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Preface

ORecycling of Pol ymer projectfisancehby REhShurcei d u a | (
with the objective of supporting innovations that help to decompose and convert

polymer rejects from mechanical recycling into building blocks for new polymers,

so-called feedstock recycling methods. The project was condirctedn of three

workshops that have attracted participants representing the entireyeleiéor

polymers, includinghemical and petrochemical industry, polymer users/goods

manufacturers, consumers and municipalities, recycling industry, research and

innovation structures, feedstock recycling congsimdustryorganizations, etc.

Scandinavian Enviro System, Perstorp,
Cortus, Swestep, AltimEco RT, Sustainable chemistry 2030, IKEM,
RISE ETC and Swerea IVF West Sweden Chemicals & Materials Cluster
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mechanical recycling Products of feedstock

undergo feedstock ) N
recycling processed
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Test bed "R?C\:lcling of /\ IKEA, Electrolux,
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Sysav
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Halmstad Energi&Miljo
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Ragn Sells

Figure 1 Project participants representing the entire value cycle for polymers

As the building of stakeholders' networks and the anatydise current state of the
innovation system were of major importance to the project, active participation of
stakeholders was crucial for the success of the project. More than 25 organizations
have been involved in the project directly and more than aé®@ccessible through
branch organizations.
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Feedstock recyclinglvsnedbrytandet av langa polymerkedjor till dess bestandsdelar
och den efterfoljande synteseémnodvandighefor att majliggora hallbara cirkuléara
floden av polymera material och framfor allt i de fall d& mekanisk atervinning ar
begransad. Det ar viktigttdielysa att feedstock recyclimge bara fungerar for att

l6sa atervinningsproblematiken av komplexa, kontaminerade och blandade
polymerfloden utan behovs aven for enklare floden eftersom polymerer aldras och
polymerkedjorna kortas av for varje anvangésd. Detta projekt syftatill att stodja
innovationer inom omradet och specifikt att:

- forma ett natverk, den sa kallade feedstock recycling plattformen, som
fungerar som en arena for att underlatta kommunikation mellan olika
intressenteoch darigenom &imjautvecklandet av tekniker och processer

- kartlagganationella och internationella aktérer, metoder och tillganglig
teknik

- analysera den nuvarande situationen och identifiera hinder och barriarer for
en fortsatt marknadsutveckling genom “Hials (ransitioninnovation
system analysis)

- diskutera mojliga verktyg for att utbilda och hjalpa potentiella anvandare att
hitta lampligatekniska I6sningar och mojliga samarbetspartners for feedstock
recycling

- identifiera atgarder for att underlatta enkigd utveckling inom omradet

Dessa mal har uppnatts. Det foreslagna nagveds efterfragat hos intressenterna
och det framkom aven som ett viktigt resultat av innovationssystemanalysen.

Avsaknad av legitimitet och esvagt utvecklad marknddamkomsomde storsta
hindren forutvecklingen inom omradet i dagslaget. Féljande faktorer identifierades
som viktigast for att skapa legitimitet for feedstock recycling:

1. Utbilda intressenter for att skapa acceptans och stddja vidare utveckling

2. Tydliga kriterier féranvandandet av feedstock recycling och transparens i
beslutsfattandet

3. Kompabilitet med existerande infrastruktur inom avfallshanteringen (bidrar
till acceptans)

>

Utveckling av koncept for fullskala ocleohonstratiorav viktiga
tekniklésningar

Formering av en marknad for feedstock recycling i Sveirgeett tidigt skede och
nasta steg i utvecklingen ar att skapa en gemensam agenda. Detta foljer de steg som
ar nodvandiga for att formeesm marknad. Dessa ar:
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1. En arena for natverkande/kommunikation och kreativ interaktion mellan
intressenter behovs for att:

a. formulera en gemensam syn pa utvecklingen
b. skapa en gemensam agenda

c. hitta en samsyn for rollfordelningen i den nya vardekedjan (vitigen
av aktor ska bygga/aga/anvanda en feedstock recycling anlaggning?)

2. Séakerhetsstalla att tillracklig méangd och kvalitet pa materialflodena sa att
produkten kan produceras med tillrackligt god ekonomi (det kan innebéara
samarbete mellan olika intresserftaratt kombinera mindre materialfléden)

Nasta steg for att forbattra innovationsklimatet inom omradet ar att skapa en formell
struktur (langvarig plattform eller komptenscenter) som forenar aktorer och
darigenom fyller ett antdunktioner

- Informationskanal for att sprida kunskap om f&edk recyling till
intressenter, myndigheter oaimanheten

- Arena for kommunikation och samarbete mellan intressenter

- Representera feedstock recycling i sandtigkh processer och bidra till en
acceptans agtess roll inom polymerers vardekedja

- Att attrahera medel till omradet for att underlatta innovationer

Att utrusta denna struktur med ett verktyg for utbildning och kommunikation som ar
tillgangligt for alla intressenter ar ocksa viktigt for en vidareeakling.
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Feedstaok recyclingis the key for enabling circular flows of polymers in those many
cases when meahical recycling is restrictedt. is important to emphasize that
feedstock recyclings imperative not only fosolving recyclingproblem for

complex, contaminated or mix@alymer streambut rather for all polymer

materials in generainceall polymers are subject to aging aadtér certain service
time/recycling cycles become reject from mechanical recyclihgg project was

aimed at supprting innovations in this area, in particular:

- at creating a network, the-salled Feedstock Recycling platform, that would
serve as an arena for interaction between stakeholders reducing
communication lines and promoting innovative processésd area,

- at organizing information on current development including national and
main international actors, methods, available equipment and best practices,

- at analyzinghecurrent situation and identifying obstacles and barriers for
further market deslopment using relevant methods, ¢ Transition
Innovation System (TIS) analysis,

- at discussing possible instruments to educate and assist potential users in
finding suitable feedstock recycling soluticarsd partners for their projects,

- atidentifying actions to be undertaken to ensure future successful
development of this innovation area.

These objectives have been achieved successiiéy/offered networking
opportunities proved to be demanded by stakeholders. The ultimate importance of
networkingwas also pointed out by the results of the performed analysis of the
innovation system.

Lack of kegitimacyandunderdevelopetharkethas been named the most pressing
problems that hinder development at the moment. The following factors were
identified as the most important foreating legitimacy for feedstock recycling:

1. Educating stakeholders for creating acceptance and supportingrfur
development.

2. Clear criteria for using feedstock recycling methods and transparency in the
decision making.

3. Compatibility with the existing waste management infrastrudwortributes
to acceptande

4. Development of concepts forfall -scaleprocess tgether with demonstration
of keytechnical solutions

Formation of the market for feedstock recycling in Sweden is at rather initia) stage
and creating a common agenda seentetthe nearest target on the wale
following necessary steps forarket formation have been named
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1. An arena for networking/active communication/creative interaction between

stakeholders is needed in order to
a. develop a common view on the development,
b. create a common agenda, and

c. agree on the role distribution the new value cycle (who should
build/run/own a feedstock recycling facility?).

2. Finding sufficient materidlows for achieving good econoniy important

(possibly also through cooperation betmestakeholders by combining
smaller material streams).

The next step in improving the innovation environment in the area should be to
create a formal structure (a platformaarompetence center) that unites actors and is
suitable for the following funabins

act as a channel to disseminate knowleatyéeedstock recycling among
stakeholders, authorities and the public,

serve as an arena for communication and collaboration between stakeholders,

represent feedstock recycling in societal processes andotaatto the
common acceptance of its role in the polymers' value cycle,

attractfunds to enable innovations (ister stages).

Equipping this structure with an educational and communicative instrawaifdble
to all stakeholderg/ould be of additional ae for further development.
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Introduction and background

Feedstaok recyclingis the key for enabling circular flows of polymers in those many
cases when meahical recycling is restricted. It is important to emphasize that
feedstock recyclings imperativenot only forsolving recycling problem for

complex, contaminated or mix@alymer streambut rather for all polymer

materials in generaseeFigure2. This is due to the fact thatl polymers are subject

to aging and cannot, consequently, be reused or material recycled endlessly. After
certain service time/recycling cycles all polymbexome reject from mechanical
recycling and need to ldeoken down imk basic hydrocarbon units or constituent
monomersn order to be effectively reused agam raw materials in chemical or
petrochemical processes.
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Figure 2 Feedstock recycling methods convertejects from mechanical recyclinginto building
blocks for new polymers

T o d saspdietyis driven by a philosophy of circular economy and zero wasi. Th
concept, in which todayds goods become tor
reasonable line of development for humanity in a woflfinite resourcesPlastics

and polymergpresentlystandserious challenge for this concephese materials

servenumerous applications of critical importartoesocietywhile beingone of the

most pervasivenvironmentaproblems Approximatdy 8.3 bntons of plastic have

been produced to date, of these approximately 6.8rmhave become plastic

waste. Even withincreasingecycling rates in the Elbnly 3% of plastics are

L http://www.bbc.com/news/scieneamvironmeni4 2264788
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currently recycled, i.e. preservedamycle’. All this makes the succskll
development of efficient feedstock recycling technologies highly demanded. Current
project is aimed at supporting innovations in this area.

A few feedstock recycling methods witte large number of modifications and
innovations around them have baekvdoped over the last 385 yearsHowever,

these methods hawtill not found wide industrial applicatiatue to a number of
reasons, such ageak legislative stimulation of recycling and the instability of prices
for virgin raw materialsThis situatio is further complicated by obstructed
communication between stakeholglén the fragmented and underdeveloped market.
Potential user and the supplier of an appropriate technology have difficulties in
finding each otheiSources of reliable information aliathe possibilities, limitations

and current development of various methods are either absent or difficult to access.

This project has been aimed at addressing these communicative problems

- at creating a network, the-salled Feedstock Recycling platforthat would
serve as an arena for interaction between stakeholders reducing
communication lines and promoting innovative processes in the area,

- at organizing information on current development including national and
main international actors, methods, italale equipment and best practices,

- atanalyzingthecurrent situation and identifying obstacles and barriers for
further market development using relevant methodstheeg.ransition
Innovation System (TIS) analysis,

- at discussing possible instrumetdseducate and assist potential users in
finding suitable feedstock recycling solutions and partners for their projects.

- atidentifying actions to be undertaken to ensure future successful
development of this innovation area.

The projecthas been carried out in the form of three workshops, a number of

i ndi vidual interviews and small er meeti ngs
project was initially scheduled for 12 mogtl8 months extension was needed mainly

due to the involvement oflarge number of participants, which required longer

notice times for finding suitable dates for the workshops. HB has acted as project
coordinator. HB and RISE made main contribution to the project management,

preparation and processing of workshop matgnvith minor contribution from

Chalmers and KTH.

WS1

The first workshop was conducted on M&y 2017in Gothenburg. The entire value
cycle for polymers has been represented, including:

2 http://ec.europa.eu/environment/waste/pdfipanopearfactsheet.pdf
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- Chemical and petrochemical Industryrepresented by Perstorp, Saisable
chemistry 2030/Chemical companies in Stenungsund and West Sweden
Chemicals & Materials Cluster;

- Polymer users/goods manufacturersepresented by IKEA and West
Sweden Chemicals & Materials;

- Consumers and municipalitiesrepresented by Sysav, Borasegi och
Miljo and Halmstad Energi och Milj6;

- Recycling industry represented by Stena Metal and Ragn Sells;

- Research and Innovation structuresvorking with/dedicated to recycling of
plastics and polymergpresented by the Test bed for recycling of plastics,
HB, RISE and Swerea IVF;

- Feedstock recycling companiesCortus, Scandinavian Enviro Systems,
Swestemndresearch structuresworking with/piloting feedstock recycling
methods RISE/RISE ETCHB andSwerea IVF.

Expectations of stakeholders

The construction of the Feedstock Recycling Platform as an independent forum for
all stakeholders in the polymer value chain has been welcomed by all stakeholder
groups. Stakeholders' expectations from the ppétimn in this forum are
summarizedn Figure3 below.
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Up to date market information Access to alternative raw material

Knowledge exchange Partnership for sustainable development
Partnership for new development (textile)

Joint efforts to change the market climate for feedstock recycling

Ffeedstock q

recycling of polymers

Chemical and

3 5 e i - ! e
petrochemical industry Improved traceability

4
{ in the supply chain

Opportunities for rejects Understanding of the
from mechanical recycling value cycle for
Partnership for sustainable polymers and the role

development of feedstock recycling

| | VALUE CYCLE ~
Mechanical recycling of Goods
polymers FOR POLYMERS manufacturers

—
I

Recycling
industry ) Consumers/municipal
- companies

Opportunities for currently unexploited materials Up to date marketinformation

Understanding of the value cycle for polymers and Partnership for sustainable development
the role of feedstock recycling Understanding of the value cycle for polymers

Figure 3 Stakeholders' expectationselated to the construction of the FeedstoclRecycling
Platform

The basis for risk analysis

One of the assignments at the workshop was a brainstorming session, during which
pro and counter arguments for successful market development of feedstock recycling
have been listed.

The following drivers andbstacles to the development of feedstock recycling have
been stated:

Driving forces for the development of feedstock recycling

- Offers effective method for separation of organic anderganic materials
- Provides recovery solution for durable plastics

- Offers solution for current rejects from other types of recycling

- Preserves materials in the production cycle, which fit the current strong tendency
to circular development

- Provides a source of alternative raw materials with lower carbon footprint
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- The deveopment in Sweden can be facilitated thanks to existing skills and
motivation

Obstacles for the development of feedstock recycling

- High investments needed

- Difficult to economically compete with incineration

- Technical problemssorting, feeding, halogergstricted chemicals, etc.
- Low price for virgin raw materials

- Missing infrastructure /logistics/etc.

- Too small output material flow/not enough to substitute virgin materials, which
leads to lower interest in the development

- The quality of the products diffe from the quality of virgin raw materials
- Historically formed bad image (unsuccessful investments)

- Unclear environmental performanegsk to act against sustainability

- Lobbing against feedstock recycling from oil industry, etc.

- Lack of political suppdr e.g. difficult to obtain environmental permits

- Skewed public perception of plasticplastics will become obsolete

- Lack of wiliness to invest due to high investments needed and high risks

Technology offer and customer requirements

General overview dfechnical solutions available on the market and under
developmentprepared by the project management grbag been presented and
discussed with thevorkshopparticipantgsee the Resul@nd Discussiosection of
current report)

Currenttechnicaldevebpment and available equipment have been presented by
Swedish technology providersdiresearch institutionsée the Resuland
Discussiorsection of current report).

Customer requirements and concerns regarding feedstock recycling of polymers have
beendiscussed with different stakeholders groups.

IKEA

IKEA is interested in improving traceability and sustainability. Secondary raw
materials are of interest provided that:

1 materials and products comply with IKEA specifications (e.g. no
heavymetals,no Cgtc),with food contact specifications, and with
childrensproducts specifications,

9 the price is affordable for the many.
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Mainly PP and PET materials are of interest.

IKEA wants to get a clear understanding of the possible closed loop for plasiics
linea model today consists of production (refinery), granular supplier, national
company supplier, store costumer and disposal. Some specific questioned raised
were:

1 Where is the pyrolysis/feedstock recycling place in the diagram? Does it
substitutetherefinery or even the planfior granulate production?

1 Whereshould thedeedstock recycling plant be locatedlose to a waste
sorting facility or close to a granulate producer?

1 What are the minimum/optimal volumes that can make feedstock recycling
productscompetitive?

1 How to set up disposal schemes in all countries where IKEA is present?

1 What systems for the separation of materials suitable for mechanical recovery
from the material to be feedsteokcycled are currently available? What
information on volume of fractions is available?

1 What will be the costs associated with the transition to such elospd
scheme?

PERSTORP

Feedstock recycling products that are of interest:
- syngas from gasification,

- isomers from the depolymerisation process,

- products of methnolysis or hydrolysis,

- benzene, toluene and xylene from pyrolysis.
MUNICIPAL COMPANIES

Interest of municipal companies to feedstock recycling is driven by their desire to
reduce the environmental impact and to facilitate the transition to the circular
models.

Important requirements to the system to be creatmmbnomy, availability, easy to
use. Quality of the feedstock recycling products currently anticipated by municipal
companies is Athe same as virgino.

Acceptance by the end user is of high importaiare end user representatives
should be involved in the Platform.

WS2
The second workshop was held on Septemb®&r2Z17in Stockholm
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Participantf the workshop

- Chemical and petrochemical Industryrepresented by IKEM, Perstorp,
Sustainable chemistry 2030/Chemical companies in Stenungsund and West
Sweden Chemicals & Materials Cluster;

- Polymer users/goods manufacturersepresented by IKEM, Electrolux and
West Sweden Chemicals & Materials Cluster;

- Consumers and municipalitiesrepresented by Boras Energi och Miljo;
- Recycling industry represented by Stena Mdtahd RagrSells;

- Research and Innovation structures working with/dedicated to recycling
of plastics and polymersepresented by KTH, ChalmerslSE and IVL;

- Feedstock recycling companiesCortus, AtimEco recycling Technologies
Swestep

- Research structuresvorking with/piloting feedstock recycling methods
RISE/RISE ETC and KTH.

Assisting the decision making

The topic of WS2 was the developnt of the methodology for finding technically
feasible and economically viable solutions for different polymer streams based on
their structure and propertieBhe methodology is to serve as the basis for an
instrument that will educate potential userd aelp them in decision making.

A suggestion for guidelines to tkechnologyselection process preparieyd the

project management teamas been presented and discussed with the workshop
participantysee the Resul&nd Discussiosection of current reporfJhe suggested
selection process has been testewkrein two
includedfor the discussion:

1. ProFuel from Stena Recycling

>

This fuel originatesrom recycling of carsogether with scrap froimunicipality and
other activitiesand ©nsistsmainly of metals, rubber, textile and mixed plastitss
theresiduefrom the shredder light fraction after iron, medall plastic removal.

—
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Quantity around 20,000 tons/year in Sweden
Heatingvalue 1520 MJ/kg
Moisture 25 %
Ash approx. 385 %
Chlorine <0.8 %
2. Papefreject from Smurfit Kappa

The papereject comes from theecycledpaper mill and consists of rejects from the
production.Thesecould be different plastic adhesives saslhtapeplastic pieces
from envelopes anshortcellulosefibres Moisture ca 40 % before drying

Moisture % wiw, dried 1.0
Volatiles % w/w, dry 76.5
Ash % wiw, dry 21.0

C % wiw, dry 52.9

H % wiw, dry 7.5

N % wiw, dry 0.49

O % wiw, dry 16.6

S % w/w, dry 0.138
Cl % wiw, dry 1.34
H/Ceft 1.193
LHV MJ/kg, ds 24.294
HHV MJ/kg, ds 25.898
HHV MJ/kg, ds, ash free 30.752
Si mg/kg, ds 20 661
Al mg/kg, ds 8 997
Ca mg/kg, ds 36 664
Cu mg/kg, ds 1890
Fe mg/kg, ds 13 300
K mg/kg, ds 971
Mg mg/kg, ds 1 966

Mn mg/kg, ds 264
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Na mg/kg, ds 3643
P mg/kg, ds 349

Ti mg/kg, ds 1817
Zn mg/kg, ds 1900

Following comments and suggestions that occurred in the discussion can be listed:
PROFUEL FROM STENA RECYCLING

Fixed-bed gasification angdyrolysis have been discussed as possible methods for
recycling where the latter is likely to provide better results due to the high amount of
ashes contained in the pelleted waste.

The material is not suitable for e.g. the Cortus process due to higintoht
volatiles and high ash content.

PAPERREJECT FROM SMURFIT KAPPA
Pyrolysis can be suggested as a promising alternative for processing.
Pretreatment in form of drying/grinding/dechlorination at ca 300 ° C is required.

Pyrolysis at approximately 500C temperature will help to ensure sufficient
demineralization and low ash content in the pyrolysis oil.

This material is not suitable for e.g. the Swestep process that can accept max 15%
moisture, max 5% inert contaminants and max 5 mm large particles.

GENERAL COMMENTS FROM WORKSHOP PARTICIPANTS

The decisiormaking tool that has been discussed at the workshop should not be
made too detailed and complicated as it can easily become misldadimmuld be
made very clear that the tool is not to give ecomoewaluation but only technical
suggestions and some input (resotgtfeciency, sustainability) for further selection
of processing method$he tool is anticipated to have a good potential for making
feedstock recycling projects more economically vidbteughe.g.combining flows
andcreating a rarket place for products.

Obtaining renewable ethylene and methanol from produdsaterials that society
wants to get rid of (and is prepared to pay for) has been indicated as the highest
interest forthe chemical cluster iBtenungsund. Obtaining these chemicals from

waste can lead to a better economy compared to, for example, producing methanol
from biomass (forest materials), as in this way transport of methanol can be avoided.

A general comment rerned from all discussion groups wtee importance of

correct and essential informationthe material descriptiof.or thermochemical
processes this includes (but is not limited to): moisture content, ash content, chemical
composition, heating value aathount of fixed carbon.
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Future steps in the project

In addition to the main workshop topic future steps in the project have been
discussed at the WS2. In particular, why and how TIS analysis willdzeaighe

WS3, potential involvement @uthorities and decision makers in the WS3, and
possible examples of the most successful feedstock recycling companies have been
discussed. A few smaller meetings with stakeholders have been scheduled.

WS3
The thirdworkshop was held oRebruary 28, 2018 in Gothenburg

12 participants including representatives of Perstorp, IKEA, RagnSelisdinavian
Enviro System&and ARTcould not get to the workshop due to stormy weather in
Sweden that dayHowever representatives from different stakeholder groups
participated irthe workshop

- Chemical and petrochemical Industryrepresented by IKEM, Sustainable
chemistry 2030/Chemical companies in Stenungsund and West Sweden
Chemicals & Materials Cluster;

- Polymer users/goods manufacturergepresented by IKEMNnd West
Sweden Chemicals & Materials Cluster;

- Consumers and municipalitiesrepresented by Boras Energi och Miljo
SYSAV andRENOVA;

- Recycling industry represented by Stena Metal;

- Research and Innovationstructures working with/dedicated to recycling
of plastics and polymersrepresented biB, RISE and IVL;

- Feedstock recycling companiesCortus,Swestep

- Research structureswvorking with/piloting feedstock recyclingethods
RISE/RISE ETC

TIS analysis

The network/platform that the project aims to build will become a part of the
innovation system for feedstock recycling. One way to analyse the needs that the
platform should serve is to analyse the innovation system. Based on the results of
such analysishe prerequisites for establishing the platform can be found and the
role of the platform in the development of innovations can be detected.

A system approach that is often used to identify obstacles and opportunities for the
development and disseminatiohimnovations is TISThe TIS framework consists

of a twopart analysis of the innovation system struetand the innovation

processes, sdagure4 below.
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Figure 4 Two partsin the analysis- structure of the innovation systemand innovation processes

Structure analysisto understand the relationships betwége technology,
stakeholders, networks and institutions. This part helps to identify the status of the
development as well as factors limiting the development of the system.

Innovation Process Analysido analyze innovation processes driven by
stakehatlers/players inside and outside the system. How strong or weak the
processes are gives a picture of how successful the development of the system is.

As a resultexisting larriers and actions that haveli® undertaken in order to move
forward in theinnovation process can be identified.

Extensive preparations with the participation of the project management team and
stakeholders have been carried out before the workshop to compile relevant
questions to the participants. Initial questions have bedrasdropinions collected
from the participants. 3 physical meetings and a number of online meetings have
been conducted.

The first part of the workshop was intended to identify the feedstock recycling (FR)
system elements with the active assistance gbaincipants and based on the results
from the two previous workshops. During the second part of the workshop, analysis
of innovation processes has been carrieduisimgguided group discussions. Two
innovation processes chosen by participants as is$pesnary importance have

been discussed, namely, market formation and creation of legitimacy. Resource
mobilization and entrepreneurial experimentation were, however, also named as
matters of great interest.

Other processes/functions were analysed wetp bf a postvorkshop survey sent to
all participants of the platform. The rdisuof the performed analysis greesented in
the Results and Discussion section of current report
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Future of the platform and more information on best practices

Different moctls for future development of the platform ahd esults ofthe
additional study on best feedstock recycling practices performed by the project
management team have been presented at the Mi&3nation obtained in the
interviews with the senior managent of the Canadian company Enerkg@meethe
Results and Discussion sectimn more informationyaised the greatest interest
among stakeholderg/hat Enerkem seas the most important factors for success,
how the legislation affects theédusiness, whiclre the main directions for future
development and the Enerkem project planned in the Netheilahdse were the
main topics oftakeholder discussion.

Overview of the feedstock recycling methods

What is feedstock recycling of polymers?

Feedstock recycling, also known as thermochemical or chemical recycling, covers a
range of processes by which polymers can be broken down into basic hydrocarbon
units or constituent monomers that can then be used again as raw materials in
chemical or petrochemical processes. A range of technologies with the large number
of modifications and innovations around them is available.

PYROLYSIS

Pyrolysisis chemical decomposition of organic (cardmased) materials at elevated
temperature and imé absence of air or oxygen, with the formation of syngas and
liquid hydrocarbons as products. A mixture ofreacted carbon char (the non

volatile components) and ash remains as a residue. The temperature range usually
used for pyrolysis is 26800°C. Asnontoxidizing environment is essential for
pyrolysis, the process is quite sensitive to moisture present in the material to be
processed.

Problems that the development of pyrolysis has traditionally faced is the dubious
quality of the products obtained bgnventional high temperature pyrolysis and
hazardous compounds formed in conventional mee®, especially when waste
plasticscontain chlorine, bromine and various metallic impurities.

The latest generation of pyrolgdechnologiesises different cakgsts and

dechlorination methods to lower process temperatures, improve product quality and
mitigate emission problem$ These new methods aim to accept a variety of resin
types, tolerate many forms of contamination and require little pretreatiisof.

rectors of various designs, which have their advantages and disadvantages in
different cases, are used in various modifications of pyréisis

3 http://www.ijaet.org/media/12120JAET0829561v8-iss5794-802.pdf

4 https://www.sciencedirect.com/science/article/pii/S092633081433

5 https://www.researchgate.net/figure/Typespyrolysisreactors_figl 287506521
6 http://shodhganga.inflibnet.ac.in/bitstream/10603/10119/12/12_chapter5.pdf
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GASIFICATION

Gasificationoccurs in a higher temperature range than pyrolgéier{(480-1,650°C

but even higher temperatures can be seen if plasma gasification)isGasification

IS most simply understood ascomplete and carefully controllestiaged combustion

that uses limited oxygen to convert a cadoontaining feedstock into a synthetic

gas (syngas), a mixture consisting primarily of hydrogen and carbon monoxide. This
syngas can be used as a starting point to manufacture fertilizers, pure hydrogen,
methane or other highalue chemicals including anhydrous ammonia, ammonium
sulfate, sulfurphenol, naphtha and GCas well as liquid transportation fuels.

Carbon char present as residue in the pyrolysis process is converted in the gasifier
into syngas. Only ashes remain as a residue.

Gasification of waste polymers has reached a higher TRLpyratysis and is even

used on a large industrial scale, for example by Enerkem, Canada. This is probably
due to the product with simpler compositions and versatile use, and less complicated
control of process parameters with regard to their impact on girqdality.A large

variety of process modifications and different types of reactors are currenthf.used
For more details and a list of recent feedstock recycling projects gleaggppendix

1.

HYDROTHERMAL LIQUEFACTION (HTL)

HTL convertscarborcontaining materials into liquid hydrocarbons by breaking
down their organic structure in the presence of solvents and /or catalysts and at
elevated temperature /pressure. HTL is carried at temperatures in the range of 250
450 °C, and pressures imetrange of 6820 MPa. HTL is an attractive low

temperature option for very moist raw materials and when liquid products are
desiredInterest in this method for processing waste plastics is growing and new
research has recently been publish&dirrent sttus of this technology is on the
developing stage with several actors utilizialgoratorysizedequipment.

CHEMICAL DEPOLYMERIZATION

Certain classes of polymers like polyesters , nylon or lignin can undergo chemolysis
with different reagents, such astema(hydrolysis), alcohols (alcoholysis), acids
(acidolysis), glycols (glycolysis), and amines (aminolysis) to produce the monomers
from which they have been produced or other oligomers. Different process options
are used industrially for chemical recygdinf PET- methanolysis for production of
dimethyl terephthalate (DMT) and ethylene glycol (EG), hydrolysis for production of
pure Terephthalic acid (TPA) and EG, conversion into oligomers (glycolysis or
solvolysis), conversion into speciality chemicalsaoyinolysis or ammonolysis, etc.
Application of chemical depolymerization for recycling of mixed materials, such as

7 https://en.wikipedia.org/wiki/Gasification

8 https://www.netl.doe.gov/research/coal/enesggtems/gasification/gasifipedia/typgasifiers

9T. Helmer Pedersen and F. Conti, "Improving the circular economy via hydrothermal processing of
high-density waste plastics," Waste Management, vol. 68,48122017/10/01/ 2017
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polyester/cotton blended fabric, are being actively std@tédrhe polyester is
depolymerised into monomers and the monomers are reubeddasg blocks for
new polyester synthesiseeFigure5. Besides, the obtained monomers can also be
used as chemicals for other applications.

Figure 5 Closedloop recycling of polyester

Technology development in Sweden

In this section, technology developers in Sweden with processes suitable for
feedstock recycling that currently have demonstration/commercial plants are
descrited

SCANDINAVIAN ENVIRO SYSTEMS
The process thermal treatment in an oxygéree environment, fixed bed pyrolysis.

Main advantageb good temperature control, stable temperature through the reactor,
variety of solid polymebased materials can be promes (different types and sizes).

Main process limitatiofi temperature < 650°C

Suitable feedstock the process has been developed for waste rubber but any solid
polymerbased feedstock, e.g. plastics mixtures of complex character, can be
processed.

Equipment availablég full-scale reactor of 15

Typical products from the eraf-life tyresi high quality carbon black, oil and steel
All produced material streanmare sold commercially.

CORTUS

0 TrashZash, EU proje¢tvww.trash2cashproject.eu
11 Anna PetersonTowards Recycling of Textile Fiber€halmers, 2015

































