147
https://www.ami.international/media/198178/chemical_recycling_plastics_industry_19.pdf?_cldee=Z2VyYWxkLmFsdG5hdUBjcmVhY3ljbGUuZGU%3d&recipientid=contact-206851f56e12e811811e70106faab5f1-f9128f41664444c4a2ef9ec3eeed9915&utm_source=ClickDimensions&utm_medium=email&utm_campaign=200120_S002_Em_LG_AMI_UK_Customer_Leads_Rec%26Sustain&esid=ee434b5e-8333-ea11-a813-000d3a24e147
https://www.no-burn.org/wp-content/uploads/CR-Technical-Assessment_June-2020.pdf
https://www.no-burn.org/wp-content/uploads/CR-Technical-Assessment_June-2020.pdf
http://nova-institute.eu/press/?id=223
https://www.eunomia.co.uk/reports-tools/final-report-chemical-recycling-state-of-play/
https://books.google.de/books?hl=de&lr=&id=16-QHqe03foC&oi=fnd&pg=PA3&dq=Plastic+Waste,+Feedstock+recycling+Chemical+Recycling+and+incineration+-+TNO+A.Tucker&ots=kVBdr5V5hm&sig=ZOyHVIc--VosZvZBjF38QmJPFiM#v=onepage&q&f=false
https://books.google.de/books?hl=de&lr=&id=16-QHqe03foC&oi=fnd&pg=PA3&dq=Plastic+Waste,+Feedstock+recycling+Chemical+Recycling+and+incineration+-+TNO+A.Tucker&ots=kVBdr5V5hm&sig=ZOyHVIc--VosZvZBjF38QmJPFiM#v=onepage&q&f=false
https://books.google.de/books?hl=de&lr=&id=16-QHqe03foC&oi=fnd&pg=PA3&dq=Plastic+Waste,+Feedstock+recycling+Chemical+Recycling+and+incineration+-+TNO+A.Tucker&ots=kVBdr5V5hm&sig=ZOyHVIc--VosZvZBjF38QmJPFiM#v=onepage&q&f=false
https://books.google.de/books?hl=de&lr=&id=16-QHqe03foC&oi=fnd&pg=PA3&dq=Plastic+Waste,+Feedstock+recycling+Chemical+Recycling+and+incineration+-+TNO+A.Tucker&ots=kVBdr5V5hm&sig=ZOyHVIc--VosZvZBjF38QmJPFiM#v=onepage&q&f=false
https://www.creacycle.de/en/press-news/2020-07-13-the-role-of-chemistry-in-recycling.html
https://www.creacycle.de/en/press-news/2020-07-13-the-role-of-chemistry-in-recycling.html
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjM_rT1h8PtAhVM66QKHYEfBnYQFjACegQIBBAC&url=http%3A%2F%2Fwww.basel.int%2FPortals%2F4%2Fdownload.aspx%3Fd%3DUNEP-CHW.13-6-Add.1-Rev.1.English.pdf&usg=AOvVaw10q7et81zOIWM_0-H0MjLc
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjM_rT1h8PtAhVM66QKHYEfBnYQFjACegQIBBAC&url=http%3A%2F%2Fwww.basel.int%2FPortals%2F4%2Fdownload.aspx%3Fd%3DUNEP-CHW.13-6-Add.1-Rev.1.English.pdf&usg=AOvVaw10q7et81zOIWM_0-H0MjLc
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjM_rT1h8PtAhVM66QKHYEfBnYQFjACegQIBBAC&url=http%3A%2F%2Fwww.basel.int%2FPortals%2F4%2Fdownload.aspx%3Fd%3DUNEP-CHW.13-6-Add.1-Rev.1.English.pdf&usg=AOvVaw10q7et81zOIWM_0-H0MjLc
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjM_rT1h8PtAhVM66QKHYEfBnYQFjACegQIBBAC&url=http%3A%2F%2Fwww.basel.int%2FPortals%2F4%2Fdownload.aspx%3Fd%3DUNEP-CHW.13-6-Add.1-Rev.1.English.pdf&usg=AOvVaw10q7et81zOIWM_0-H0MjLc
Link https://www.iso.org/obp/ui/#iso:std:iso:15270:ed-2:v1:en
Link https://www.iso.org/obp/ui/#iso:std:iso:15270:ed-2:v1:en

