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Foreword

Humanity 15 shaping earh’s geology and ecosystems on o scale which has not been
scen before in history, which leads o the debate 1o name our epoch
“Amthropocene,” As of 2006, more than 7.5 ballion people are iving on our planet,
and it is expected that global popalation will reach up o 10 billion in 2050, This
will have consequences, The challenge is 1o meet the needs of all people living on
Earth mow and in the future while ensuring the stability of our ecosystems—ithis is
the basic definition of Sustainable Development published in the famous
Brundiland Beport in 1987 The United Mations issued 17 Sustainoble Development
Gioals to boost the global progress toward a sustainable society providing good
Iiving conditions for all while respecting ecological mats, Al societal actors hove a
responsibility to coniribute o Sustainable Development.

The automotive imdustry forms one of the most productive scomomi sectors amd
thus has also o take wp this responsibility o contribuie 0 Sustainable
Development, One imporont sspect bereby 15 the amount of resources osed for
products and services. Up o now, we have 0 a large extent a linear indusirial
system where resources are extracted, used for products, and disposed after the use
phaze. An important element in any transition toward sustainability will theretore
be o use resources much more efficiently amd o develop a circular economy where
waste = used as new resource input. This background underpins the relevance of
this book. One sieategy of the automotive industry o reduce energy demand and
OOy emissions 15 w0 reduee the weight of vehicles, Thi= leads w an increasing
demand of lighter materials including plastics. Omn the other hand, recycling rates for
plosti: ore bower oz, for exomple, Tor steel, The relevomt question = then, how
recyeling rates for plastic can be increased in the automotive sector as condribution
o o sustanable omd circulor economy, David Schinmaye gives sctual, competent,
and comprehensive insights o answer this question. He hrst provides the big
picture of this wpic from a sustainability perspective. This is the basis for the
discussion of the status guo regarding plastic u=e in the automotive industry. By
bringing in expert’s knowledge based on a survey, he is able o develop a road map
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viki Forewnmd

for the “recyvcling renaissance”™ as a core result of this book, This book deserves
many readers and i= relevant to all who ore interested in the topic of sustainability
iransitions in the automotive secior,

Univ.-Prof. Dr. Rupert 1. Baumgariner (Head of instimee)
Institute of Systems Sciences, Innovation amd
Sustainability Research

University of Gre



Preface

Plastics are one of the most inexpensive and at the same time valuable materials
made by humankind. The production of plastics s well established, and the virgin
material is virually adapiable to any requirement rendering them impressively
versalile, The ommipresence of plostcs establishes most people’s constant contact
with this material. In fact, one could not imagine a life without plastics. These
materials have helped develop our economy, our socwely, and our bife, becooss
plastics are truly valuable.

However, during the work for this book, it became clear that many companies
are not (yet) rutional and for sighted erough, or are too focused on money and
growth o realize their chance o wransform their business for the better through
implementing holistic eoological sustminability. The current path is very unlikely to
he sustainable in the long term. In fact, we have to act right now, because nature
will comtinue 1o thove, hkely in new forms, despite homonity changing the cr-
cumstances. Will we continue @0 thrive as well? Environmental degradation mighe
mol b the end result, but human degradation.

The enonmous zarbage patches in the occans, plastic waste in the streets of Indi,
and even microscopis plastie particles i your own body, Homamity bas soll w leam
how to treat plostics, since the curment usage 15 very unfortunse indeed. Now, we
meed o step up and change the way we deal with plastics. Let us starm by iniro-
ducing the recvcling renuissance, starting with the automotive sector.

Graz/Linz, Austrnia Dravid Schinmayr

Charge will nod come if we wait for some ogher person ar samee ather iime. We ore the anes
we've beem wailing For, We are the clange thal we seck.
Barick (Mhiama
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Chapter 1
Origin and Design of This Book

Abstract What s the purposs of this book, and which (noo-)scientfic methods
were used 0 achieve represeniative, real-world resulis? These guestions are
answered in this chapter, including a short depiction on the inspication For tis work,
including an ouiline of the book design and its logical structure.

Drarwin's 1859 “On The Origin of Species” was onginally published on the 24th of
November (Dupree 1985, p. 267), the same day | came into the world in 1986, Coin-
cidence of not, [ eonsider the wopic of this book 1o also be about evolution—evolution
concerning society achieving sustninability, staring with a circular economy, because
this cvolution is a prerequisite for the health of humanity, Naiure will continwe o
exist, but will we?

However, since | have been truly interested in the topic of sustainability for numer-
ous years ow, including research and lectures on this broad topic, i@ was only o ques-
tion of the right time io focus on contributing (o this field. Moreover, [ have invested
increasingly more time in research and quickly came o a number of possible fields
tor intensive study. The one most interesting wis and =till 1= the topic of automotive
plastics recycling conceming the production and the end-of-life phase, As a resulr,
the author held truitul discussions across sciences and =settings that ultimotely led
i this book.

The first motivating and inspiring impulse for this book was manly imitated
by Marin Dupal, co-owner of the plastics and plastics recycling company Walter
Funststoffe GmbH in Wels, Upper Austno, He made reference 1w the rather non-
cxistent amount of information on plastics recycling and the non-transparend recy-
cling =tatws of plasties m the automotve sector, Dunng an exended imterview, he
refiected onthe scientific pool of available information in the arca of plastics recyeling
and argued that the quality and quantity of data of plastics packaging, for example,
PET-recycling was comparably sophisticated and developed. Eegretiably, this was
not the case in the area of plastics recyeling in the automotive sector, Me. Dupal indi-
cated that this scientific field was poorly assessed and analysed. The second impulse
for this book was provided by an EL publication which stated that auomotive plas-
tics from end-of-life vehicles (ELY =), which accounted for 1.5 8Muin 2008, are hardly
recycled. As a matter of fact, they are mostly landfilled or thermally treated (Euro-
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X I Origin and Design of This Book

pean Commission DG ENY e al, 2000y The third impulse come from te Tormer
CEQ of the plastics recycling company MBA Polymers, Mike Biddle, who gave a
talk om their advanced possibilites w recyeke virwally any plastics, even il the maost
complex compounds, like the ones used in automobiles (Biddie 2011, 20012). The
final impulse was the Fact that there is a high probability thar demand For plastics will
grow significantly in the next 10 vears, This is because the gquantity of automotive
plastics is rapadly increasing, in relative and absolute terms, because of the increasing
share of plastics in new cars and the incregses in the number of cars on the globe (see
Chap. 30, Furthermore, the “academic ‘call to arms™" by Orsao and Wells (2007,
P 9930 o inspire research for making “one of the most mflvental industries in the
waorld more sustainable™ ruly has inspired and motivated me.

For these reasons, | decided o stort a reseorch progect in form of a PhD thesis
as 4 basis for this book in aorder to foster innovative solutions to tackle the obvious
insulficiency of automotive plastes recyeling and the wse of recyelates in the aulo-
modive sector. This book provides solutions and options for car manufaciurers and
suppliers, recyvclers, virgin plastics producers, politicians and scientists in order 1o
spur on & circular flow economy to establish o more sustainable automotive industry
with the focus on ecological aspecta. Owverall, the intention is o develop advanced
concepts and holistic solutions o current unsustainoble practices regarding plostics
materials and raise awareness in the European aufomotive secior through critical,
rigorous and imegrative research., The project promotes the decoupling of economic
grovwih from waste gencration, and has already riggered and will continue to trig-
ger economis rethinking through the empirical research including the survey, expernt
workshops and leciures by the author alongside personal communication. For these
reasons, this book provides research resulis for strategies w estabhish synergy effects
o drive sustainable development and generate a vital impulse in the direction toweards
a circular automaotive plastics industry on a global scale to take a um for the betier,

Purpose of This Book

Inmtensive liternture research revealed that there 15 a lack of topical scientihc books
and papers dealing holistically with the izsue of the ecological sustainability of
the automotive plastics production amd recyeling system, including the key plavers.
Oirsato and Wells (2007, p. 993) in particular inspired research inio making “ome of the
mie=l influential industries i the world mone sustanable”™, which was continued for
automodive plastics recycling, for example by Miller et al. (2014, p. 5896) who siated
that “Tuture efforts should look wonerease the proportion destined Tor recveling” and
“future research is critical to determining what the ideal combination of [reatment]
alvernatives might be for long ferm sustainabiliny™, Current research does nof provide
a holistic analysis of the overall system, because predominantly narrow sections
within this field of automotive plastics and sustainability are being treated. For these
reasons, the holistic research of this book provides o novel overarching analysis of the
system as well as concepiual solutions. As Baumganner (201 1, p. T85) summarised,
< osustamabiliny science should help w denuly sustnmabiliny problems and should
help socicty to solve them™. This book does offer help.
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Book Design

Tin this hook, you will find answers w the following questions:

e What is corporate sustainability and how can it advance a circular economy ?

# How ecologically sustonable is the automotive Iife-cvele (production, life-
phase, and end-of-life) in terms of plastics?

o and what are the reasons for this?

# What are the benefits and drawbacks of virgin and recycled plastics in terms of
ecological, economic and technical performance?

& 'What are the challenges of this system?

# What are the best solutions o improve this syatem in terms of ecological sus-
tainability, with a focos on the recyeling aspect in pariicular?

» How will this system have developed by 2020 and beyond?

# How will the behaviour of consumers have changed by 20007

o What are tools and methods to achieve corporaie sustainahility, and thus circular
automotive plastics?

Why Mot Focus on Plastics Other Than Automaotive?

The focus on the automotive industry was chosen because it is considered a superim-
posed branch, which can serve as a basis for op-down knowledge rransfer to branches
with bower requirements in terms of materinl pertormance. As the global automaotive
industry is deeply concerned with safery, reliability and design, the materials have
i Fulfil very high standards, For this reason, the idea behind this book being o offer
solutions o stimulate the plastic recyeling indusiry, it is assumed that the knowledge
gathered in this wp level branch can be transfermed 1w numerous other bromches,
which have lower material performance requirements. Orsato and Wells (2007, p.
SRY) highlight the superimposed staws of the sutomotive sector by stating that icis a
branch with significant influence especially on society and the environment, as well
as other industrial sectors. In addition 1o these complex challenges, the plastics and
especially the nunomotive plastics sector i= very dynamic and enjoys strong growth.
T P, autoimotive plastics are rapidly increasing in relative and absolue quantity,
because of the increasing share of plastics in new cars and the increase of cars on the
planet {Kremlicka 200 2; Sperling and Gordon 2008 Worldbank 2013}, In addition, a
possible trend towards eco-efficient lightweight design and electric mobility renders
plastics highly relevant, if not even more relevant due to the required compensation
of heavy battenes and comparably low romge,

Methods

In order o perform research on a firm scientific foundation, | chose a mixed methods
approach including qualitative and quantitative technigues in combination, adapred
i the respective phase of this book, The entire book 15 based on mixed method
guidelings by Creswell and Clark (2011, p. 11) combined with analysis technigues
focused on preconditions, laws and connections between phenomena by Hempel
(1965) and Hempel and Orppenbeim (1945),
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The theoretical matter which makes vp Chaps. 2 amd 3 consists sty of reactive
or primary data such as expert interviews for understanding and discussing the staic
Lo ke, b oplimise the research focus and questions, and w validoe findings mainly
during the literature research phase in the beginning, and additionally in later siages
of the book, Then secondly, non-reactive of secondary data such as literature as well
as process produced datn and behavioural treces including statistics, as outlined by
Fink (2009}, were utilized.

In the emparical part, which will be described in more detail in Chap. 8, [ hosted
two expert workshops for developing and validating gathered data together with
the Avtocluster Styoa omd the Department of Geography and Begional Science at
the University of Graz. The first workshop was held o discoss and improve a pre-
developed SC0T analy=s wgether with chosen expents and outling suggestions o
improve the book. Most importantly, also conducied an online survey imaolving key
plavers and stakeholders of the automaotive plastcs prodoctoon omd recyeling svstem
throughout Europe to gather real-world data from key players o achicve relevant
resulis. Additionally, this survey served as a basis for a validation, interpretation and
critique conducted in the second workshop, which is featured in Chap. 4, in direct
succession of the factual, unalered and elinical outline of the results, Thus, the
survey and the workshop methodologies are blended together for concise informa-
tion. Furthermore, future perspectives were developed relying on literature research
mainly including reports from key companies, dota from the survey, and information
gathered through expert interviews. Subsequently, the development of scenarios with
the generated data and knowlbedge from the preceding research stoges 15 the basis
i enhance and expand the concepts for solutions developed by experts in the sec-
ord workshop, Through these selected methods and reseorch stages, a well-founded

scientific analysis was achieved.
Baak Struciure

This book is divided ino two paria: ficsily, the theory and secondly, the empirical part.
The first deals with the theoretical foundations of this research, which is subdivided
inte twao bogically connected chapiers. We will begin with the theory approach which
investigates the relevant screntific approaches i this research, This 15 designed o
achicve the theoretical background necessary for fully understanding the subsequent
chapter, the controversial industry reality investigating the status quooin the economy.
Through this approach, it is possible to analyse a variety of aspects of the antomotive
sector resulung in o hodiste understanding of the system, the subsystems and related
inHuences. The combination of these taro chapters generates o broad and deep knowl-
edge foundation required for the critical analysis in the second part, the empirical
section. This appmoach was chosen becavse theory determines our observation, in
this case the empirical section, It is divided into the exploration of the aulomotive
plastics production and recycling system in the EU o discover the drivers of change,
followed by a SCOT analysis. The next phase concerns modelling future perspectives
by investigating basic trends and key uncerainties and developing muoluple scenarios
by analysing the rules of interaction, Anally leading to concepis for solutions. The
approsch of the empirical section 15 bazsed on Schoemaker (1995}
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Funnel-Logic Distillafion

The sections in this book are logically structured o exteact the essemce of the respec-
tive topic by distillation, where appropriate. This process, bosed on Bagde et al.
(20000 is comparable o working with a theoretical funnel for scientific research,
where the broad and general information 15 imvestigated af the start, which is fol-
lowwved by narrowing down the relevant information uniil the core, or the cssence is
extracted or revealed, in other words, "from general o specific’. This funnel-kogic
distillation approech can be reversed, depending on the nature of the topic, depending
o the respective logie o ensure maximum understanding of the written work.

References

Buaade. J.. H. Gerel, and A, Schlegtmarn, 310, Wissemschaftliches Arbeiten: Ein Leitfxden fir
Srudierende der Geographie. Wol, 2630, UTH.

Baumgainer, K.J. 2011 Crincal perspectives ol sustmnable development reseanch and pracisoe.
dearral aff Clewner Producrios 19 (8 TR3-Ta4,

Biddle, b, 200 1. We can recyele plastics, [ TED ialk wranseript]. hops:foseasned conytalkesmike_
hiddle/transcript. Accessed 20 March 2014,

Bicldle, M. 20012 A beiver way o recyele plasiics? Mike Bickbe replies 1o questions and com-
meds about his 20 | TEDTak. [Blog]. bpetlog ted com 30020 00225 belerway - - recyele-
plastics- mike- biddle- replies- io-guestions: and-commentsabout-his- 201 L-vedialk!. Accessed 11
Feb 2013

Creswell, LW, and VL Chok. 201 ). fhesigaing ard cordctimg mized methoey revearch, 2nd ed.
Themsared Oaks: SAGE Publicasions,

Dwpree, AH. 198 Ase Grav: Amenican borandst, frivnd of Darwin, Baltimoese: Johns Hopkins
University Press.

Eurnpean Commission TG ENY ond BRD) Intellipence Service amd AEA Energy and Environ-
ment. 20011, Plsbe wasie in the envronmeni—Ilinal reporl. htipsfec curapaenfanyironment!
wansledstudies pdff plastics pdf . Acoessed 10 Feb 2007, @ European Union 19952017,

Fimk., A, 2000 Cesducring reasarc Sreraruee mvlews; Fron the frernet i poper, Thousand Oaks
SAGE Fublicalons.

Hempel, C.G. 1498, Agpecrs af seieanfic explengiion, Ard oter essays is the pldlasomby of selemee.
Florence: Fres Prese.

Hempel., C4G.. amd B Oppenheim. 1948, Studies inthe logic of explanation. Philossphy of Science
15 ¢2n 135175

Kremlicka, K. 22, Mega trends im the autommstive mduostry and is consegquenoes lor global
players.  hipoifarwwalkeamey at'content misc wrapper.phpid 50656 Llareatanomative name!
g _4 26 0 002 10 _vorerag_ru_graz_wv4_prie_1353322T00c20E pdf.  Accessed 1T April
A3,

Miller, L. ed al, 214, Cholbenges and alsernatives to plastics recycling in the sutomntive secior.
Maperiale T (8 SHEI-A002,

Orsam, R, and B Wells. 27, The msomobile irdusiry amd sostairabilivy. Souran! of Cleaner
Provducrias 15 (1 1-12); 989-593.

Bchoemaker, FI. 195, Scenano planning: A tool for strategss thinking. M7 Sean Measgemen
Review 36: 25400

Sperling. [, and D, Gordom, 2008, o bilflor e Deiving roward susteiineiviline, Orford: Osxfond
Ulniversiny Press,



4] I Origin and Design of This Book

Wirkdbsank. 2013, Passenger cars (per |0 people). hinpeffdats worldbank orgfindicaon 15, VEH.
PCAR P3. Accessed 15 July 200 3.



Chapter 2
The Scientific Sustainability Approach

Abstract Reod, rethink, refine, reform, In this chopler, you will Jearn that
sustainability is the next big thing. For you, for your company, and for socicty. Afer
reading this chapter, vou will be able o rethink your world, be able w refine i, and
ultimately reform it First, however, you need o understand sustainability, and you
have 1o recognise that 1015 o holiste and trams-disciplinary matter, Especially consid-
ering that the topic of plastics recveling in the automotive sector is associated with
a large number of different disciplines, it can and should be analysed from several
scientific and non-scientific points of view, including various approaches and their
respective tools and methods, As a consequence, it is a prerequisite o understamd the
related Aelds such ns systems sciences, sustainable development, ecology, economy,
geography, as well as environment rescarch, society, ethics, psychology, politics, and
technobogy, which are brefly depieted in this chapter, Through this approach, i is
possible to analyse a variety of aspects of the automotive sector resulting in a holistic
undderstanding of the system, the subsystems, and related influences. This approach
generabes the browd and at the same time decp knowledze foundation reguired for the
empirical analysis in the subsequent chaprers offering the holistic basis for corporate
sustainability management concerning automotive plastics and recycling.

21 Transdisciplinarity

A this book 15 dedicated w looking ot suomotive plastics recyeling os a whole, and
following the definitions of multi-, inter-, and iransdisciplinarity by Choi and Pak
{20060, a holisue and wransdisciplinary approsch was selected w mark the basiz of this
bk in order to generate more value, because according to Klein et al. (2000 2}, trans-
disciplinanity offers an oplimised approach to overcome challenges by combining
know-how from multiple sources, o= reguired in the field of sustminabality. However,
because iransdisciplinariey can be defined in various wide and narrow ways (Lang
et al. 20012 =uch us including scientific experts from other disciplines in the research
team, which is not the case in this book, and 1o circumvent possible unclear defini-
taom, 115 1o be hoghbighved that the notion of ransdisciplinarity in this book is imple-
mented in the sense of an intensive and consecutive inclusion of assorted relevant
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] I The Scientific Susainabality Approach

mmsights from diverse disciplines, sources, and actors i this book, following the
notion of Jahn et al. (2000 2). The chosen transdisciplinary setiing focusses on hurman
ecology within geography inclose collaboration with systems sciences, sustainability
and innevation rescarch. The issue conceming specific disciplines which are relevant
for this book 1o varying degrees is that those are focussed solely and understand-
ably on merely one aspect of the topic of plastics recycling in the automotive sector.
OF course, these disciplines are vital to understand and ultimately analyse this field
of research, but it remuins highly important to take a holistic approach in order o
combing the knowledge generated by each of the mentioned disciplines, With this
brood transdisciplinary approach implemented in the senee of including different rel-
cvant inzights from various relaied disciplines and sources in this book, this research
com conceve of the countless relatons incleding cause and elfect across disciplines
within the globalised automotive branch.

For these rensons, the most significant sciences relevant 1o this research and their
interrelations are bricfly outlined on the subscquent pages, The disciplines refer o
academic disciplines and are arranged from meta- (o specific levels, resulting in
an investigation of varving intensity into human ecology, systems sclences, sus-
tainable development, ecology, economy, society, ethics, psychology, politics, and
technology.

2.2 Human Ecology

Besides the declured approach of wransdisciplinarity in Sect, 2.0, 101 of great impor-
tance to tind scientibic felds which are copable of managing the various additional
required disciplines from a meta-position. Through this approach, is it possible w
further increase the substantial value and relevance of this research. The chosen
sckemific fields capable of this sk of taking the meta-position, of serving as a super-
siructure, are first of all, the human-environment geography (see Gebhardt 2011
Knox et al. 2008; Tumer 2002; Weichhart 1993 ) with human ecology as well as sys-
tems seiences and sustonable development, which wall be dealt with within Sects,
23and 2 4.

Geography and sustanable development are 1o date pursuing similar goals in
their respective sub-arcas. Their difference lies mainly in their differing history and
their approach, which is the reason for choosing geography as the first science for
the meta-position. Huoman-environment geogrophy emerged largely from academic
scholars limited by the institutions, whike environmental studies, including the notion
of sy stemic sustainability, evolved through the driving force of occurrences and stake-
holders within large sections of society {Sneddon 2009, p, 5359). However, geography
15 experienced in managing the interaction between humanity and the environment,
and not o forget, geographers have suceessfully empirically verified the influence of
industaal production on the patucal environment (Braom 2003, p. 1) Becent schol-
ars state that the multiple sciences of geography (physical and human) render the
geographer capable of whking on the role as o valuable link vital w schieving a



1.1 Human Ecology o

Fig. 21 Human ecology—a wansdisciplinary appooach, adapted with kisd permassion from
Weichkinr ( 1995)

connection between the natural environment and humanity for the purpose of under-
standing complex issues arising from this relation (see Knox ef al. 2008, p. 755).
This meta-approach is entitled “human ecology” and serves as the moin tronsdisci-
plinary meta-approach for this book, However, despite subileties of the definition
due to different approaches, human ecology in the geographical context is predom-
inanily concermed with sustainability in terms of the relationship between socicty
and the environment which renders human ecology perfectly suitable as o meta-
position o answer the research questions in this book (zee Sect. 1) Human ccology
in this book 15 prmanly based on Peter Weichhan"s explanations (Weichhart 200 1),
alongside Weichhart (1993), Meusburger and Schwan (2003}, Glaeser (2001 3) and
Memwig (2013}, Generally, human ecology can be seen as a field of sustainabil-
ity research focused on transdisciplinarity and the relationship between the global
stakehobders as defined below, withour a predefined siructure as it is basically not an
independent science but 15 a meta-approach managing and accessing diverse human
sciences, Human ecology is a new scientific discipling researching the interrelation-
ships and interactions between society, the environment and homomity, s core 15 a
holistic approach that incorporates physical, culiural, cconomic and political aspects
iDeutsche Gesellschafl fiir Humanékologie eV, 20030, Although human ecology
cmerged from the geographic discipline, it emancipated itself and became a firmly
established, transdisciplinary area of research far-reaching scross mulupke sciences
(mee Fig. 2.1}

This iransdizciplinary approach of human ecology (Fig. 2.01) is an attempt 1o
connect the varous disciplines which represents the theoretical foundation of this

I Trunslubed and parsphrased orginal German passage: “Dde Homanikobogie ist eine neuar
tige wissenschafiliche [sziplin, deren Forschungsgegenstand die Wirkungszusammenhlinge und
Imteraktiomen ewischen Gesellschall, Memsch umd Unieelt snd. The Bem w6t gine ganeheitliche
Berachimmpsweise, die physische, kulmrelbe, wimschafiliche mnd politische Aspekie einbezichd™
(Densche Gesellschafy fir Humandkologie e, 20035
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book, Humom ecology and s transdizciplinanty offer the idea of coupled knowl-
cdge, although this is ofien nod the case in reality. The most imponant sciences
connected through human ecology which are relevant 1o plasties recycling in the
automdive secior are geography, systems sciences, and sustainghle development,
followed in a descending order by ecology, economic sciences, sociology and ethics,
peychology, political science, and technical sciences. Following this notion of human
ecology, the interaction between the two main participants, namely the physical-
materinl world and society, 1= of especially high importance. In this *model of inter-
action”, the physical-material workd (naure) and society (culture) overlap and this
aren 15 defined through “hybrid svstems” [see Weichhan (2008, p. 653, adapted from
Fischer-Kowalski and Weisz 194949,

Eeturning i the paramount topic of geography (Knox et al, 2008, p. T30, lor-
ther proposcs that numerous aspects of future geographics will depend almost cer-
tainly on the demand for particular resources and the vialisauon of new wchnologies,
Reconsidering the facts about the high demand for oil necessary for the production
of virgin plastics and the “end of cheap odl” as stated by Camphell and Laherrére
(1993) and outlined in Sect. 3.1, Knox's statement highlights the necessity of geo-
graphic approaches woward the current and future plastics production due to the high
dependency on o particular resource - mil. Furthermore, the uvtilisation of new tech-
nologies, such as new materials, and techiological changes in a globalized economy
have global effects (see Malecks 1997,

Taking a brief ook on the life-cycle of products, as owtlined in Sect. 3.1.2,
i becomes clear that geographic factors are essential i a globabized economy.
Focussing on the awtomative sector, on the required resources for production, the
autometive components, and ulomately the cor deell os outlined in Sect 3.2, the
life-cvele of those is characterised through numerous spatially relevant features and
is a reflection of the relationship between society amd the environment:

» The geographic location of the source of the natural resources (e.g., determines
the work environment and s relevant for the ecological impact),

e The geographic location of production (locations can be at different stages of
development and con have different laws leading o different envirmonmental
impact}.

¢ The geographic location of the usage {determines 1o a great extent where and
how the ELVs are treated., causing varying ecological impacts ).

# The geographic location of the final destination of unireated end-of-life vehicles,

The relationship of the above-mentioned geographic locations of siages through-
ol the life-cyele of products, or in this cose cors, underhies the bosic relations within
coonomic geography according o Ritter (1991, p. 24}, This model shows that the
resources of the natural milien and resources of the societal and cultural milieu
are used to sptisty human needs, which are modified by ethics and morality. These
resources are situated at a geographic position. Finally, the resources, their geo-
graphic location and the human needs define the functional relations of economy.
Additionally, the relationship between the actors comprised of the consumer, the
polincions, and the supplier company = relevant in an economic systems soch as
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the sutomodive and plastics imdustry, which 1s called “group of actors approach’
according to Kulke (2003, pp. 1E=2(0). In this approach, the financial and work rade
between the supplier and the consumer, the power distabution between the consumer
and politics, the lobbying and sirectural policy beitween politicians and the supplicr,
and finally the sharing of information establish a system of actors which is influ-
encing the structure and dynamics of location systems and areas as well as spacial
aystems of economic activities, This approach highlights that in an economy, several
actors or actor groups are interconnected significantly. In short, environmental issues
and their geographic research are generating a huge momentum within the field of
sustainability concerning materials in the economy, regardless of varying definitions
of scientific {sub-Hiclds. However, there are more disciplines besides geography that
are investigating environmental 1ssues,

23  Systems Sciences

Because this research in the automotive sector deals with a complex system regarding
a vist number of elements and disciplines a5 outlined above, it is advisable to take
a systemic approsch for improving our understanding of the inherent complexity
of the wpic, The ponciples of systems science are relatonships between elements
including cause and effect, as illusirated in the following example linked o sustain-
ability by QEC 2003, p, 215, which states that “human sciivities exert pressures on
the envirenment and affect its guality and the guantity of natural resources (“state”);
soctely responds i these changes through environmental, general economic and sec-
toral policics and through changes in awareness and behaviour (*societal response’)”
(=ee Fig, 2,2,

ENVIRCHMENT ECONOMILC,
HUBAN ACTRATIES & ATURAL fﬂmm&
RESCHIRCES SOCIAL ACENTS
 Lreegy Prforrmaioer
& Trairpoe] Frdian Conditions H
& ladigtiy PRI @ Adminairatisn
B dgraciiinng - :;:mphm & Hoaiiahokds
& - i L
Oeheny . " b priiari
farocss ban, & Wl R o by | ey
p AT pug | ¥ Manml 5 | B & Sub-natenal
e ® Clikerm -
8. hasr ek % Frriernaiicnal
P

Fig. 2.2 The "Pressure-Siate-Response Model™ highlighting the systemic relationships of susinin-
abiiliny, used with kind permission from ECD (B3, p, 210
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Fig. 23 The basic principles of n sysiem, sdopied from Mrozek (200 2) and Ossimite (20008, 19%7)

With syslems sciences, it is casier to comprehend the sysiem clements and the
arrucire of effects related (o automotive plastics when following the principles devel-
oped by authors such as Bertalantty (14968, Checkland ¢ 1995, Bosnay ( F97%) and
Willke {2006). Thus the necessary insight 1o discover the most promising svaiem
clements, which can be altered to enhance economic and ecological performance,
can be achieved. This notion was alao foliowed by Graedel egal, (1998) who claimed
that the automotive industry had 0 be understood as o system imcluding s sur-
rounding elements and other systems. The principle of systems science is defined as
Tollows: “A system i o sl of objects wgether with relatonships betwesen the objects
and between their atiributes™ (Hall and Fagen 1956, p. 18). Consequently, a system
consisls of system elements, which are structured through connections thes creating
relationships, and possibly feedback. In general, the elements of & system are situated
within a certain boundary, which should be created in order 1o achieve a high level
of sutonomy of the system within the system environment. This system environment
influences the system (input) and vice versa (outpur), Furthermore, feedback is pos-
sible wathin the system, even without input from the environment (Mroteek 2002
The hasic principles of a syatem are illusirated in Fig. 2.3,

By thinking in terms of such systems, it 15 possibbe o perform analysis right down
o thee last detail as well a5 regarding the far-reaching synthesis of causal relations
{Bopohl 2009, p 770, Furthermore, this “systems thinking” iz, according 1o Ossimite
(1997, 2062 defined by four essential dimensions, which were adapied by the author:

& Model thinking: explicitly comprehended modeling, ond awareness of the neal-
world the model is referring 1o
# Interrelated thinking: thinking in interrelated, systiemic sirociures,
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# Dvnamic thinking: thinking in dynamic processes (delays, feedbock loops,
ascillations).

# Syalemic action: the ability for procuical system management and system con-
irol.

These dimensions are considered key o practical systems thinking as performed
in this book, Mow that the basics of sysicms thinking are outlined. we can apply this
essential systemic knowledge wothe scwence of “sustamable development”,

24 Suostainable Development

The science of sustainability” is obligatory 1o fully undersiand the ecological dimen-
sioms of putomotive plostes along the whobe ife-cvele of cars, For this reason, sci-
cntific exploration of sustainable development figures into the theoretical concepts
of this book oz ot Facilitates strategic thinking and mking action o overcome urgent
challenges (see Baumganner and Borhonen 2000; Carrol]l and Buchholiz 200 1; Kates
and Clark 20,

Defining sustainable develogment is difficult, although the term is o date widely
used, eliciting a variery of responses, According to Hopwood ef al. (2003, p. 38),
“the concept of sustainable development 15 an attempt to combine growing concerns
about a range of environmental issues with socio-economic issues.” Another and
probably the most famous definition is from the report “Our common future”, also
known as “Brundiland repon’; “Sustainable development is development that meets
the needs of the present without compromising the abaliny of fulure generations o
meet their own needs™ (Gro Harlem 1987, p. 410

2.4.1  Levels, Types and Principles of Sustainable
Development

T this section, a brief outline of the goals of sustainability and sustainable develop-
ment will be provided. Following the idea of the *Fromework for Strategic Sustain-
able Development’ (FSSD) by The Matural Step (20133, we must “eliminate our
contributions o ...

® ., e systematic increase of concentrations of substances extracted from the
Earth’s crust {for example, heavy metals and fossil fuels),

® .. the sysematic increase of concentrations of substances produced by society
(for example, plastics, dioxins, PCBs and DT,

2 A detailed up-io-date outling on sustaisability i provided by Zinmermann (2006) (in Gennan).
'*T'hr.:: ganls are o refoemulation of the inially developed prals by Baobém (2002 ) amd Robén e al.
(T2, pp. 149, 19%)
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# . the systematic physieal degradation of patere and natural processes (for
crample, over harvesting foresis, destroying habitat and overfishing); and ...

# ., condivons that systematically ondermine people’s capacity o meel their
hasic human necds (for example, unsafe working conditions and not enough
pay o live onp,"”

Besides these poals Tor a sustonable society which do notl incorporate cerain
aspects, five principles for sustainable development of which some are linked 1o the
goals mentioned above expand this notion (Deutscher Bundestag 1998

# “The degrodation rate of renewable resources should not overcome therr regen-
cration rate. This mle requires the mainienance of ccological productivity.”

# “Mon renewable resources should only be wsed w0 the extent w which o
physically and functionally equivalent replacement in the form of renewable
resources of of higher productivity of renewable as well as of non-renewable
resources 1s schieved.”

¢ “Element inputs into the environment should not overcome the absorption
capucity of the environmental medium, considering all functions of the envi-
rommental medium.”

& “The period of time in which anthropogenic inputs or interferences in the envi-
ronment aocur must be in a balanced relation with the period of time needed
by the notural processes related o the reacton capacity of the environment, ™

e “Dangers and unjustifiable risks for human health due to anthropogenic inter-
lerences hove o be avoaded.”

Addivonally, sustainability contams economiie, ecological, and social dimensons
that are nof separate, but create via an integrated view the three pillars or dimensions
of sustainable development {see Adams 2006}, ilusraed in Fig, 2.4, The dimensions
of sustainahility with respect to this research will be dealt with in detail subseguently
T this =gction,

Taking the pillars of sustainability, it becomes obvious that one is missing: the
instiutional pillar, Thiough this approach, initally developed by Yalentin and Span-
genberg (2000, p. 383}, the institutional aspect of sustainability {(which strengthens
participation) as well as the linkages between the cerain points of sustainability
and their imperatives are taken into consideration, as illustrated in the following
teiraheder (see Fig. 2.5). Additionally, Janschitz and Zimmermann (2000, p. [37)
ineorporated logical levels w achieve o concept orgimally developed for sustanable
regional development, but is perfectly suitable for various research in the field of sus-
tainabiliny, The core of the bogical levels i= o consider the fields in need of change
from identity to the environment, which are relevant according to the respective pillar
of in this case the verices of sustainability, and 1o achieve solutions ranging from
visions i concrete actions, The main aim of the concept i= to integrate a holistic
atrategy in sustainable development with the focus on the ecological aspect for the

*Trunslution From German passage in Umwelibundesami (2010, p. 15), sdditonal iranslation avails
abile from Gleich enal. (2006, p, 553
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Fig: 2.5 The prism of sustainahility (Valentin and Spangenberg 2HN0, p. 383} used with kind
permission, All ighis reseroed

reason o develop valuable and procticable solutions Tor transdizciplinary challenges,
which is key to this book primarily concerned with ecology.

Becouse one pillar of sustaimability is concerned with economy, 1t 15 necessary
i first investigate corporate sustainability and secondly, the relationship between
sustainable development and corporate sustonabaliy, In this case, the macro-level
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Sustainable Development
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Carporate Sustainability
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Economic
Ecological

Fig. 2.6 Levels nnd relationships of susininability, used with kind permission from Banmgarmer
and Ebner (3000, p, 71

(sustainable development) infuences the micro-leve] (corporate sustainabality, see
section “Corporate sustainability and CER"} through legal, technological, marker,
societal, cultural, as well as environmental factors (=ee Fig. 2.6), The micro-level is
again based on the three pillars of sustainability. Additionally, sociery can benefit
Tromm corporate sustainabiliny as lustrated by the columns in grey extending from
the micro-level inio the macro-kevel (Baomgariner and Ebner 2000, p. 77).

O holistie examination of sustanabiliny science, lour aspects are vital of impor-
tance, creating a full outline of the notions of sustainabality, which was adapted
from Baumgariner (2011, p. 785) and Omer-Rieder and Tozer (2004, pp. 6, 72
Sustainability...

# . 05 aboul schieving adequate living for all people on earth wathin the planetary
houndarics, still enabling tomorrow s society to do so likewise.

# ... 05 dynomic with constantly shifting shor-term goals i the course of less
dynamic long-term goals.

# ... has o develop strategic contributions {thinking+action) for consiructive
improvement for society and nature.

® ., contributions have to be rigorous in terims of approaches amd sirategies,

& . is o be dealt with in traditional disciphines, and holistic disciplines (such as
sustainability science) o achieve an integral way of viewing things.

# ., 15 aboul sustaimable innovaton through new prodoects, os well as imstotional,
societal and sysiem innovations

Continuing with the appmach “from holistic to specific’, we will move on o
cutling the pillars of sustainability, First of all, the ecological aspecis will be deali
with, tollowed by the economic and the societal aspect including ethics, psychology,
politics and the technical theory regarding automaotive plastics recycling.



14 Susminable Developmemn 17

2.4.2 Ecological Aspects

The meest important aspect of sustamabiliy in this research = ecology, Essentially,
the connection between geagraphy, sustainahle development, and ecology is high-
Iighted by Siebed (2008, pp, 99, 283) and Siebert (0T, po 378) becavse they stale
that human sctivitics are always linked to the environment, which is still considered
a free pood morked by overconsumption o date, 10is for these reasons that the envi-
ronmental impact by human and especially corporate activities has been growing
ever since, leading 1o unsustainable practices (IPCC 2007, Labuschagne e al. 20603,
Puchauri et al. 2004 ) which are measured and compared. for example by DISL{Z200 3],
FTSE (20010 and GREI (200 1), Due o this impact of humanity on the environment,
the era succeeding the Holocene from the late eighieenth century unil today can
he labelled as the “Anthropocens’ (Cruizen 2002; Steffen 2007, However, the terin
Anthropocens hos o varety of definitons, depending on the edvcatonal and profes-
sional background of the respective author {Ruddiman 200 2; Zalasiewice ci al. 2008).
Crutzen's definition was considered the most suitable, becouse of his simosphenc
chemisiry approach, which considers the industrial revolution and the usage of fossil
Tuels as the beginning of the ‘Anthropocene” era, In that era, homomity hos been
transgressing the plonetary boundaries which “define the sate operating space for
humanity with respect 1o the Earth system and are associated with the planet’s bio
physical subsystems or processes” (Rockstrim et al. 2008, p. 472).

With this background of the environmental impact of human activities, and the
principles of sustamabihty provided pbove, we now have to assess the practical
coological aspects or impacits reganding life within the planctary boundaries based
on Boumgartoer and Ebner (000, po 79 The ecological aspects of sustinabiliny
include “Resources (materials, encegy ) including recyeling”, “Emissions into the
arr”, “Emissions inte the water”, “Emissions ite the ground” as well as “Waste
and hazardows wasie”, impact on “bicdiversity” and “Environmental issues of the
product” over the whole Iife-cvele, These ecological aspects are diversely applicable
it imvestigale pdverse environmental impacts. In fact, especially the link between
global warming and humanity has been confirmed by extensive research on 11,944
papers by Cook et al. (2003, p. 1) which showed that “97.1% endorsed the con-
sensus position that humans are causing global warming”, although this number is
being debated and chollenged in the scientific community. However, to provide coun-
termeasures against the human-cavsed environmental degradation, one can deduce
rubes for sustamability, o= cuthined in Sect, 2.4, When conssdering the rules and the
coological aspects of sustainable development, it is to be highlighied that during the
investigation of ecological impacts of, lor example, a product, a life-cvele approach
is necessary inorder io achieve a holistic view. This life-cyele is defined through three
phazes: the production phase, the life phase, and the end-of-life phase (Mawdet er al.
2002, p. 23), see Sect. 3.2.3, Dunng these phases, certoin environmental impacts have
1 he considered, for example demand For raw matenials and energy, the production
of waste, and the release of emissions (for more details see Sect. 3.1.3).
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Sustainability science has developed two levels of sustwinability, namely “weak’
and ‘strong” sustainability, Weak sustainability suggesis that natural capital can be
replaced by manufactured capital, that depleting natural resources is justifiable if
human-made capital is generated in exchange, For example, extracting oil, thus
cxtracting green house gases whose emissions are measured in OOy eguivalents
(C05cp{Pachaur et al. 20604}, is acceptable if enough plastic products are being pro-
duced, Incontrast, strong sustanabaliny suggests thol natural capital s irreploceable,
that natural capital is Anite and certain naiural functions are ireversible (Newmayer
2000, pp. 1, 23,

The idea of sustainability leads o additional concepis, such as eop-efficiency
and eco-eMectiveness, According 1o Braungart et al, CH07), eco-elMciency sees the
coonomic fow in a linear way, from raw material extraction, o the production of
goods and finally (o waste {cradle-to-grave). In this linear succession, it is possible
i enhance efficiency through, for example. o decrease of raw-material and energy
consumption for the production, or linle recveling, In fact, only downeveling” is
possible, since the linear economy does not implement design-for-recyeling strate-
gics. In contrast, eco-clfectiveness sees the cconomic flow not as linear but as circular
feradle-to-cradbe ), With this approach, materals do notend up as waste, as their status
as a valuable resource is never lost, through design-for-recycling and actual recyeling
stritegies (upeveling®) (Braungart et al, 2007y, Moreover, eco-elficiency is intended
i decrease the harmfulness to the seological system, whereas con-cffectivencss is
intended w increase the benefit to the ecological sysiem {see Fig, 2.7}

*Downeveling describes the process when the recyebed produoct is of inferior value tham the nital
prodduct, for example, il hagh-tech aubomistive plastics i being downevcled 1 become a washe paper
husket,

PUpeyeling describes the process when the recveled product is of equal or superor value than the
initial product, for example if high-lech automotive plastics is being recycled (o become highslech
asomolive plistics again.
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However, o cntical analysis reveals that the concept of crodle-to-cradle hos o be
seen from a holistic life-cyele viewpoint. Thus, the hicrarchy of aims might con-
clude that recyeling 15 deemed unworthy because it 1s o energy-consuming and the
recovery of energy through incineration might be preferable. However, this has o be
analysed in each individual case, The next relevant scientific field of sustainability
15 concerned with the economic aspects reloted to this research.

2.4.3 Economic Aspects

Research om plastcs recycling in the automaotive sector 15 heavily dependent on
coonomic factors, simply due o the fact that it is the economy that drives the world.
With thi= im0 mind, 1= clear that ... the resoluton of envirommental issues has
o procesd alongside the many economic challenges cumrently fucing the automotive
industry: nodably over-capacity: saturated and fragimenting markets; capital infensity;
and persisient problems with achieving adequate profitability™ (Orsato and Wells
2007, p. 989). This nodion refers o firstly, “impact decoupling’, which “requires
increasing economic output while reducing negative environmental impacts™ and
secondly, “resource decoupling’, which is defined as “reducing the rate of use of
(primary) resources per unil of economis sctivily” (Fischer-Kowalski and Swilling
2000, p. 41 As illusirated in Fig. 2.8, resource decoupling refers to the idea that the
inlensity or success of economic activity 15 1o be decoupled from resources, And
impact decoupling refers to the notion that the economic activity is o be decoupled
Frowm thee envirommental impact Moreover, the aim 1= o decouple human well-being,
which is presently coupled to economic growth, from environmental impact and
PEROLTDE Lse,

Additionally, Deutscher Bundesiag (2003, po 156} poinis out that *green growth’
will not be defined by high growth rates. The benefic lies in the stability and

Human vesi-b=ing

Economic acinTy (GOF]

Resogrce s
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I
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Flg. 2.8 Twoaspeets of “decoupling”, adagied from Fischer-Koewalski ard Swilling (2001, p. 15)
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long-term sustanability of economic development, Despite these notions of green
arowih and decoupling, several additional economic aspecis have to be considered as
well. Accomding w Deutscher Bundestag (1998, pp. 26, 27), the following aspects’
have to be taken into aocount:

o The economic svarent i3 to meer ndividieal and social keeds efficiently. For thiz,
Hre economic system oest be so designed that i priemotes personal initfarive
{self-respemsibiliny) and the self-inerest in the service of the commaon good
sy responsdbiliny 10 fo secure the well-being of coreent and futwee socieiy.

e Prices must permanenily perceive the essensial geiding role in markess, They
are To reflect fooa large extent the searcity of resources, lowering, Jociors of
proviciion, gomds, and services.

w The condivions of competilion are fo be desigaed so that finclioning markeis
emerge and are sustained, ond innovalions stimalated in order o aohieve &
srere in which a long-rerm orientarion is worthy aid thar the social change
secessary o adapd o fivinre needs i encouraged,

o The economic efficiency of a soclery and o productive, social, and Faeman
copited mst be ol teast maintained over time, These showld wor ondv be increased
O derms of guanity, e also constannly improved in terms aof gqualin.

Corporate Sustainahility and CSHE

The aspects above now have o be implemented within companies through corpo-
rafe sustainability, which 1= “Sustainable development when incorporated by the
organisation .. and it contains, like sustainable development, all three pillars: eco-
nomie, ecological and social” (Basmgortoer and Ebner 2000, p. 77} and corporate
social responsibility *CSR’.® which is defined as “the responsibility of enterprises for
therr impacts o sociely™ (European Commission 2011, p. &), although CSR 15 oflten
defined by multidimensionality not just concerning the social aspect. This broad cor-
porate social responsibility 15 comprised of integrating environmental, ethical, social,
and human rights, and concerns of the consumer into the corporate strategy, “with
the aim of ... maximizing the creation of shared value for their ownersfshareholders
and for their other stakeholders and society ot large™ and “identifying, preventing
and mitigating their possible adverse impacia.” Another term for corporale sustain-
ability is “Corporate Responsibality”, which is defined similarly through a business
managemeni with sustainability as the major focus to achicve long-term success,
United Mations (2000, p. 15) developed a more detabed puidelne for compa-
nics, to achieve a higher level of sustninability. These “ten principles of the global
compact” inelude besides prnciples about human righes, labour stomdords, and anti-
corruption, three environmental principles (7 to 9) that “[bjusinesses should support
a precoutionary approsch o environmental challenges”, “undertake imtatives o
promote greater environmenial responsibility™ and “encourage the development and

T Translaved are] paraphrased from German,
FPease nole that C5E amd conporale susiainability are stll not clearly disiinguished {Baumgariner
HH 4, po 259 and this is why both terms ane gsed 0 present comfusion,
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diffusion of environmentally friendly echnobogies,” To Gnd oot how ooomplement
sustainability ai corporate level, please see Secis. 6.1 and 6.1.3.

However, (corporate) sustainable development requires assessment, which 1= dif-
ficuli. More than 41 sustainahility indices offer various approaches, from integrated
and holistic 1w specific and narrow, including, for example, life-cvcle assessments
(LCA=) (Singh et al. 2002} with respective stundards such as the 150 14040 2006
(150 200600 and 14044 2006 (150 2006k, The mentioned LCA s a holistic and
systematic analysis of o product from the cradle to the grave including the initial
raw material exiraction up to the disposal at the end-of-life (Owens 1997, p. 370, or
a “eompdlaton and evaluation of the inpuls, outputs and the polential environmen-
tal impacts of a product system throughout its life-cycle™ (Shrader-Frechetie 200 2.
Several LCA methods, which hove been developed and improved in the lost vears,
are applicable for achieving a rigour and holistic life-cycle assessment also o avoid
problem-shilting from ome part of the ife-cycle w anosther, from one geographical
arca to another” (Finnveden et al. 2000, po 171

Mow Focusing on the social aspect of corporate sustainability, C5R can be outlined
in varous wiys and very simply, such as done by Carrol] and Buchholtz (20000, p. 36)
who state four components of social responsibility, which suggest that a company
which incorporates CSE should be profituble, conforming to the law, act ethically
and be a good member of society, As the concept of CSR s, as the definition sug-
gests, deeply lnked o socweal aspects, the nest section will draw on this and other
remaining aspects of sustainability, but not just focused on the corporate level.

2.4.4  Societal, Ethical, Psychological, Political,
and Technological Aspects

Sustainability in general also incorporates social aspects including ethics and psy-
chology, which are of egual imporance to the ecological and economic aspects.
Starting with society and following the notion of Dillard eqal. (2008, p. 4, it is 10 be
highlighted that sustanabaliny in social werms is divided inle sustonable processes
and social facilities, which foster the former,

Within the social aspects of sustainability, also ethics emerge o o feld of inerest,
as they are the foundation of responsible acting. According to Kant (1993}, ethics
are defined as the following imperative; “Act only according w that masim whereby
yiou can at the same time will that it should become a universal law without conira-
diction.” Formulated very simphistcally, this imperative suggests that what evokes
social benefit is positive, and what evokes social disadvantage is negative. Addi-
tionally, Kant (1993, p. 3) argues that society has the duty 10 incorporates efforts
i improve freedom. peace, justice, and human rghis, and o preserve the natural
enyi ronment.

A o result, these notions establish and drive the implementation of a new paradigm
or conscnsus called the *global ethic” (Kling 1993, p. 6. Further, it is time o pursuc
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responsible economiie practices concerming the present world, the notural world and
the future world (King 20040, p. 126). Consequenily, the global cthic can be uiilised
1o chonnel these regquired practices, Mow, in onder o understomd bow we can pursue
such responsible economic practices, we have to bricfly assess the political and
peychological aspects as well, Within this book, the social (and also the economic)
aspect of sustainability is only indirectly of relevance due to the link o the ecological
sustainability, for example, when increasing the circular economy in ferms of plastics
which can cou=e a reduced need for waste exports o countries that have less strict
regulations concerning landfilling, including manual ireatment of {toxic) waste,

However, sustmnabality 15 also comcemed with psychology, simply for the reason
that humans are invelved. The decision-making process performed in companies, the
government and i the mind of each individual buman being 15 especially rebevant
for automodive plastics recycling, for example due to a possible change of material
sources, According o University of Massachusetts Dartmouth (20070, the steps of
decision making are:

L. “Tdenufy the decision™

2. "Gather information”

3, “Idenufy alternatives”

4. “Weigh the evidence”

J "Choose among alternatives”
f. “Take action™

T. “"Review your decision,”

However, this decizion making process can be influenced heavily by cognitive
and personal biases (Monkeelow 2002}, which con lead 1w serious fuilures regarding
decizions within a complex. system that reguires a gorous and holistic analysis of
the syatem elements and their relationships, Ome relevant aspect in this case is the
possibility of egoistic action by the individual in the system which can lead 1o ser-
ously negative outcome, and this usual seor is called “Timited homo ceconomicus™
({Kulke 2013, p. 55).

Besides society and the economy represented by businesses, polities and political
decizon-makers represent an additional key player in the chomging and environ-
menially critical system of automotive plastics, because ... science and technology
developments are challenging existing public policies amd legislation due w the
impact that they may have in terms of environmenial sustainability 7 {Kldwver et al.
2015y In fact, poliveions con mflvence this system through impeding, promoting,
and stalling sction by means of legislative measures, incentives, lobbyving, and sim-
ple action, inaction, or even counter measures, Through these options of influence,
politics represent another actustor for improving sustainability within companies.
More importanily, the mentioned key plavers (politics, companies amd society) do
act aecordingly to certain decision making processes and are influenced by biases.

In ihe ficld of plastics recycling in the automodive sector, the technical aspect is of
particular interest, This is becavse the avadlable and fowre wchnologies determine
the paths we can choose from when pursuing sustainable development. When think-
ing aboul technology woamprove the level of sustamabaliny, 0 is necessary o evaluate
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techmobogy, However, current practice 15 w focus on the economic and wechnical char-
acteristics, If new techrology is intended to be designed humane and environmentally
sound, ecological, social and poliveal dimensions cught w be included i the svsiem
of aims within the development of this new echnology (sece Ropohl 20097, This
notion is called ‘eco-technological systems knowledge” or “eco-socio-technological
systems knowledge® (Ropohl 2008, p. 277). This concept builds on the assumption
that nature, human beings, and society create the conditions (o which technology is
subject. Wice versa, conseguences induced by technology influence nature, human
beings amd society {see Ropohl 2008,

Mow, o develop Tulure conscious sirategies in line with nature and socety, on
cramination of technology and s possible issues is reguired. Prominent exami-
nations are the hobiste “technology assessment” or “TA" (United States Congress
1995} to analyse the impact of technology on society (Coates 1976), or the focussed
emvironmental-impoct analvses” “EIA" (Shrader-Frecheus 2002) A popular TA
method is for example the ‘risk-cosi-benefit analysis™ "RCBA'. Concemning these
ivpes of assessments, the biggest challenge is forecasting and anticipating “higher-
order” consequences of high complexity {Shrader-Frechette 2002),

2.5 Conclusion: Sustainability as Schridinger’s Cat

Is sustwimabiliy dead or alive? I am nod 20 sure. Bul reflecting on the gathered
information in the preceding sections concerming plastics recycling in the antomotive
sector with the focus on ecological sustanability, one = led o these main Gndings:

¢ Humankind is the determining factor on the globe in the eraof the Anthropocene
{Crutzen 2002; Steffen 2007).

o Certain houndaries of the carth have been transgressed or are being iransgressed
{Rockstrim et al, 2009).

e Solutions and strabegics exist in theory, such as

— Resource and impact decoupling (Fischer-Eowalski and Swilling 2011, p. 4).

= Eco-efficiency and eco-effectivity (Braungart ec al, 2007).

— Concepts for holistic and transdisciplinary strutegies for sustainable develop-
ment including the FSSD {Janschiiz and Zimmermann 2000; Robért e al. 2002,
g 137h

— Corporate sustzinability and C5ER (Baumgariner 20014 Baumgariner and Ebner
2000; BEuropean Commission 20010,

— Ecotechnical systems knowledge and technology assessment (Ropohl 2000
Sheader-Frechette 20M2; Singh et al. 2012},

Trunslubed and paruphrased originad German passage: “Hkoiechnobogisches Sysiemwissen” and
“dko-sozio-iechnobogische Systemwissen” (Ropaohl 2000, pp. 214, 213
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As o imtermediate result, the scientific sustainabiliny approach reveabed that in
order to develop sustainability with sirategics as mentioned above, first the key cle-
ments including the key players, resources and goods, as well as their relationships
within the automodive plastics production and recyeling system have o be under-
st {Fischer-Kowalski and Weisz 199909 Knox et al, 2008, QECD 2003; Oszimitz
20002 Weichhart 20008} Furthermore, it is necessary o gather knowledge and data on
the above-mentioned sysiem aspects suitable for the normative, the sirategic, and the
operafional management level in companies (see Baumgartner 20045, Conseguently
and foremost, information about the economic branches and goods in the focus of
this book 1= required, which s done in the following Sect, 3 and the subsequent
cmpirical analysis.

When poing back 1o the beginning of this book and reflecting on the research
questions (see Sect. 1), the theorctical outline in the preceding sections provided
reasons and critera for the selection and formulation of research questions following
the overarching question: What can we do to advance the ecological susiainability
of plastics in the European automodive sector? Bur first, when thinking beyond the
main findings above and especially the section about sustainability, 1t was discovered
that companies do think differently. Sustainability is ‘good” and a requirement, but
in fuct, the only thing companies really understand are key performance indicators
(KPIz). Therefore, a mew definition was required, And this is why it was decided o
adapt the notions of sustamability science for companies by creating o new approach.
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Chapter 3
Automotive Plastics and Sustainability

Abstract Plastics, cars, and sustainability—how do those three concepis even go
tgether? To cxplain, 1 will now present a short outline on the global development
ol bith the plostics amd sutomotive indusinies, each with a comprehensive analysis
of the environmental challenges and susiainable chances of the automodive plas-
s production and recyeling systems, In this system especially, the notons and ideas
depend heavily on the perspective, or in this case, rather the perspective of the compa-
mies, This ereates oumerous and often conflicting opinions and even Gcts that clash,
generating controversy in particular when analysing plastics in terms of ecological
sustainability, In this chapier, this controversy is brought forward in an objective, sci-
entific manner, bosed on the theoretical ideas and notions from Chap. 2 o reflect on
the reality in the industrial sector, Through the combination of these two chapiers,
wie can break the surface and evaluate the current development of the automotive
plastic production and recycling sysicm.

3.1 Plastics

310 Definition and Development of Plastics

Plastics are omnipresent, yet are hard o define. The term plastics is commaonly knowm
yel nol easy W deserbe for most people, ever since plastics wene developed (Meikle
14995, p. 5). Mevertheless, there are several definitions, some very detailed and thus
more restrictive than oihers:

[Plastic is a] maberial which conlains as un essential ingrediend o high palymer! and which,
Al spme siage in iis poocessing inia finished producis, can be shaped by Bow, Elassomeric’
weaterials, which are abso shaped by Now, ane noed considered 1o be plastics. (150 2013)°

| A polymer is o “high molecular weight molecule, natural or synthetic, whose chemical siructure can
b represemed by repeared small unics which colbectively form molecubar chalng. . This material
chass has thnee main sub-gronps: elasiomers, thermoplastics and themmoses,” (130 2011,

2an elastomer is a “macremolecular materinl which retums mpidly 1o b= indiial dimensions ond
shape alter substintial delformation by a weak siress amd release of the siress, The defimlion
applies under room temperature lest conditions.” (osed with kind permission from (150 201 %)),

"By permission. Prom the Insernaticial Organization for Sandardization.
€1 Springer International Publishing Switzerlamd 3T pu

[, Schonmnyr, Aurammive Recveling, Plasics, aed Susnsinalidiis,
O RO DRV TR-3-3 19-57400-4_3



My 3 Amiomative Plastics amd Susiainability

However, for this research, the following definition 1= considensd best s i refers
i the organic roods of the vast majority of plastics:

[Plastic s] a plasiic substance: specalically: any of aumenies orgnic symthetic or processed
materiaks that are mestly thermoplasiic® o thermoseiting® polymers of high molecu-
lar weight amd thar can be made imo objecis, Glms, o filamenis (Memiaom-Wehsier's
Collegiate ¥ Dictiomary 20171

A natural matenals such ox bilumen might also Gt the definiton of plastics, one
has to differentiate between natural plastics and synihetic plastics (Brydson 19949,
Moreover, plastics are made from petrochemicals such as crode oil, coal, and nat-
ural gas” (Chanda and Rov 2000). Focussing on synthetic plastics in this book, the
historical data of the plastics discovery in literature found varies depending on the
detailed definition of plastics. Brydson {19949, Chap. 1), one of the most prominent
authors dealing with plastics in general, highlights the discovery of mubber in the 19th
century a= p mere starting point of plastics, as this materiol was a vital yvel neglected
predecessor of the plastics industry, Inventors such as Charles Goodyear and Thomas
Hamwock did extensive research on rubber resulting in the development of matenals
swch as vulcanite, chonite, and hard mubber. Inothe years following, numerous plastics
materials, for example porkesine, cellulmd, guita percha, and shellac expanded the
range of plastics. However, Brydson (1999, pp. 3, 4) also highlights that Alexander
Porkes was the first to market plastics after developing o material colled “Parkesine’,
iniroduced in 1862 af the *Great Intemational Exhibition” in London { Brydson 1999,
Chap. 1), Therefore, Parkes can be considered the father of plastics,

A different view on the history of plastics is expressed by Thompson et al. { 200590),
as he declares a certain material the starting point of plastics: the first fully synthetic
plastics matenial “Bakelite’, developed by Leo Bakelond, a Belgian chemist, in 19417,
st off further developments,

However, 11 = even more remarkable that the success of plastcs matenals did not
stan off immediately afier their discovery. In fact, there was a pericd of reduced activ-
ity until the beginning of misss prodoction im the 19405 and 19505, launching the nse
of plastics used on a daily basis (Thompson e al. 20000). Since this stan of industrial
plasties production, the vsage of plastics has been growing extensively (see Fig, 3.1
The economic relevance of the plastics indusiry on the globe and in Europe has
therefore been growing in the EL-28in 200 2 1o generate a furnover of €213 billion
from manufeciuring “plastic products” (processed and shaped plastics), additionally
93,6 billion from manufaciuring “plastics in primary forms" (Eurostal 200 3) (such
as plastic Aakes and granulates). Forthermore, in 2002 there were 25446 enerprises

*“Plastic which, when cured by heat or other means, changes into o subsiamially infusible and
insoluble product™ (1500 2001,

SePlastic that has thermoplastic properties™ (150 20015,

"H:r' permission, From Merrinm-Websiers Colbegiate Dictionnry, 11th Edition 2007 by Memiam-
Wiebster, Inc. (hipofifwoww Meamianm-Webstercom).

For more details oo plastic materials and production, plesse refer to Chanda and Boy (20100, and
bitnp: i wwew plasticaeurope. oz,
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Fig. L1 ‘Workd Plostics Produciion from 1950 w0 2005, mdapged with kind permission from Plas-
ticsEurope (201Z, pof, 2006, p. 12), modified by the suther, B is the coeflicient of delerminaxmm,
caloulated by the msthor. {Color figure online)

manufacturing plastics in primary forms with 1,356,000 persons employed, 56,000
cnterprises manufacturing plastics products with 12,5HLHH persons employed
(Eurostat 2001 5).

Dwring the research omn thess statistes from sources other than BEurostat, §discov-
cred discrepancics concerning the numbers provided by PlasticsEurope. For cxample,
the tumover of the prodecing industey indicated wos 104 billion in 2000, according
i {PlasticsEurope X011 1k, p. 5}, but in the report from 2012 (PlasticsEurope 2012,
P 5k the turmover in 2000 = state o 39 billion, I could not be determined whether
this fault is related o PlasticsBurope, or PlasticsEurope's source, Eurostat, as Plas-
ticsEurope does not provide information on the definition of “plastics converters’
and ‘plastics producers”, and which respective statistics are used from Eurostat for
the caleulation in combination with the swatistics cakeulated by PlasticsEurope, A
personal commespondence with PlasticsEurope revenled that their data 1= agareaated
from the country-based indices by Eurostat and exirapolated, but the exact data could
nol be made accessible,

In 1954, the plastics production on the globe accounted for 1.7 Mi (megatons or
million tonnes) (PlastucsEorope 2002, po 61 Sioce then, 3.4% CAGE {compound
annual grovwih rate) caused the production to rise to 322 Mi in 2005 (PlasticsEurope
2006, p. 121 The ELU-28 including Morway and Switzedand produced 58 Muin 2015,
which is 13% of the global plastics production. However, it is to be highlighted,
that PET-, PA- amd Polyacrylic-Fibers are not included in this dataser, With this
knowledge, it should be mentioned that the {European Commission DG ENY et al.



1 3 Amiomative Plastics amd Susiainability

Latim America
44%
Japan  CI5  Middle Easy,
3.3% IEE Africa
T.5%

Fig: 3.2 Workd Plastics Production in 201 5—geographic aralysis, adapted with kind permission
from PlosticsEurope (3016, p, 15)

20010, po 120 stotes that the Buropean plastics industry accounts for 25% of the world
plastics production, likely referring to 2000, while {PlasticsEurope 20016, p. 12) states
20% im 2001, In 2020, global plastes production 15 lkely o resch approsimately
JROML hased on polynomial trend caloulations.

Undertaking o geographic analysis of the development of the global plastics pro-
duction, the shift of production owards Asia is apparent, China, Japan and the rest of
Asia managed 1o increase the global production share from 36.53% in 2005 10 48.8%
or even 51.4% including the C15* countries in 2012" isee Fig. 3.2). In fact, the pro-
duction is shifting wwards Asia, because of low production costs {PlasticsEurope
2013k, p. 5, possibly doe o less smet regulatory fromeworks, In BEurope, Germiamy
aceounts for 24.6%, and together with laly, France, Spain, the UK and Poland, the
percentage increases o T (PlasticsBurope 2006, p, 16),

Taking the world plastics demand per capita {PlasticsEurope 2009, p. 6} into
consideration, the statistcs reveal thal developing countries, such oz found in Asia
and Africa, have a high potential for growith of plastics usage per capita in the near
future {see Fig. 3.3) which might cause increased competition due to possible raw

BThe Commonwealih of Independent Staies 00151 includes Armenda, Azerbaijan, Belarus,
Karakhsian, Kyrgyzstan, Moldova, Russia, Tajikistan and Ushekisian.

“The data from 2008 refers wothe EU-25 wheneas the data from 2015 refers mo the EU-28 now
meluding Bulgaria, Bamanaa and Crostia. However, thair impact on (e global plastic market is not
significamt. Furthermare, ii is w0 he noded ihat the ihese numbers might be slighaly inaccumie dos
v differing referendess w proups of countries and a back of accurate definitbon of country clustering
(e.g. “Asia’) by PlasticsEurape. Queres for clarificabion were nol answensd.
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Fig: 3.3 World Plastics Demand per Region per Capita, adapled with kind permisson from
PlasticsEurope (2004, p 6

. Agriculture
Automotive " 54 Electrical &
8,9% Electranic 5.8%

Packani
Pl Building &
Construction
19, 7%
Cthers 22 4%

Fig. 4 Plastics Demancd by Segmend inthe BU-284MCH in 2003 total of 49 M, ‘oihers” includes
comsnmer and housebald appliances, Turmature, sport, health and satery, .., adapled wath kind per-
mission frivm PlasticsEurope (PlasticsEwraope 2006, p. 17)

material shortages in resource poor regions such as the ELL In general, there will be
a significant increase of global plastics production.

When examining the European plastics demand, it is 10 be understood that this
15 about the plastic converter demand, which 15 not to be confused with the plos-
tics production. First, plastic is being produced and then converied into the product.
Mow, when analvsing the Evropean plastics demomd by segment in the vear 2001 in
Fig. 3.4, it becomes clear ihat the packaging secior is dominating largely by 39,45,
directly followed by the building and construction sector with 2003%, The continu-
ously growing demand by the automodive sector manifests with 8.2% of the plastics
converter demamnd, which accounts for 3.8 M of plostics in Evrope in 2001 (Weill
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Fig. 3.5 The huild-up of compesite materials, adapted with kind permission from Friedrich and
Admajid (300 5. 108

et al, 2M2, p. Tk Please note the difference between the demamd {37 Mi) and the
converter demand (45,9 M) of plastes in Evrope due wo import and export irading,

This plastics demand is largely focussing on cemain iypes of plastics. In fact, the
mged promiment plastie tvpes with regard 10 market share in the EU-28+MN/CH in
2015 are according o PlasticsEurope {PlasticsEurope 2006, po 19):

s polyethylens

— low density PE (PE-LD} and linear bow density PE (PE-LLDG | 17.3%]
= high (FE-HD} and medivim density PE (PE-MD) [12.1%]

s polypropylene (PP} [19.15]

# polyvinyl chlomde (PVC) [10.1%]

& polystyrene =olid (P5), expandable (P5-E) [6.9%)
s polyurethane (PUR} [7.5%]

& polvethylene terephtholate (PET) [T.1%]

e Olhers 19,99

These types of plastics' represent the European plastics demand with the three
most produced types of resin being polvethylens (29.45%), polypropylens (19.0%],
and polyvinyl chiboride (10, 15} (PlasticsBEurope 2006, p. 19,

Reinforced Plastics and Composibes

In addition w comventional plastcs, there are also composites with plastics being
used in auiomotive manufaciuring, Such plastic composiies incorporaie a polymer
matrix such oz epoxy in combination with for example corbon resulting in carbon
fibwe reinforced plastic (CFRP or simply “carbon’}), glass {glass reinforced plastics,
GREF, GFRP (glass-fiber reinforced plasucs), iberglozs), aramid in order to reinfloree
the structure {Murphy 2003}, or netural hbers (=ee Fig. 3.5). These materials can be
engineered (o achieve high stiffness and sirength while remaining very light through

“For further infonmation on plasiic types please see Chap, &, hitp:fwww bpfoooukPhstpedia
Polymers Defanleasps or hapeoww, plasticasanope ong
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a lower density, which = critical in means of tromsport, Adrerafl, cors and trucks
are designed o be light-weight to achicve sustainability in the life-phase through
Iowwer Tuel comsumption. The key benefit of composite materials s that different
materials with different progertics are combined to achicve synergices in the resulting
material: “By dispersing fibers or particles of one substance in a matrix, or binder, of
another, the designer of o composite can arrive at properties neither material shows
o s own.'” {Friedrich and Almajid 2003, p, 107}, Prominent fields of application
include indusiries such as perospace. automaobive, wind energy, marine, constraction,
military and sporis equipment, Inthe automotive sector, CFRP is the dominant plastic
composile materal, Concerning the global demand of CFRF, the numbers nearly
douhled between 2000005 1,000 and 2000 5 {9100 ). Furthermore, 2020 estimations
peoimil o D55 0000 (0CeY amd AVEK 2006, p 100 {see Fig, 3,60, Consequently, CFREP
arew ab [2.3% (2000-2015) which is estimated to remain consiant in the following
VLI,

Bioplastics

Baoplastics or biopolymers are ool {yet) of mapor importance, as they grew o 1,7 Mo
in 20114 (Instituie for Bioplastics and Biocomposites 2015, p. 42}, less than 1% of the
global plastics production (322 M), However, broplastue production could increase
i approximately 8 Mt by 2009 {Institute for Bioplastics and Biocomposites 200 5],
Bioplastics are made from renewable raw materials thus reducing the use of fossil
resources and achieving lower carbon footprints. They can be either biodegradable
(PLA, PHAS,.. acoounting for 39,15}, or durable {Bio-PET, Bio-PE....accounting
for 60.9%), The main types of bioplastics are (Institute for Bioplastics and Biocom-
posites 200, po 53 00C BY-MND 4,0 format modified by the author):

e Mew Economy [bioplastics developed in the lasi 3lyears)

— chemical novel [chemical structure not comparable 1o standard plastics|
PLA (polylactic scid)

250

2

Alebal dirrmard of CFRP Jin 20000
g

|].I. — —

2005 000 3001 I00Z 3013 014 3RS I0LETIOLTT TOLE Q0LS MOI0T I011 2OGRT IOE3 2024 20T

Fig. 36 Glohal demand of CFRP (*estimates), adapted with kind permisson from CCeV and AVE
(3, po 1), modified by sdding a polynomdal wrendling
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PHA (polvhydmsyalkanoates)
FEF (polycthylene furanoate)
starch blends
eic.
= drop-ins [chemical structure similar to standard plastics but bio-based]
Bio-PA
Bio-PE
Bio-FET
Bio-PP
e,

s (Hd Economy [earlier developed bioplastics]

— Rubkber

— Regenerated cellulos:
— Cellulose acetates

~= Linalaum

L

Bioplaztics are currently wed predomimantly in the packaging sector (67%) fol-
lowed by textiles (105, consumer goods (7%, agriculiure and horticuliure (6%,
automedive and transports (5% ) and others (5% (Instiwte for Bioplasues and Bio-
compositzs 2005, p. 451 Due o the current insignificance of bioplastics, these mate-
rials are nof of intensive concern in this book, However, the bioplastics indusiry is
arowing fast and could have potential so should be waiched closely.

3.1.2 The Life-Cycle of Plastics

In order v understand the ife-cyele of plastics, we hove w investigate the prodection
phase, the life phase and the end-of-life phase. On the repont of Jean-Charles et al.
(2000, po 333, and illustrated i Fig. 3.7, the production of plastics regquires crode ol
(a5 & source of hyvdrocarbon monomers), various forms of energy, and additives for
the polymerisation process. This production process underlies several legal direc-
tives inthe European Union such as the “Registration, Evaluation, Authorsation and
Restriction of Chemicals” ‘REACH" (European Commission I Enterprise and
Industry 2014b) and “FEoHS", the “Restriction of Hazardous Substances Directive”™
(European Union 2003) 10 ban such hazardous substances (see Sect, 3,2.3), Afer-
wards, the plostc material can be shaped into the desired form, w crepte the final
plastic product.

Adter the vsage phase, the plasue product becomes post-consumer waste, which
can be collected for further waste treatment. The first possibility is “incineration”,
which recovers the energy contuimed in the plastic, The second one is “Tandfll’, which
describes storing the plastic waste, with the drawback of resulting emissions, The
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Fig. 3.7 The plastics sysiem key paramebers, used with kind permission from Jean-Charles et al.
(HH, p. 35)

third is “pyrolysis’, which produces naphta, paraffin, fuel, and gos through decom-
posing the plastics material (Jean-Charles et al. 2000, p. 50). The fourth possibility
15 “recyching”, which reproduces plastic materials ready for the production of plastic
products. Additionally, incineration processes and landfilling can produce encrgy,
through, Tor example, barvesting gas emissions. Furthermore, these four Gnal dis-
posal and recovery possibilities have (disjadvaniages with the most relevant being
mentioned in the lower end of Fig, 3.7, For more details on the environmental impact,
please refer o the Sect. 3,13, and for an advanced outline of recycling technologies,
please consider Sect. 3.1.4 as well as Sect. 3.2.3.

Plastics Yalue Chain

The above-mentioned life-cvele of plastics is subject 0 economic activities. In
fact, the life-cycle of plastics from production to waste ireatment in Evrope (EU-
2T+MACH) in 32 (Fig. 3.8) regarding the demand and al=o s development is
significantly influenced by the overall ceonomic development including the global
econmmic crisis especially significant for the Evropean plastics industry in the vears
2008 and 2009: The demand steadily increased from the bascline of 2005 with
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Enropean Plastics YValue Chain
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Fig. 3.8 European Plastics Yaloe Chan m 202, el wath Kisd permission inom PlebcsBaroge
(30 b, All rights reserved

47.5-52.5 M {+10.5%) in 2007, followed by o decrense to 45.5 Mi{—3.2%) in 2008
and o 4381 (—T.8%) in 2009, although Bulgaria and Romania joined the EL in
2007, In 2000 and 20101, the demand for plastics in Evrope recovered and increased
o 454 M (3% and 47 M +1.3%) respectively, In 2012, the market decreased o
45,9 M1 —2. 3% ). Analysing the development on the end-ol-Iife of plasties in the EL-
2T+MACH, overall post-consumer plastic wasie increased by 14% from 20005 (22 Mi)
Lo B00 2 (25,2 M), However, in the some period, the rates on recovery increased from
AT o 610%, conseguently resulting in a respective decrease of the disposal rage from
5310 35, 01%, Unfortunately, detailed data on import and export of plastics waste was
not accessible.

Furopean Plastics Value Chain

When investigating the plostics trade in the EL-27 in 2002, 12 15 to be highlighted that
T3.4% of the primary and 76,8% of the comverted plastics are being traded within
the EU {Fig. 3.4 Furthermore, the major demand tor pnmary plastics comes from
Asian countries swch as China, Turkey, Hong Kong and Russia whereas the demand
for convered plastes 15 nol dominated by a particolar regron. However, the magor
impaorters of Buropean plastics are located in the northern hemisphere.

Plastics Waste

After analysing the production within the life-cycle of plastics, the foous ow is
on the end-of-life phase as waste. In the European Union, there are four oplions
i handle plostic waste. As claimed by PlasticsEorope (200 3h) (see again Fig, 58],
JR. 1% of plastics are disposed in a landfill, 35.6% of the plastics are used in energy
recovery plants, and 26.3% are recveled, The mechanical recveling mate began at
21.3% in 20008 and is expected to reach 22.8% in 2005, with respective total numbers
of 5.3 and T.0ML of plastcs waste in the Evropean waste business (Plastc Zero
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Fig. 39 Trdeof primory and converied plostics im ihe EL1-2T in 201 2, adapied with kind permission
from PlasticsEvrope (2300 3k, p 19

20013}, However, there is another way to dispose of post-consumer plastics: simply
by exporting the waste, According 10 Bernhard Merkx, president of the European
Plastics Recyclers "EuPR”, “Today, more than two-thirds of the total plastics wasie
is caporied outside of the EU™ in 2000 (BecyclingToday (9 Movember) 20000, When
breaking down the plastics waste in 2008 (most recent dota accessible ), the hierarchy
is dominated cspecially by the packaging sector with 625, followed by ‘building &
constroction” with &% and the automotive sector with 3% ( Evropean Commission DG
ENV et al. 201 1, p. &6 cited after (PlasticsEurope 2009} (Fig. 3.10)."" Consequently.
autpmodive plastics waste aceounted for 125 Mo of 24,9 M1 wotal plastics waste in
20008 (PlasticsEurope 004,

Taking a global view, the amount of plastic waste can be estimated 1o exceed the
European levels by o foctor of 10 reaching approximately 2500t per year, This is
estimated through the global production of 265 Mt of plastics on the globe in 2000
(Plastic=Evrope 200 1h, p. 53 With thi= estumated number, and considening o higher
average age of ELNVs on the globe compared to Europe which resulis in less plastics

! Remark: The data could net be fourd in the repon by PlasticsEurope. It is assumed, that the DG
EMY gequined mone detabled data from PlassicsBurops:.
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Fig. 10 Propartioms of Flastics Waste m e EU-2T+MCH i 2008, adagied with kind permission
from Europenn Cammissian DG ENY et al, (200 1, po f6) cived afier PlasticsEurope (2008

per car, awtomotive plastics account for approximately 10Mi every year.'” These
amounts of plastics waste on the globe can affect the environment and society, as
cutlined in the next section.

3.1.3  Environmental and Social Impact of Plastics

Following the life-cycle of plastics in Sect. 3.1.2, the environmental impact will be
investigated, starting with the production of plastics, followed by the impact during
the life phase and fnadly the end-of-life phase.

Environmental Impact During the Prodoction of Plastics

Ploztics are very energy elficwent and can reduce greenhouse gas emissions (measured
in Cse) in the production phase compared to other maierials, s stated by Pilz et al.
(200, p. 21} Furthermore, the versatility of plastics enables energy efficient design
which would not be possible without plastics. However, analysing the production
of plastics reveals that the current production of plastics and mainly the required
raw materials such s crude oil, ges, and coal can hove negotive impacts on the
atmosphere, water (including drinking water and oceans), soil, flora, fauna, and
humunkind [for details see (Brydson 19499 Thompson et al. 2008a)]. Additionally,
during the production various chemicals and mefals serve as additives which can
b harmlul wo the environment and the health, as outhined in Sect 30,3, Lile-cycle
assessments [ LCAs) offer valuable solutions o determine the environmental impact
of plastics in detal, In Table 3.0, the inpots and outpuis caused by the prodectuon of

12 g pproximate colculation: 265 M8 e 4% (imstead of 3% in Burope due 0 a higher average age
of ghobal ELY=),
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Table 3.1 LCA of the production of palyvethylens FE 01 kg of each wpe), sdapsed with kind
permission from PlasticsEurope (20143

Lilicator | Unit | HDPE | LDPE  LLDPE
Input Parameiers
Mon-repewable energy nesounces”
Fuel enery M 1.5 17 305
Feedsivck energy M 478 478 478
Renewable energy resources (hiomassr |
 Fuel energy Ml 1R 1.4 (]
Feedsiock energy il 1LY i (.0
Abitie depletion potestial [ ADP)
Elensents ke Sh ey, JAE-08 | S2E-D8 | 6.SE—
Fossil fuels MI 72.0 TR 713
Waier ;.H'-.E.I:I'.ﬂh' for podyolefin production - . |
fos processes kg TAAE—01 | L2EHM | J62E-0)
fowr conding kg LI0E+01 | A13EHM | BETEHD
Ohripul Paramelers
Giluial warming potential (GWP) kgCOseq. | LAO 187 1.79
Crzane cdepletion paeentinl (O gCFC-11eq. | A4E<4 | B2E-D4 | 5 TE-d
Acidification potentinl (AP} gS50heq | 428 436 43
Prowochemical omone cremion polential g Ethene g, | 63E-01 | L3E+00 4 TE—0
(PO
Eutraphication potential (EP| & POy eq. 1.20 125 | LIS
Dustiparticulate matter = 10 m)" g PMIG 347 408 4n
Tl particulars mame” g 4.31 443 430
Wastz {only from polyolefin prodactaon.
beefare treatmeni}
Mion-harandmes kg 1L.2EE=03 | L38E~{3 | #A5E~14
Hazardous kg SADE-04 | LOGE-03 | S61E-04

* Calculated as upper heating walue (UHY ) (the gross calarific value)
" Including secondary PRI precussors i PM formation including MOy, 50, MHz and MMYOC)

the maost prominent plastc type polyvethylens (PE) in the sub-forms of high-density
(HDPE, whose LCA 15 comparable to polyethvlens PP, low-density (LIDPFE). and
linear low-density polvethylene (LLIDPE) are outlined, For details on the calculation
please consider the explonations' and the glossary in Chap. &. In the case of PE, the
dominant environmental impacts during the production are caused by “the monoimer
production, i.e. crude oil and noural gas extraction and transport, and the refinery.”

PfiwP preenhouse pas contribuions in kg cabon dicside (OO0 ) equivabents (lime horizon
Hiiyenrs)”; “"AP: acidifying coniributions in g sulphur dioxide (53005 equivalens™; “EP: moirni-
Tyving contributions (aguatic and errestrial eutrophication) in g phosphate P07 ) equivalents™
“(P: aepne depleting comiributions in g CFC- 1 1 eguivalents": “POCE: summer smog contributions
in g eihene (ethylene) equivabenis"; “Dus ord panticulaie matier in g7 (PlasticsEurope 200 10,



42 3 Amiomative Plastics amd Susiainability

followed by ebectacity demand, whereas “the resulis for ADP elements are drven by
the use of pigments and catalysis, POCP scores are dominated by venting of cthene
directly 1o atmosphere,” (PloastcsBorope 2004, p, 425,

As oil is the main raw material for plastics, its impacts in the production process is
of special concern, As stated by Borthwick et al, (1997, the production of oil causes
for example:

s Megative atmospheric impacts [Air] (caused for example by Aaring, oil and gas
losses and spalls, vsage of diesel engines for the production amd the transpor,
byproducts in the chemical production process)

# Megative agquatic impacts [Water] (eavsed for example by dalling including ol
losses and spills, as well as potentially toxic drilling fluids)

# Megative terrestnial impacts [Sol] dcovsed Tor example by spalls, and woxie
drilling fAuwids)

Furthermore, the environmental impact of fossil fuels depends on the form of
extraction. il extracted from sand {also known as tar sand) in particular poses
an increased threat in terms of environmental damages through land degradation
and especially greenhouse gas (GHG) emissions (measured in COqed, According
i Woynillowicz and Severson-Baker {2008, the emissions of one barrel conven-
tonal crude ol (159 Ly are 28.6kg of C0ze, whereos one barrel ol from oil sand
accounts for 85.5kg of COwe (approximately three times more). Furthermore, this
form of extracton increases due o economic benefits, possibly linked w crode ol
shonages and high prices. This new oil source is likely to further increase the COky
emissions during the plastics production, Statistical estimates provided by Hopewell
et ol (2000, p. 2115), EuPC (2007, p. 33 and PlasticsBEurope (2012), show that
the anmual consumption of fossil fuels for the production of plastics is currently
accounting for 7-9% of the global oil production. 4-5% are wsed for the plastic
miaterial itself and additionally 3-4% are used for the production process, The world
produces 95,78 million barels (=159 Iers) per day, B% of which 15 vsed in the
production of plastics—resulting in approximately 445 000000 liters of oil used for
the global plastics production in 2005 (U5, Energy Information Administration
2016} Generally, the life-cyele of the primary raw material for plastics, which is oil,
cowses o varely of environmental impacts on eco-systems, on Do and Foons and as
will as health impacts on humankind. Additionally. political and military conficts in
oil exporting countries are a threat, Consequently, oil is one of the most controversial
goods of our time,

Mon-standard plastics such as reinforced plastics and composites tend o have a
bigoernegative envirommental impact in the production phase, mainly through energy
demand and T emissions (Mayyas et al. 2003, po 187), CFRP for example has a
WP betwesn 3030 kg OO0y eq kg component weight (ALDEAG 200 1, p. 15 which
scems reasonable compared to GWP numbers ranging from 12 1063 as reported by

M Please beep in minsd, that “oil” 5 nolexaaly defined in the analysed lierabore, which might include
or exclude ather fossil liquids amd by-products. As a result, please comsider this calculation a a
rounded approximation,
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Witk et al, (2001, p. 17060, In comparizon, stondard plastics such os PP {polypropy-
lene) score a GWP of around 1.8, with the side note that this number does not refer
tex i final compoment but the moterial exclusively,

Tuming to bioplastics, one significant aspect is the inherent reduction of depen-
dence upon fossil fuels. In terms of a life-cvcle assessment of bioplastics, it is w
b highlighted that the GWF of PLA for example 1= currently comparable to fossil
fuel based plastic products. Tn fact, there is currently no scientific evidence that bio-
plastics cause less environmental degradotion compared to standard plastics when
considering all ecological aspects (Yates and Barlow 2013, p. 38, 65). However, the
source of electrcity vsed during the production of bioplastucs might have a consider-
able impact {Yates and Barlow 2003, p. 64) thus increasing the significance of which
country the material s produced in.

Environmental Impact During the Life-Phase

Plastics can reduce greenhouse gas emissions in the life-phase compared o other
materials mainly due o their versatiliny 1w enable energy efficient design, as stated
by Pile et al. {2000, p. 210 In tact, substituting plostics would require 3.7 times
more mass for the same functional units, use 37% more energy (1L300=-3300 mil-
lion GJfa), and generate 61% more GHOG emissions (TR-17T0M) (Pilz et al. 2000,
p. LEpisee Fig. 3,11} Consequently, plastics contribute significantly to reducing the
envirommental impact in the production and vsage phose of plasue prodoects, The
coological benefits during the usage phase are especially imporiant in the acrospace
and automaotive sector with the long vsage-phose of planes and cars including inten-
sive fossil fuel demand which results in a need for lightweight design using standard
and remnforced plastics, such o= CFRP

However, the life- or usage-phase sz well a= the end-of-life phase of plastics have
the potential 1o rebease chemical additives that may be harmful, as plastics are often
enhanced with so-called ndditives. These chemicals are used to customise the plastic
material, for example w change the colour, enhance or reduce rgidity, and improve
resistance against environmental degradotion caused by radiance and temperature.
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Fig. 3.11 Consequences of substituiing plastics with aliermative maserinls, adapied wiih kind per-
rission from Filz coal (2000 p, 11)
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Concermning metal contamimations in plastics, Mol et al. (2007 discovered heavy
metils such as copper (Cu), antimony (Sh), tin {30}, zinc (Zn}), lead (Fh), and nickel
(M) in concentrations above 1Omg per kg in the plostcs of electronie goods.
The issue is that these additives are possibly toxic o living organisms, particularly
concerning heavy metals, phihalates or bisphenol A (BPA). Despite controversy on
this topic, there 1s still the possibility that plastics in general ond especially additives
which are currently considered non-toxic due 10 insufficient measurement might
b toxke in reality. For these rensons, legal directives such a2 REACH {European
Commission DG Enterprize and Indusiry 200400 and RoHS (European Linion 20033
were introduced o ban such haeardous substances (see Sect, 3.2.3),

Environmental Impact During the End-of-Life Phase

Plastics have a considerable environmental impact afier their life-phase doe o their
material propecties and primarily due w wrong treatment by society, Bosed on LCAs
and LCA reviews by Lazarevic et al. {20000, Lawrent ef al. (20004}, Euvropean Com-
mission DG ENY e al, (2001}, EulPC (2007}, European Union {201 3), Jean-Charles
ctal. (20100, PlasticsEurope (2004), Lithner {2001 1), the concems about the end-of-
lifie of plastics are abundant, as they cause:

e Orcenhouse gas emissions (COse) due o

— Energy recovery of plastics waste
— Landfilling of plastics wastc

e Lond degradetion and woeste of space through landfilling including =ocial
aspects such as a decrease of health and quality of life

= Environmental pollution through hardly degradable plastics waste {plastic par-
ticles in the environment such as on land, in fresh water, and the deep sea)

# Ingestion of plastic waste partickes possibly including s substances by ani-

rmiils and thus humankind

Leaching chemicals from landflled plastics waste

s Exicmalisation of environmental costs due to plastics wasie export from devel-
oped o less developed countries with less stoct regulations

However, it is to be noted, that the OO0 emissions from landfilling are insignif-
fcant over a Wi-year period due o the fact that fossil fuels degrade very slowly:
Only 3% of the stored O0); is released in 100 years, which renders landfilling a more
Tavowrable option than energy recovery Clean-Charles et al, 2000, p. 497, when con-
sidering the OO emissions over a 100-year period only, disregarding contamination
ol the plastics amd ignonng other ssues of landAlling. As a consequence, the hierar-
chy in this special scenario is ‘recycling =incineration =landfill’ when not thinking
in @ tiime span limit, But when limiting the tme period io 100 vears, the hierarchy can
b ‘recycling =landhll =incineration”, os outlined in the varous LCAs on numerous
plastic materials by Finoveden, JTohansson et al, {20000, Thus, the time span is cru-
citl when calculating LC As and especially the global warming potentinl GWEF, which
shoubd be considered inat least two time spans, the GWPinfinite and the GWP D,
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based on Finnveden (2005), Franveden e al, (2008}, However, Incineration 1% some-
times the only method o dispose of hazardous, toxic and contaminated waste and
remove them From the system (LaGrega et al, 2000, for example hozardows medical
subsiances (Chartier ot al. 2004). The environmental impact of reinforced plastics
waste vanes strongly depending on the material type, CFRP for example, poses a
significant challenge for waste treaiment in terms of ecology and economy, because
recycling can provoke high energy demand for pyrolysis, or even cause severe prob-
lems during the incinerotion process Sect. 5.1.4). Becycling of CFRP is curmently not
sufficient and only kow qualitative down-cvcling is possibly due 1o the degradation
ol the materials,

Regarding bioplastics, the environmental impact during the end-of-life phase is
still wnclear and heavily dependent on plaste type and treatment technology (Yales
and Barlow 2013}, Incineration can cause severe hazardous emissions if done incor-
rectly (Hopewell et al, 20090 and bioplastics linerng con couse a simalar level of
crovironmental polluiion s fossil fucl based plasiics, because biopolymers are ot
necessarily biodegradable (see Sect. 3.1.4),

Social Impact of Plastics

The lite-cycle of plastcs has negative and positive impacis on the environment, but
o society as well, The positive impacts on society mainly arise from the life-phase of
plastics, =uch oz enabling a vanety of designs, benefits in the medical secior such as
sterile products, and saving weight and thus greenhowse gas emissions (COse) when
being transported, But as outlined in the Sect, 3.1.3, plasucs can be wxsic dunng the
usage to living organisms thus negatively affecting the life of people. However, the
envirommental impacts of plastes during prodoction and the end-of-life o5 mentioned
in Sect. 31,3 also infuence society directly or indirectly. Especially impacts on health
and especially epidemics when thinking of waste treatment in third countries such as
Imdaa (Gl 2004, “and the social perceptions around the continued use and increpsing
levels of plastic consumption and waste production,” are of concern, as stated by
Evropean Commission DG ENY et al. { European Commission D EMY etal (200 1),
p. 123 Moreover, present and future generations will be burdenced by mongazes
couwsed by non-trepted plastics waste through continuous negative elfects in the seas
and on the surface of the globe {Ropohl 2006, p. 16} Thus, current plastic issues are
very likely w negatively alfect us omd our descendants,

3.1.4 Waste Treaiment Technologies for (Automotive) Plastics

When plastics reach their end-of-life, these materials are reated 1o limit negative
environmental impacts and to wilise the remaining value. The treatment of plostics
including plastics from end-of-live wehicles (ELVs) is divided into four options:
rewse, malerial recovery, energy recovery, and landfilling (Ferrio, Mazareth, and
Arnaral X6, Landfilling is a form of disposing plastics waste under regulated
conditions on a landfill, or even under unregulated conditions. However, there ane
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Fig. 3.12 Plastics recovery technology, adapied with kind permission from IS0 (2008

twio main types of plastics waste treatment besides reuse and landfilling, according
i 50 (2008): Firstly, material recovery which includes “mechanical recycling,
chemical or feedstock recycling, and hiological or organic recycling”, and secondly.
energy recovery “in the form of heat, steam, or electricity generation using plastics
wiasie 85 subsiituics for primary fossil fuel resources” {see Fig. 3.12). The main
difference between the matenal recovery technobogies is the change of the chemical
struciure of the material. Mechanical recycling does not change the structure, whereas
chemical and biologral recycling do change the struciure, producing, depending on
the technology, for example, the raw materials, elemenis and’or encrgy.

Due to the fact that the recycling process and the technical aspect are crucial in
the topic of automotive plustics recycling, the available technology is fundamental to
the recycling feasibility, with high regard to the economic aspect. To understand the
most prevalent and promising recycling technology tor plastics including antomaotive
plastics, which is mechanical recyeling (see Sect, 3, 1.5, the process of this treatment
Iype 15 descrbed on the basis of a simplified ilesragon by Jeont CHO05, po 3 cited
afier Burgdorf et al. {19497 ), which was not available any longer {see Fig. 3.13): The
mechonical recyeling process starts with (A the “logistes”, through iransporting, col-
lecting, disassembling, soming, and shredding, for example the ELY pans, followed
by controlling the quality, as im all steps, The next step is (B) ‘reclomation’, which
refers to the grinding. washing, scparation, and classification of the shredded mater-
ial, The specified regrind is now moved o the next step (C) “homogenising”, where
the regrind 15 stored, mixed, comveved, and pelletised. Mow the produced “base recy-
clable” is now sent to the step (I3 ‘compounding”. where the material is blended,
reinforced. filked, modified, and stabilised accordingly to the reguirements of the
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Fig. 313 Siages of mechanical recyeling of plasiics (Jenni 30005, p, 3 cited after Burgdord eg al.
(15T, which was non avallabde any longer

customer. The final recyclable or compound together with virgin materials is now
(E} marketed through application development, specification, design, availability,
quality constancy, and the price. The fnal step s (F) the “use’ through processors,
sysiem manufeciurers, sales, first user, maintenancefrepair, and the last user, who
maght return the used product w the recycling process again,

Moreover, there are several technelogics for mechanical recyeling. as briefly ouoi-
lined in Table 3.2, An example for plastics in o mechanical recycling process is
depicted in Fig. 3.14.

Apart from mechanical recyeling, chemical or feedstock recyveling techinolo-
gies in particular offer various solutions o reat plastics waste, such sz “dissolu-
tion'*", *solvolysis’, ‘method for feeding into processes of petroleum production’,

P Transkuied and parapheased original Genman passage: *Inldsungnahme’,



48 3 Amiomative Plastics amd Susiainability

Tahle 3.2 Mechanical recveling technobogics for plastics wasie, adapied with kind permission
from Whiidasky and Wolf ( HHE)

Palvimer sysiem Mlechamical recycling possibilities
Thermaplastics and thermoplastical 1. Begranulaton lexclusie use of recyclies)
elas o
I, Compoundimg { Recyvelmes mixed with virgin
material |
Cilassfiber reinforced thermiplasiics 1. Begrunulation (exclusive use of recyclaies)
I Compoursling drecvelates mixed with vargin
miaterial |

A Only wilh glass mat reimlorced
thermaplastics {GMT) impact exinasion
tremadeling of the componeni}

Daroplasas Farticle: necvcling

I. Usage of ihe grinded mass as o filler

I Usage of the glass fibers aof reinforoed
masses (AMOHEMOC) in virgin maierial
Thermeeplastics or dureplasiics polyurethancs" | 1. Processing similar wo thermaplasics

X Impaci exinssian (remodeling of the
COMmpRHEnL

X Grinding nnd usage as PUR-flker

4. Pamicle composiie (crush FUR and compress
with binder; for soft foam as foam Aake
commposites; Tor hard foam with adbesive press)
Elastomeres Frocessing ol scrap lines mle pieces. granules
or flaur by grinding processes. Products for
sbstrsctune boards, sound irsubation boands,
msalatiom, four for tines, conveyor belis, mats,
sl

“The separate acomuml goes back o the common in the ausomisdive indusiry classification

‘pyrolysis”, ‘gasification’, “use in the cement rotary klin® and “blast fumace” in met-
allurgical processes, while energy recovery from plastics waste can be operated in
power stations or in waste incineration plants (Woidasky and Wolf Z008). Pleasc
note that the ecological sustamability of various matenal recovery technologies 15
determined by the input material. For example, blast fumaces which can use het-
erogeneous waste plastics, as found in the residoe from shredded cars os a redocing
agent might be more suitable than mechanical recyeling. In fact, concluded that plas-
tics waste can be used as an auxiliary reducing agent through injection in the blast
furnace process. Currently, this form of recycling is done ot an international steel
producing company in Austria with up to | 10,0000 of plastics per year as a reducing
agent with substantially positive resulis in terms of resource efficiency (Birgler and
Kieberger 201 2).
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Fig. 3.14 Example of plastics before, during and after mechamcal recveling, used with kind per
mission frivm MEBA Polymers Ausiria GmbH, All righis reserved

The Recyveling of Bioplasiics

Bioplastics waste is stll a controversial topic, due o significant discrepancies in
scientibic research as observed by Yates and Barlow (Yates and Barlow (2003), p.
62). Furthermose, the quantity of waste bioplastics is currently marginal but on the
rize, time-shilted wothe merease of the boplastcs production, According o Lorber
ctal. (2015), current treatment processes for hioplastic waste include:

. Becycling (mechonical or feedstock)

2, Composting (home or industrial, “compared o anaerobic digestion, where
hiogas is produced, composting 1= an acrobic process without energy utiliza-
tion but connecied with uncontrolled O0: emissions")

3, Fermentation in Biogas Plants “anaerobic reatment i generate biogos which
can be used as an energy source’™)

4, Energy RBecovery in waste-to-energy {WIE-plams Cwhich 1= a O0; newtral
method for producing heat and electricity™})

5, Landfilling

Indusirial composting and incineration {wasic to encrgy ) are options, but inciner-
ation in particular can cowse hazardous emissions iF done incomectly (Hopewell et al,
2009}, Recyeling of bioplastic is considered the most favourable ireatment method,
especially mechonical and chemical recyeling (eom-Charles er al, 20000, whereas
landfill currently scems to be the least tovourable option {Yates and Bardow 2015,
pp. B0=-63) On the contrary, Lorber et al. (2015) deem energy recovery worthy due
i the small amounts of bioplastics waste, However, it should be highlighted that
biopolymers are not necessanly biodegradable thus causing similar environmental
pollution as fossil fuel based plastics through litter. Additsonally, biodegradability
Cin vary o ceriain extents, possibly causing problems when bioplastics are mixed
with conventional biowaste in terms of Gme required for composting or anserobic
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digestion. Jean-Charles et al. CHI) poant out that treatment in biogos planis 1= in
terms of ecology preferable 1o conventional composting due to the usage of hiogas.
When recyching broplastes, this material con also covse clogging w vanous degress,
if, for example, mixed with conventional plastics. Consequenily, the treaiment of bio-
plastics should be considered already an the product design phase, and especially in
terms of combined treptment with comventional plastics, at least conceming packag-
ing. For mose details on bioplastics recycling technologies, consider Hopewell et al.
(20005 Jean-Charles et al. (2000), Lorber et al. (20055, Yates and Barlow (200 2]

The Recyveling of Composite Plastic Malerials

By nature, composites are hard to separate and therefore very hard to recyele. Rein-
Torced plastics waste, such as GFREP (glass fiber) omd CFRP {carbon fiber) can pose
cven more challenges, In-house recycling is already possible, through producing
corbon-fiber mots from colling serap, 05 done at BMW for example (Bakewell 2006),
These mats have different propertics compared o regular CFREP which are suitable
at differemt fields of application. Another option is i use fibers for injection mould-
ing. However, post-consumer composiies, especially CFRF, can pose threats to wasie
ireatiment facilities, such as thermal energy recovery plants, Because the carbon fibers
are electro-conductive, they con cause short-circwits in the electric flter of the waste-
i-energy plants, and provoke clogging, This can cause complete shutdowns of the
entire plant, regquire technical revizions up o several doys resulting in significant costs
and reduced ireatmend of regular waste. Conseguently, composites such as CFRP are
recquired o be treated separately, One option for post-consumer CERP waste i= pyrol-
yais fo separate mairix and fibers, but with intensive wsage of energy in the form of
heat, The lbers com then be recycled siomilar o the industaal in-house treatment meth-
odds, Another =sue 1= that waste 15 being shredded when entering the trestment plani.
Consequently, shredded carbon fibers in household waste cause airbome respirable
partickes thus exposing employees o health risks. As a result, recycling of CFRP
that is ecologically and economically worthwhile is sl a challenge, thar requires
new recycling technologies, such as solvolysis, o possibly increase the recveling
rate (Witik et al. 20010, p. 17060, Currently, it is assumed that there are vinually no
fiber reinforced plastes from ELV s due o the Gt that the share of CFRP has nisen
in the last years, ELVs in Auvsiria. for example, are 17 years old on average when
they are being shredded,

For a more detailed insight into various plastic and composite recycling technol-
opy and processes, plepss consult Froehich (2007), Homad et al, (30030, Maio e al,
(200100, Martens (2011), Mastellone {1999, Al-Salem et al. (2000, 20140), Santini
et al, (3012, Schmeisser and Clavse (200 1, Vermeulen et al, (200 1), Williams and
Williams { 1997, Witik ot al. (2001 1), Woidasky and Wolf (2008}, Yang ct al. {2012),
Forpas and Inglezakis {2002).

The Legal Restrictions of Plastics Recycling

Recyeling = nod an easy task and despite positive development of the wechnology
there are still weaknesses, Duval and MacLean (2007) states that “limited market
applications for recycled plasucs, low value of recyeled resin and efficocy concerns™
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are e main ssoes of recyeled plastcs. Definiely one of the most significant chal-
lenges is the recyeling of mixed plastics waste. Currently, the abundance of plastic
Iypes in combination with contamimations (other matenal=) i the mpot material
poses technical restrictions, especially in terms of sorting the materials. This calls
for improved design for recyeling. Moreover, certain plastic types are comparably
hard to recycle, such as with fexible and Glm types, PYC, P3, and LDPE {Hopewell
etal, 2009, pp. 2121-2123), causing soring technology improvements 1 offer higher
quantitics with o higher efficiency. Another possible restriction for recycling are legal
directives such as the "RoHS-Directive’ (Wiiger etal. 2001, p. 17330, which regulates
hazardous substances in electroms products (European Union 2003 ), BEoHS can leod
i an increase of costs due to the required exiraction of the specified substances com-
ing Tromm the waste plastic wed in the recyeling process o ensure BoHS compliant
recyeled plastics.

However, the magazine (Waste Manogement Workd 20015) states, that recycling
technobogy has achieved 99.9% purity from pieces with jusi | mm with advanced
automated machinery w w0 and recyvele materials previously considered hard 1o
recyele, such as those mentioned above including black plastics which was hard to
detect. Concerning the economic aspects of the recyeling industry, another currem
weakness is the guantity and guality of the input material and a low market for
recycled material, related 1o the price of virgin plastics in relation o recycled material
cowsed by o low ol prive, Especially o stable and well-timed supply of input material
with acceptable quality is a challenge, in combination with high costs for collection
and sorting (Plasti: Zero 201 3)

3. 1.5 Environmentally Sound Solution: Circular Life-
Cycle of Plastics

With the previous analysis of the impacts of plastics and the treatment options, it is o
be questioned how 1o solve these current issues regarding the plastics life-cycle, As
Jean-Charles et al. {2000 concluded when reviewing 8 LCAs including 22 cases, the
optimal solution is a circular plastics life-cycle, as a step towards an entire circular
eeonmmy, ox cuthned by Elben MacArthor Foundation (200 2), And this = primarily
manageable through recyeling, which generally decreases the depletion of natural
resources, decreases the energy required for the virgin material production process
and reduces the plastics waste that is being incinerated or landfilled {Lazarevic et al.
200403,

For the sake of analysing the options for a circular economy and consegquently
the ireatiment options for plastics waste in erms of environmental impact, numer-
ous LOCAS need to be considered. For this renson, Lazarevic et al, (2000, p. 25K)
carried out a review of ten LOCAS on post-consumer plastics waste reatment includ-
ing the most important plastic types as mentioned above, concluding that ™. . for
the majority of scenarios previously investigated by LA, mechanical recycling is
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generally the emvironmentally prefemed rreatment oplion” which s confirmed by
Hamead et al. {200 3). “This is relevant for enviconmental impact categories related o
energy use, [EMncluding global warming potenual, [(GWP] ascdification potential,
| AP] cutrophication potential |EP), abiotic resource depletion potential | ADP] and
residual solid waste production” [5W] (Lazarevic er al. 2000, p. 258) (see Chap, £).
Additionally, Lazarevic et al. {2000, p. 258) state that “the virgin matenal substi-
tufion ratio and amount of organic contamination could lead w recycling showing
lower environmental benefits than other treatment options such = incineration with
energy recovery . [additionally,] unceriaingy exisis as w what ratio recycled plastic
15 substituting virgin ploste ... This highlighis the sssomption that organic con-
tamination and unclear substitution effects are crucial aspects of LCA resuolis, A
different result is given by Loorent et al, (2004, p. 5800, whoss companson of 223
LCAs revealed that a final conclusion whether recycling or thermal treatment is the
eeologrally better solution is difficult dee w differing LCA resulis, bot highlighed
that “a relatively large proponion of studies tend o favour recyeling over landfilling
and thermal processes for plastics and paper.”” (Laurent et al, 2004, p, 579).

...mechamical recyeling is the most prefemed and wsed recycling method comparing with
the chemical recycling methoed in which the wasie are subject 1o complicated chemicnl
treabments. [Hamad et al. 2003, po 281400

Tor aggregate the possible benefits of using mechomically recyeled plastics instead
of virgin plastics depending on the plastic type, & review was conducted relying on
the data primanly provided by Borthwick et al. (1997, Jean-Charles et al, (2000),
Luzarevic et al. (B0, O Bourke and Connaolly (200555, Baj et ol (2003), Al-Salem
et al, (2009, Woyvnillowice and Severson-Baker (2009

e Reduction of encrgy consumption (from 50% (Duval and MacLean 20077,
(Jenseit et al, 2003, p. 490 up 1w 38% with HDPE (Frunklin Associates 20015
e Reduction of greenhouse gas and especially O0: emissions | from 5068 {Duval
and MacLean 2007 ) (Jenseit et al, 2003, p, 381 up o 75% with HDPE (Franklin
Associates 2001 1y as well as WO, (Jenseit et al. 2005, p. 4495 and 50 (Al-Salem
el al. 2009, p, 2627) thiough decreasing the
— demand for fossil fuels (such a= crude oil, gas, coal) for the production of virgin
plastics including
foesil fuels for the retrieval of fossil fuels
fowsil Fuels For the transport of fossil fuels
the release of greenhouse gos emissions (C0se ) in the chemical production
process through byproducts
= enerpy recovery of plastics waste
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— lamdfilling of plastics waste (savings of CO0 emissions ranging Trom 0% (PYC)
up to 1080 ' (PE) when being recveled compared to landfilled (Jean-Charles
elal, 2000, po 530, amd additional s=avings of CHy emissions (methane) from
plastics contaminated with organic material {Lazarevic et al. 20000

# Beduction of lamd degradaton and waste of space through landfilling including
social aspects such as a decrease of health and quality of life
# Decrease of resource depleton and dependency through
— Decreased demand for fossil fuels for the plastic material itself
= Decreased demand For resources (especially fossil fuels) for the plastic produe-
LN process

# Decreased envirommental polluton through bardly degradable plostics waste
iplastic debris and particles in the environment such as on land, in fresh water
and the deep sea)

# Decreased ingestion of plastic waste particles possibly including oxic sub-
stances by animals amd thus humankind

# Decreased keaching chemicals such as toxic additives from landfilked plastics
Winsle

& Decreased extemalisation of environmental costs due to plastics waste export
from developed o kess developed countries with less strict regulations

O course, the energy demand for recycling has to be caloulated coutiously to
weigh up the henefits of recyeling of the respective plastic type. According o infor-
matkon provided by Biddle (20125, ©.. there are usually enormous energy and Ck
emisson savings in recvcling plastics compared 1o making plastics from petrochem-
tcals, These savings depend om the type of virgin matenal being compared and the
specific plastics recovery process being used by the recyeler, but the range of savings
are vsually between about 80 and 90517, In addigon, the recyelabiliy of the final
plastic product has o be considered as well in this caloulation. It might not be envi-
ronmentally sound if recycled plasts s mtegrated into s complex composite materal
which is nod recyelable. The mentioned emission saving potential of recycled plos-
tics was further analysed by Prognos and Tfew (2008) with focus on the EL Kyoto
targets for greenhouse gas emissions. They claim that fully exploring the potential
of recyeling and recovery in Aexible ratios of the entire landfilled waste could save
T% of the EL Kyoto turgets,

Thex resusles Fromn the LCA stdies reviewed have indicased that. from o life-cyche perspective,

mechankcal reeycling of plasic wasse is genesally prederred o 01 Feedsiock reeycling and

121 MSW [mamicipal solil waste] incineration, provided that (a) recyched plastic arigirates

frowmn clean plastic wasie fractions with linke orgamic cominmimntion and (b} recyched plassic

suhsditubes virgen plastics aba rtio of Close w12 (Lazarevic et al. 2010, p. 258)

Accordingly, the focus of this book is on material recovery, with the focus on
mechanical and chemical recycling of ELY plastics, despite the implementation of

¥=Iny this study, ihe authors have chosen o hypalbetical infinile time period when mventorying
crniasbons which implics that complese degradation of landfilled maserial is assumed,” (Jean-Charles
elal. 2004k p. 350
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Fig. 215 Ratiooof recvcled versus vingin plasics in Weslern Ewrope, 200400, based on Hanmeduart
(3HM, p. 25), ciied after APME (2(612)

recycled plastics in the production process. Recveling of production waste, called
in-hou=e recycling, is considered as well, but only penpherally, becanse ELY recy-
cling is an exceedingly more challenging issue compared 1w the recycling of clean
production waste, which might not even be called waste. However, in-house recy-
cling is another opportunity o improve the overall ecological sustinability of the
cor in the production phase,

Usage of Virgin and Recycled Flastics

Since recycled plastics are principally more favourable than virgin plastics in eco-
logical terims as examined above, the actual usage of these two plastics types is 10 be
analysed. According to Hannequart ¢ 2004, po 25, the ratio of recyeled to virgin poly-
mer use in “Western Europe’ (not defined) in 2000 was insignificant, as illustrated in
Fig. 5.15. More recent data was nof pocessible.

J.1.6  Plastics Are a Blessing and a Curse —A Summary

Reflecting upon the gathered information in the preceding sections leads wo four fac-
tors of {most) plastics which render them suitable for countbess applications resulting
in the long-lasting and immense success of these materials: Plastics are affordable,
lightweight, versatile, and durable.

However, the problem or the challenge lies withinthe operator handling the mater-
ial. Especially the production phase and the end-of-life phase are exceedingly critical
tor eate due o substantial environmental pollution and risks for society. But there is a
suttable solution available: matenal recovery, and especially mechanical recyeling.
Through increased recycling and usage of recycled plastics, a circular plastics econ-
oy con be established, i order w redoce environmental polluton, societal nsks
and economic as well as political dependencies on fossil fucls.
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Eeflecting on the information and knowbedpge pathered i the Chap. 2, it becomes
ohvious that most of the theoretical solutions are nod currently implemented in the
plastics industry, Corporate sustanability and CSE 15 being discussed, but grownd-
breaking solutions to achicve resource and impact decowpling are noi ranslated inbo
practice, In fact, the prevailing mindset is focusing on obsolete values such as eco-
nomic growth and fast money without considering long-term impacts on muliiple
levels, As a next step, we will narrow down the analysis on auiomotive plastics,

3.2 Automotive Plastics

Plastics in the automotive secior have become a vital material, but there are pressing
issues alached wothese polymers, To understomd the automotive plastes life-cyele,
the development and the trends on a global and mainly European scale will be
analysed, followed by investigating Sects, 3,2.2, 3.2.3, and 3.3, Again, this section
tollows the Funnel-logic-distillation-approach.

220 Automotive and Automotive Plastic Trends

Demographic Development

The global automotive trends are first of all linked w global demographic develop-
ment and the resulting inerease of cars per capita. The Tt that global population
numbers will continue growing from 6.8 billion people o approximately 2.1 hillion
in 2050 (Worldbank 2004 ) will inluence the automotve industry significantly, Espe-
cially South Asia and Sub-5aharan Africa are projecied o grow the most, and for
the automotive imdustry even more relevamt is the projection that the population with
middle income will rise by approximately 1.4 billion by 2050 (Worldbank 2004
Furthermore, if we additionally consider the current global geographic disiribution
of pussenger cars, which depicts that the number of cars per 1 people in developed
couniries is significantly higher (e.g., Austria; 329, Germany: 317 cars per capita)
than in {vet) less developed ones (e.g., China: 44, we con pssume a rise of the global
car population (Worldbank 20030, In 2000, 1013 billion vehicles were in operation,
including 707 million cors and 307 million commercial vehicles (Sowsamis 2001).
Based on these numbers, Sperling and Gordon (20090 calculated that by 20240, there
will be 1 billion cars worldwide inowse, and i wtal more than 2 ballion vehicles
worldwide. Based on the even higher numbers provided by OICA (2016a), the num-
ber of cars m 2021 could already resch 1.2 billion (see Fig 3. 06), based on own
calculations,

Tuming to the production, Marketsandmarkeis (2013} states that in 2012, 63,1
million passenger cars were produced, which aligns with the numbers from OICA
(20040, In 2003 the number of passenger cars produced reached 68,5 million OICA
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Fig. 3.6 Passenger cars in use worldwide, sdapted with kind permission from QBCA (201 Ga),
rnoxlificd by adding a polynomsial irendling

(2060), or even 73.5 million pccording to ACEA (2016 {based on non-nccessible
data from [HS), In 2020, the number is expected o rise to 1025 million cars, with
a CAGE (compound amnual growth cated of 7.2% Trom 2005, and the Asia-Pacific
region will show a high growdth rate (CAGR of £.4%) { Markeisandmarkets 2015) duc
1o the expected increase of disposable income,

Automotive Profit and Revenue

According to MeKinsey (20013, p. 85, €25 billion in additional profits will be probable
by 2020 and that emerging markets, especially China, will account for mone than
6% of the global profit in the automotive sector with 13 billion in total and % billion
in the premium segment alone. The rest of the profit will be made in other emerging
markets (6 billion ), in established markets (4 billion), but prmarly in Morth America
(2 billicn),

Automative Plastics

The above-mentioned increasing number of cars will contain progressively more
plastic materials. The renson for this is that plastics represent a solution to the auto-
modive industey for decreasing the environmental pollution during the life phase of
a cor by enabling lightweight constructon (Krembcka 2012; Mayyas et al. 2012,
2000 3; Weill et al. 201 2). The need for plastics in the automotive sector rises as this
material comrbutes w the essental weight reduction of automobiles by replacing
heavy conventional maierials, especially relevant for electric cars with heavy hai-
teres, According o PlasticsEorope (200300, new wchnological sdvancements ane
constantly expanding the application range of plastics in new cars thus increasing
the demand for plastics,
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p. 21 madified by the author. (Color figure oaline)

Contimual immovation is a key feature i the use of plastics in cars. Plastics will continue in
1he et decacke i help designers v innowvate and inke car performance Further (EaPC 200 3)

In X310, the share of plastics in new cars was [6%, which is belicved o rise to
more tham 15205 in the Tuture (Weill et al, 20020, In the some year, 224 kg plastics
were found in new cars, but in the future, it is possible that this number might stall
or decling 1o 198 kg due 10 a decrease of the overall weight from 1400kg in 2010
i L 1I00kg in 2020 as depicted in Fig. 3,17, according o Weill et al. (2012) and as
illusirated in Fig. 3. 18, by PlasticsBurope {201 3b).

Culculating the numbers of the global automobile car and plastics production,
Marketsandmarkets (2013) reports that in 2002, 7.1 Mt of automotive plastic were
consumed lor passenger cars which 15 expected o mse w 14,37 MU n 2020 with &
CAGR of B.3% from 20015 o 2020 {Marketsandmarkets 200 5). In short, all numbers
pevinl o o distinet groseth of automotive plastes, The intermational share for automo-
tive plastics consumpdion for passenger cars in 2015 is dominated by Asia-Pacific
(57.3%), Bvrope (25.1% ), North America ( 1% ), ROW (6,8%) [rest of the world]
i Muarketandmarkets 2015 The generated revenue from the production of automio-
tive plastics was $21.3 hillion 2014, which is likely to increase 1o $40.1 billion in
20040, as provided with kind permission by Marketsandmarkets (2015).

Concerning the geographical or spatial distribution of auiomaotive plastics, Mar-
ketsandmarkets (20013) states that the Asian-Pacific region consumes 50.5%, fol-
Iowed by Europe (28% ), Morh America {11.3%]), and the remaining regions (10015,
Comeerming the types of plastics, the dizinibution of the consumplion of plastics used
in newly produced cars on a global scale is primarily PP, PUE, and PA according
e PlosucsBEwrope (200 3a) as depreted in Tabbe 3.3, incleding o caleulaton of the
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Fig. 18 Auwsomndive plastic types, used with kind permission from PlasticsExrope 1201301, All
righis reserved

Table 3.3 Maos prominent plasiics and thelr cstimated percenages inowerms of welght used in a
typacal car, besed on PlasticsEurope (200 3a) and Weall el al. (202

Plastic iy pe Acronym % by welght
1224 kg total per cari

Folypropylene PP e Nl il
Pulyurethanes PURFPU 17.4 )
Pulyamides PA 1.9 77
Polyethylens PE-HDMINLIVLLD | 9.7 22
Svrenic copolymers | ABS, ASA, SAN 53 12
Polyvinyl chloride Py [ 38 o
Uhers _ | 3.3 kL

absolute masses based on the dota from Weill et al. (20012} which states that 224 kg
of plastics were found in pew cars in 2000 In sdditon o conventional plastics,
there are also composites with plastics being used in automotive manufaciuring.
Such plastic composites incorporate for example carbon resulting in carbon fibre
remnforced plastic (CFRP or simply “corbon’), glass (glass reimforced plastcs, GEP,
GFRP (glass-fiber reinforced plastics), iberglass), or aramid in order o reinforce the
strociure (Muorphy 20013} (see Sect, 3,001 The demand for reinforced plastcs inocar
production reached 25 5001 in 2005 with an estimated growih to 76, 7001 antomaotive
CFRF in 2022 (CCeV and AVEK 2016, pp. 1'7:21). Bioplastics are still complesely
insignificant in the sutomotive sector as only 94,0000 were used in 2004 (5% of the
global bioplastics production) (Tnstinue for Bioplastics and Biocomposites 2015, p.
45) (see Sect. 3.1.1). Consequently, these materals are not the main focus of this
book as conventional plastics are the most prominent polymers in the auiomative
sEClor,

Due o several also non-scientific sources concerning the share of plastic types
in cars, o different insight is offered in Fig, 5,08, Please note that in this illusteation,
the labelling and the underlying data was not available, but it is used to show that
the share of PA {podyamid) 1= clamed w be sigmificantly higher than in the daaset
from Marketsandmarkets (200131 In fact, there is a need for superior and publicly
available data.
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1.2.2  Environmental Impact of Automaotive Plastics
and Cars in General

The ecological factor of a highly glohalised cconomic branch such as the automo-
Uve sector 15 subsegquently relevomt and operative on o global scale, Corrently, this
indusirial branch is handling the ecological factor despite fuel consumpdion with a
comparably low level of atention, regardbess of s high level of relevance of one
focuses on the production and end-of-life (EOL) phase of a car. The main focus
of interest regarding the ecobogical factor 15 the lile-phase of a cor as the compa-
nies are primarily toking the greenhouse gas emissions {CObe) into consideration,
dizcounting the production amd end-of-life phase, In Ffact, this conduct or behav-
1our is driven by a policy of restruint limiting and penalising high greenhownse gas
emissions from cars. In this context, it should be menticmed that there is also a con-
flict of aims between designing lightweight cars on the one hand and implementing
recyclability on the other hand, while reaching these two aims is a challenge. As
the life-phose of o car 15 thoroughly linked w the manufaciurer, or in other words,
as the company is being held responsible for the ecological effects cansed during
the Ife-phose, s logieal that the automotive industry 15 pushing 1o decrease the
cxhawst fumes defrimental o the environment. As this development is o be con-
sidered positive withour exception, the industry ought w more strongly include the
production and end-of-life-phase of a car o complete the scope of tregiment con-
cerning the negative ecological repercussions, bevond the implementation of legal
directives such as REACH, RoHS, the ELV-directive, and producer responsibility
(see Bect, 3,2.3.2) regulating hazardous substances, and promoting recycling. How-
ever, automotive businesses are sull extermalising the ecological costs of handling
remaining negative impacts of cars predominantly o future generations regarding
the production amd end-ol-lfe-phase. This 15 due o the Faet that compandes do ot
feel responsible enough for the negative effects of the production phase and the ECQL
phase, In short, they are evading the payment for the covsed ecological effects, as 15
outlined in the following.

The priclucts of this industry tosch our daily lives not only by providing personal mobilioy
for millicns, b alsn by bringing a wide amay of challenges. The dedericration of local nir
querlity in urban aneas, abosg with global issses such as global warmang, and (e reatment
of scrapped vehicles are just o few examples of such challenges. (Orsato and Wells 2007, p.
AR

In fact, the life of o car results in numerous ecological repercussions, based on
Monterey California (2014) 7

s water pollution {runoff of oil, din, beake dust, exhavse fumes, road paricles,
nuiomative Huids, chemicals from roadways and parking lots)

w solid waste {scrapped material, tires)

# energy use (fuel)

PThe west was panly paraphrased, summarised ad complemented by che auhor,
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moise podllution

air pollution

land wse {road surfoces, parking lois)

road huilding (degradation of ecosystems when building roads and resource
extraction for the roads from large-scale rock quarrying amd gravel extraction
in possibly sensitive habitats)

For o very detaled account of the automotive environmental impact conceming
grecnhouse gas emissions and O0se, please consider Patterson et al. (2000 1}, and for
a detailed outline of the comples system required for o holiste LCA of sutomobales
please see Mayyas et al. (2002, po 18470 As a nexi step, we will investigate the
application of these plastic in cars providing an overview of the structure of an
automirbile.

Auviomotive Engineering, Technical Requirements and Plastic Componenis

Automodive plastics have o fulfil very high technical requirements and standards in
terms of performance because of the automotive indusiry™s focus on safety, comfort,
and design. For this reason, the material selection for car pans is highly dependent
on e overall pecformance of the matenal, Consequently, the moterial selection in
the automotive indusiry depends for example on the following properties which can
compete or comur (based on Belingardi and Obradovic {Belingardi and Obradovic
(2012, p. 21)):

“Chemical composition

Structural and mechanical characteristics
Innowative manufawnng echnologies
Surface paintability and protection
Innowative poining technologies

Diesign of innovative siruciures
Component and subassembly resis
Maintainahility and dismantling'®
Recyeling at the end-of-life”,

When plastics have passed such a material selection process, which is likely to
dilfer slightly depending on the respective company, lor passenger cars, plastics ane
used for the following components {EuPC 200 3) {please note that this table is from
2000, s oo earhier dota was available and that the numbers doonot sdd op, o the
sum of the masses s Y6 kg ond not 105 kg as given, therefore consider Table 3.4 as
AN APPIOKImation )

Howeever, this is likely to have changed over the years doe to rapid plastics devel-
opiment, new reguilations and requirements of the automotive industey,

P iriginally, this Tine said “Manuenability and dismounting”, bul after wchnical and linguiste
research, it was concluded and suggested thal “Maintaimability and dismantling” was most probahly
the commect versnsm,
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Table 34 Plastics wsed i typical o, s with i permisson from EWPC (2013

Compoment Makn types of plastics Welght in av. car (kgh
Interior trim PP. ABS, PET, POM, PYC )
Seating | PUR, PP, PYC, ARS, PA 13
Bumpers FE ABS, FCPRT L1
Umideer-bommet. comprmsents PA, PR PBT i
Uphalstery PVC, PUR. FP, PE i
Dashboard PR ABS, SMA. PPE, PC ]
Elecirical componenis PR PE, FRT, PA, PV 7
Fuel Systems | HDPE, POM, PA, PP, PRT 6
Body {inel. pancls) PP PPE, UP 6
Lighling PC, PBT. ABS, PMMA, UP 5
Exlerior Lrien ABS, PA, PET, POM, ASA, 4
'P'P
Liguid reservoirs FE PE, PA 1
Total 105

3.2.3  The Car Life-Cycle, ELV Management, and Recyeling

Changes in anomonive materiaks and sysems are anteipated as government and indusary
work 1ogether 10 increase Toel efliciency. These changes will cemainly require 1he devel-
apment of new and ndvanced fechnobogies for susiainahle auiomative materinls recycling.
1 Danbels e al, 2004, p, 32

The car life-cycle in the EU is a special cose—siatistics show, that a large pro-
portion of end-of-life vehicles (ELVs) is going missing every year, According to
Oeko-Institut e. V. et al. (2016),'" more than 3.6 million ELV= were missing in 2013
isee Fig. 3.19), These missing cars represent a significant loss of resources which are
nol kept within the EL for recycling,

Analysing the car life-cycle with the focus on the treatment of end-of-life vehi-
ches, several process stages are required ontl all the different materials ane recycled,
recovered, or landfilled. The curment process is depicted in a simplified version in
Fuig. 3,208 For a more detanled outhine of the comples lilfe-cyele system required for a
holistic LCA of automobiles please see Mayyas et al. (2002, p. 1847} However, as
stated in the exemplary quote above, insufficient attention has been given 1 recycling
in the automobile life-cyele.

First of all, there are two main geographical regions of interest. namely the
European Union and other countries and regions, lobeled “Extra-EL". In fact, there
are two systems in parallel: First, the automabile life-cycle, which is regulated, struc-

¥ Data sounses according o Oeko-Tnstio e %, et al. (2016k POLE: Ewopean Ausomobile Man-
fuciurers Association (ACEA ) Eurosial; Eurcsiat Foreipn Trade Statistics (FTS). The calculation
methods cam be found n this repon as well.
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Fig. 3.20 The car life-cycle in the EL with the focus on ELY treatmeni. adapled with kind permis-
sion from Konari et al, (20020, Muoudet et al. (2002)

tured, and deemed sustainable in the Evropean Union. However, there is a second
system, which = pomanly unodficial and runming 0 the background, This 15 the
system conneciing the automobile life-cyele in the EU with the *Extra-ELD, that is,
adding the import of caw moterials and the export of ELY s, Tuming o the lile-cycle
of a car in the EU, the production phase {on the very left in the illustration) starts
with the row material suppliers, which are mainly from Extra-EL countres doe o
the =carcity of raw materials within the EUL The raw muterials are trunsporied o
the virgin material suppliers, such as virgin plastic material suppliers, which then
supply the virgin material to the aviomotive suppliers, such as plastic parts moukders.
Possibly, recyeled material is delivered o the automaotive suppliers as well, Addi-
tionally, waste plastics from the production are recycled due o their high purity.
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This is possibly done nght on the production sie, which is called m-howse recyeling.
Then, the parts or modules are transported to the car assembler (usually the OEM)
that assembles the pars and modules w prodoce the car, which 1s then delivered o
the customer. Mow in the usage phase of the car, the cusiomer usually has the car
maintained at car workshops, where broken pans are disposed of, The reuse of ELY
plastics is very low, if done at all, due o damage from the dismantling process; used
bumpers are available for sale (Martens 20010, pp. 258-2601. When the car is no
longer deemed satisfving, substantial volumes of stll working used cars are either
exported legally or illegally, for example 1o exira-ELN counries or regions such as
Adrica and the Muddle Eost (Padioment 2000, pp. 10, 420, or considered an end-of-
lific wehicle (ELN) by the last owner or a manager of the distributors and sent to the
waste management industry, This refers back to the “probleme-shilting from one part
of the life-cycle o another, from one geographical area to another” (Finnveden et al.
2008, po I T) (e Sect. 24,30

In the end-of-life of the car in the EU, the dismantler is de-polluting and disman-
tling the car, where Auid components and plastic parts which are easy o dismantle,
such as bumpers, are used for energy and material recovery, being reused or recycled
directly. Subsequent to the dismantler, the shredder receives the ELY and shreds into
smalber parts which are then sorted. After the sorting, the ferrous, non-ferrous metals
and a share of the residue after shredding is sent to the respective material recovery
facibiny, The remaining Qul¥ 15 colled awomotive shredder residue (ASE), which s
a material mixiure with mainly plastics {35-55%) followed by mbber | 102051,
metals (-1 3%, wesiles (T=15%), and other fine materials such as glass, sand, paint
and more { 10-20E), according to Ciacei et al {2000) citing Boughton and Horvath
(20060, Filippi et al, (2003), Larain et ol (20070, Morselln et al, CH0000, Mourred-
dine {2007). However, these numbers differ widely according to Ferrdio, Mazarcth,
and Amaral (2006), Vermeulen et al, (2001), This ASR is then iransported 1o the
recyeling company, which then further soris the ASE to gather plastics for recycling
i please see Sect. 3.1.4). The recycled plastics are partly sent 1o the automotive indus-
iry in & closed loop. The remuning residue is treated through energy recovery. For
more details on ASE recycling consult Buekens and Zhou {2001 4). However, when
twrning o the extra-EL wsage and end-of-life phose of cors (on the very right in the
illusiration ), the ELY treaiment is still to be guestioned.

Concerning the waste treatment quality, Mortens (2001, p. 258-260) descnbes
another valuahle aspect of ELY recyeling. that the dismantling and the wasie purity is
ol hagh importance for mechanical recycling, For example, most bumpers are coated
and thus the paint has o be removed for recycling, As blast cleaning causes particles
to be encased into the bumper, the laner have to be first shredded and then sent 1o
the paint remaoval. As o result, but =6ll depending on the plastic type, mechanical
recycling might not be the best option, Meveriheless, this part is amongst the easiest
o recycle due to matenal purity, size, and the easy dismantling { Akovali et al. 2013,
p. 87

Moreover, Vermeulen et al, (2001, p. 211, Mourreddine CHO07), Kim e al, (2002),
and Bodenan et al. (2012) underline that quality and quantity are still a challenge,
the automotive shredder residue (ASEY material bos o ful il certam physical and
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chemical requirements, and that gasification™ of the plastics waste and blist Turnoce
might be a valuable option for ASE recycling.

3251 Automative Plastics Waste

Maoving 1o the end-of-life of cars, especially the ELV plastics treatment is still highly
insufficient, as the energy recovery {incineration), recveling (mechanical and feed-
stockichemical), and disposal rates in the EU-27 including Norway and Switzerland
in 2008 ilesrate (Fig 3,200 In Goct, Jandfilling = the prevailing waste treatment
method for automodive plastics in Europe in 2008, More than 1.247 Mi of automo-
tve plasties omginated from ELY=, but only %% were recycled omd 11% were used
for encrgy recovery whereas most of the plastics were disposed (80%), according
1 European Commission DG ENY et al, (2001, p. 86}, presumably likewize on a
glohal scale. Intodal, the ELY waste generated in 2002 is estimated ot 6.23 Mi in the
ELI-27 {Burostat 2014},

According o the cited report for the European Union provided by {European
Commission DG ENV et al. 2011, p. 86), there was a very low recycling rate of
plastics from end-of-life vehickes (ELY=) within the EU due to the fact that most
of the member states except Denmark have no legal obligation for ELV dismantlers
Lo remove putomolive plastics for recyeling (GHE and Service 2006, p, 63, Addi-
tionally, the revenue from ELY plastics is zero per ton (Ferrdo and Amaral 20045).

Ll T HrHink

Bpcphnp lT‘;

1A &

Encpdag LiaH py Biarmry

Fig. 21 Tresiment of toanl muemotive plastics waste in EU-27+MACH in 2008, adapied with kind
permassion froam European Commmssion G ENY e all (201 1, po BG)

"‘""D:ri-nilinn af mew regisimtions acconding i Furapean Uricn (2000 M1 iomege i the illusirn-
tiom ] = “Welncles desagned amd comstrocied For the carriage ol passengers and Comprisng m» morne
than eight seats in addiion o the driver's seat.” and N1 (blue in the illusiration) *Yehicles designed
ard constructed for the carriage of poods and having & masimunm mass e cnceading 3.5 wonnes.",
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Ao consequence, the recycling mate of automaotive plasties was al 9% i maost of
the member states in 2006 (GHK and Service 2006, p. 65).°' Even in 2011, “the
propodtion of plastics from ELVs being recycled is exiremely low™ {Ewropean Com-
mission DG EMNY et al, 2001, p. T However, the low rates imply that treatments
other than recycling are predominant in the end-of-life process of automative plas-
tics. Untortunately, there was no recent compleie dotaset on ELY plostics ireatment
available from the European Commission and Eurostat, even after personal requesis
were made,

Upon investigation of the estimated plastics contained in ELY s from the year 2005,
Evropean Commission DG ENY eval, (2001, p 025 ) estimates that in 2005, 106 kg of
plastics are theoretically available for recycling. In Table 3.5, the composition of plas-
ties Froom ELY = imthe year 2005 15 depicted and shows that polypropylens is by far the
maost dominant plostics type with 42%, followed by polyurethane {1 19% ), polvamides
and polycarbonates (8%, acrylonitrle butadiene siyrenes (7%, polyvinyl chlonde
(7% and others { 129).

Reinforced plastics and composites waste such as CFREP {carbon fibre reinforced
plastics) from ELVs is currently not significant in quantity, but could be in the future.
However, in the production process of CFRF around 33% is wasie, and the treatment
of CFREP waste 15 a huge challenge (see Sect. 3.1.4) Other composites are also by
nature difficult to recyele due to the physical and chemical combination of inherently
dilferent materials, Bioplastics waste from ELV= = also ol vet of major concern,
but might be in the years o come. Therefore, treatment of ELY hioplastics wasic
shoubd be of political amd indusirial concem as facilinies and the waste treatment
framework could require adaptation (Stagner et al. 2002, p. 1050}, Betuming to
standard plastics, it is o be said that the quantity of plastics from ELV s available for
recycling is remarkably significant, vet the recyeling process itself is still a challenge.
Howewver, in order to potentially close this automotive plastic loop, the application
of recyeled (auiomotive ) plastics is crocial.

2 Please noie that in this repest the termes “recovery” amd “recycling’ are sometimes mixed up, a5 oo
page &,
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Table 36 Usige of recycled plastics in car fleets in Europe (BMW Group 200 5: Daimler A0 2005
P3A Groupe J15; Fiat Chrysker Automabiles Growp [FCA] 2005, po 6d: Volkswagen AG 200 5;
Missnn Maotor Corporation 2006, p, 138; Renouli Group 2005, p 16 Gereral Motors 2005; Ford
Mloor Conmpany 201 G)

OEM | Proportion of recyched plastics

FC A Group (Fat'Chrysler) [ 34.9% (nvg. 2015

BMW Growp | Mo clear indication (up 1o 20% in 2014)

Nissan Muotor Corporsion | Mo clear indication (13% in the best
| performing mpdel)

PSA Growp (PeugeoiCitrnen) ; Mo clear indicnbion

H:n.l.;.lh: L. . ) [ Mo clear ind.iculim

Ford Motor Company | No clear indication

Ciemiral Motors Company | Mo clear indicalion

Wolkswagen CGroup [ Mo clear indication

Daimler AG I Ma clear indication

Usage of Recycled Plastics in Cars

Car manufaciurers are currently not particularly interested in using recycled plostics
in cars, according to Mawdet et al. (200 2), pp. 4, 35 Morcover, it is stated ihat the
reasons aguinsl using recveled plastes in cors are mostly the poor qualiny image of
recycled plastics, that recycled plastics are displacing virgin plastics on the market,
that “guality, volume and price’ and “performance and consistency of performanee”
are not satisfactory to the sutomaotive indusiry {Maodet et al. 2002, pp. 4. 5). However,
OEMs implement recyeled plastes, but most do oot declare the real content publicly,
Agcording to the sustaingbility reporis of major OEMs in Europe, only Fiat'Chrysler
atates their usage of recycled plastics or polyimers in their car feet accounting for
34.9%. Mo other OEM provided clear information about their usage of recycled
plastics as depicted in Table 3.6, Some OEMs: only provided data on only one car
mosde] which was probably the best one conceming recycled plastics, or stating up o
percentages, which could refer io zero usage as well. However, after discussions with
OEMs and suppliers, many companies seem nod o know the exoct shore of recycled
plastics in their products, due to complex supply chains and sometimes even non-
commumnicuted vsage of recyeled plastics by suppliers for cost reducton, Generally,
cross-flect data is still insufficient and necds to be published.

According to Toldy ec al, (2008, p, 9715, “...the ratio of the applied secondary
plastics in the production of the primary products varies between 5 and 25%, The
ratio of recycled plastics, which can be added 1o the product. depends from the
technobogy, currently it can be up to 530%. Recycled plastic matenals can be used
as secondary raw matenial mainly in non-visible, non-coloured, non load-bearing
pari=, when no further processing 15 done, in non-prestige brands.” This highlights
that recycled materials are currently applied cautiously and concealed, which is
supported by Mosdetetal, (2002, pp. 4, 5) descnbing the reasons for this issue; First
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ol all, recyveled plasties are sull considered mferior w virgin plastics. Secondly, the
recycled plastics displace virgin material, whereas the production of virgin plastics
15 a perfectly closed process guarantesing high quality, Thirdly, recyeling companies
dio not meet the quality and quantity reguirements of OEMs and supplicrs, vet

However, there are also studies from the indusiry conceming the usage of recy-
cled plastics in cars proving interest about this topic. For example, CARE Group
and BPF (20030 did a “Plastics Reprocessing Validation Exercise—PRoVE” which
shows that for example compounds using 25% recycled PP and ABS plastic from
ELN5 and 73% virgin plastics have suitable material properties. However, only low-
tech products were made, such s o Glter howsings and radiator grilles, despite the
fact that the input material was handpicked, thus ensuring material purity. 54ill, they
acknowledge, that research has wo be done on a larger scale, Furthermone, it 1s neces-
sary to rescarch the maiterial propenics of blended products incorporating virgin and
recyeled plastics, According o Bag et al, (013, po 2020, the optimal material proper-
ties without any drawhacks are achieved with 10—40¢% recyeled plastics, depending
od the focus (lensile, Aexural, or impact srength), However, this study has o be
extended significantly to various tvpes of recycled plastics as there are considerable
differences between various recyelate suppliers, Furthermore, Mawdet e al. (2012,
p. 7) elaborate that such compounds can increse the quality of recycled material,
bt this is not preferred by the automotive indusiry, In practical fests using recy-
ched plastics from production waste, Covestro Devtschlomd AG (20050 advises that
10-20 recyeled material (reclaim) can be added to virgin plastics, and “upote 1005
for pars where properies are of secondory importance ... Additionally, Masder e
al. {201 2, p. Ty claim that only locally recycled material is preferable to virgin mater-
tal, highlighting the impact of ramsportation. However, in order o advance recycling
in the car lite-cycle, politics is another highly relevant factor, o5 discussed next.

1252 Politics and the Legal Framework in the EU

Mational politics and especially the European Union are strongly influencing recy-
cling in the life-cyele of automobibes, Since resource scarcity 15 a central element in
the politics and the legal framework in the ELL the regulation of the whole life-cycle
of automobibes, several directives and their effect on the system bave o be taken o
consideration. Beginning with the production phase of a car, the EU established the
REACH-Directive, which 1s concerned with the “Eegistration, Evaluation, Autho-
rization and Bestriction of Chemicals™ (European Commission DO Enterprise and
Iindusiry 2004b), “The main aims of REACH are to ensure a high level of protection
of human health and the environment from the risks that can be posed by chemi-
cals, the promotion of alternative test methods, the free circulation of substances on
the internal market and enhoncing competitivencss and innovation. REACH makes
indusiry responsible for assessing and managing the rsks posed by chemicals and
providing appropriate safety information w their vsers, In parallel, the Buropeon
Union can take additional measures on highly dangerous substances, where there is
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Table 37 ELV-Directive (European Union 2000, p. 38)

Asaf Jan 1, 2046 | Asof Jan 1, 2015
Feuse and recycling (%) o1 RS
Reuse nnd recovery (%) b a5

a need for complementing action at ELN level,” (European Commission DG Enter-
prise and Industry 2004b). As o consequence tor plastics recyeling and recycled
plastics in the automative sector, REACH influences the production and the usage
of recveled plostics in cars through the legal obligavon of registenng, evaluating,
authorising. and resiricting the content in plastic materals conceming their impacis
o the enviromment and homom health, Another legal measore influencing recyeling
is the “Resiriction of Hazardous Substances Directive”™ (RoHS ), which regulates hae-
ardous substances in elecironic products (European Uinion 2003, thus leading 1o an
increase of costs due o8 reguired extraction of the specified substances coming Ffrom
the waste plastic used in the recycling process to ensure RoHS compliamt recyeled
plastics (Wiger et al. 2001, p. 17530

Tuming to the end-of-life of vehicles, the European Union implemented the ELY-
Drirective wo regulate the reatment of cars after the usage phase, This directive stipu-
laies that by 2001 5 95% of the ELY by weight has to be reused, recovered, and recy-
ched, wheress o masimom of 10% might be treated with energy recovery (Table 3.7)
{European Union 20000, p. 38).

Product stewardship and the (extended) producer responsibility “EPE" lows ane
additional drivers for corporate sustainability, furthermore can companies develop
better products if they incorporate the end-of-life phase of their products, forexample
by take-back policies (Kral) and Markic 2000E; Bossem et al. 2006).

Currently, the European Union is working and implementing the “CARS 2020
Action Plan™, which endorses the suggestions provided in the final report of the pre-
vious process, called “CARS 217, a "“Competitive Autoimotive Regulatory Svatem
for the 2181 century™, The recent CARS 2020 Action Plan 1= oow “promoting the
innovation and advanced technologies, improving market conditions, global com-
petitiveness and anticipation of change.” (European Commission DG Enterprise and
Indusiry 200 4a). Moreover, the CARS 21 final report {European Commission DG
Enterprise and Industry 2002, po 5340 stotes the importomce of B&D among other
things in the fields of suitable materials (including substitutes) and “ecological and
efficient manufacturing, including recyeling” within the research and innovation plan
*Horizomn 20207,

Within the Horizon 2020 programme, the “European Green Vehicles Initiative™
(EGY) (BGY]L 2004y was established., which 15 “delivering green vehicles and
mobility system solutions which contribute to the developiment of a competitive and
sustainabbe transport system in Evrope™, Moreover, alternative and lightweight mate-
rials and vehicle recyeling is within the scope of the EGWLL In addition to automaotive
specilic aims, the EL s pursuing sdvancement of the circular economy and resource
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efficiency in general, such oz i “Towords o circular economy: A sero wiste pro-
gramme for Burope”™ (European Commission 2000 4¢) and the “European Resource
Efficiency Platform™ (Europeon Commission 2014a), Furhermore, the Boropeon
Commission put forward a progeosal io ban landfilling of recyclable materials includ-
ing plastics by 2025 (European Commission 2014k, p. 25 “Member States shall not
accept the tollowing waste in landhills for ron hazardowns waste by 1 Janoary 225,
recyclable waste including plastics, metals, glass, paper and cardboard, and other
bindearndable waste,™

In summary, the European Union is actively addressing challenges conceming
alternative materials, recycling and waste treatment in directives and research and
development programmes. However, the usage of recycled plastics in the antomaotive
sector i= of no explicil concern o date,

3.3 Summary: Holistic Controversy of Automotive Plastics

The indusiry reality concerning automotive plastics is bipolar in terms of theory and
reality: On the one hand, plastics reduce the environmental impact duning the usage
phase; on the other hand, plastics have a negative environmental impact in the pro-
duction and end-of-lilfe-phase of o cor. Mow 1o summarise the outlined controversial
system of automodive plastics, the following facts recap the global challenges and
automeive irends with regard o the environmental impact of automotive plastics:

Exponential population growth

Mew markets. new consumers

Increase of afluencefwealth = mone cars per capita

Inerease of plastes shore in cars = Increpse of plastics demand

Increase of demand for fossil fuels

Mo circular economy

Extraction and emission of greenhouse gases caused by automotive plastics

Mow following the kead ol the “I= P = A = T caleulation by Commoner {1972],
Ehrlich et al. {1971}, which states ihat the human impact (1) on the environment
15 equal o the product of the population (P, tee allluence (AY, and the wchnology
(T} and its criticism by Alcott (20000, who claims that the variables (P, A, T) are
actusally dependent of eoch other and therefore the equation should reconsidered by
caleulating [ = fiF, A, T, the following caleulation was developed subsegquently o the
previcusly mentioned global challenges and automotive trends concerming plastics.
Replacing ‘nfuence’ with “cars per capita’. and “technology” with “plastics share”
as well as “recycling rate’, the “environmental impact of auiomotive plastics’ can be
calculated together with the “population”

o wam || W pF =
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1= 0P, C, 5, B] Environmental impact of aulomotive plastics [1] =
I [Population (P), Cars per capita (C), Plastics share (5), Recyeling rate (R)]

Changing the perspective from automaotive plastics to the car in general, an expan-
sioa of the focus only on the life phase of a car is apparent. In particular, the rise of
fuel efficient and especially electric cars incresses the importance of the production
and end-of-life-phase in the environmental impact throughout the life-cyele of cars
due o reduced emissions in the lite phase {Hawkins et al. 20035, po 1) Patterson et al.
(2 1) peoint oul that a mid-size gasoline-powered car emits 23% of the life-cycle
COy, and o mad-siee electne vehiele more tham 37% in the production phase, when
assuming 310g CO-EWh. OF course, this depends on the respective generation of
ehectricity, A similar effect concerming the focus on the production phase 15 created
by an incressed wsage of high fech plastics and composites. This consideration of
the whide life-cyele of cars amplifies the necessiy Tor practcal solutions in order
i decrease the negative effect of plastics in the production and end-of-life-phase by
sirengthening the circular plastics economy and sustainable recovery,

Gienerally, research on the imdustrial reahity reveabed that of present, there is sus-
tainable thinking in the industry and in politics, bur the atinude oward holiste sus-
tainable wcting still leaves something to be desired. 1t seems. and this is only an
estimation, that the auomotive industry is paying atiention primarily o the life-
phase of cars, o decrease the Tuel consomption due o regulatons and moarketing
benefits, while tending o disregard the production- and end-of-life-phase because
of few centives and legal directives o do so, which ciuses “probleme-shifting
from one pan of the life-cyele o another, from one geographical arca to another”™
(Finmveden et al, 20099, po 170 (see Sect, 2.4.3), However, there 15 also a conllict
of gims= between designing lightweight cars and recyclability. A= a result, recycled
plastics are nod as important as they should be, although their potential o decrease
negubive environmental impacts 1= known. The secondary raw materials business or
waste management industry is challenged 1o recover valuable plastics from end-of-
life cars i render the import of crude oil for producing virgin plastics obsolete, As
a resul, the economy is primarily linear so that the auiomaotive plastics production
and recyeling svslem 15 causing negative impacts on the enviromment,

The environmentally sound solution is a circular economy where automotive
plasties mterials are recovered through varooes echnologies, depending on the waste
plastics. When considering the potential, now from plastics in general, the numbers
are comvineing: “By eliminating the land Glling of plasti waste by 202000 15 extimated
that B0MiL of plastic weste would be prevented from going o landfll, an amount
representing about | billion barrels of il or €70 billion (if 1 barrel = 5100 and %1
=€, T0)" (PlasticsEurope 2013c, p. 41 A consequential positive effect of such a
circular economy is the creation of green jobs and sustainable value, The estimated
potential when increasing the recycling rate of plastics to 7% by 2020015 to create
162011 jobs in the EU (Friends of the Earth 2000, p. 31). Calculating the numbsers
for the automotive industry based on the figures from PlastcsEorope (2003, p
#6)1, European Commission DG ENY et al (200 1), the potential when recycling the
S0, O of Tandfilled automotive plastes in 2008 5 worth 37 L300 mallon, When
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including the currently energy recovered automodive plasties (139, 00010 in 2008),
leading o 1,135,000, the potential value rises o E993,125 million, which could
crepte 1555 new jobe in 2020, when calculating 9.3 new jobs per 10000 recycled
material in the EU-2T in 2020 provided o (Friends of the Earth 2000, p. 22).

But currently this potential is not ver harvested, Therefore, we need holistic and
future-oriented thinking o transform our economy for the better and to harvest its
potential, We need a change in mind.

...recycling appears i be the ome mid-term challenge 1o be comfromied workdwide. This
implies nod only developing recycluble materials with safficient performonce bt also ingro-
dwsing recyelable putoamolive parts, (Weill et al. 2002, g 6)

The outcome of the presented theoretical analyses highlights that further imves-
tigation on this topic is vital, especially on the ecological sustainability of plastics
in the automotive sector, the reasons for the low usage of recycled plastics and
the automotive plostics recycling rate, and the ecological sustainability challenges
and rends of the auomotive plastics production and recycling svatem af that time.
Accordingly, the research questions of this book have been designed to answer this
call (see Chap, 1. These questions are dealt with in the following empirical part of
this hook,
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Chapter 4

What Do the Experts 5ay? The Survey
Results About Automotive Plastics
and Recycling

Abstract Cash-hungry managers versus real-world sustanabalivy, = this the case in
the automotive plastics and recycling industry? To ind o, a survey was conducted
throughout Burope covering all the key players, ranging from virgin plastics produc-
ers, gutomotive industries ncluding OEMs= and suppliers, shredders, and recyclers
as well as research institutions. In this chapier, the survey resulis are outlined and
cross-checked with the resulis of the experts workshop. By doing so, quantitative
data from the survey is merged with qualitative data from the workshops increasing
the real-world representation. This approach enables the investigation of the reasons
for the insufficient implementation of recycling in the car life-cycle as outlined in
the previous chaplers, and w olumately provide solutions w advanee the circular
coonomy of automotive plastics.

What Do Evropean Experts Say Aboul Aulomotive Plastics Recyveling?

To investigate the reasons for the insufficient implementation of recycling in the car
Iife-evele o outhined i the Chap, 3, and o olumately provide solutions o sdvance
the circular economy of automodive plastics, the following survey was conducted in
2014 within BEurope covering all the key players in the automotive plastics prodection
and recycling system, ranging from virgin plastics producers, automotive industres
including OEMs and suppliers, shredders, and recyclers as well as research instinu-
tions, For more detailed information on the methods, please refer o Chap. 3. In the
following, the survey resulis are described and supported by the resulis of the experts
workshop, which was conducted to validate and discuss the survey results. By doing
sy, quantitative data from the survey is merged with qualitative data from the work-
shops increasing the real-world generalisabiliny, Mow focussing omnthe survey resulis,
it should be mentioned that the original groups from the survey were clusicred inbo
the lollowing group clusters”, for the sake of reducing complexity (Table 4.1

"The arigimal survey group “association” is ‘association, clusser, inlerest proup, research instituse
aomotivesreeyelingfplassic”,
€1 Springer International Publishing Switzerlamd 3T o

[, Schonmnyr, Aurammive Recveling, Plasics, aed Susnsinalidiis,
IO0 D DOHTATH-3-3 19- 5740014
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Tahle AN Chugermg of Clustered group * Obriginal groups in the survey
et S e Autamaive indusiry = CHEM + Supplier «
Assobation
Kecyclimg imdustry = Recyiler + Association
recveling
Virgin plasiics indusiry | = Wirgin plastics prodscer +

Assocralion plastc
Academia, science, research = Acodemia, science, research
Politics | Excluded due to bow number of
participants

Unfortunately, several partcipomis sebected “other’ when deciding on the groups
and wrote, for example, *distributor” or “technical consultand . and could therefore not
b v il all, The survey statistics were calculated on the boasiz of Fisher (19703 and
Limmermann-Janschitz (2003} with a rerowned and popular siatistics program and
viswlised with a popular tabular software, In this survey, most questions are closed
with given response options toenghle quantification and statistical calculations. Most
importantly, the resulis are genuine without any attempl to perform p-hacking, thus
distorting the outcome and design Haws are described to ensure maximum trans-
parency. The results were checked for comrelation and significant differences with
the ‘Pearson Chi Square test” between answers from the survey groups, and com-
plete and incomplete questionnaires. There was no rebevant comrelation calculated,
and only one relevant significance found (OEMs= and suppliers on the question; “Did
yiou Of Your company imeestigate possible applications of recycled plastics in your
products } which revealed coneaderable, and w be honest onespected agreement
between the groups, especially between the virgin plastics producers and the recy-
chers, which 15 outlined in the survey,

4.1 Validation of Survey Data Through Expert Workshop

Because this survey's statistical representativeness is nod to be determined in this
rescarch due to limited resources (see Chap. ®), the data gathered was validated and
discussed within an expert workshop, Hosted at the Department of Geography and
Regional Science, ot the Karl-Fransens-University Groe in Austria, representatives of
the automodive, plastics and recycling industry took pan. These expens have cocep-
tonal expertize o they are representalives Trom large interest groups, gssocialions,
and clusters from each of the relevant indusiry branches. Additionally, expernis from
the ecological indusiry sector and from the academic field regarding geography and
regionil science, and systems sciences, innovation, and sustninabality research opted
in. As a result, the survey data was ngosously validated and discussed by a highly
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knowledgeable, heterogeneous, and coteal group i a three-hour session, The qual-
itative comments of the expens on the guantitative research resulis are embedded

in the deseriptions of the survey resulis, However, the questionnaine resulis are now
cutlined in the following.

4.2 Demographic Data and Details About the Survey
Participants

Demographic Information

The demographic questions reveled that 31% (120 people) of 149 participants are
malbe, and 19% (29 people) are female (see Fig. 4.1). Regarding the age. the majosity
of participants is between 25 to 45 (53%], followed by 46 to 65 (43%), <25 (3%].
and =03 {1%) (see Fig, 4.2). For easy differentiation, the demographic and personal
data was not framed in contrast to the min questions.

Fig. 4.1 Geraler of the

survey pricipants (n = 149)
29

Female (F)

Rale ()

Fig. 4.2 Age of the suray
participams {n = 155)
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Crther
40
18%
Autornobive
Industry
Academia, 83
science, ITH
Research
26
11%
Plastics
Producing
Industry Recycling
A Industry
20% 32
14%

Fig. 4.3 The clusiers aof survey participands (n = 225), wiih the ol nomber and ihe perceniage
bl

Professional Information

The participating groups of the survey are primarily subject io the level of interest for
participating in the survey and hugely different numbers of employees (see Chap, #),
which covsed o non bomogeneous distobution (see Fig, 4,30, The automaotive industry
is represented by 33 participanis and is the largest group. The plastics producing
industry accounted lor 44 paricipants, the recyeling industry for 32, and 26 experts
participated from the scientific community. Unfortunately, 40 participants did not
chooes from the given possibilites regarding their tvpe of emplover or mstitetion
bt chose ‘others”. These could not be taken inio account, due to lack of clanty. For
example, several participants declared (o be a “consuliant’, or “service provider”. As
a result, the “others” were excluded in the statistical coloulations,

The above-mentioned groups or clusters were developed o draw clear and com-
prehensible conclusions by clustering the related branches, The automotive cluster,
for example, is primarily consisting of members from automotive suppliers and auio-
medive plastics converters (48 participants), ond automodive assemblers/OEMs (30
participants). In addition, 5 people from an automotive focussed association, clusier,
inlerest group or research imstitute wok port, as depicted in Fig, 4.4,

The plastics group is composed of 32 virgin plastics producers and 12 from plas-
s focussed associations, clusters, imerest groups, and research imstitoies (see Fig.
4.5}, The high share of the latter is in strong contrast with the automotive and recycler
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Association, cluster,
interest group,
resaarch institute
[Focus: Automotive]

5
B Autarmotive
assembler f DEM
£l
IE%

Automative supplier
[Tier 1,2,3...n] {
Plastics converter
48
58%

Flg. 44 The amemotive proups of the survey (n= 5357, with the woial number amd the percentages
belivar

Association,
cluster, interest -
group, research gt
institute [Focus: P

Plastic) i
1z
2T%

Virgin plastics
producer
32
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Fig. 4.5 The plastics groups of the survey {(n = 44}, with ihe tolal number arsd the perceniage helow

aroups, and suggests a higher focus on research, networking, and cooperation in the
plastics branch. However, due to that number of partici pants, this is only a presump-
tion which was supported by the hndings and experience during this book.,

The recycling group is composed of 31 recyelers and shredders of plastics includ-
ing other materials and goods as well, Just 1 participant 15 from o recyeling locussed
association, cluster, interest group, or rescarch institute (see Fig. 4.6).
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Flg. 4.6 The recycling groups of the survey (n = 320, with the wnal number and the percentages
bl

43 Automotive Plastics Recycling and Recycled Plastics

Creneral Croestions to all Survey Participanis

This set of questions is composed of the opindions and the knowledge of the automo-
tive, the plastics, the recycling, and the scientific groups together and represens the
overall stuws gquo and the trend of the plastics production and recycling system in
the automotive sector, However, statistically significant differences between the four
groups are presented as well, bt the groups are in sccord o mest questions, which
wiis very surprising o the author.

The first question concems the rend of sutomotive plastcs usage in the year 2020,
which revealed that the share of plastics in cars is very likely to rise significantly in
the Tuture (Fig. .73, a5 the magonty (65% ) claims that i the year 2020, the average
share of plastics by weight in new cars in Europe will nse o a minimum of 21%.
Furthermore, mose than 26% of the survey participanis say that the share will rise 1o
crcend 3%, In 200040, this share was 16%, sccording to Weill et al. (2012} (see Fig.
3070 The experts from the workshop mentioned that not just plastics will increase,
but plastics in a mixture of materials for lightweight construction and low costs. Fur-
thermore, high strength steel was considered a considerable competitor with plastics.
Mdddavronally, the experts asked how “plasues’ were defined and how CFREP 15 clas-
sificd. These are begitimate questions, however due to limited space and time in the
survey, certan definitions such oz “sustainable materials” or “plastcs’ were nol given.
In addition, CFRP—carbon fibre reinforced plastics can be included within *plastics’
or labeled s “composites’, This aspect could be improved Tor Turther research, bt
then many more participants would have exited the survey prematurely due o an
increased kength and mental demand. Tn this case, CFRP was and is considered a
plastic material. However, a suitable definition is provided in Sect. 3.1:
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A plastic subatance: specilically: amy ol numenous argamic syothetic or processad malenals
1hat nre mosily thermoplasiic or thermeseiting polymers af kigh modecular weight nnd ihi
cam b made imlo obgects, lilms, or filaments (Meman-Websters Collegeale® Dictionary
017¢

Interpretation: The share of plastics (incloding thermasets, without rubber)
by weight in new cars will forther rise till 202{L

In regards o asking about ecological sustainability and materials in general
(see Figo 4.85), B1% of those questioned consider sustoinable materinls o compedi-
tive sdvantage, The sustainability could be achieved for example through generally
ceofriendly and OO0y reduced production. This result reveals that sustainability is an
econmmic competitive advantage Factor in selecting materials,

Interpretation: 81 % consider sustainable materials (CO: reduced production,

generally oo fricndly,...) o competitive advaniage,

The next question was designed to claboraie on the atiractivencss of sustainable
materials i the future, According w 67%, consumers will demand more sustamable
materials in cars in the year 2020 (see Fig, 4.9, The experis from the workshog criti-
cised that “sustainable materials’ were not defined i detal, However, they concluded
that the common definition in this survey at that time was that sustainable materials
in this context are recycled and renewable virgin materials, which are holistically
and generally deemed sustninable. In addition, the experts mentioned that not the
consumer, but the law was the driving force as well as whether the actual consuimer

By permission. From Memiam-Websier's Collegiste® Dictionary, 10th Edition £2007 by
Berriam-Webhsier, Inc, (wwa Mermiam-Websiercom.
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Fig. 4.8 [ you comsader
sustainable materiak (O
reduced producton,
wenerally eco Iriendly. . ba
competitive mhaninge?
(m=195)

Flg. 4.9 [ you chink the
comsunser will demand msre
susininable maserinks in cars
i the vear 20207 {n = 167)

demand and the statements of the survey pariicipants do match, This would reguine
another book. The experts said that awareness raising is needed for the consumers
hefore they can demand more sustainable materials. But the question is: Who does
it? One solution would be holistic eco-labeling (similar @ the energy labeling of
refrigerators) and that the car sellers should offer such data for the consumer. How-
ever, there has (0 be made a difference between the various consumer tvpes, because
a typieal 3LV driver is not concerned with this issue, but in contrary, the “early
adoplers" such as Tesla, BMW @ and Toyota Prous drivers are concerned,

Interpretation: The consumer will demand more susiainable materials in cars
im the vewr 20240,

Conszquently, 74% say that marketing with recveled plastics will be benehicial in
the year 2020 {see Fig, 4.10).

Interpretation: Marketing with recyeled plastics will he beneficial in 2026,

Focussing on the stiractiveness of recycled plastics, 93% of those questioned stated
that increasing the share of recycled plastics in new cars is positive (see Fig. 4.1 1). The
expers from the workshop mentioned that when carsharing increases, the argument
‘our flect is sustaingble and is made from sustainable materials’ could be more
important than right now, where other factors are more important for the individual,

Mow to focus on recycled plastics within the notion of sustainable materials, B7%
of 184 survey pariicipants state that recycled plastics can compete with virgin plastics
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Fig. 411 Inecreasing the
share of recvcled plasics in
mew cirs is.. . please stale
WM ainiaan ) {n = 150

isee Fig. 4,120 34ll, only 7% =ay that recycled plastics can replace virgin material in
all applications. The majority claims that recycled plastics can compete in numerous
applications (335 ) or in =ome applications (4750, Only 7% think that virgin matecial
cannot compeie, and 7% are unsure. This shows that currently, recyeled plastics ane
nol or are nol regarded o providing equal pedormance compared (o virgin plastcs.,

Interpretation: recycled plastics can compete with virgin plastics in variouns
applications,

Moreover, numerous survey participants commented on this question, highlighting
severdl facts concening the usage of recveled plastics. The most stated notion (which
was paraphrased by the author), is that only the material specification is relevant,
but not the origin, Whether the plastic 15 virgin or recycled matenal is according
i Four survey participants of no relevance. Three of those questioned claim that
the perlormance of recyeled plastes decrepses afler several cyeles of recyeling,
which ultimately leads o material downeycling, three other participants mentionod
that recycled plastes are only suitable for pars with lower requirements, Another
frequent comment was that in order o advance the competitiveness of recycled
plastics, constant supply and constant high-performance material properties have o
b nchieved.
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Fig. 4.13 What do vou think abow the following plastic marerinls and technologies concerning
their podential 10 inomese or decrease the sustainabilicy over the whale life-cycle of cars? - Spore

The nest question was designed o reveal the opinions on ecological sustainability
n the automodive sectorconcerming plastic materials and technologees (see Fig. 4,.13),
The calculated® score shows that recycled plastics and design for recyeling have the
mael significant potental wonerease the ecological sustamabiliny of cors over the
whole life-cycle, when focussing exclusively on materials. The single negative scone
is ‘Mumerows types of standard plastics’, which means that this option is perceived
as decreasing 1o decrease ecologicn] sustwinabality.

*The scores were calculaied wsing the following scoring systens: “Increase sustninahility” = +2;

“Slighily inerease” = + 12 'no change” =10; “slightly decrease’ = —1; “decrease susiainabiling’ = -2,
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Interpretation: Recveled plastics and Design for recveling have the highest
potential to increase sustainability.

This score can also be regarded as a plostics sustainability hierarchy:

. Becyeled plastics

. Design for recycling

. Bio plastics

Few types of standard plastics
Composites with plastics

. Mumerous types of standard plastics

Both et b —

Tor dhiseowver the positive and negative aspects of recveled plasties in comparison
i virgin plastics, several factors were analysed. A combined overview through a
calculation of the respective scores is depicted in Fig. 4,14, The majority of the
survey participants indicate that using recycled plastics instead of virgin plostics
in the automodive sector decreases the performance and the homogeneity of the
plastic materials, leading o a decresse up to virually no change of the quality
of products, Further, the bealth and quality of life of wasie indusiry workers is
unchanged. Additonally, the magority of the survey paricipants indicate that using
recycled plastics instead of virgin plastics in the automotive sector firsily decreases
the qualiny of the products and the plastse materals; secondly, i decreases the matenal
costs but not the final product price for the end-consumer; thirdly, it decreases the
dependency om and the depletion of fossil feels significantly, and decreases the ife-
cycle 00 emissions of the plastics. Furthermore, the biggest positive impact of using
recycled instead of virgin plastics conceming C0h emissions is in the production
phase, followed by the end-of-life phase. Additionally, recycled plastics decrease
the land degradation and the number of waste plastic particles in the environment.

In order to further understand the pro- and counter-arguments for recyeled plastics,
firstly, the five main reasons why industrial customers purchase recycled plastics and
secondly, what fve main reasons ot the wse of recveled plastics was questionsd in
the survey. Some might argue that the formuolation of these two questions was unfor-
wmate due o oa problematie comparison of ‘reasons w purchase” and “ressons that
limit the wse’. This is acceptable as the ‘reasons o purchase” are similar (o the ‘rea-
somis that enable the wse’, and the “reazons that inhibac the purchase” ane similar w the
‘ren=ons that limit the use’, Howewver, the reasons why industrial costomers purchase
recycled plastics are as follows (see Fig, 4.15). The most important of the five top
reasons to purchase recyeled plastics for industrial customers is the factor “costs’.
More interestingly, the second most chosen reason is “‘marketing benefits/positive
impact on C5R’, which was not foreseen by the author, The next factors in the top-
five are ‘demand from the end-consumer’, “available guantity’ and *recyclability”.
The experts from the workshop discussed whether “recyching” refers w “in-house
recyeling” during the production within the company or *post-consumer recycling™.
In ety 1t dhoes ol matter, becouss both are considensd, The group stated that around
A% of recyeled plastics is made from production waste due o maximum purity and
i wed sources. Further, the experts claimed that the high score of the “demand from
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Fig. 4.6 %What are the five main ressons shat limit the use of recycled plostics? (n = 176)

the end-consumer” i= doubtable, becouse BMW for example creates this demand with
the i-serics, a5 the demand for recycled plastics is just a sub-factor o date.
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Fig. 4.17 Im 2020, what do wou think will he the best driver wo incrense the wsage of recycled
plastics? - oo

Interpretation: Economic aspecis are the main reasons for recycled plastics.

The five main reasons that Lt the use of recycled plastics (see Fig, 4,160 are headed
by ‘performance/propertics’ and ‘constant composition”. The next limiting factors
are ‘avarlable quantity’, opiic perception’, and “oumber of recycled plastc suppliers
{companics ). The most siriking factor wien comparing the limitations and the pro-
arguments (see Fig. 4050 for recyeled plastics 1= that the “available quantiy” 1= in
the top-five of both the list of limiting factors, and in the list of enabling factors.
The experts from the workshop stated that the existing supplier contracts lasting for
years might be an obstacle for using recycled plastics, because the OEM knows the
supplier, the {constant) product performance, the costs, and so forth, Bur the OFEM
has (mostly) no expenence with recycling plastics suppliers.

Interpretation: Performance and supply are the main obstacles for recyeled
plastics.

The most promising dovers woinerease the wsoge of recyeled plastics im 2020 see Fig,
A 177 are ‘political incentives {such as tax bonuses for using recyeled plastics)” fol-
Iowwed by “political directves from the ELP, In thard place is the “demomad from the end-
consumers” followed by “national political directives” and *standards and norms (such
as 150, DIM,,.. ¥, The worst drivers are “Voluntary self-commitiment/declaration of
commitment from the OEMs" and “voluntary self-commitment’declaration of com-
mitment from the suppliers”, The expent group discussed which company will be
the pioneer and brave enough o rely on recyeled plastics, also because of the sta-
kility of the company, Additionally, they implied that politics shoubd move away
Tromm the recycling and recovery quotas, Instead they should introduce quotas for
the production of materials. For example, politics should prohibit hazardows sub-
stances and stpulate w ouse ot least 209 recyeled moaterials o companies, As a
result, & new directive for prohibition of substances (harzardous and virging could be
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implemented, Additonally, the vsefulness of the ELV-Directive was questioned, Pos-
sibly it is unhelpful becawse of the considerable export of ELVs. Moreover, the expert
group concluded that polites maght have no opinion, or showld or even must not have
an opinion. This might also be represenied by the missing feedback and the rejection
from politics in survey, Possibly, this issue is nod yet considered imporant encugh,

Interpretation: Politics and the end-consumer have biggest influence on increas-
ing the share of recyeled plastics,

Inermediate conclusion concerning pro and con of using recycled plastics: The
five main reasons for industoal customers o purchose recyeled plasies are costs,
marketing benefits, demand from the end-consumer, the available guantity, and the
recyclabality, In short, Gnonce drven aspects are the predomimont reason for por-
chasing recyeled plastics. Omn the contrary, the five main reasons that limit the usage
of recyeled plastics are pedformance, constant composition, avalable quantity, optic
perceptions, and the number of recyeled plastic supplicrs. In shor, technology driven
aspects and the supply are the most imporant reasons limiting the usage of recyeled
plastics.

4.4 Special Information from the Survey Groups

d.4.1 The Survey-Automotive Group

The automotive group of this survey is the largest with 83 participants, which is
dominaied by the automotive suppliers (58% ), followed by the automotive assemblers
or DEMs (36%), and finally the awomotive focussed associations, clusters, inlenest
aroups, and rescarch instituies {6%) (sec Fig. 4.18).

For the automotive group, o fundomental question was wsed o discover possi-
bl inhibitions concerning reasoning in the material decision process (see Fig. 4,19,
When asked about the importance of three aspects in the decision making process for
materiils in the automotive branch, the majorty indicated that the facts, such as cost,
performance, the life-cycle assessiment,.,.etc, are very important (69%) or impor-
tant {26% ), Another aspect, the formalities, such as request formst and certification
processes, is rated very important by 215, and important by 43%, Further, the expe-
rience with the material 15 primarilty roted as very important (3950, and imporiant
(465 ). This resulis in a hierarchy starting with ‘facts”, followed by “experience’, and
finally “Formalities’, rendering all of these aspects central For the material decison
making process. Morcover and sirikingly, the imponance of formalities shows that
the bureaveracy 15 indeed an essential o,

The expens from the workshop said that another critical aspect is whether the
material suppliers are already in contract with the OEM, or the Tier 1, 2,..., b sup-
plicrs, becawse it so, it strongly infuences the material decision making process.
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Fig. 4.1% How impartant are the fillowing aspecis in the decision making process for materials in
the automotive branch? (no= 61}

Interpretation: Facts and experience crucial, but formalities are also important
for deciding on materials.

Comeggquently, after elaborating on the matenial decision making process in the aulo-
modive sector, it is essential 1o understand the existence or availability of facis con-
cerning the application of recycled plastics {see Fig, 4,200, 77% of those questioned
state that they or their company did investigate possible applications of recycled
plastics in their products, and 23% indicated that they did not,

Interpretation: Most have investigated possible applications of recycled plastics,
OEM more than supplier.
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Besides the considerable lack of enquiries on recveled plastics, the difference
between the OEMs and the suppliers was significam? (see Fig. 4.21). Whereas 93%
of the questioned OEM employees or their company did investigate possible appli-
cations of recycled plastics, only 73% of the suppliers did the same. However, when
concerning the number of companies and their emplovees, the difference between
the DEM= and the suppliers gives nse to the suspicion that supplier companies with
less emiployees might not have the resources for intensive material research as OEM
companies with thowsands of employvees do,

Moving from the willingness o investigate recycled plastic materials, the aciual
weage 15 now of concern, 68% of those questioned or their companies vse recycled
plastics in the production of their products (see Fig. 4.22). In comparison o the
investigation of possible applications of recyvcled plastics (see Fig. 4,200, the minog

*Sratistbeal significonce: 0043, asymprotical significance {2-sided), Pearson Chi Sgquares st
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difference of 9% indicates that once recycled plastic materials were investigated, the
chanee w wse recyeled plastes 15 consderable,

Depending on the usage of recycled plastics, the participants were asked about
the repsoms Tor and against the recveled plastes, The hve man reasons o purchase
recycled plastics are “available guantity of recycled plastics”, followed by “cost’,
processabiliny’, ‘constant composition”, and number of recveled plastc supphiers’
(see Fig. 4.23). However and in strong contradiction, the five main reasons that limit
the wse of recycled plastics are also headed by “available quantity of recycled plastics’,
followed by “optic perception”, “constant composition’, ‘number of recycled plastic
suppliers’, and “hardness” (see Fig. 4.24),

The experts from the workshop stated that the costperformance relationship, the
price of the raw materials and the problem of overcapacity of crude il virgin plastics
are additional factors which could be included in the regsons for recycled plastics.
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Adddavronally, poditcal quotas might be an imporant obstacle as well and included
in the reasons agninst recycled plastics.

Interpretation: Available quantity and cosis are the most important Fclors for
using recycled plastics.

Inberpretation: Quantity, and supply, a5 well a5 materisl propertics are the
moat important obstacles for using recycled plastics. This contradiction with
the Factors in fvour of recycled plastics might be dependent on the choice of
supplier{s}, because one company might have found and chosen suitable suppli-
ers, wherens another company might nol have,

I order to go into details concerning the usage of recycled plastics in the automaotive
industry, the survey participants were asked what the actual (nol maximom} average
percentage of recycled content is in their products (see Fig, 4.25). 37% stated that
liess than 5% recveled plostes are used, 26% stated that it = between 6-10, and 16%
indicated 11-15%. The remaining participants said that it is ranging from 16205
(950, 21-25% (5%, whereas 0 chose 20-30 and 7% stated that they wse more tham
0% of recycled content. In fact, 63% use less than 0% of recyeled conient in
plastics for their products,

Interpretation: 63% say “less than 10% of recycled material in automative
plastics™,

To discover possible trends in the usage of recycled plastics in the aulomotive sector,
the survey paricipans were asked about their Tuture with recycled plastcs (see Fig
4.26). BR% of those questioned said that their company plans o increase the share
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of recycled plastics in new cars or car parts until 2020, This indicates a considerable
increase of the implementation of recycled plastics in the auomotive sector overall.

Interpretation: $8% of the automotive companies plan to increase the share of
recyeled plastics,

4.4.2 The Survey-Recyeling Group

The recycling group of this survey is the smallest with 32 participanis, which is
dominated by the recvelers and shredders (97% ), followed by the recyeling focussed
associations, clusters, inerest groups, and research institutes (3%0) (see Fig, 4.27).
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Fig. 4.28 What anz the challenges of ELV plastics recyeling 7 - Scone

The fellowing question is concerning the challenges of end-of-life vehicle plastics
recycling, When calculating each score® for each challenge, the following ranking
(see Fig. 4.28) is revealed.

The experts fram the workshop explained that highly advanced technology is
currently only availuble in the laboratory. Furthermore, the inpul quantities are too
low For one company. The question of the indusirial customer of recycled plastics
15 also of concern. Therefore, 1t 15 advisable w allocwe the matenal ractions ©
specidlised companies because one recycler for everything is not recommendable.
In Fact, several specialised companies are the solution, Moreover, ancsther challenge
is the cleaning (washing) of the input material, which is very demanding.

5The scaring system For the caloulation: Yery good = 432, Good = +1, Fair= — 1, Poor = —2; then
multiplying with the peresniages.
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Interpretation: Only shredding technology is rated positively,

To dizeover possible trends in the reatment of plastcs woste from ELVs, the survey
participants were asked about their prognosis for the yvear 20200 The experts from the
workshop emphasized that the target is definitely “no landfilling” in central Europe.
The ranking for the ELY plastics waste tregiments according o quantity, from the
most dominant ireatiment iype o the least dominant one, can be concluded as follows,
in spite of sharp divisions;

Eank 1; Mechanical recycling (40% ) followed by thermal (258%:)

Rank 2: Mechanical recycling (48%)

Rank 3: Thermal energy recovery (29.2%) followed by re-use (25%)

Rank 4: Chemical recycling (41.7%)

Rank 5: Lomadfilling (62.5%)

When only focussing on the most dominant iype in each rank, the following
hierarchy is plansible:

Runk 1: Mechanical recycling
Rank 2: Thermal energy recovery
Runk 3: Chemical recycling
Rank 4: Landfilling

Moving from the ELY treatment o the usage of the recycled plasiics, 53% of those
questioned stoted that they or therr company did investgate possible applications
of recycled plastics in the automotive indusiry (see Fig. 4.29), and 45% of those
qquestioned stated that they or their company sell recveled plastcs w the aulomotive
indusiry (see Fig. 4,301 The expernts from the workshop stated that OEMs and the
autpmodive indusiry in general are a very good cusiomer for recyvcling companies
on aceount of ong production cycles of cars, which ensure long-lasting and secure
CONIFCs,

Interpretation: Almost half of the recyeling companies have investigated possi-
ble applications of recycled plastics in the aubomstive industry,

Interpretation: Mearly hall of the recycling companies actually sell recyeled
plastics to the automotive indostry, i.e. nearly as many as did investigate this
selling point.
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Fig. 431 Which actorms made the selling of recveled plastics feasible? (n = K)

T

Subsequent to the previous question about the selling of recycled plastics, now the
reasons are of interest, As depicted in Fig. 4,30, the most selected Getors which made
the selling of recyeled plastics feasible are ‘available guantity of recycled plasiics’
and ‘costs’, followed by “processabiliny”, “recyelabaliny’, and “constant composition”,
When asking about the number of automodive customers for recycled plastics, 25%
declared five, three, two, and one customern(s) respectively (N = 8, no diagram nec-
essary ) and when asking for the quantities in tonnes per vear, 42.9% selected 2000t
per year amd 14.3% each selected 200, 1530, 100 and ten tonnes per year (N =7, no
disgram necessary), In contrast, or ruther surprisingly similarly, the factors which
made the selling of recycled plastics not feasible are “available quantity of recycled
plasties" and “costs’, followed by “recyclabiliny®, “constamt composition’, and “weath-
cring resistance’ (see Fig. 4.32). However, the representativeness of this question is
tex be handled with care due 1 o small pumber of participants, The experts from the
workshop mentioned that the quantity is imporiant and bears risks, which might be
cowsed by o lack of definiton in the questionnire,
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Fig. 432 Which factors made the selling of recycled plastics not feasible” (m = 9)

Interpretation: Quantity, cost, and processability made the selling of recycled
plastics feasible,

Inderpretation: Quantity and cost made the selling of recycled plastics nol Fea-
sibbe,

4.4.3 The Survey - Plastics Group

The plostics group of this survey i the second largest with 44 partcipants, which is
dominated by the virgin plastics producers (7T3% ), followed by the plastics focussed
associalions, clusters, imerest groups, and research mstitotes (275%) (see Fig, 4,.33),

Association,
cluster, interest
Eroup, research —__ &
institute [Foous: {

Plastic]
12
7%

‘irgin plastics
producer
E )
T3%

Fig. 4.3} The plastics growps of the survey (n = 443, with toial number and ihe percentage helow
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Flg. 4.34 How competiive do vou think is the plasics reeycling indusory? [The plastics recyeling
indumstry is...] (m= 28)

Fig. 435 Do wou think that
recycling plostics is
Teasible/bemelicial lor your
company T {n = 1]

Because recycling might be seen as a threat w the virgin plastics producers,
a guestion gbout competitiveness wis raised, The magority stoted that the plostics
recycling industry is in medium to minor competition with the viegin plastics indusiry.
as 36% selected the mediom option “3" and 39% the low option “2° on the 5 w1
scale (see Fig. 4.34 ) The expens from the workshop summarised that viegin plastics
producers do ool think that the recyelers are real competiton,

Interpretation: Most plastics producers state that the recyeling industry is in
miedium to minor competition with the virgin plastics indostry.

Furthermore, 62% of the plastics group say recycling plastics is feasible, or beneficial,
for theircompany (see Fig, 4.35), which indicates a positive attitude tiowards recyeling
within the virgin plastics producing companies and instingtions, The experts from
the workshop said that the high percentage of yes-sayers 15 unusuwal.

As a next step, we take a closer ook at the reasons why plastics recycling is
proctical, feasible, or wselul for the company of thoes questioned (see Fig. 4.36),
The majority (eight participants) indicate that the “demand from customers” is key,
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Mumber of selections

Fig. 4.3 Why is plastics recycling practicabfensiblefuseful for vour compary? (no= [}

whereas seven state that the “technical know-how” is the reason for the feasibiliny, Five
cuch selected “technical feasibility™ and “cost effectiveness/profitability”, Within the
“other” responses, one states that “[rlecveling of plastics should take place wherever
coo-cificient and sustainable as per the waste fromework directive. First prevent and
plastics prevent wasting resources such as energy to make the cars lighter, Then re-
wze whenever possible, Then recyele when sustimable elc,. )", A second one stales
that it is feasible “in “non-car’ industries”, a third mentions “image”, and anoiher
ome “TSR",

The reasons why plastics recycling is not practical, feasible or useful for the
companies of thees questioned are the Tollowing (see Fig, 4,371 The mogonty (six
participants) indicate that “cost effectiveness/profitability” is the issue. Four mention
the “technical feasibiliny”, three the “demand from customers”, and one each refer w
the “technical know how” and to “nsks, health concems”.

Concerning the future outlook of recycling in the virgin plastics companies, the
participants were gsked whether their companies are considering going into or inden-
sifying plastics recycling (see Fig. 4.38). Those questioned say "yes' (16% ) or ‘rather
yes' (32% 0, 2% are “unsure” and 16% each state “rather not” and “oo’, These resulis
show that plastics recycling might be increasingly implemented within plastics pro-
ducing companies,
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Fig. 4.38 Is vour companyfinstitution considering going imo ar imensifving plasiics recycling?
im= 19

Inferpretation: Plastics recycling might be increasingly implemented within
virgin plastics producing companies.

Inm contrast to the companies” policies and plans. the focus 15 now on the opinion
of the survey participant from the plastics industry (see Fig. 4.39). On the question
whether they think that goang into or intensifying plastics recycling is positive, 33%
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say “ves' amd 48% ‘rather ves', Omly 10% each state “unsure” and ‘rather not”, This
shows that those guestioned have an exceedingly positive attitude towards plastics
recycling,

Interpretation: Those questioned hove an exceedingly positive atlilude towards
plastics recycling.

To re-focus on the company, the survey participants were asked whether they think
that a recyeling line of business or department would be positve for their company
or instifution (sce Fig, 44400 25% say ‘yes” and 38% “rather yes”, 19% are “unsure’,
6% say “rather not, and 13% “no’, These resulis show that the mogority of the virgin
plastics industry thinks that o recycling line of business or department would be
positive for their companies.

Interpretation: Mosi of the virgin plastics indusiry think that a recyeling ling
of business or department would be positive for their companies.

Intermediate conclusion on a transition wwards recyeling: Concluding the opinions
and plans for recycling in the plastics producing industry, there 15 o recveling mindset
ladder: The survey participants are strongly in favour of recycling, and they believe
that i would be positve for their companies, The companies do consider going into
of intensifying plastics recycling, but to a lesser exient.

The following question concems the recycling of end-of-life vehicle plasucs.
When calculating each score” (see Fig. 4.41) for each challenge, the following rank-
ing is revealed:

" The scoring sysiem for the calculmiom: Veary good =42, Gomd = + 1, Fair = =1, Poor = —2; then
multiplying with the pereentages
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Interpretation: Technology is rated positively, but the market and waste guality
is rofed negatively.

To discover possible trends in the ireatment of plastics waste from ELVs, the survey
participants were asked about their prognesis for the year 200, The ranking for
the ELY plastics waste treatments aceording to quantity, from the most dominant
treatment type to the least dominant one, can be concluded as follows, in spite of
sharp divisions:

Fank 1: Mechanical recycling (48% ) followed by thermal (28%)

Rank 2: Mechanical recycling (28%)

Kank 3: Thermal Energy recovery (295 followed by mechanical recycling (25%)
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Table 4.2 Treatment hicrarchy for automotive plastics from the sarvey and the warkshop

ELY plasties <15 years | ELY plasties =15 years
Mechanmical recyvcling Bla=1 furnace

Blasi furmnace I Thermal erergy recovery
Thermal emergy recovery | Chermical recyeling
Chesmscal recycling Lamdfilling

.I_;mili.ll-iug . - 1 a

REank 4: Chemical recyeling (30%) followed by re-use (29%%)
Eank 5: Landfilling (83%)

When only Tocussing on the most dominant iype in each rank and clearing the
repeating rank two, the following hierarchy is plansible:

Rank 1; Mechanical recycling
Rank 2: Thermal encrgy recovery
Rank 3; Chemical recycling
Rank 4: Landfilling

The expert group intensively elaborated on this topic becouse of the missing “blast
furnace’ option. As a maiter of fact, steel production uses waste plastics as a reduc-
ton material (or redocing agent) (Miller eoal, 2004} substiuting Tossil Tuel, and this
process is declared 100% material recyeling, while others claim it was 0% material
recycling and 0% thermal recovery, depending o the country, Furthermore, blast
furnace is perfectly suitable for old (negatively changed, low performance) plastics
from ELVs, for example older than 15 vears old (this is depending on the exposure
i UN-rays for example). Moreover, it is difficult to define blast furnace treaiment;
whether it is material recycling, thermal recovery or something in between, Addition-
ally, there are currently big differences between countries concerning this definition,
which causes import and expont of plastics waste to increase the recyclingfrecovery
rifes, A possible solution 15 a new ramking from best o worst with blast Turnoce
(Table 4.2).

Mevertheless, the grovp argued that landfilling in Europe could possibly be
cucluded from this ranking, as it is mostly or at least will be prohibited. However,
export” of waste could be included as well. Additonally, the group discussed the
growing challenge of recveling composites and the potentiol of material recveling of
tires, which requires further analysis,

4.5 The Survey Results in a Nutshell

The majority of the survey participants indicate that using recycled plastics instead
of virgin plastics in the automaotive sector decreases the performance amd the homo-
geneity of the plastic materials, leading to a decrease up o vinoally no change of
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the quality of the final products, Furthermore, the magority stated that while vsng
recycled plastics instead of virgin plastics in the automotive sector decreases the
material costs, but mot the Goal product price for the end-consumer, it sgnifcomtly
decreases the dependency on and the depletion of fossil fucls, and decreases the
life-eycle OO emissions of the plastics, Additionally, the majonty indicated that the
bigrest positive impact of using recycled instead of virgin plastics concerning Ok
emissons is in the production phase, followed by the end-of-life phase. Recyeled
plastics also decrease land degradation and the number of waste plastic particles in
the environment. The five main reasons for industrial customers o purchase recy-
ched ploztes are “costs’, ‘marketing bepefits’, “demomd from the end-consumer®, the
‘available quantity”, and the ‘recyclahility’. In short, finance-driven aspects are the
predominant reason for purchasing recyeled plastics, Om the contrary, the five main
reasons that limit the wsage of recycled plastics are ‘performance’, "constant com-
position’, “avadlable quantiny”, “optic perception’, and “number of recyeled plasue
suppliers". In short, technology driven aspects and the supply are the most imporiant
reasons limiting the usage of recyeled plastics, Concluding the opinions and plans
for recycling in the plastics producing industry, there is o recycling mindset lodder:;
The vast majority of the survey participants ane sirongly in favour of recyeling, and
they believe that it would be positive for their companies. The companies actually
do consider going inio or intensifying plastics recycling, but io a lesser exient.
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Chapter 5
A SCOT Analysis, Future Perspectives
and Scenarios on Recycling

Abstract Even people with very ke tme sull want w benein from comprehending
automedive plastics recycling challenges and opportunities. In pursuance of a very
simple and clear outhine of the curent vsage of recyeled plostics in the automo-
tive sector, o SOOT analysis was performed. This analysis incorporates Strengths,
Challenges, Opportunities, and Threats, thus providing a holistic future outlook, Tris
based on an iterative process including expert interviews and liberoture reviews, and
was tested and revised wogether with leading experts from all the relevant industries
io compile a very short, comprehensible, real-world analysis.

The strengths of using recycled plasiics as depicied in the 5C0OT analysis (see
Fig. 5.0) hie mainly in reducing the costs and the environmental impact, A consid-
crable sirengih of recycled plastics is the ability 1o reduce the material cosis for the
respective company compared with vsing virgin plostics, However, the cost advan-
tage is depending on the plastic tvpe and the recycling effort, correspondingly the
recycling costs, through a cost-benefit evaluation: imagine a very complex composite
plastic matenal which can only be recycled by numerous cycles of complex recy-
cling lines w separate the plastics, which can be cost intensive, This might lead 10
higher-priced recycling matenial compared to virgin plastics. 5till, this i= an option
for companies who neglect virgin material.

In addition, vsing recyeled plastics redoces the waste plastics on landfills and the
resulting emissions released from the waste plastics due to possibly several exira
Ife-eveles i productz, And of landGlling 1= obsolete, there are no landfilling costs
and possible residual debis and liabilitics now or in the future, which might even
have to be paid by tax pavers. However, one expert from a workshop mentioned that
landfilling should be excluded generally in this analysis, becoose it 1= not significant
in Europe,

Furthermore, when using recvebed plastics instead of virgin material, the inherent
Ce content of the product is reduced dug o the generally lower COqe content of
recyeled plastics as it prevents the chemical treatment and particularly the extraction
of new fossil fucls containing CCOse. This is cspecially important when considering
£1 Springer International Publishing Switzerlamd 3T 111
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different forms of fossil fuel extraction, such as o1l samds o 3 source (see Sects, 3,13,
3150 Thus, recycled plastics reduce the C0se emissions of cars in the production
phase, thus improving the greenhouse gas balance of the respective companies and
increasing their corporate sustainahility and C5R reputation. Mot only the COse emis-
sions are reduced, but alao the energy consumplion compared 1o virgin materials (see
Rects. 3.1.3, 3.1.5). Nonetheless, this again depends on the recycling effort and the
plastic type, Additional strengths mentioned are independence from the oil indusiry
and, for example, OFEC couniries, which might sufter from political instabilities,
and real or anificial shomages, thus increasing the price,

The challenges of using recycled plastics in the automotive sector consist of suffi-
cient qualicy and quantity, doubts and objections, and general recyveling rechnology
problems. The performance of recycled plastics is, ot least according to the experts
and the resulis from the survey, stll a challenge, However, there is disagreement
on this issue, becouse representatives of several recycling companies claimed in
personal discussions and during the first workshop that this is not a challenge any-
more, However, the magonty currently conssder the performance of recveled plastics
achallenge. Aside from the quality issue, the available quantity of recycled plastics
15 alsor worthy of improvement, Corrently, more companies might be vsing recyeled
plastics if the delivery capacity were sufficient. Additionally, not just the quantity of
the recycling material, but alao the quantity of the suppliers of recycling material is
of concem, because automotive companies only accept material if there are at least
three largely independent suppliers available.

Mow in order to produce high guality recyelotes, there are siill technical, and con-
sequently primarily financial challenges 1o be taken on, For example, 1o establish a
high quality closed boop with automotive plastues, upeyeling bas w be of concern, as
automedive plastics degrade over time and are currenily used in composites. Inorder
1o stimulate the recyeling business, thus enabling higher quality recyelate produc-
tion, the demand for recyclates has o be adeguate, which is cumently @o/be increased.
This s partly cavsed by (oo high moterial requirements by the sutomotive indusiry as
wiell as fears and reservations regarding recyeled plastics, which is also supporied by
the resulis from Toldy en al, (2009, p, 971}, Considering the recycling of auomotive
plastics waste, the whole recveling process including the avmlable volume, the col-
lection, detection, and sorting of ELN-plastics is a considerable challenge., Currently,
the recyveling of ELY-plastics is virtually non-existent due o a lock of sufficient and
interlinked Facilities, which would reguire investments, Moreover, one limiting rea-
som 15 the imtncate performance/cost relationship or trade-olf, Concerming the usage
of recyeled plastics from ELNVS in other key markets, such as the packaging sector,
which 15 known for high hygiene stondords, certom regulations maght inhibar the
usage of recycled plastics. However, when considering that possibly diesel could
enter ELV-plastics, thus endongening the hyvgiene of the recyclate, agaim the recy-
cling technology has do be adapted accordingly. Furthermore, the establishment of
a recyeling cluster or network might be inherently difficult since this sector canno
yel draw on o subsiantial size and lobby.
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The opportunities e pomanly in the cost benelits and improvements inlerms
of environmental impacts thus creating positive effects for corporate sustainability
and CER. In fact, vsng recyeled plosues bas the potential w save expenses during
the production due to generally lower material cosis compared to virgin plastics.
And of course, depending on the guality of the recyelates, recyeled plastics have a
versatile feld of application, equal o virgin plastics. Consequently, an intensified
application of recyeled plastics in the automotive sector stimulates and strength-
ens the recycling indusiry, and comespondingly the circular economy which creates
more green jobs, Moreover, companies that replace large amounts of virgin plastics
with recycled moterial have beneficial elfects concerning PR and marketing, thus
causing the conswmer o react positively. This resulis in competitive advantages and
subsequently in addivonal revenee, Mow moving away [rom single companies o
indusirial associations and politics, another opporunity arises in the form of holistic
ceologral performance indices, By introducing such indices, companies who use
recycled plastics can take further advantage of their materal choice compared o
companies which solely rely on virgin material, because the indices offer another
channel o communicate the sustwinable acting of & company. Staving in the realm of
politics, another promising opporiunity is the promotion of the recyveling sector and
the circular economy, for example by means of taxes or penalty poyments depending
on greenhouse gas emissions, Additonally, using recyeled plastics can allow one o
certily for eco-audins, which enables the company 1o measure and communicate the
recycling material choice.

The threats are mainly the competition from the virgin plastics and metal industry,
and the lack of awareness of society, In Fact, the virgin plastics industey is highly
innowvative and is constantly improving their products. Especially inexpensive vir-
ain plastics are in considerable competition with recyeled plastics as this is one of
the majpor arguments w Gvour recyeled over virgin plastes, Addivonally, innovative
high-strength steel, magnesivm, and alominium, intelligenily designed to enahle sig-
nificant lightweight comstruction are in competition with recycled plastcs and plas-
tics in general. Furthermore, the factor that the recycling of most metals is already
realized satisfyingly contributes w a positive life-cycle impact, Another threat 1o
recyeled plastics in cars 1= the lack of awareness of the automotive industry. In fact,
automodive experts still claim that using recycled plastics extensively is nof possible.
However, the recycling experts state that almost every plostics part could be made
from recycled material and that this is justa lame argument, possibly cavsed by a lack
of knowledge about the properties of recyeled plastcs, long-term relatonships with
the virgin indusiry, no motivation for change and effort, or just a lack of cournge. An
additional threst maght be an incressing price of recycled plastes doe o increased
costs of the production and the material. Turning to the recycling of automotive plas-
s, one workshop expert ighlighted that composites in general are o considerable
threat for recycling and have o be stopped immediately.
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SC0T Summary: Beflecting on the outcome of the SO0T analvsis, it becomes
chear that recycled plastics have significant benefits regarding ecological and eco-
nomie aspects compared o virgin plastics, although the matenal quality 15 consid-
cred to offer room for improvement. Moreover, the ecological and economic value
15 acknowledged and taken advantage of by sebect companies, but only oo very low
cxient with considerable opporunitics 10 a significant incresse.

Future Perspectives and Scenarios
Abstract

Because the luture comnol be foretold, only prognoses based on current irends and
statements or intentions for the future can be extrapolated. Duoe to this high uncer-
tainty, in this chapter have was developed relying on literamire research mainly
including reports from key companies, dota from the survey and information gathered
through expert interviews. Essentially, the prognoses are based on all the data outlined
in this book up to that stage. In direct succession of the prognosis, the development
of this chapter with the generated data and knowledge from the preceding research
stages will comphete the analvsis, Based on the Level-based assessment of future
perspectives concerning recycled plastics in the automotive sector (Fig. 5.2), poini-
ol-view scenanos were developed due w the fact that muluple perspectives on the
topic of automaotive plastics recycling are exisient and relevant for the whole automo-
tive plastics production and recyveling system (Table 5.2), Four points of view based
on the hindings in Chap. 2 were selected including the technical, economic, ecolog-
ical and finally geographic viewpoint. Additionally, four key factor-based scenarios
were developed independently, based on the two key factors for the developmient of
the automotive plastics production amd recycling svstem, This approach generated
tour scenarwos, one ideal, teo sub-ideal, and one worst-case scenano regarding the
future of the mentioned system, as outlined in this chapter,

With the knowledge and mformation obtaned from the previous chaplers, the
modelling of future perspectives is now of concern, followed by the development of
scenarios while paying special sttention o the automstive sector and key companies
Following the principles of Schoemaker and van der Heijden (1992 ); Schoemaker
(19950, this research stage considers the “three classes of knowledge” (Shoemaker
1995, p. 38) regarding the future perspectives of automotive plastic materials and
recycling:

e “Things we know we know™
# “Things we know we do not know" and
e “Things we don’t know we do not know™

Several strategies can be applied to achieve o glimpse into the next years. According
i Vergragt and Cuist (2001, p. 2) based on Bogeson ¢t al. (20069, Dunn 19494,
and Linstomse (1999, there are three classes or methods for this underaking: “what
will happen (trend extrapolations; husiness as usual scenanos), what could happen
Clorecasting; foresighting; strategic scenarios) and what should hoppen (normative
scenarios like those wsed in backcasting)”. In this book, the first prognosis relics
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Table 5.1 Overview of fuurne perspectives concerming reeyeled plasics in the amemaotive sector -
Literature saurces: Sperlimg and Goedon { 20008); Weill et al. (200 Zy; Henss etal. (2002 BMW Group
(HH Sy Daimler (2005); Fimt Chrysler Aniamobiles Growp {FCA) {20051 Ford Moaotor Company
(20l ay; Cereral Motors (20051 Nisian Maotor Corporation (200168 PSA Groupe (20015): Eenault
Ceroup 12015 ) YVolkswagen (2015); European Commission (2001, 2014a.b, ol European Union
(30 5); PlasticsEurope (2016)

Source

Prognosis Literature Survey | Expert
wiark-
shops
amil
iners
views

Mumber of cars will increase waorldwide X (=confirmed} |0 X

=l
asked )

Car weight will decrease X 0 X

Share of plastics in cars will merease significantly X X X

tifl 220

lemonative metals (High siremgth steel. alumonium, X 1] X

magnesium,... | will increase

Halistic life-cyche thinking will incrense X 0 X

Folitical incentives for cireular ceonomy will X i X

INETEASE

Ium:umu;g share of recycled plastics in mew cars amd . 1% Tx

car panis gl 20

Demansd for meore sustalmsble marzrials will incresmse X X

till 2120

Marketing with recycled plastics will be bemeficial X X

in 320

Higrarchy of ELY treatment i 2020: X X

I. Bnnk: Mechanmical recveling

I. Bank: Thermal emerzy recovery

A Bink: Chemacal recycling

4, Rank: Landfilling

on trend extrapolations (see Table 5.1) w show what is likely 1o happen without
disruptive innovations and changes. The second prognosis is a combination of trend
extrapolation and normative prognesis 1o highlight the difference and offer respec-
tive solutions {see Fig. 5.2). Regarding the first set of scenarios (see Table 5.2), a
combination of trend extrapolation and normative scenarios is also applied, but sub-
divided according 1o points of view including o wechmical, economie, ecologreal, and
a goographic viewpoint, because of the fact that there are multiple perspectives on the
e of putomotive plasties recveling and they are rebevant for the whole aulomotive
plastics production and recycling system, thus of relevance for future perspectives.
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Fig. 2 Level-bassd assesement of fuiure perspectives comcerning recycled plasiics in the anin-
mAivE Secior

The second set of scenarios 1= based on sirategic scenarios (what could happen)
and normative scenarios (what should happen) (see Fig, 5.3), This combination of
methods or approaches was applied to pchieve o variety of future outlooks, ench with
its strengths and weaknesses, The rend exirapolation or ‘business-as-usual scenario’
for example “is mostly for the shor-term and for well-defined and rather stable sys-
tems”, but rather disregards that society is “highly unsustainable and thus unstable™
(Wergragl and Cuist 2001, po 748D Strategic scenaros and progooses achieve a high
level of creativity and “they iry (o anticipate the unforesceable”™ and can change the
present. Mormative scenaros and prognoses such as backeasting scenanos “better
recognize the systemic nature of the challenges shead, and ofien assume that systemic
soctetal transitions are necessary i order o achieve desirable futures” (Vergrogl and
Cuaist 200 1. p. 7449,

Mow arriving at the actual future perspectives (see Table 5.1, itis of importance
that they hove been developed relying on literature research mainly including reports
from key companies, data from the survey and information gathered through expert
interviews. Basically, the prognoses are based on all the data outlined in this book
up to this point. The table provides on the lefi side the prognoses supporied by the
CCCUmEnce in varous sources, such as in Decature or specialist conferences, the
survey, cxpernt workshops, and finally interviews. This offers an overview of the
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sigmificance, which is alzo separately outlined in the very aght column through a
score to assess the significance depending on the number of spurces the prognosis
15 foumad in, X" represents confirmed”, 07 represents ool asked” in the survey, and
no indicator represenis o occurrence, The lierature source is offered on the bobiom
when following the numbers in brackets in the lireraure column, The prognoses are
arranged like o funnel, ranging from broad prognoses on the fop B narmow ones on
the bottom.

The first set of prognoses (first main row lobeled “Automotive indusiry progno-
sia’) in Table 5.1 discuss the automotive industey in general and show three main
development=, First of all, the number of cors worldwide 15 inereasing, Currently,
Asia is regarded as the main growth market. Secondly, the average car weight is
decrepsng due o intense weighl-reducton measures w lower the emissions during
the usage phase. Thirdly, innovative metals, such as high-sirength sicel as well as
Inght metals such as aluminiom and possibly magnesiom are on the nse in the cor
production. Those metals fulfil the safety and design requirements and can reduce
the weight compared o iraditional seeel.

The second set of prognoses (second main row labeled “Recveling related progno-
i’} in Table 3.1 is related w circular economy in general, and especially regarding
plastics, Om the side of OEMs and supplicrs, holistic life-cycle thinking is increas-
ing, but showly, The questionable profit-orientation is sl the wimost priocy, which
hinders the required progress of o sustinable economy, On the side of polites, om
increase of political incentives for a circular economy is perceivable. However, those
incentives are stll in s infancy amd require sipnificant enhancement. Conceming
plastics in cars, their share of plastics is further increasing from 16% in 2000 up
ter mvore than 3098 an 2020, In addivon, the shore of recyeled plastics in new cars
and car parts will continue increasing up to 20200 along=ide the increasing demand
for more sustainable materials in general up w 2020, Moreover, in this vear at the
latest, marketing with recycled plastics will be beneficial for the aviomotive industry.
Conceming the end-of-life of cars, the dominant ELY treatment will be mechanical
recycling, followed by thermal energy recovery, chemical recycling and landfilling
in the end. And on the side of the virgin plastics industry, it is expected that those
companies will go into or intensifly plastics recycling, Composite materials and bio-
plastics were not included in the prognoses, as they are for the foresecable future only
ol mmamor interest in the sutomotive sector and nol (ved) relevamt For recyelers, How-
cwier, a future increase of these materials is possible which would require additional
resenrch,

To wchieve o more detamled prognosis, several developments were struciured
according o the different phases of a car, combined with actual company strate-
gies, hypothetical ideas for company strategies, and possible solutions in case the
vwo preceding did not agree, The method for this progeosis is a combination of irend
crtrapolation in the first column (what will happen), and normative prognosis in the
second column (what should happen). In the third column, the tawo prognoses ane
compared 1o detect the difference and offer respective solutions, The bosis for the
table in Fig. 5.2 is the data gathered up io this point in this book and represenis
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Fig. 53 Awomoiive plastics recycling scenarios hased on the two key Eaciors politics and cosis

an overview and outlook for the future conceming the auiomotive industry down o
autpmotive plastics recyeling and the usage of recycled plastics,

In Fig. 5.2, the first set of prognoses {first main row ) dealing with the production
phase of cars are mostly negative from an environmental point of view, because the
global car population, the share of virgin plastics in cars, and the share of composites
in cars will be increasing while recycled plastics will be implemented only gradually.
However, the average cor weight will be decreasing, which is posative due o Tuel
savings. Currenily, the actual company stratcgics (lop middle) are alike, because
these are currently determining the path, In order w sdvance sustamabaliny with
the primary focus on the ecological aspect in the production phase, the following
ideas and solutions shoubd be implemented: First of all, the number of cars should be
decrensed and the cor should be regarded and ireated as o circular prodoect, not o linear
ok, thus ensuring the recovery of valuable materials, in this case especially plastics.
Additeonally, the share of recycled plastics should be increased, thus replacing virgin
plastics, Furthermore, non-separable and therefore very hard 10 recyvele composites
shoubd be avoaded, Carbon fiber reinforced plostics are currently oot sulficiently
treatable in terms of ecology and economy, because only pyrolysis can scparate the
corbon fiber from the resin dmostly eposy ) which 1= exceedingly energy consuming.
Additionally, CFRP can cause clogging and short-circuits in the electric filier of
thermal energy recovery planis which provokes complete plant shut-downes for dayvs.
Shredded carbon fibers in houschold wasie cavse airborne respirable particles thus
exposing employees 1o health risks. However, bioplastics can also cause clogging o
various degrees, if, for example, mixed with conventional plastics,

The second set (zecond main row) of prognoses in the overlapping phase of pro-
duction and usage of automotive plastics, a positive trend driven by the consumer whao
demands more sustainable cars over the whole life-cyele, Currently, the auomotive
companies are onentaling their efforis on the wsage-phase of the car through mea-
surcs o reduce fuel usage. In order to ensure life-cyele sustainability, car producers
mwsl inerease the share of recyeled plastics where applicable, becavse salety critical
parts arc justifiably difficult. but non-visible pans could be suitable with a layer of
virgin material on top, Further, they need i improve the design-lor-recycling and
the recycling rate of ELYs which combined. resulis in an overall reduction of green-
house gas emissions (O e) consequently enabling marketing benefits and therefore
revenLe,
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The third =t {third main row) of prognoses dealing with the end-of-lilfe phase
of automative plastics is predominantly negative. While recycling and blast furnace
will be stagnating, thermal energy recovery will be increasing. Inorder 1o encourage
coological sustainability, the recycling rates and the overall circular economy showld
be increased, which provides independence, will decrease car production costs, and
cregte revenue through marketing. Furthermore, blast fumace should be pushed and
thermal energy recovery should be avoided, Chemical recovery is uncertain in regards
i whether the predicted stagnation 1s positive or negotive, depending on the used
technobogy, A positive development is the apparent and necessary decrease of land-
filling of swtomotive plastics,

Scenaring

Indirect succession to the prognesis, the developmenit of scenarios with the generated
data and knowledge from the preceding research stages will complete the analysis,
Based on the Level-based assessment of future perspectives concemning recycled
plastics in the auomotive sector (Fig. 5.2}, point-of-view scenarios have been devel-
oped becouse of the fact that multiple perspectives on the topic of automotive plstics
recycling are existent and relevant for the whole automotive plastics production and
recycling system (Table 5.2). Four points-of-view based on the findings in Chap. 2
wene selected, including the technical, the economic, the ecological, and finally the
geoeraphie viewponl, The social aspect wos nol considered For this analysis due o
the focus on ccology in this research, but discussed in Chap. 6. The scenarios are
sphit inte optimistie and circular economy utopias, which ane based on the states quo
and the prognoses.

Point-of-Yiew Based Scenarios

The technical viewpoint highlights that currently the material quality is ranging
from limited to excellent, depending on the technology and the financial «ffort for
the recvcling process, Additionally, low guantities of recyeled plastics are available
and low rates of ELY plastics recveling are prevailing, Inthe future, o slow increase of
recycled materials and ELY plastics recycling are predicied. However, the optimistic
scenario indicates higher volumes of recyeled plastics, higher or near virgin quality
and fast recycling production processcs. The utopian scenario indicates very high
vilumes, equivalent quality of recycled and virgin plastics omd even faster recycling
production processes.

The economic viewpoind shows that corrently and in the folure, an inerepse of
ciars is apparcnt. The optimistic scenario indicates a significant increase of the car
population that 15 repsonably sustonable, and the wopion scenano indicates o high
number of exceedingly sustainable cars o create sustainable revenue.

The coological viewpoint highlights, similor o the economic viewpoint that
currently the number of cars is increasing, but additionally that an indication of
inereasing sustnable hilfe-cyele thinking that 15 producing more sustamable cars
is perceptible. Inthe future, both trends will be infensified. However, the optimistic
seenario mdicates o decrepse of the cor populaton while the share of sustamable cars



122 5 A SOOT Analysis, Fulure Perspectives and Scenarios on Recycling

15 mnerepsing, The utopian scepano indicates no cars with a negative environmental
impact, only recyeled and renewable plastics instead of virgin plastics, and a maxed
ol circular economy concerning plastics in the aulomotive sector,

The geographic viewpoint shows that currently, no increase of spatial distribution
of autometive indusires and unsostanable global trade 15 apparent. In the Tuture,
these rends are increasing due o increased outsourcing., However, the optimistic
scenario ndicates o decrease of both trends and the wiopian scenario indicates local
production and local resources only.

Key Factor Based Scenarios

During the second expert workshop, the most important Factors for the development
of the swtomotive plastics production and recyeling system have been discussed
and distilled with the resuli that the costs and the politeal Gindaction have the most
significant influence. For this reason, these two factors served as a basis for developing
four scenarios, one ideal, two sub-ideal, and one worst-case scenario (Fig. 5.3). The
arrows represent a decrease Carrow downl, or increase (amow upl, which is positive
{check mark), or negative (cross) regarding sustainahility thus generating the four
SCETrTOS,

Scenario 1 - Sustainable world The political recyeling initiative is enhanced and
the costs of recyeled plastics are decreasing, As a result, a significant increase of the
circular cconomy, including an increased supply of recycled plastics, new recycling
companies, an expansion of existing recveling companies, an increase of recycled
plastics in cars, and an increase of ELY plasiics recycling is indicated.

Scenario 2 - Sub-ideal sustainability The political recveling initiative is declining
and the costs of recycled plastics are decreasing. As a result, a stagnation of the
cireular ecomomy, including no merease of the supply of recyeled plasucs, o possible
increase of recycled plastics in cars if enough quantities are available, and a stagnation
of ELY plastics recycling 15 indicated,

Scenario 3 - llusive sustainability The politcal recyeling initiative is enhanced
and the costs of recyeled plostics are imcressing, As a result, an ineresse of the
circular cconomy, including an increased supply of recycled plastics, new recycling
companies, an expansion of existing recyeling companies, o decrease of recycled
plastics in cars, and an increase of ELY plasiics recycling is indicated.

Scenario 4 = Mightmare The poliveal recychng iniative 15 dechining and the costs
of recycled plastics are increasing. As a result, a significant decrease of the circular
economy, mcluding o decressed supply of recyeled plastes, a decrease of recy-
cling companics, less recyeled plastics in cars, and bess recyeling of ELY plastics is
inchiemted
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Chapter 6

The Recycling Renaissance: Solutions
and Practical Tools to Advance
Automotive Recycling

Abstract So what should we do now? Moy people are alresdy aware thal sustain-
ability is the next major requirement, but how can we improve sustainability in the
automedive plastics producton amd recyeling industey? For this reason, a roadmagp o
circular plastics for companies was developed. It includes o selection of wide-ranging
solutions based on guidelines, expen workshops, a survey, literature reviews, discus-
sions, and expert interviews. To improve the circular usage of auiomaotive plastics,
a roadmap was developed which can be used and implemented on vanous sections
within the automotive plastics recveling and production system. Additonally, solu-
tions fior political and independent institotions are provided. Ultimately, we need o
establizh an economy and society that meets objectives and rules manly @ prevent
crnvironmental degradation. This can be achieved by applving the solutions provided
in this chapler,

The guestion | now hear most often from managers . . is nol “Why should we be sustainable ™
hut “Sa what doowe do™ (Unrub 200 3, po xi)

Now to know what to do, we need 1o recap that the superordinate interest of future
humankind is true sustainability which establishes an economy and socicty that is
meeting ohjectives and rules mainly to prevent environmental degradation as outlined
in Sect. 2.4 The most relevant goals to improve primarily the ecological dimension of
sustainability for the economy and especially the companies in the cose of automestive
plastics are:

I, Save the atmosphere freduction of greenhousse goses (C0e))
2. Save resources
3, Bave energy

However, the path up until now has primarily been shaped by the following neg-
ative developments, as outlined in devail in the Chap, 3:

I Inerepse of human population
2. Increase of cars per capita
3 Increpse of mobliny
£ Springer International Publishing Switzerlamd T 135

[ Schtnimayr, Asrosionive Recyeling, Pasics, g Susiriiadniliny,
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Therefore, the overarching goals o advance ecological sustanabaliny bove w be
pursucd in 8 most determined., rigorous, and drastic way, and the guidelines and
solutions provided i the Tollowing com help w reach those goals,

6.1 A Roadmap to Circular Plastics for Companies

Companies which are early adopiers that act even before political incentives are
applied are likely o benefn the most as the decline of the lnear economy amives.
This will be the day the circular coonomy surpasses the linear economy which, 1 call
“the Crreulor Economy Turning pomt” - CET.

Sustninahle develapmend can be a source of success, innavntion, and profitahilicy for com-
panies. Touse this souree and 1o deal with the challenge of ssstainability, corporations need
a framewark they cam rely on in onder 1o identify oppomumities and threats and v develop,
implement, cantrel, and improve corporase sustzinability strmegies 10 he bath mare susiain-

alte {for thernselves and the sociely ] and mone suceesslul in economes keoms. (Basmganiner
2014, p 258)

However, many companies amd CECs report that sustninabality 1= regarded os o dis-
advantage in global competition with non-sustainable companies (Midumolu et al.
20MH ). Fortunately, this 15 nof the cose since a study of 530 lorge companies revealed
that “becoming environment-friendly lowers cosis because companies end up reduc-
ing the inputs they wse. In addition, the process generates additional revenues from
better products or enables companies o create now businesses.” (Midumolo ed al

2009,

6.0.1  Step 1: Incorporate Sustainability and Circular
Economy in the Company Strategy

Thez ultimate key b corporate sustaimbility s the CEOS commilment.

Without the support from the company leader, oo adea will Bourish in tee end. The
CEQ is the ultiimate key to achieving corporate sustainghility, because when the top
changes, the bowom follows quickly, A suitable approsch womplement sustanabiliny
in companies is the “framework for corporate sustainability management”™ (Baum-
gariner 2004, p. 269) “to support planning, implementing, reviewing, and control-
ling corporate sustainability activities”™ relving on the principles of the FSSD (see
Sect. 2.4.1). Within this framework, connected and looped phases (see Fig, 6.1} are
based on three management kevels: The nommative level incorporates. the “vision and
mission”, the strategic level incorporaies the sustainability strategy, and the oper-
atonal level mcorporates the implementation of the later (Boumganner 2004, p.
258). Starting with the initiation phase, the vision has to be chosen in the “normative
positioning” phase, then “[1he omaly=s of the contestal Geors gives omoindication
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- Initiation F—
K Morrmative positioning | EE%
}.7

| Determine contextual factors

I
Strategic planming

* passive or acte sralngy
™ = oy -t ok (DB keasting)
* Giratagy Typa, Bpacilic gaaks and atfviias

Fesrdhack’ aming kop

—| Operational management

Flg. 6.1 Prases of corporste susiainabaliny managemein, usad with kind permisskon from Baom-
gariner (24, p. 26l

of the relevance of sustainable issues for the company™ { Baumgariner 2004, p. 264
In this case, sustanability can either be ignored, act as o complement o an exisi-
ing vision, or function as an influencing main clement in the vision thus forming
the corporate image (Bavmgartoer 2000, po 1190, In the next phose the intensiy of
the sirategy has to be defined, whether it is passive or active (visionary ), followed
by deciding on bong-term goals through applving backcasting, which is “a method
in which the future desired conditions are envisioned and stepe are then defined o
attain these conditions™ (Holmberg and Eobérr 2000, p. 294), Through this frame-
waork, companies can improve corporate sustminability in line with economic success
(Baumgariner 2014, p. 258).

In general, companies have o give sustamability a higher prionity, employ sustan-
ahility change managers or train their osm managers. establish a sustainability agenda
company-wide, promote meas how woamprove the ecological pedformance through-
out the life-cycle, and manage their implementation. Basically, different groups have
o work iogether, Consequently, senior management is in need of methods o advance
corporabe sustainghility such ns provided by (Kiron et al. 2003, po 121k

. “Strong CEO commatment o sustanability

2. Clear commumnication of responsibility of sustainability

3, Sustainability reporting

4. Companyfoperational KPLs [key performance indicators] [related to sustain-
abaliny|

An executive-level steenng group

A separate function for sustainability

. Link between sustainability performance and financial incentives

. Responsible person for sustainability per business unit
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9, Personal KPP relaed w sustonabaliny
10, A chief sustainability officer (CS0)°

It should be noted that i many small and mediom enterprises (SME=), up o Jage
companics, there is no specialised C50. Usually there is one designated expent on
health, safety and environment (HSE) that bas o deal with sustinabaliny alongside
their other pssignments. From my personal expernience with H3E officers in compa-
nies, they often do not even have authority 1o give directives, which prohibins signif-
icant improvements regarding sustninability, especially when collaboration with the
emplovees is essential,

REeturning to sustainability guidelines, one outstanding source to achieve corpo-
rate sustainability is provided by the United Mations Global Compact (20065, This
institution offers for example the “Guide to corporate sustminability”, the “Rosdmap
for Integrated Sustainability™, the “Bluepring for Corporate Sustainability Leadership
within the Global Compact”, and more practucally, the “SDG Compass™, a “goide for
business action on the SDGs” [Sustainable Development Goals] on their websiie'.
For example, in the “Guide o corporate sustamabiliny™, the main challenges ane dis-
tilbed to just five sustainability sspects for companies o work with, each featuring
elaborated sirategies:

. Principled Business

. Strengthening Society

. Leadership Commitment
. Beporting Progress

5. Local Action

Bl b —

Following for example these sustainability methods, guidelines and especially the
S compass are pertectly suitable for getting started with corporate sustminability,
and implementing it into the corporate strategy. Additionally, the proposed corporate
sustainability needs w be defined through measurable argets, for example with the
“Sustainability Balanced Scorccard”, as outlined in a review on 3BSC architeciures
by Hansen and Schaliegger (20060, The next step i o change the way companies
deal with innovation.

6.1.2  Step 2: Implement Sustainability-Oriented
Innovation (500

The currem econpmic sysiem has placed enonmous pressuare an the planet while calering
i the needs of only about o quarer of cthe poople o i, bor over the mext decade ovice
that number will become consumers and prodwscers. Tradidom] approaches 1o business will
ollopse, and compamies will have 10 develap innovative solutions, That will happen anly
when executives recognize a simple coth: Sustairabilicy = Innovation.

I Miclumolu et al. 2069, p.Gd)

higscftweww, unglobaloompact aig.
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S0 how does sustumabiliny become practice in companies? Most importantly by
developing innovative ideas. Ideally, these ideas are hased on “Sustainability -oriented
innevation” (SO0 Adams e al, 200 2; Hansen and Grosse-Dunker 200 3), and in ¢ase
of circular plastics, primarily on the coological level of the entire life-cycle of the
product, “The traditional focus of innovation often lies on the development of tech-
nically improved or entirely new products and processes, thus on technological inno-
vation. While these efforts are very important, they alone cannot solve some of the
overarching sustainability challenges, particularly incressed absolute resource con-
sumption and waste,” (Hansen and Grosse-Dunker 200 3, p. 2411, Consequently, the
paradigm of 300 should substitute or improve traditional innovation processes, What
makes this concept special is that the three general types of innovations {process,
orgami=ational and product imnovations) are expanded by the environmental dimen-
sion (Klewitz and Hansen 20014, p. 581z

I, Process immovalions (for example through eco-elfciency and eco-effectiveness
{see Sect. 2.4.2)0)

2, Organisational innovations (for example through changing the company
siructure, corporate processes amd management (see Sect G100}

3, Product innovations (for example through Ecodesign including organic or
recyeled materials (see Sect. 6.1.3.2)5)

For many companies, iree sustainabilicy is innovation, It includes changes and
risks. Sometimes even dismupiive change, when ocompany s core business is remowved
and replaced with a more sustainable one. For example, this can happen if a virgin
plastics producer i= expanding into plastics recycling, thus substituting the initial core
bhusiness of producing virgin plastics by producing recyeled plastics. Some would
say Lhis 1= a bold move - which it is < but it is a sustainable move from a virgin
plastics producer dependent on crude oil 1o a plastics supplicr including wasie as a
material source, However, sustanable inmovation does nol necessarily hove wo be this
disruptive, bat it may require new ways of thinking, to leave the old paths and break
new grownd, In order o implement 500, Hansen e al, (20080 developed a generic
and holistic model for decision makers called the “Sustainability Innovation Cube™
(RIC ) (see Fig, 0.2}, With S1C, innovations can be improved in terms of sustainability
by analysing 27 arcos, which can reduce risks with 50Hs and enables o cost-henefit
analysis, Furthermore, the model is based on three dimensions including “targer”
peconomie, envirommental and social elfecis), “life-cyele™ (production, vsage and
cnd-of-life) and “innovation type” {technological, produci-service system, or busi-
ness model innovation) (Hansen et al, 2009, pp. 688-694), For details on 500 and
solid practices and methods o enable sustainable innovation, [ can further recom-
mend Klewitz and Hansen (20040 Adams et al, (20025 Hansen and Grosse-Dunker
(201 3) as well as the “Metwork for Business Sustainability™ (hitpzfwoaw. nsbonet ).

Walk the Tulk - Putling Theory into Practice

S0 owhat i the challenge 1o achieve indusinal sustonabaliny? It 1s certanly not the
theory, because “most managers belicve a sustainable strategy is a competitive neces-
sl amed compamies are increpsing their engogement in sustainabiliny (Kiron et al,
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Fig. 6.2 The Sustninnbility Innovagion Cube (51C), used wish kind permission from Hansen,
Crrosse—Danker, and Rebchwakd (308, p, 6935, £ Warkd Sclemific Pablishing

20012, p. TIL In the case of the automotive industry, the managers deem sustainable
materials a competitive advantage, (B1%) stating that increasing the share of recycled
plastics in new cars is positive (935%), and plan @ increase this share by 2020 (385%:)
(see Chap, 4). In fact, the challenge is the practical strugghle for progress, the fear of
change, and the inherent sk, Currently, the automotive industry is investing Little
in sustainable plastics, because only 68% of companics use recycled plastics o a
very slhight extent (less than 11%, stated by 63% of those questioned ), The question
is whether this lack of walking the talk and realising ccological sustainability pro-
grammmes and claims 15 based on restnctve repsons, such o insulficient quantities
of recycled plastics, performance of materials, and a lack of supplicrs of recycled
plastics (see Chap, 4), or possibly whether these reasons are an excuse for a lack of
commitment. However, if a company is committed, they can and will find a way to
walk the talk, because the automotive indusiry is very innovative and capable, One
positive example is BMW, who managed to become the most sustainable corporation
in the world and ranked number one in the Global 100 by Coporate Knighis, due
o imiproving resources and energy elficiency as well ax implementing renewable
cnergy {Corporate Knights Inc. 2006). A possible hindrance to achicving a higher
level of sustonabaliny might be w fovour "business as wsoal” instesd of troe inno-
vation (Kiron ot al. 2012} Walking the sustainability falk is widely discussed and
research hos provided numerous guidelines, such os Lubin and Esty (2000, p. 4}, who
describe “the four stages of value creation”, (o manage the ransformation towards
an (ecologically) sustainable business:

“Stage 1: Do old things in new ways”, where companics incorporate new methods
for production, such as vsing o small share of recyeled plastics
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“Brage X Do pew things in new ways”, where companies transform whobe sysems,
such as redesigning products made from solely recyeled plastics

“Stage 3 Tronslorm core business”, where sustainability i= established as the root
of coonomic growth

“Stage 4: Mew business model creation and differentiation”, where companies
focus heavily on sustainability as their business model, such s recycling material
o1 their own oF in a joini-veniure

Since companies are trving o reach stage 4, which is the ultimate goal, there are
several rules w merease the efficiency and the speed of the ransformation process,
Acsubsequent strategy tochange into a sustainable enterprise is provided by Nidomolu
et al. (2008, They succeeded in analysing companies incorporating sustainability
and encountered the hve stages of change:

“BTAGE | - Miewing Compliance as Opporunity™
“STAGE 2 - Making Value Chains Sustainable™

“BTAGE 3 - Designing Sustamable Products and Services"
“STAGE 4 - Developing Mew Business Models™

“BTAGE 5 - Creating Mext - Practice Platforms"

The study by Midumolu et al. (2009 is strongly recommended for further reading
singe 10 s 8 practical analysis of the quest w corporale sustanability peppered with
cramples. Another reliahle source of help to achieve the transition fowards a sustain-
able corporation is the “ABCD Process™ and the “Future-Fit Business Benchmark”
by Robsért (2002); The Natural Step (2013). The next step now is io help companics
Ler pull Lthe stated theores inle praciice,

6.1.3  Step 3: Use Tools and Practical Methods te Achieve
Circular Plastics

Ezspecially tor readers with a practical background or those who plan on toking
action, practical concepts, methods and tools are now introdwced. The ideas and
nobions are ordered from general o specific, respectively from easy w challenging,
Druring the scientific and economic joumey for this book, the author has met dozens
of sustaimabiliny expers, CEOs, Ecodesigners, quality managers, policy officers as
well as politicians, and {un-1forunately, there is no one simple ool (o achieve circular
economy, or circular plastics, [ depends on evervihing within the system the company
15 embedded in. The country, the company size, the (raw) materials, the product. the
emplovees, the legislative framework, and 50 on, Consequently, every company has 1o
find it= own way and sebect from the available strategies, tools and methods, Luckily
however, one key aspect of corporate sustainability is of paramount importance, and
it hos something to do with communication.
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fi.1.3.1  Value Chain Collaboration

When new products and materials are developed and potl 1o market, o015 often the
cise that the negative aspects of the material or product seem o be discovered much
later or even oo late, One example is carbon fiber reinforced plastics and the costly
troubles it couses when reaching the end-of-life, Another prejudice or even allegation
is that the negative aspects ane known, but ignored, Tn any case, (o reach corporate
sustainahility with regard to materials such as plastics, there i= one simple, effective
and unbeaten strategy: to share knowledge. Mot just within the company, but within
the entire value cham, Companies ot one point of the value chain often do nod know
that other companics and people are dealing with their product at another life-phase of
the product, In foct, commuonication 15 key w improve corporate sustamabiliny, which
can reveal potential synergy cffects which offer additional value for the companies.
This notion 1= called “Value Chun Collaboraton™, This notion that environmental
challenges can be solved via supply chain management was successfully analysed
by (Lamiming and Hampson 1996), and with the focus on recveling by {Royv and
Whelan 194921 In short, by knowing the entire product and material value chain,
companies will ger to know the challenges along the entire life-cyele and therefore
b able to adapt their prodects and mateniols accordingly. One easy strategy is o
host walee cligin meeetings with as few participanis as possible, in the following
order: First, the wechmical ssues have w be solved wgether with wechmical experts,
cngincers and executives, then management isswes together with a broader range
of managers, and Gnally the polivcal issves woadapt the framework wogether with
politicians and the executives. This enables an exchange of knowledze and prepares
for the implementaton of changes ot o corporate and political level, Addionally,
crcursions o the tacilities improve the collaboration, and it 15 wise o moke use
of cooperation platforms such as business clusters, Possible participants in the case
of the automodive plastics production and recycling system which are suitable for
a value chain collaboration are raw matenial suppliers, plastics producers, plastics
compounders, sulomotive suppliers converting the plastics, automotive OEMs using
the plastic products, car users, and Anally the end-of-life businesses dealing with the
autometive plastics, Possible aliernative end-of-life businesses can be conventional
companics, for example from the chemical or steel producing indusiry, in the case of
plasties waste treatment due w possible synergistie realment in exising processes,
Additionally, the manufactiurers of the respective machineries, as well as the scientific
researchers, and polivcions are relevant due 1o their strong influence on the main
actors in this system {see Fig. 6.3). The more imporiant participants regarding impuct
on circular economy (compounders, suppliers, OEMs and end-of-life businesses,
machinery manutacturers) are depicted in o darker shade.

hl.3.2  Design for Circolar Plastics

To achieve sustainability-oriented innovation specifically within automotive plastics,
several strategies, methods and tools are ovalable lorimplementng circular economy



6.0 A Boadmap o Circular Plastics For Companies 133

Flg. 6.5 ‘alue chain of automotive plasies

praciices. The main principle is “Design for Sustainability™ (DES) as mentioned by
Mavvas et al, (2002, Programme (2009), Spangenberg (20130, This 15 the meta-
strutegy For circular economy and circular plastics, and therefore it includes a wide
range of aspects (see Jawahir et al, 2007; Mayyas et al, 200 2), but is often oo general
for specific application, In terms of circular plastics, naturally “Design for Circular
Economy"™ (IMCE} is the suitable strategy (o go for. There are alresdy concepis and
trials of implementing DFCE, for example for a circular mobile device (Poppelaars
2004}, supporied by the Ellen MacArthur Foundation, which is a sirong player in
this context (e weowellenmocarthurfoundaton.ong), General gusdelines and wools
on DECE are abundant, as outlined in an overview by Medkova and Fifield {200 6).

However, for circular plastics, specified guidelines and tools are required. For
crample, Pariners for Innovation (20150 and Smit {2004) developed a guideline
for designing with recveked plasucs, and even provide best-practice examples (see
Partners for Innovation (200 5a)). In this guideline, a step-by-step plan from the
electronics company Philips i introduce recyeled plastics in a company Pariners for
Innovation {200 5b, pp. 22, 23) outline a chronological approach:

“Catalogue the use of plastics within the company™

“Focus on commonly used polymers”

“Forus on non-visible and dark paris™

“ldentify and approach suppliers”

“Drecide on the most important requirements for the prodect™
“Start with application in existing products™

“Dresign for recycled plastics™

“*Test moulds and componenis™

Rl S

For more details on each siep, please refer 1o the quoted guideline, However,
this approach suggests that recyeled plastics are currently not sufficient for visible
and coloured paris. This could change if “Design for recyeling” {(DFR), “Design
for recyelabiliny™, or sometimes “Design for End-of-Lile™ 1= offered more attention.
However, the definition according io Mayyas et al. (20012, p. [847) of the mentioned
principles should inclode “Design for disassembly™ or dismanthing o redoce the
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effort and cost, “Design for Bemanufoctoring” woese parts directly withoot the need
of reprocessing, and “Design for Recyeling” to enable casy dismandling, reuse of
partz and components, and high-gqualiny recveling of matenals, Moreover, due o the
fact that design for circular plastics requires a sirong focus on the product, a focus
o autoimobiles is now provided in the following, regarding sustainable design in the
entire life-cyele of the car.,

The CSPI - A Checklisi for Sustainable Produoct Development

In order 1o imeorporate the mentioned strategies for circular auiomotive plastics sev-
cral guidelines are available, for example from Mayyas ecal. (20027, (2001 3}, Maodet
etal, (20020, Arena et al. (03, Schmdt and Taylor (20060, However, one personal
favourite is the “CEPD”, “A checklist for sustainable product development tested
in the asutomodive indusiry” developed by Schiggl en al. (2007). This checklisg is
suitable for designing circular automotive plastics, because of its narrow focus on
the automaotive indusiry and the relevant materials in this indusiry, such as plastics.
Additional positive aspects are the applicability very early in the product develop-
mient phase, its holistic sustainability and life-cycle approach, and that the checklist
15 based om o of the most renowned model for sustonabalivy, the “Framework for
Strategic Sustainable Development™ {FS50) by Bobéri (2002 (see Sect. 2.4.1). As
real world applicability is key for sustnability wols, the CEPD has been developed
and tested with a renown automaotive contract manufaciurer during the development
of an ulira-lightweight vehicle, with a nowral-gos engine and less than 49 CO/km
EMESHIN.

The process of applying the CSPDY is iterative (see Fig, o4} “During the first
assessment, the designers and engineers who answerthe questions must state whether
they have already considered a certain aspect. Then, they must rate the relevance of
this aspect for the evaluated technology and provide a gualitative description of the
measures taken o consider its sustainability. If an aspect has nod yet been considered
n am appropriate way, necessary eks need w be defined. The task st thus formed
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Fig. fid The iteraiive process af applying the 5P, ndapeed with kind permission from 1-P
Schdiggl e al (2007, p. 10§
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helps vsers define mepsures that can be wsed 1o address the dentified susiinabiliny
fap. As improvement measures are implemended, the progress is monitoned and
documented dunng lollow-up sessions, in which the tsks omd their resolution stauws
are discussed ™ (Schiggl et al. 2007, po 100

The CEPTY is comprised of numerous categories (see Table 6.1} including all
product phases ranging from engineering, production, use, and end-of-life. 49 specific
and customizable questions in iodal help o implement sustainability and circular
cconomy, including recveked plastics and design for recycling in the automotive
REC10T,

f6.1.3.3  Advanced Treatment of Current YWaste Strenms

For some plostics and plastic products, 15 alresdy (oo late w call for Ecodesign,
such as composites including CFRP, and with mixed plastic types and inscparable
connections, Toenable circular economy, the waste sireams must be ireated o fulfil
high requirements. In o data and advice sheet on “Injection molding of high-quality
parts”, Covestro Deutschland AG (2005) notes several valuable aspects w consider
when recycling plastics from production waste, which should be used again s recy-
ched plastics:

“Herap suitable for recycling:

I short mokdings

2. sprucs [the excess material during molding)
3, mechanically damaged parts

4. parts with insufficient dimensional stability™

“Epecial points o note:

I. single-sor parts

2. wme only comectly-processed matenal

3, o parts with signs of overbeating {thermal degradation),

4, take care with parts that have streaks orbubbles caused by monsture.  Chydroly e
degradation possible)

5. o not wse didy or contaminated moldings (chean belorehand of approprme)

6. granule size should be roughly the same as for virgin material

T womply with the drving instroctions"

T summarise. Covestro Deutschland AG (200155 advises that 10-20M% reclaim
Crecyeled material) con be sdded o virgin plastics, and “wp o HHFS for parts where
propertices are of secondary imporiance (establish percentage in a performmance fesi).
[ the cose of 10-20% reclaim oo, 11 is recommended 1o establish the amount of
recliim that can safely be added through appropriate icsis (molecular weight redwe-
tion, mechanical properties, molded part resr),"”
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Table 6.1 The CS0F caepgorics, adapied with kind permissbon from Schiggl en al, (2007), sim-
plified by the author
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6. 1.4  Step d: Start with Pilot Actions

The provaded pilod actions are stroctured in bwo parts; The Grst part contans the solu-
tions from experts generated in a workshop, and the second part are collaboratively
researched and developed solutions w provide additional ideas w the expert sodu-
tions. These ideas serve as a catalogue of arguments, opponunities, and possibilities
Lo opdimise the automotive plastics production and recycling sysiem.

fl4.0  Solutions Developed by Experts

In order to develop solutions that are practical and realistic by 20040, experts from
all rebevam branches along the entire life-cycle of automotive plastics participated
in o workshop for this book (see Chap, 8) and were asked w come up with solutions
i improve the ecological sustainahility of awtomotive plastics that were writken on
a Mip-chart. Then they had o evaluae these solutions through “resistomee points’,
meaning that they had to hand oot wp to 10 negative resistance points for cach solution.
This meethod 1= called "svstemic consensing” (ongimally systemisches Konsensieren’
in Crermian) and was developed by Paulus et al. (2000}, Through this very efficient
and productive method, the following ideas for solutions were developed:

Solution - Rank 1, the niche solution attempt is intended o create a prototype whose
recycled plastics share 15 up o 100% and the design-lor-recycling 15 maximised o
allow easy and high qualitative recycling (o recover the highest possible percentage
of materials, This project requires a sirong collaboration between an OEM or supplier
that is capable of manufaciuring a whole car, at least one plastics recyeling company
as well as scientists, As a resull, the valuable insights offer a transformation of
knowledge from niches o muinstream and can be used in the mass production of
cars [0 enable a very high percentage of recycled plastics and perfected design-
for-recyeling. Afer weeks of addivonal conssderation, the author believes that i
mighi be very challenging to manufaciure all the plastic pans from recyeled plastics,
therefore o satslying compromize was developed: In o Grst attempt, only the maost
critical and challenging plastic pans {visible and structural parts) are produced from
recycled material i pracuce, and the less demanding parts are simulated in theory,
thus achieving valuable insight with reduced expenditure. Then, in a second attempt
the whobe car is made from recycled plastics, or recveled materials in general, which
could be a corporaie sustainability. C5R, and marketing marvel.

Sodution - Rank 2 aims ol increpsing im-house recyeling of plastes waste seou-
mulating in the production combined with increased recyeling of ELV-parts which
offer appropriate recovery resulis, These depemd on the type, the dismantling and
separation expenditure, the deternioration based on UY irmdiation, and the age of the
plastic, As discussed in Sect, 4.4.3, the following ranking highlights the treatment
from best option to worst, Please note the difference to the Sect. 4.2, which did not
consider that when one reatment opiion Fails, the material can be tried in the next
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best one, leading w a treatment cascade always including blast Turnoce, which is
likely 1o be limited by input:

Treatment coscade of ELY plastics in the year 2020

I. Mechanical recyveling

2. Blast furnace (= chemical recyeling)
1. Energy recovery

4. Other chemical recycling treatments
5 Landfilling

Solution - Bank 3 aims at establishing advanced certifications of cars, which include
ecological and social critena such as a minimum share of recyeled plastics or materi-
als in general and raw materials from responsible sources. In fact, this idea is intended
i impdement a holistic LOCA of cars which is stated and advertised o the public,

Solution - Rank 4 is intended o provide decision support forcar producers, and espe-
cially the designers, to simplify the process of using recyveled material and improve
design for recveling {Ecodesign). A suitable starting point is for example the “5uos-
tainabiliny Checklist” developed by Schiiggl {20102, p. 97} which was “particularly
designed for the sustain-ability evaluation of innovative lightweight technologies in
automotive development”, Further, such a 100l could be implemented in the Inter-
national Materal Data System: IMDS (Hewleu-Packord GmbH 200 3), The current
issue is that recycled plastics are ofien not cenified for usage or included in material
databazes, Further, a holistie LOCA such as described in *Solution - Rank 3 could be
included in such a material database as well.

Solution - Kank 5 gims at legal directives across Europe o determine o minimum
share of recycled plastics and materials in general.

Solution - Kank 6 is intended to promote an honest eco balance of the car producers
and the suppliers, which provides insight into the whole ecological impasct of a car.

However, atter mating the solutions the experts from the workshop argued that
the legal directives (5olution - Rank 3) and the certification (Solution - Rank 3} are
a preregquisite For and should be embedded oo Solution - Bank 6, the honest eco
balance, which was considered in the following solutions overview. Additionally, the
gpuestion was ridsed who should be the one o perform the bonest eco balance for cars
and whether they are simply implemeniable via laws. Therefore, further research is
regquired in this case,

f1.4.2  Collaborative Holistic Solutions

Crenerally and apart from the already very narrowed-down solutions from the experts
through the sysicmic consensing process outlined above, further solutions have come
up also dunng the workshops and have been developed and discussed wath the experts,
Furthermore, solutions and ideas which have been developed over the course of this
book based on theoretical and practce-relevant approsches and sources including
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logical comnections are all now cuthined wgether with the expents solutions in the
following and concluded by a summarising table ai the end see Fig. 6.5, As a resuli,
personal approaches were al=o included in o this section, Due w the wide ramge of
branches in this book, the solutions provided represent various opinions and view-
points, possibly causing a conflict of objectives and interests,

The solutions are structured according o the actors or stakeholders (companies,
politics, and independent institutions} and the respective life phases (production,
wsage and end-of-life phase, following the structure of Fig. 3,20, For scademic irans-
parency, the solutions from the experts are declared as such 1o differentiare from own
idens, which are logical developments based on the entire imformation gathered in
this book and beyond.

Covering all the phases of automotive plastics, the idea o link the business of
automehile production with the ELV-treatment could be realised through a danghier
company for ELV recycling or o joint-venture with an OEM and o waste treatment
facility to offer a circular plastics economy. This would enable the QOEM to cnjoy the
advantages of recycled plastics, for example such as reduced costs, independence
from crude oil from guestionable and unstable countries, positive corporate sustain-
ahility, C5R and marketing, and possible financial advantages in the future because
of more sustainable, energy-, and greenhouse gas-reduced products (see Sect. 51
Another solution from the experts is the (voluntary ) implementation of the honest
eeo-balance w provide information about the whole ecological impoact of a car, as
cutlined in Sect. 6.2

The overview of the solutions o advanee the automotive plastics production and
recycling system is depicted in Fig. 6.5, The solutions with a (W} are solutions which
wene developed andfor discussed by the experts from the workshops,

Production Fhase

In the production phase, the companies, respectively the OEMs and supphiers, showld
o a revision of possibly overly demanding material requirements as the applicability
of recyclates might be higher then previowsly determined and expected, as supported
by Toldy et al, (2009, p, 971k .. many auiomotive companies have unjustified
regquirements (e, they overinsure themselves using only primary caw materials mot
cven allowing the reuse of own plastic waste), which may be alicred taking the
necessary legal measures,” Mow in order w increase the share of recyeled plasucs,
and already mentioned in the survey, “Constant composition, hardness, clasticiiy,
UWestabaliny, (ong)-term heat resistance, recyelabiliny ..." ore the Factors of capatal
importance { Toldy et al. 2008, p. 971).

The utimost imporiant aspect 10 consider within the material selection process
is the hicrarchy of factors. In addition, one hes o consider the data basis for the
consideration or inclusion of mew plastic materials or new material sources, which
materil information 15 retieved by the matenals engineer and the component-
relense engincer, which data is accessible, and which material data is recorded at
all, while alse bearing venfication =ees in mind. Furthermone, the knowlbedge, but
more importantly the significance and weight of innovative sustainahility concepis
such as Ecodesign and their implementation are of high relevance, as well as the time



i The Recycling Remaissance: Salutions amd Proctical Toeals ...

Aupadinar sansepd aanouoyT aTURspT O Swannges o smsass g g

E% igig !i

T

ki i
Hintii

UDdrg WEEN] -




6.0 A Boadmap o Circular Plastics For Companies 141

Tramie regording trends amd Tuture perspectives (soch as end-of-lile scenarios), Witk
regard o the Ecodesign, the marketing potential of sustainable materials might not
be comsidered in the material selection,

Therefore, another solution by the experts is an improved decision support for
car producers, and especially the designers, to simplify the process of using recycled
material and improve design for recveling and Ecodesign. This was recently realised
through a checklisg for sustainable product development (see Sect, 6.1,3.2), Further,
more sustainability aspects should be implemented in material databases such as
the IMIXS, the ‘International Material Data Sysiem” (Hewleo-Packard GmbH 20133
becousse these are required in the prodect development phase, In particular, the end-
af-life options of materials have o be disclosed in detail., as mentioned by Stagner ct
al, (2002, po 10301, An addinonal objectve is w connect the key players from crodle-
to-grave through interction, connection, and knowledge transfers as mentioned in
Sect. 6.1.3.1. Inis possible that the new deas and resulis collected by expernts such
as Ferrdio and Amaral (20060 and Urie and Dage (2004} could be implemented o
maximise the ecological sustainability of cars very early in the design phase,

The real challenge now, both o the automotive indosery and s plastic suppliers, & o wark
ingether v develap new nssemblies that nod anly mes costperformance requitements b
alsn alhva essier dismaniling aml recycling, (EulC 30035

Thee current issue 15 that recyeled plastics are often ool certified for wsage or included
in material data bases. Furthermore, the honest sco-balance (as described in Sect. 6.2)
could be included in such o moterial data base as well, Another expert solution 15 o
improve in-house recycling of production waste on site combined with ELY plastics
recycling adapted 1o the age and condition of the material as described in Secr. 4.2,
Yet another is the attempt to build & car with o very high degree of recycled plastics
o even recycled materials in general as described in Table 6.2 (the niche-solution
attempt ).

Concerning composite materials, the BEOL is especially imporant, as currently,
recycling s hardly possible, Consegquently, EOL-compatible composites such as
thermaoplast carbon fiber, oreven biobased thermoplast composites with natural fibers
suttable for recyeling vin solvolyss or at least thermal recovery, Bioplastes in general
could e made from hio-wasic in the besi case, or from non-food plants which are
recyclable, also mixed with conventional plostics, or easily iroceable, separable, and
deteciable to avoid difficulties in the EOL-phase.
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Tahle 6.2 Idess from expens wo advanee the ecodogical sustainabliny of amomative plastics

Rank | Idea Resistance
pisinls
| hew prononyvpe with masimized recycled plassics share {nbehe solmeon | 2

allempd comparable o BMW i3, Magna Sweyr OULT)
X Recycling of production wasie plastics (high parity malerial in-house 4
recycling) in combingion with recyveling of cenain chosen ELY-puns
depending on dismantling amd separatim possabiliy ad age of ELY
1 Certificalion (ecological, socil, (including share of recyclates)....) of IS
caurs {holistic LCAS

4 Diegision sappart for car prodiscers (designers) 1t
5 Legal directives {acmoss Eumope) neganding the <hare ol recvelales 1%
<} Himsesl e balamce ol the (o) producers 21
Usupe Phase

Ranging from the usage 1o the end-of-life phase, the experts came up with the idea wo
recycle the waste parts from car workshops, as these parts are currently not recycled
sufficiently and are mose significant in gquantity and quality compared 1o ELY plastics,
which are difficult to recyele by comparison, which could pose an economically sound
and ecologically sustainable opporiunity.

End-of-life Phase

In the end-of-life phose, the best solutions are woinerease blost furmsce reatment
of automotive plastics due to the fact that this tregiment is substituting fossil fuel
in the steel production. As the blast furnace is perfectly suitable for obd (negatively
changed, low-performance) plastics from ELY =, for example older than 15 years old
(this depends on the exposure o U-rays for example). Moreover, it is difficult
define blast furnace treatment: Whether it is material recveling, thermal recovery, or
something in between, but it is generally considered 1S material recycling, aceord-
ing L communiation with experts from an imternational steel production company,
Additionally, there are currently large differences between countrics conceming this
definition, which cowses import and export of plastics waste oonerease the recycling
and recovery rates (see Sect 4.4.3) In addition, the expens from both workshops
explained that highly advanced recycling technology is currently only available in
the laborntory and that it might be o solution to promote putting laboratory tech-
nologies inie practice. This might be possible through large-scale projects in order
i create positive financial retums,

Concerning the available technologies, the cleaning (washing) of the input imater-
ial i= currently very demanding, requiring further research and development. Further-
more, it is advisable 1o achieve an cconomic landscape with numerous specialised
recycling companies instead of lew who recyele everything (similor to the solution
for politics). This is the case because the input quantitics are oo low for one big
recycling company, The question of the industoal customer of the recyeled plastics
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15 also of concem as several different matenal supplier companies are required for
the automaotive indusiry to guarantee reliable delivery with manageable risk. Anoiher
expert sodution w momage ELY recyeling is w imtroduce acar deposit system inowhich
the user is paving a deposit, or is leasing the car from the producer and returns it afier
the usage period, receiving the deposit. The manufaciurer receives the raw maleri-
als and can vse them in the production. Aside from ireating plastics, especially the
material recycling of tires has potential according to the experts, Therefore, further
rescarch 15 required on tire recyeling.

6.2 Solutions for Politics and Independent Institutions

Aecording w the experts from the workshops, the power of polities s sull game
changing. Therefore, the following sirategy o advance ecologically sustuinable auto-
modive plastics serves as a game plan:

. Provide positive political incentives for a circular economy and raise public
awareness through media compaigns

2. Companics will put the solutions (such as those provided in Sect. 6.1 .4) into
praciice because they have 1o due 1o economic competition accelerating the
circular coonomy

Concerning the ELV-directves, the experts thought that the politics should steer
away from the recycling and recovery quodas as they are possibly not helpful because
of the consderable expor of ELY s out of the ELL The focus should be on the produec-
ing industry through positive incentives o promote recycling, and through eco-social
taxing such as guotas for the production of materials. For example, politics should
prohibit harardous substances and stipulote to wse ot least, for example, 200 recycled
materials. As a resull, a new directive for the prohibition of substances (hazardous
and virgin} could be implemented, However, experts from the workshop noted that
positive incentives are the most promising approach to promaote recycling, for exam-
ple, by means of financial benefits for vsing recycled materials i the context of
cop-social taxes. Even carbon taxing might be fruitful, because this would sieer the
plasties waste w the reatment option with the leost carbon fodprint, Furthermore,
it is advisable o achieve an cconomic landscape with numerous specialised recy-
cling companies instesd of few who recyele everything (=imilar o the sodution for
companies in the end-of-life section). Another option is o introduce o holistic and
honest eco-balance (an extended LCAY of cars from the raw material extrsction 1o
the end-of-life including cedifications and legal directives. Partly resembling model
examples are the “Blue Angel” (RAL GmbH 201 3) and the “ELl Ecolabel”™ (Eurg-
pean Commission 20004, both environmental labels to mark sustainable products.
However, the expens from the workshop concluded that politics might have no opin-
tost, o showld, or even most not have an opinion. This maght also be represented by
the missing feedback and the rejection from politics in the survey. It is possible that
this issue 15 ool yel important enough
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Apart Trom automolive companies and polites, independent institutions could
help to improve the ecological sustainability of automotive plastics. For example,
the supervision of the honest eco-balance of cars from the aw matenal exieaction
e the end-of-life including certifications and legal directives would reguine such an
instiuion.
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Chapter 7
The Sustainahility Ilusion Versus
the Recycling Renaissance - A Discussion

Abstract  Are we even in theory on the night path? The resulis obtaned for this book
turned out i be highly controversial, especially when comparing theory with realiiy.
Therelore, am extensive discussion provides an analvsis of patterns, exceplions, rela-
tionships, and the generalisation of resulis. In fact, how significant are the resulis?
What do we now understand with the resuli=? And do they (dis-Jagree with previous
works! When considering the theones discussed in Chap. 2, such os human ecology,
ecp-efficiency and eco-effectiveness, resource and impact decoupling, as well as cor-
porate sustainobility, it becomes clear that these notions offer valuable strategies o
improve sustainability in the economic world, However, the resulis from Chaps, 3
and 4 show that these theories still remain mosily theories. Many companies know
in theory how to apply sustainability, Ecodesign, however you might call it. How-
ever, many of them incorporate sustomabaliny not o5 a vision, bl oz o way oachieve
compliance with the law. This is now unravelled in a discussion of a possible sustain-
ability illusion followed by an investigation of the chomee of o recyeling renassance,
and whether this is the right path for the auiomodive plastics production and recyeling
system,

7.1 Today's Hlusion: True Sustainability

When considering the theories discussed in Chap. 2, such as human ecology,
eeo-efficiency and eco-effectiveness, resource and impact decoupling, as well as
corporate sustainghility and CSR, it becomes clear that these notions offer valuable
siralegies ooamprove sustonabality in the economic world, However, the resulis from
the Chap. 3 and the empirical part starting with the Chap. 4 show that these theories
still remain mostly theories. Companies know in theory how o apply human ecology,
sustainability. Ecodesign, however you might call it Yei, many companies are maore
concerned with their stock price. And true sustainability is not ver deemed worthy
enough io hove a positive impact on the stock price. In fact, green washing might be
deduced as the end result of 0 called sustainability efforis,

And exoctly this contrast between theory and reality now concerning aulomotive
plastics was analysed in detail and confirmed Arsily inthe theoretical section Chap., 3,
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secondly in the conducted Chap. 4 and Goally in the interviews and workshops with
caperts leading to the Chap. 5, and the Chap. 6. To discuss the outcome of this book,
the structure of the previous chaplers 15 rewsed, starting with sustinabaliny theones
and facts, followed by plastics, the automaotive indusiry, and the automaotive plastics
recycling, Mow, and in contrastio the scientific disquisition inthe previous chaprers, a
personal approach, which was developed throughout this book, wall also be included
in this chapter as well. Additionally, the funnel-logic disullation approsch {see Chap.
13 will be applied again, stariing with the general and broad theory resulis to finally
end with the detailed and narrow results of the empirical part of this book.

We, The Sustainability Hypacrites

When reflecting the knowledge gaimed dunng this book, it became excesdingly appar-
cnt that the current socicty is headed toward a dead end. The scientific evidence is
abundant, omd even the worst case scenanos conceming ecological degradation such
as climate change have been calculated {Cook ed al. 2013; Pachauri et al. 20014} (sec
Chaps. 2, 3, and especially Sect. 2.4.2), 5ill, society is not taking effective counter-
measures. Mostly, it 15 not what we do, but what we say that matters, and as long
as only the proclaimed action is considered sufficient, society will not change, "The
road 1o hell 1s paved with good intentions’. This sayving is applicable to the current
developiment of humanity, characterizsed by countless imtentions and very little action.

Al present toes, the global economy s prevalent goal s growth, both in wrms of
size and financial asseis. Yed, chances are high that this goal is no longer feasible. In
Tagt, this form of growith-orented economy 15 0 be questioned, Even more stromngly,
one might conclude that this neo-liberal coonomic approach is o be ahandoned, and
anew way of thinking should be introduced, steenng away from growth and money
towards reduction and sustainability. But today, success is pnmanly equated with
riches and wealth, and this is the fuel for the current unsustainable economy. In a
newspaper article, DiePresse (2013) states that this drive for growth, which should
be of use to humanity, might produce the egoism that is ultimately huming hamanity.
Consequently, he even asks whether one can be o good ard wealthy person at the
same fime, when considening the entire globalised system,

S0 15 there penerally a chonee for o new way of thinking? O does it already exist?
From my expericnce as a teacher, | dare to say that there possibly is already a new,
a more sustomnable and holistc mindset, but so far primarily among the younger
people. 5tll, there are already companics implementing sustainability into their cor-
porate vision, but this 1= mostly imited w Evrope, Nonetheless, the pew mindset,
which is truly sustminable, 15 stll in an infancy stage and heavily challenged by the
econoimy, Because, when young people are confronted with the choice of education
at universities, potential financial success becomes significantly relevant. Momeover,
a chance for change is perceptible, vet there are severe challenges ahead 1o change
the system For the better. A mindset to aim for establishing a circular economy ot
focused on growth, but on true values to establish a socially and ecologically sound
and sustanabke economy enabling humandty and natwre wo live o bealthy omd Gair life.

Additionally, this mindset has to develop amongst the rapidly growing population
throughout the entire globe. In foct, weether with the increase of global wealth, the
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automedive sector in particular is facing severe challenges (see Chap, 3), soch os the
subsequent increase of cars per capita, And when narrowing down to antomotive
plasties, this funpel of developments s the resull (see Sect, 3,30,

Exponential population growth

Mew markets. new consumers

Increase of afluencefwealth = more cars per capita

Inecrease of plastes share in cars

Increase of plastics demand

= Increase of demand for fossil fuels

1 Mo or very little circular economy

! Extraction and emission of greenhouse gases caused by (automaotive ) plastics

| ==

A the negative aspects apan from the rapid global population growth are centering
o Fossil Tuel extraction and corbon emission, the importance of these Duids for the
coonomy and for society is o be guestioned.

Our Liguid Economy - Built From Ol

Fossil fuels are the fuel for our economy on te one hand, and Toe chmate change on
the other hand, So in terms of eeological sustainability, this fuel has o be substituted
rapidly or even abandoned due o the high greenhouse gas emissions [one barrel
conventionl crude oil (159 L} account for 28.6 kg of C0qe; one barrel oil from oil
sand accounts for B3.3kg of COze (Wovnillowice and Severson-Baker 2009)] (see
Rect. 3.1.3). In fact, availability of oil is not the challenge, but ruther the resilience
of the coosystems and especially the atmosphere. 5o what will happen if the oil
prive ineresses signifcantly amd steadily T Or possibly o new o1l crsis emerges in the
future? Currently, such oil-related crises might cause a global sconomic breakdosn
due 1o the high dependency on this Iguad in abundomt branches, However, this could
affer a chance for society:

Tagether the ‘end of cheap il and the emergence of carbon pricing have the potemial o ne-
drmw the map of ecanomie activily in some inferesting ways——just as previous revodulions
im the cost and mvailnbility of energy 10 society produced distinciive geographical forms,
{Bridipe €1 al. K3, p. 335)

A o resuln, an ol erisis might belp creste a circular economy and a magor redoction
of carbon crmissions because of resource scarcity. And substitution of oil is possible
and o manageable challenge,

The Recyeling Decline

During the interviews and the workshops, numerous experts cluimed that recycling
in general is declining, Some mentioned that this is caused by reduced recycling
efforts in politics, such as positive incentives o increase or at keast hold the recycling
rate, Based on this notion, an analysis on books dealing with recyeling revealed that
there was o significant peak in 1995 where nomerous books concerning recycling
were published (research tool provided by Google Inc. {2000 7), based on Miche] et al.
(20010 In 1995, O000T0228205% of the provided ‘Enghish’ corpus had the search



150 T The Sustamabaliy [lusion Yersos the Recveling Renaissance - A Discussion

n the pl {uctinn s recy r

Fig. 7.1 Conflict of inleresis concerming muomotive plasiics, valicnied wiih experts

term' included, which decreased by 33.4% o 0.00046 768835 in 2008, Please note
that this is not a scientific research wol and only included books from |30 wntil
20018, Howewer, this i= a significant reference point and highlights that recycling
has become less imporiant within society, which was confirmed in discussions with
expers, Addivonally, o simalar analvsis for plastes recycling was perlormed, which
revealed an analogue decline of plastics recycling? ). The development of publications
concerning plastcs recyching shows several peaks, The first rise began around 1970,
then a second rise from 1988 @0 19492 From then on, a decline with a litile peak around
2003 continued untl 2008, reaching again the low level from 1988, Unforiunagely,
the data was not sufficient to create book publication analyses for sutomotive or
autpmobile plasticis) recycling, which might be however possible in the future,

Virgin Plastics Induosiry Versus Recyelers

Considering (auiomotive ) plastics, competition is currently not the case because of
the economic difference between the viegin and the recycling industry, The former is
a very potent, well established and innovative bronch, whereas the latter 15 s6ll inits
infancy, Furthermore, there is mostly a conflict of interests within these two branches
(see Fig, 7.1). Taking the definition of automotive sustainability concerning plastics
for example, the viegin industey defines it by weight reduction, Because their interest
is focussing on increasing the production, they try o promode ecological sustainabil-
ity through an increase of the varety and the amount of plastics. The recyclers, on
the other hand, define ecobogical sustamability by recycling, their focus of inlenest
15 on recyclability and as a result, they promote scological sustainability through a
decrepse of the plastics varery, The costomer of both imdustries 15 the aulomotive
branch. They define ccological sustainability by weight reduction like the virgin

VFor this analysis the following rerm without was used; “recycling + Recyeling + RECYCLING",
ZFor this analysis the Following werm withoul was used: “iplastics recvelingh + (Plastics Becyeling)
+ [Plastics recycling + (FLASTICS RECYCLING) + i plastic recwveling) + (Plastic Recyeling) +
i Flastic recvelingi™
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plastics indvstry, and promode ecological sustainabiliny through lightweight design.
Additionally, their focus of interest concerming materials is on cost and performance.
Therelore, the automotive OEM or suppliers, when solely relying on facis, should
chiain from the recyelers under the condition that cost and perfformance are at least
equally or better met than virgin material. Additionally, one has o include possible
environmenial and marketing benefits from recyeled material, which might outweigh
possible exira costs,

Due to this conflict of interests, the overarching interests of (future) humankind,
which is trug sustainability, is of minor concern, However, the car producers have
the opportunity 1 bring about the vital parsdigm =hift by stmulating the plastics
recyeling industry by demanding high guality recyclates for cars.

Adter intensive discussions with experts from the virgin plastics indosiry, 1 dis-
covered that most of them are stuck in the unchanged and hardened procedures of
their respective company, Becaws actually those vicgin plastics experts are thinking
about or some are even rying to implement ecological sustainability in their busi-
ness, but this is a demanding underaking (zee the survey resulis from the Sect, 4.4.3).
Uine positive cxample 15 o virgin plastics companies from Auvstria, that has bought a
plastic recyeling company, 10 learn from them how the recyeling tiechnology and busi-
ness works, However, to moke o complete transition to an ecologically sustminable
production, the virgin plastics indusiry has w rethink their business model,

O course, they see the risk that recyeling 15 opposed 1o their core business,
bt this change is essential. In fact, they have to accept the challenge. The plastics
manufacturers who now rely on recyeling can prevent losses by the uplurn in the
recycling indusiry. The question, of course, is which virgin plastics producers will
have the courage w enter the recyeling businessT Inmy view, lrms currently rewarded
by “business a5 usual” policies will soon be punished by consumers. A transformation
that moves resource-hungry production of virgin plastics in the direction of the
recycling industry is also o question of whether decisions will be made on the basis
of facts or ideclogy, habit, or innovation-killing phrases like ‘has always been this
way', “too much effort and risk” and the clussic “doesn’t work”. Viewed as objectively
as possible, the recyveling renaissance is the only way for Europe to ensure a strong
plastics industry secore inthe Gace of Tulure losses, And the automotive mdusiry is
already on the way, albeit hesitanily.

Aubomistive Ecological Sustainability - a Lic?

During the development of the point-of-view scenanos (see Chap. 50, the question
wits raised whether and how cars con be ecologically sustainable. Stnctly speaking,
abolishing unsustainable forms of individwal transport would be the best solution, and
cars are generally unsustainable interms of eeology. So s iteven possible to talk about
automotive sustainability? Or is it at most possible to create a car with a low negative
environmental impact compired to modem day cars? 1€ seems that sustninabality is
currently and actually merely “impact reduction”, but not true sustainability. When
talking about recyeled plostics in cors Tor example, the actual goal = w redoce
the negative impact of the car by replacing virgin plastics. In this case. the impact
reduction potential 1= a crucial factor, However, the only tree sustainable path is
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e avind producing, vsing, and disposing o car omd selecting the bicveke or public
transport instead, if possible and reasonable. Curmently, the automotive indusiny and
the medin procluom the next sustonabaliny revolution - hightweight elecire coars,
However, according to DiePresse (20113), this might be comparable o the hype of
nuclear power in the 1960, which was said (o solve all the problems. Even nuclear
powered and Hying cars were predicied to selve the fronsporiation issues ot that
time, Possibly, 2003 is another 1960 and we might discover in the future that our
sustainable solutions have not been sustninable ot all, or even worse than the onginal
solutions, Stll, it should be mentioned that compared with electric cars, nuclear
powered cors hove never been realised.

The auiomative sector is sustainable - in theory, The best examples are the Aood
ol sustainabiliny reports whoss goal 15 in fact cather unclear (Baumgariner and Ebmer
2000} When analysing the ecological sustainability performance concerning plas-
1ics, the action seems o focus on weitlen declorations of imtent, insignificant small-
scale projects and commaonly one car model in a centain trim level which performs
comparably well in a definite sustainability aspect with prominent marketing cam-
paigns or emphasis in the sustainability reporis. For example, a car model whose
plastic recyclate share is up (o 20% (BMW Group 2005), might be 0% in the emd (see
Sect3.2.2). Fleet-wide implementation of sustainability enhancements and commu-
nication of iransparent and hard facts concerning recyeling stll leaves something 1o
be desired. As o result, one can make a distinction between “walkers” and “alkers’
(Kiron et al. 2003, p. 10}

# “Walkers — companies that report “largely” or “Tully” addressang all =gmificomt
sustainability isswes

# On the Bosd — companies that “largely” or “Tully’ address some but not all of
the sustainability issucs they deem imponant

¢ Talkers — companies that only” somewhat”, “barely” or don’t address all of
their significant sustainability issues™

Therefore, the challenge is 10 convinee talkers o become walkers, Consequently,
Kiron et al. (2013, p. 11) conducted a survey to discover the reasons for manoge-
ment inertia and inaction which revealed that “[clompanies are struggling 1o seithe on
and rally around the imporiant sustainability threats and opporiunities they confront.
Competing priovities, for example, are the most common stumbling Bocks with
41 % reporting them. Dilficulty quantifying sustamabiliny's mtamgible elfecis stands
in the way of 35%. Short-term thinking in planning and budgeting cycles follows
chosely with 31%. Overcoming thess ssues tend o require organizational catalyss",
Agcordingly, companies have (o give sustainability a higher prionty, employ sus-
tainabiliny change managers or rain their own managers, establish o sustanabiliny
agenda company-wide, promote ideas how o improve the ecological performance
throughout the life-cycle, and manage their implementation.

The Global Life-Cycle of Cars

Cars travel the globe, especially afier the supposedly last owner. A large share of
vehicles deemed woste in the EL 15 being exported outzide the EL, mostly eastwards
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i a circle wntil armving at ots fnad destinaton: Africa (Parliament 2000, pp. 10,
421 0OF course, people in these regions require means of transport, bat is it ecolog-
cally sustminable w ship and revse cors which are excesdingly demmental 1o the
crovironment because of their age? Thus, massive emissions are being exporied o
less developed countries (LIDCs) Possibly, car manufacturers and countries should
keep ELVs for recycling through superior ELY laws and design inexpensive cars for
LI and manufaciure them on-site, due (o a different approach o car design and
reduced transportation. Consequently, the ELY or second, third, or fourth hand car
export i LDCs would decrease and the environmental impact of global transposta-
ton could be improved, OF course, this would require further research but might
affer a sustaingble development of the global automative sector. In addition 1o the
export of ELNV s, the durabality of awtomobales 15 al=o highly relevamt o ecological
sustainability. Cars with a real life time of 2000000 km are not ecologically sustain-
able, RBeliable cars might decrease the negative envirommental impact as the usage
phase is extended preventing a new car from being produced. Therefore, car mano-
facturers, politics, and consumers should focus on reliability 1o increase aulomotive
sustainahility. Howewver, this should be researched in detail due to high complexity
concerning the life-cvcle analysis.

Material Selection Decision Making Process

Due 1o the competition between virgin and recyveled plastics and a greal vamety
of plastic types and composites, the material decision has become a challenge for
the autometive industry, Currently, the possibiliny of process driven decisions rather
than reasoning driven decisions (see Chap. 4), the material selection process can be
highly influenced by the present orgamisation culture and the extent of reslence,
adaptability, or flexibility within, For example, when comples and time consuming
request forms and paths are required 1o validate, register, and apply a new material.
I a company, professional blinkers and lack of objectivity might arise, which could
cause subjective errors, As outlined in Sect. 2.4.4, the decision making process is
influenced by the possibility of egoistic action by the individual in the system which
can lead (o seriously negative outcome (Kulke 2013}, Consequently, the malerial
decizion making process 15 lkely o be restricted by actor behaviour, and possibly
by the physical and psychological company boundaries.

O the contrary, open innovation as introduced by Chesbrough (2006 15 currently
hyped by the indusiry, but there is siill room for improvemeni. However, companics
seem o require assistance 0 lurther opening their gates w the pew, innovative,
and unknown, such a= recycled plastics. New approaches to material selection are
necessary 0 advance the industry, Possibly, open inovation can be such a pew
approsch. Additionally, this book revealed that stakeholders not related o the Grm
shoubd be incorporated as well i increase sustainability. Furthermore, the character-
isation of the process o decide on materials in companies requires further research
through decision-making channel-based analysis to reveal the decision rouie within a
company,
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Yirgin and Recycled Plastics Demand in the Car Production

The compandes koow that the shore of plastics will nise and that consumers (will)
demand more ecologically sustainable materials, such as recycled and renewable
plasties (see Chap, 4), Compomies even acknowledge that ecologically sustanable
materials are a competitive advaniage, deem recycled plastics positive and compei-
e with virgin material, and even plan o imcrease the share of recyeled plastcs.
However, this share is currently very low (63% state thal the avernge percentage is
below 11%, see Chap. 4},

Concerning the companies who might implement recycled plostics in the auto-
modive branch, there was one question in the survey which highlighted a significant
difference between OEM and suppliers: *Did you or your company investigate pos-
sible applications of recycled plastics in your products?, which revealed that 95%
of DEMs did investigate the application of recycled plasucs, wheress only 73% of
the supplices did As a conseguence, the focus of ecological sustainability actions
could be directed on the suppliers, possibly upon consuliation of the DEMs: because
they are the ones purchasing and ordering from the supplicrs, which might reguine
approval, However, the usage of recycled plastic 1= an opporunity due o technolog-
ical ndvancements.

5o is Heeveling REALLY Better?

When focusing on the prodwction and end-of-life phase of cars, one might guestion
whether recyeled plostics are really less harmful w the environment compared o vir-
gin plastics. There are significant weaknesses of recycled plastics such as “limited
market apphications for recycled plasues, low value of recycled resin omd efficacy
concerns {Duval and MacLean X7, p. 1 67 ) and especially the recycling of mixed
plastics waste. Sll, recycling is the favourable option under the presumption tha
the average virgin plastics production uses fossil fuels, emits greenhouse gases, and
requires energy as outlined in Chap. 3. To provide a shost example of the environmen-
tal benehis, recycled plastics can reduce the energy consumption by 50% o B3%,
and the greenhouse gas emissions (O0ze) can be reduced by 3066 w up i 75%,
according w Duval and MacLean (2007), Frankbin Associotes (200 1), and Jensen
ct al. (2003, Mevertheless, Jean-Charbes et al. {2000, p. 50} claim that a low share of
recycled plastics (in combination in this case with o remaimder of 30% concrete and
S0% woond) is even worse than using no recycled material: “This means that under
the assumplion of a degree of virgin plastic substitution of 20%, the impacts from
the recyeling process are no longer offset by the benefits from the avoided material
production”, (Jean-Charles et al. 2010, p. 500, However, this scenario’ is a special
ciuse through the substitution with concrete and wood, however, the underlving state-
ment is relevant that the substination ratio is relevant in the environmental impact
caleulation, Consequently, the review of 3 LCAs including 22 cases by Jean-Charles

e The hase scenarin, For which a degree of virgin plasiic displaced by recveled plasiic of 100 is
assumed, is companed o seenano im which only 2005 ol the recvclale replaces vingin plasiic (he
remaimeler being evenly split between substituiing For concrete and wood |7, (Jean-Charles et al.
2000, p 30,
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et al, (20000 revealed that the benefits of recyeled plastics are ot the maximom when
the ration is close o 00F:. This claim might support companies 10 cxpand their
implementation of recyeled matenal w 100% a5 lower percentages might not reduce
the negative environmental impact of cars. OfF course, this requires funther research
as the degree of complexity is very high in this case due 1o various car models,
production methods, materials, locations, recycling technologies, costs and =o forth.
Additionally, the possibility of inevitable downeyveling has 1o be considered when
frequently recveling the same material, which could diminish the cycles of plastic.

Moreover, it is sdvisable not i hype recycled material in general, as exceedingly
comples recyeling processes might cancel positive environmental effects, Especially
when considering hazardous, toxic, and contaminated waste, incineration is some-
tmes the only method o dispose of these substomees and remove from the svsiem
(LatGrega et al. 2000, such as with hazardous medical substances (Chartier et al.
20014}, Concerning the recyeled moteral vself, the survey participants stated that
using recycled material can reduce the material and thus the product quality, and the
recyclability of the recycled material is of kegitimate interest as single use recyvclates
would only prolong the life phase of the plastic material by one cycle. However,
this case is improbable, because qualitative accepiable recyeled plastics show a high
degree of purity which enables further recycling, 5all. this 1ssue needs to be consid-
ered as well when assessing the life-cycle of materials,

The ulimste question however s whether MOT recyeling 15 economic in the long
term as generations in the future might have to pay for not recycled plastics. And
15 MOT recyeling in the long term even manageable due w environmental pollution
resulting in human health disturbances? In all probability, recycling is the better and
preferable solution, o it imphies that the pollution of the enviromment = redoced woa
great extent which might prevent significant and restrictive rebound effects one can
only assume,

The Systemic (dpportunity for Antomotive Plastics is Recveling

The chance for the automotive industry is a chance for a sustainable society. Because
currently, the system concerning automotive plastics is not ecologically sustainable,
i causes negative effects on the environment such oz LEOkg O0ze per kg virgin
HOPE (PlasticsEurope 2001 4) and thus on humanity. In this case, the negative effects
are mostly linked i the OEM because the wsual customer of cars 15 nol aware of the
complex supplicr sysiem in the car production process, This is especially of concern
within the regulation of public low i the (exended) producer responsibaliny "EPR’
(see Rect. 3.2.3), Conseguently, the OEM mostly takes the blame for environmental
damage (Koplin et al, 2007, p, 1033}, which consequently requires the OEM o
achieve an ecologically sustainable supply choin.

However, as outlined in this book, using recyeled plastics can lessen the negative
eifects.
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7.2 Today’s Chance: The Recycling Renaissance
and Holistic Sustainability

The discussion of the positive outcome (the chance) of this book is staning with
sustainability theomes and facts about circular economy and decoupling, followed
by the spatial distribution of plastic materials, the plastics recycling system, recyeling
as o chance Tor vingin plastics producers, and how o put sustonabiliy theory o
automdive practice, in a strwcture similar to the previouws chapter.

Moving o the recyeling renaissance and the holiste sustamability, i became clear
that most companies are not {vet) rationad and far sighted enough, or too focused
o money and growth (o realise their chance, the chance W iransform their business
tor the better through implementing holistic ecolozical sustainability, The current
path is very unlikely 1o be the obe o continue in the long term. In fact, we have
i gt right now, because nature will continue o thrive likely in new forms, despite
humanity changing the circumstances. Bui will humanity continue o thrive as well?
Mot environmental degrodation, but human degrodation maght be thee resultin the end,

Diespite the coological necessity, the sconomic aspect is of high relevance as
well, Especially circular economy bas o growth potential for 300 billion Euros and
160,000 new jobs in the EU according o WERAP (2013), emphasising the chance
for the economy, Addivonally, Bernhard Merks, president of the Evropean Plastics
Recyclers (EUuPR), mentioned in an article that more than 50,000 jobs could be
created if only the expon of waste plastics would be regulated, because plastics
recyclers are inneed for better waste streams to produce high quality recycled plastics
(Recycling Today 20000, However, this could diminish economic success in the virgin
material industry and potentially reduce material thus product quality becawse of the
weakness of recycling o date such as material purity.

Consequently, society has woantroduce the ‘Becyeling Benaissonce” together with
politics for maximum productivity. In the UK, for example, EEF EEF [manufzc-
wrers” association] (20120 suggests that the government in charge should increase
their efforts and develop an action plan, which should include for example a han of
recyclable materials being incinerated and disposed, if ecologically and economi-
cally wise. The European Commission (2005} is promoting circular economy, but
regremably sull includes incineration as an accepiable waste treatment option, even
though this is not advisable for recyclable maternals, Zero Waste Europe [ZWE]
{200 43 recominends o

. “pursue a real “closed loop™ circular sconomy by banning both landfilling
and incineration by 20040

2. introduce a feed-back mechanism between waste and product policy; by
sereening what is ol reusable or recyclable today, we can send a signal 1w
producers to redesign the product so that it stops being waste in the fubure”.

A oa result, the only waste treatment oplions remaining are reduction, reose, and
recyeling. And nothing else, but again concerming materials that are generally recy-
clable, This law 1= therelone consderably eco-effective, through a considerable kevel
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of plastics production combined with equally significant recyeling at the end-of-life
phase (see Sect. 2,42 ). Moreover, when adapting and introducing new laws, it is vital
tor analvse the consequences on all levels, For example, Paterson etal, (2001, p. 413
state that cemain regulations with positive intentions can cause negative cffects in
areos or phases, which have obviously not been sufficienty examined when drafting
the law.

Circular Economy and Decoupling

Ak the huiman well-being and the econoimic activity is rising, and circular economy is
not yet implemented to & satistving degree, resource use and negative environmental
impact is also rising, especially in the case of the automotive indusiry. However, circu-
lar economy provides a piece in the puzzle o achieve decoupling {Fischer-Eowalski
and Swilling 200 1), As the current staie in the automodive sector is 0 be decon-
pled, the implementation of circular economy throogh recveling and imcreased usage
of recyclates is obligatory {see Fig. 7.2). This is especially relevant when consider-
ing the apporent increasing importonce of the production phose due © powertrain
clectrification, as ouilined in the Chap. 3 and in the Sect. 3.3).

OF course, 10 achieve decoupling, economy and society have o transform and
implement a holistic circular economy. For this reason, (Pomberger and Kagossnig
2004, p. 89) have developed strategies o advance the circular economy, called the
future waste concept’:

. “Apply or sdapt existing recycling/reatment solutions,

2. Develop and implement recycling/ireatment technologies driven by target
recycling rates set by regulations,

3. Construct re-use solutions, even it only minor amounts of *fuiure wastes" may
bee avoidied that way.

4. Install feedback loops from the recycling sector to the production sector in
order t stimulate expanded application of eco-design methodologies,
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5. Foster holisue assessment of productionfrecyeling systems connected o ocer-
tain products’services in order (o demonsiraie the benefits of implementing
the concept of eco-design,

G, Implement drivers {such as legal requirements, economic incenfives or
expanded research) to encourage a broader implementation of management
alternatives for “future wastes".”

When analysing this concept omd sdapting in i the automaotive secion, i1 becomes
apparcot that the copperation between production and recycling companies, com-
bined with holisue poliveal meentives amd screntific ife-cvele assessments, is the
key 1o success.

The Geographic Origin of the Materials

Due o the exceeding trade complexity of the automotive sector, the geographical
locations during the joumey of the materinl are ot isswe. The most relevant stages
are: the source of the raw materals and form of extraction, the raw material con-
version, module production, the car assembly, the vsage and maimenance throogh
numerous hands, and finally the end-of-life. Currently, the routes in the antomotive
sector are exorbitant and vnnecessary, and reguire rethinking w improve the holistic
sustainahility. However, in ceriain cases even the companies do nod know the ori-
gin of their matenial, such as whether the plastic matenal 15 virgin or recyeled, or
whether their rare-canth metals are from socially acceptable mining industries, as
interviews with expens revealed. Furthermore, the elimination of differences and the
filling of lnopholes in laws offer chances o prevent unnecessary trade thus increasing
sustainability, In fact, global ransport has become so inexpensive al the expense of
the environment. However, the idea is to deal with waste as close as possible to the
ROALITE.

Circular Economy, Shredder and Plastics Beeyveler

Is the plastics recyeling market o young and techmically not sufficiently developed
i compeete heavily with the virgin plastics indusiry ? Yes, definitely, especially when
comparing i e the metal recyeling industry which established a sobid bromch, alzo
due to differences in the technological challenges. However, the hig lead of the virgin
plastics companies compared 1o the recyelers is based on their long and successful
presence, and their resulting size and power. By contrast, the recycling business is
very young, the recycling technology has its weaknesses, collecting and sorting are
challenging, and recyclers are lacking in size and a supporting structural backgzround,
such as influential interest groups, a supportive network cluster, and a lobby o seer
polines, Therefore, o moch sronger representation 1 vital for competing on the
market. With respect to this isswe, the recyclers should also raise awareness that
certan potential technical drowbacks of recycled plastes might not be o drawback in
certain ficlds of application. For example, in the automotive sector, the requirements
Tor cleanliness w prevent health ssues from leaking chemcals, which might oceur
in recyveled plastics more than in virgin plastics, is lower than, for example, in the
consumer plastics branch. Consequently, the marketing for recycled plastics is
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be improved w demonstrate the hobistie benefits when selectng the aght recyeled
material for the right application.

Reeyeling - An Ecologically Sustainable Chance for Virgin Plastics Producers

The consumers are critical, mose than ever. They are sceptical, they question the status
qua, their daily routines, their activitees, their products. and the indusiry. Especially
the plastics branch has become discredited massively: from Bisphenol A, to plastic
partickes in our bodies, to new plastic continents inthe oceans. In foact, the connotation
of ‘plastics” is primarily pegative, which is very unforiunate because plastics offer
s many possibilities like no other matenial, Sall, the virgin plastics indusiry 15 Tar
from ceologically sustainahle.

Mow o0 make the tromsiton woan ecologreally sustanable industey, virgin plas-
tics producers have (o rethink their business and implement recycling. OF course,
this i= bearing a nisk that plastics recyching 15 offsetting and jeopardizing the pro-
ducers’ core husiness, but this change is essential. The plastic manufaciurers that
rely on recycling right away can prevent losses by a Aourishing recyvcling indusiry.
The question is, of course, which virgin plastics producers w11l have the courage to
enter the recycling business, In my view, this courage will be greatly rewarded in the
future because unsustainable ‘business as usual” will be punished by the consumers
in the long run, A transformation of the resource hungry virgin plastics production
towards a recyeling industry 15 al=o a question whether decisions are based on facts
or on the companics” idenlogy, habit, or killer phrases like ‘i (our approach) has
always been that way', ‘I is o much effort and rizk’, and the classic “i0 doesn’t
work”. Because, when regarding this isswe as objectively as possible, the recyeling
renaissance 15 o legitimale way o protect our strong plastics imdustry in Europe
against fuiure losses. Many industries are already on this path, though still very hesi-
tant, Moreover, especially profitable companies can afford to invest in sustainability
{Perl-Vorbach et al. 2005, p. 11, 121, and the virgin plastics producers are successtul.
For these reasons, the plastics indusiry has w catch up, act and implement ecologi-
cil sustamability through recyeling thus increasing competitiveness in the long run.
Poasibly, parallel business lines combining virgin and recycled plastics production,
or even implementing renewable rw matenals for the virgin prodoction might pose
opporunitics. Still, the demand for plastics is extremely high, which cannot be met
by the recyeling industry alone, not et In fct, “cradle-wo-cradle™ (Broungar et al,
2007} is not vet applicable, but will be applicable in the very near future. Therefore,
the virgin plostics industry bas w oct now, mstead of rescting, which might be oo
late to succeed in ransforming into a compeditive sustainoble business,

So, How Good Are the Solutions (o Advance Auiomolive Plastics Recycling?

The process 1o develop solutions by and together with experts has proven o be very
productive. Embedded in Chap. 6. the expert solutions from Sect. f. 1.4 were devel-
oped through a successful scientific approach. As the resulis from the survey have
been shown o and validoted by the expents belore discussing the solutions, basically
a link between wp o 225 expens from the survey and the expents in the workshop was
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establizhed resultng in significant and applicable solutons, Additnonally, the solu-
tions were developed according o the sirategics for iransdisciplinary sustainable
development by Baumgariner and Ebner (30000, Bravngant el al. (2007, Fischer-
Kowalski and Swilling (201 1}, Janschitz and Zimmermann ( 2000}, and McDonough
and Braungart (200130 as outlined in the Chap, 2, However, are those solutions any
o 7

The best idea sccording o the experts, which is the niche solution amempr w
build a cor made from recycled plastics, is in terms of research and knowledge
butild-up o gain experience with a very high share up o 100% of recycled plastics
and advameed and genwinely beneficial eco design, However, the challenge = o
actually try producing every car, in fact, the entire Aeet according to the specifications
of this prodotype or niche car i terms of Iife-cyele sustamabiliny and ecologically
sustainable materials. The idea to increase the recycling of production waste (in-
howse recyeling b might call for poliveal incentives o be able w invest in the required
machinery. Morcover, the cenification, the legal directives, and the eco-halance are
powerful solutions, but they require powerful politicians who are independent of
compelling lobbies, The idea for o decision support ool for automotive designers is
persuasive, bul the question comes up as o who is paying for the development and
maintenance. The recycling industry? Possihly. But in toct, politics or in this case
the European Union should imvest in this idea, because this is a great chance 1o walk
the talk and sumulate the demomd for recyeled plostics, Bul more impoctantly, 1s i
preferable o stimulate first the demand for recyelates, or to increase the quantity and
gquadiey of recyelutes? Possibly the first 1s preferable, becavse the market 1= believed
to react and meet demand.

Furthermore, the developed solutions are inaccordance with proposed ideas from
the “Eurcpean Strategy on Plastics Waste in the Environment™ {European Union
2003y v improve the eco design of products, improve collection and sorting, reduce
landfilling, and take political sction to establish a circular economy. Additionally,
they are overlapping with the ideas from Maudeg et al, (20012, p. 17) 1w improve the
recyeling industry {in this case in France), which confirms the quality of the found
Aol uticens:

. “improving sorting techniques. developing them in the laborstory level o
increase hoth the quantities recovered and their qualiny;

2. only one business exists today for sorting shredded residues: therefore this
nuimber or its capacity should be increased;

1, developing and increasing the quantity of material recovered by dismantling
by setting up an indusirial petwork on a national scale;

4, colling on new fows of motenal =uch as those from the WEEE recycling
chain. ..."

Additionally, the solutions from Miller et al. (2014) support the solutions developed
in this hook as well, but do not mention the recyeling through blast furnace, However,
they acknowledge that plostics from automotive shredder residue should be recycled
though pushing existing technologies on the market 1o achieve economic viability,
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with the support of political incentives, And the economic viabidiny 1= improving, as
ATF professional (20015) points out:

Wi have all seen the ever griowing use of plastics in vehicles which s balancad by an ever
reducing amount of metal. Plastics have never offered the values to jostify their removal,
soming and baling bur timsess are changing

Concemning the political solutions of this book, especially the challenge of the ELY-
dirgctive, eco social taxing and incentives tor Ecodesign, Baumganiner et al. (20048
algn states that currently OEMs are nod implementing design for recyeling, but are
only Focussing on developing post-shredder technobogies, Further, cooperations are
required 1o achicve ecological sustainability throughout the value chain (Baumgari-
ner el al, 20090, Following the noton of Kanar et al. CH03, po 199, who refers o
the EU ELY-directive by stating that *[i]he vehicle produced has to at least meet the
following goals: low energy consumption, easy dismantling, suitable recycling, and
less toxic metals”, the importance of appropriste design for recyeling and ELY plas-
tics recycling solutions. Additionally, “. . sustainable rechnical solutions o optimal
ELV recycling must nod only be environmentally beneficial but they must also make
good business sense, Collaboration is the key 1o success in this endeavor”, {Daniels
ct ol 2004, p. 321 And this value-chain collaboration is an imperative for circular
coonomy and sustainability in the plastics indusiry (see Sect. 6.1.30.

In short, the developed solutons in this book are profound, holiste, and well
rescarched due o the significant range of methods and sources which serve as a
contribution w closing research gaps in science and economy. Sull, it remains o
b spen which solution is the best. Thercfore, the next step is to put the theoretical
solutions into practice, which will be a challenge, but a truly positive and definitely
manageable one.

7.3 A Call to Action: Things to Be Investigated

e book on plostics recyeling in the automeotive sector 1= simply ool enough, Due o
the vast number of variables, and because of the importance of this field, numerows
questions hove come up which are 200l o be answered, and this List should belp o
advance research and practical action:

# Geographical

= How todeal with the global material flow of viegin and waste plastics? (limport
and more importantly the export of plastics waste on the globe or ot least in
the ELI)

» Toechnical issues, susiainability research

— Are virgin plastics, recycled plastics, bioplastics, or composites performing
best concerning the entire life-cycle of auomotive plastics materials?
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What 1= the real-world pedformance of recycled plostes in cors?

Hovw dizal with recycling of mixed fossil and bioplastics?

How o recyeke new matenals such ox CFRP and other composites ensuring
coological and cconomic viahility?

How to deal with the material recyeling of tires?

How important is reliability of cars in terms of ecological sustainability?
{Should OEMs produce cars which last longer or is this a false conclusion
due to technological advances of new cars?)

How 1o increase the environmental data and monitoring concerning automao-
tve plastics recycling? (see Emerson et al, (20125

s Eoonommic, social

Are consumers willing to pay for cars with recycled materials?

Do comsumers demand sustainable msterials (in cars)?

What are the cffects of (for example 3%) increased recycling material
demand!

w=pae by OEMs and suppliers !

What are the effects of a generally increased demand for recyeled plastics in
the economy !

What are the (systemic) effects of increased ELN plastics recycling?

Hiww i= the process o decide on materials in companies choractensed? (This
requires research through decision-making channel based analysis to reveal
the decision route within a company 1o onderstand whether the decisons ane
hased on facts, ideology, or burcaucracy )

Huow does an increase of recyeling and circular economy change sociery? Or
i5 it the other way round, that society changes first. and then the economy ™
Should car manufacturers and countries keep ELVs for recycling through
superior ELY laws and design inexpensive cars for LDCs and manufacture
them on-site, due o different approaches 1o car design and reduced trans-
portation? (poesibly, the ELY or second, third or fourth hand car export to
LIDCs would decrease and the environmental impact of global iransportation
could improve)

What are the aspects of the system landscape when analysing the relationship
between one automolive producer dealing with one recveler?

Hovw sustainable is the auntomotive indusiry really? Where does susiainability
end? Alresdy al the sales pont?

Quantity of car workshop waste parts including quality, spacial distribution,
iransport routes and final treatment

e Political, social

Who is the driving force o advance o sustainable, circular economy; the
consumer with demand or politics with laws?

How con consumers and politics intensily their deiving force for a circalar
coonomy?
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= How can poliical incentives advamee circular economy? Is 1 preferable o
stimulate first the demand for recyclates, or o increase the quantity and
aqualiny of recyclates?

Considering the high number of open questions, hopefully numerous researchers,
entrepreneurs, and politicians will start tnckling these issues in order to do good with
their work.
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Chapter 8

Why Automotive Recycling

is an Opportunity — An Executive
Summary

Abstract The entire book in a nuihell: neary impossible! Bot vou will find a
reflection of the main results to establish a concise outline of this book. The structure
of this summary = =smilar w the general organisation of this book, starting with
the issucs of indusirial sustainahility in general. followed by reviewing the plastics
Iife-cvele, continuing by outhining automotive plastics sustanability with the focus
on the ecological aspect, and hnally depicting the solutions as a chance (o improve
the automotive plastics production and recycling system.

The Inevitable Change

Today, the global indusiry is facing a severe challenge. And it is definitely the best
industral challenge for a very long tme, I0is tee ransinon towards o non-destroctive
form of cconomy as the uliimate goal. Corrently, the indusiry is still causing an
abundance of pegalive impacts, especially on the ecological level, because the conse-
quences are time-delayed and are nod immediately perceptible. Unsustainagble acting
usually has no direct effects, especially for the decision maker, because the effects
will be felt only somewhere down the rosd, b least on the scale of 2 human life.
Few people open their mind 1o grasp notions beyond their own head, bevond their
comparably short carcer, beyond their cosy office. Because those people who know,
who have seen, and who have felt the tervible consequences of unsustainable acting,
dio not act unsustninable. Those who are able to ignone the negative impacis, the rich,
those who decide on the big issues have to change. And this change for the betier is
inevitable, We only decide whether we doi before the pegative consegquences have
overwhelmed us.

The fellowing synopsis below outhines st of all the fundamental sustanabiliny
challenges cansed by such unsustainable acting to date, and secondly provides the-
oretical solutions vital for this inevitable change, which have 1o be adopied within
the cconomy:

# Humankind 1s the determining foctor on the globe in the e ol the Anthropocene
{Crutzen MH02; Steffen et al. 2007).

# Certain boundarses of the earth hove been transgressed or are being transgressed
{Rockstribm et al. 2004,

# Solutions and steategies exist in theory, such as

£1 Springer International Publishing Switzerlamd T 167
. Schimmnyr, Auramaive Recveliag, Plasics, aed Susieinaeiiliin,
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= resource and impact decoupling (Fischer-Eowalski and Swalling 2001, p. 43

— eco-efficiency and cco-effectivity {Braungan et al. 2007, p. 1337}

= gomeepts for hdiste and transdizciplinary strategies for sustanable devel-
apment including the FR5D {Janschitz and Zimmermann 2000; Rohért et al.
2002, p. 137)

— corporate sustainability and C5E (Baumgarner 20014; Boomgoriner and
Ebner 2000; Evropean Commission 200 1)

— ecotechnical systems knowledge and technology pssessment {Ropohl 2000;
Shrader-Frecheie 200 2; Singh et al, 2012)

Starting from this meta-level of solutions, there are several challenges we can manage,
and one of them are plastics,

The Plastics Schizophrenin=A Splil Identity

Mastics are brilliant, Yes, they simply are, Imagine removing every plastic part from
your life just for one day. You might even die, because it is very likely that your water
supply involves plastics, your food most certainly does, and definitely your cloth-
ing. Plastics enoble resource elficiency, energy elficient product transportalion as
wiell as building construction, high-tech clecironics, and especially medical devices.
Ploztics enable the economy and sociery we have woday, becovse they are imexpen-
sive, versatile, durable, and light. However, the real problem is the operator handling
this imporiant material, Especially crude oil extracted an all costs from questionable
sources for the production, the final relesse of the stored greenhouse gases during
the prominent thermal waste ireatiment, and plastics waste in the environment is the
real mightmare, Dead seals covered in thick oil, fish stuck in plastic soft drink travs,
and birds dying because their bodies are filled with waste plastic parts, They are pay-
ing the price, And thiz 15 nod the worst part. Becovsse when chibdren ore scovenging
wiste dumps o survive, amidst the dangers of toxic and inflammable chemicals, and
when plastic porticles enter our bodies through the food and water intake even in
industrialised countries, it is definitely time for a change.
In short, plostics have a splic identity;

The Bright Side of Plastics

e plustics are affordoble

w . versalile

e lightweight

o . durable

e . coologically sustainable—they can reduce greenhouse gas emissions in the
life-phase significantly

# plastics prove high matenal purity thus qualiny
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The Dark Side of Mastics

o (he virgin production of plastics requires significant amounts of fossil fuels

e plostics can coniain and leach hormitul chemicals such os Bisphenol-A (BPA)

# plastics emit greenhouse gases when burmt or landfilled

& plustic partickes couse environmental degradation when not recycled or recov-
cred properly because of the durability

However, there 15 a suitable solution available 1o improve plastics: recyeling. And
by recvcling real material recovery is meant, and especially the most Favourable
option in this case, which is mechanical recycling. Through increased recycling and
usage of recyeled plastics, a circular plastics economy can be established in order
i reduce environmental pollution, societal nsks, and economic as well as political
dependencics on fossil fuels. Currently, most of the theoretical solutions are ot
implemented in the plastcs industry, Corporate sustonabaliny and CSE are on the
agenda, predominantly in cxaggerated sustainahility reports with largely optimistic
and in fact meaningless “up w0 fgures, becouse “up o 20%° can also imply 0%,
But groundbreaking solutions o achieve resource and impact decoupling are ot
translated into procuce, In Get, te prevarling mandset s focusing on obsolete values
such a5 economic growth and fast money without considering long-term impacts on
miltiple levels.

“The resulis shoaw that mechanical recycling is the best allemative regarding the climale
chonge pateniial, depéetion of noeral resources and erergy demand. I also comes our thai
imcineralion will energy recovery perlorme guise poorly regardimg GHOG enmssions™ (dean-
Charles et al. X, p. 2)

In Fact, mechanical recycling is possible, and it is undertaken, but still to o very
limited degree, on a global scale. Additionally, advanced and resourceful rechinolo-
oies are available, especially in Central Europe, such as in Germany and Auostria
Howewver, many of these new technologies are stll only available in the laboratory,
such p= sophisticated plastics material detection and seporastion solutions, These recy-
cling technologies have to be promoted and financially encouraged immediately o
achieve a circular plastics economy, On the other side of the plastics lile, o sgnifcamt
challenge lics within many virgin plastics producers up until the present. The issuc
15 that therr core ideology = nol compatible with ecological sustinabaliny, because
recycling prevents the production of virgin materizl. A solution for these companics
is b dransform into a “plastics supplier’, regardless of the source of the material,
whether virgin or recycled. This engbles the company to make the shift towards real
ecological sustainability with a truly valuable material,

Diriving into the Aufomolive Abyss

Apart from plastics, another challenge today is the global sutomotive indusiry. The
inerease of the global population, the global wealth, and consequently the drive for
individual traffic trigger severe issues concerning environmental and social damage
on a1 global scale, Mon-sustainable scting by automotve companies whose primary
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Focus 15 growth 15 a senous moatler, Again, te sphit idenity of plastes 15 also rue
for automotive plastics: On the one hand, plastics reduce the environmental impact
during the vsage phose; on the other hand, plastics have a negative environmental
impact in the production and end-of-life-phase of a car. In short, the glohal challenges
and automotive trends with regard 1o the environmental impact of auiomotive plasiics
are as follows:

Exponential population growth

Mew markets. new consumers

Increase of afluencefwealth = mone cars per capita

Increase of plastics share in cars = Increase of plastics demand

Increase of demand for fossil fuels

Moo very Lide circular economy

Extraction and emission of greenhouse gases caused by automodive plastics

PR | R ol W

Fortwitously, at least the issue of automotive plastics is manageable,

The Recyveling Renaissance is o Chance—A Final Stabement

...recycling appears in be the ome mid-term challenge 1o be comfromied workdwide. This
implics nod enly developing recyelable materials with sufficient performance bt also inre-
dwsing recyelable putoanolive pars, (Weill et al. 2002, g6l

Currently, recycling is not yet of particular imporiance to the automodive secior, So
shoukbd we qust let recyeling die? Is it wo much effort? Should we just incinerate
our waste? The cxpens do ot think 20, and neither do [ The only justifable wasie
treatment oplions for recyclable plosucs remaiming are o reduce, revse, and recycle,
And nothing else. We need holistic and future-oriented thinking 1o transform our
economy for the better, We need decision makers who take a stand for sustainability,
We need a change of mind:

Implementing this “fubure wasie concept” sooner than later will enable waste practitioners,
manufacirers, and sociery (hrough their government leaders) 1o bridge the gap berween
the production amd the recycling sectors before the yolumes of this wasie grow. Imensive
commumicniion herween these seciors is parnmsauni in order oo alkew for an effective imple-
iz tation of the eco-design comoepl on The e band and b close loops by recyeling ol wasie
streams o the other. (Pomberger and Ragossnig 2004, p. %)

Howewver, the car producers have the opporunity 1o bring about the vital paradigim
shitl o ecologically sustwinable plustics by stimuloting the plastics recyeling industry
by demanding high quality recyclates for cars, And this shift is tuly positive on
multiple bevels, beciuse the majonty of the survey participants stated thot using
recycled plastics instead of virgin plastics in the amomotive sector is positive, it
decrenses the material costs, but not the hnal product price for the end-consumer,
it significantly decreases the dependency on and the depletion of fossil fuels, and
decrepses the fe-cyeke greenhouse gas (00ze) emiz=ions of the plasues, Becyeled
plastics also decrease land degradation and the number of waste plastic particles
in the enviromment. These nolions are especially relevant when considering that
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65% of the survey participants declared that the plastcs share in cors will increase
more drastically than expecied. and the share of recyeled plastics is stated o be less
than 10%, Sull, they also indicated that the consumer will demand more sustainable
materials in cars, including recycled plastics, which is also the plan of automotive
COMpanies,

Mevertheless, the survey participants also indicated that wsing recyeled plostics
instead of virgin plastics in the awlomotive sector decreases the performance and
the homogeneity of the plastic matenals, leading to o decrease up to no change
virtually of the quality of the final products, The five main concrete reasons for
industral customers o purchose recyeled plastics are ‘costs”, ‘marketing benefins’,
‘demand from the end-consumer”, the ‘available quantity”, and the “recyclability”.
In short, fnonce driven aspects are the predominant reason for purchasing recyeled
plastics. On the contrary, the five main reasons that limit the usage of recyeled plastics
are ‘performance’, ‘constant composition”’, “available gquantity”, “optc perception’,
and ‘number of recycled plastic suppliers’. In short, technology driven aspects and
the supply are the most important reasons limiting the usage of recvcled plastics.
Concluding the opinions and plans for recyeling in the plastics producing industry,
there is a recycling mindset ladder: The vast majority of the survey participants
are strongly in favour of recycling, and they believe that it would be positive For
their companies, The participating companies actually do consider going into or
inlensilying plastics recycling, but 1o a lesser extent,

Promising practical solutions to the ecological sustninability issues of the auio-
medive plastics prodoction and recveling system are plentiful: Starting by creating a
prototype with a maximised share of recycled plastics up to 100 and implement-
ing o maximized design-for-recveling w allow easy and high qualitative recycling wo
recover the highest possible percentage of materials 1= a valuable kick-off. Another
solution is o increase in-house recycling of plastics waste accumulating in the pro-
duction combined with increased recycling of ELV-parts which offer appropriote
recovery results, Additionally, introducing an honest eco-balance including firstly,
decizion support for car producers, and especially the designers, o simplify the
process of using recyeled material and improve design for recyeling (Ecodesign), and
secondly, including legal directives across Europe o determine o minimuom share of
recycled plastics and materials in general. Furthermore, OEMs and suppliers showld
dov ar revision of possibly overly demanding moterial regquirements o= the applicability
of recyclates might be higher than previously determined and expected. Additionally,
polities can contribute by promoting eco-social axes soch os nancial benefits for
u=ing recycled materinls, or even a carbon fax, and implementing design for recyveling
in the products. Taking all the mentioned fact into consideration, it becomes clear
that taking action through the provided solutions and promoting further research is
not only possible, bur a vital necessity 10 advance ecological sustainability in the
automodive secior.
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The Book in a Nutshell
Five facts to optimise the system of automotive plastics:
» Using recycled plastics instead of virgin plastics increases ecological sus-

tainability sipnificantly, including a reduction of green house gos emissions,
crisde oil exiraction, plastics waste in the environment, ete,

# A high gquality plastics recyeling loop is technically possible (an least i the
laboratory ), preferably combined with blast furnace recyeling for mechanically
non-recyelable plasie wasie

o Consumers focus increasingly on sustainahility when purchasing produwcis,
which renders recyeling os o chamee Tor companies

» Politics is the strongest lever to advance sustainahility by introducing effec-
tive incentives for a circular economy and creating green jobs

# Value chain collaboration is key for achieving circular economy and sustain-
ability-oriented innovation

The facts for recyveled plastics in the automotive industey are sound, But oo many
companies do nod act in accordance with the tocts, but rather according to their
historical ideology, The plastics and the automotive industry now have a chanee, and
this chance is recycling.

True sosraisahilicy s dolmg mere than what yoi ane legally obliged w do. Eversihing else is
just compliance.
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Appendix

List of Abbreviations

General Abbreviations and Explanations

ASE
CAGR
CH4
Chn
Ul
TSR
[al M
EC
ElA
ELY
EOL
EPR
EL
Eurvstil
FR50
aGop
GHG

Automative Shredder Residuos
Compaound nnmaal growaih rae
Methame

Carbon dinxide

Ceby equivalemn

Comporale Social Responsihilily

Deuisches Instinui fiir Mosmung | German [nstiome for Sandordizavong

Eurvpean Comamissi<m

Envimonmental Impact Analysis

End-af-life vehicle

End-al-life

Extended Producer Respansibiliny

European Linkon

Saatiztical aflice of the Earopean Union
Framewark for Smaregic Sustainable Developmen
s domestic product

Gireenhouse Gases

In-frowse: in-line recyeling Recycling of producton wasic within the company

IPCC
I5C
kFl
LA
LI
MEW
OECD
QEM
OPEC

Imtergevemmental Panel om Climate Chamge

Imternational Orgnnizavion for Siondardizaion
Eev-Performmos-lmlicaior

Life-Cvele Assessment

Less Developed Countries

Mumicipal Solid Wishe

Crganisation for Economic Co-operation and Develapment
Oiriginal Equipivem Manifacnsne

Cirganization ol the Petroleum Exporting Countries

Prsi-comsumer recyeling  Recycling afver the usape phass

£ Springer International Publishing Switzerlamd T
[ Schtnimayr, Asrosionive Recyeling, Pasics, g Susiriiadniliny,
=00 D0 RV TSTR-3-3 19-57400-4
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ROEA Rist-Coel-Hencfin Analysie

REACH Registration, Evaboation, Auathoristion and Eestrictiaon ol Chemicals
RaHS Restrictm of Hazardaus Subsinnces Directive

KO0 Analysis including Sarengihs, Challenges, Oppocmanitics, Thrcas
TA Techmology Assessment

Tier 1.2, ... m Sappliers for GEMs (varying commercial distance)

WEEE Wiaste Elecirical and Electromic Eguipment. ..

Plastic Types

ARS Acrylaniirile Butndiens Soyrene
ASA Acryboninile Sryvrene Acrylass
CE Cellulose

CFRF  Carbon Fiber Reinforced Plasics
GEF Glass Beinforced Polyesper
GFEFP  Glass Frber Beinforced Plastics
HI?FE  High [Density Polyethybene
HIFS  High lmpact Podysiyrene
LIPE  Liow Density Polyethvlens
LLDPE Limear Low dersity Polvethyleme:
P4y Palyvamide (mylan]

PRT Palvhurylene Terephthalse

PC Palycarbonate

PE Palvethylene

PET  Palveshylers Terephihalane
PMMA Polymethy imethaoryla

POM Palyoxymethylens:

P Palyprogylene

P5 Palvstyrene

PUR  Polyvuretane

PV Paly Vieyl Chlorde

SMA Bwyrene Maleic Anhyvdride. ..
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LCA related terms, used with kind permission from Plastics Europe (2001}
ADP Abiotic depletion potental

“An environmental impact category, measuring the extraction of primary resources,
such as minerals. metals, and fossil fuels.”

AP Acidification potential

“An environmental impact category »(acid rainl«. Emissions {e.g. sulphur oxides,
nitrous oxides, ammonia) from iranspor, energy generalion, combustion processes,
and agriculiure cause acidity of rainwater and thus damage o woodlands, lakes and
buildings, Belerence substomee:; sulphor dioside.”

EP Eutrophication potential

“An environmentzl impact category (also in some cases, nutnfication potential )
Emissions such as phosphate, niteate, nitrous oxides, and ammonia from iranspor,
energy generation, agriculiure (fertilisers) and wastewater increase the growth of
agquatic planis and can produce algae blooms that consume the cxygen in water and
thus smother other agquatic Iife, This s calbed cotrophication and covses doamages o
rivers, lakes, plants, and fish. Beference substance: phosphate.”

WP Global warming podential

“An environmental impact category (sgreenhouse effect«). Energy from the sun
drives the earth’s weather and climate, and hewts the earth’s surface. In turn, the
earth radiates energy back into space, Atmospheric greenhouse gases (water vapour,
carbon dioxide, and other gases) are infuencing the energy balonce in a way that
leads 1o an increased average lemperature on earth’s surface. Problems arize when the
atmospheric concentration of greenhouse gnses increases due to the smon-mades (or
anthropogenic) greenhouse effect: this additional greenhouse effect caused by human
activities miay Turther increase the average global temperaure, The index GWP is
cialculaied as a multiple eguivalent of the absorption due to the substance in guestion
i relation w the emizion of | kg of corbon dioxsde, the reference substomee, over
£1 Springer International Publishing Switzerlamd 3T 177

. Schionmnyr, Asramaive Recveliag, Plasics, aed Susieinaiidiin,
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O vears, The term carbon footprint i= considered w be synonymous with the GWP
of a product.”

O Ozone depletion potential

“An environmental impact category (sozone holes), The index ODP is caloulated
as the contribution o the breakdown of the oeone laver that would result from the
emission of 1kg of the substance in question in relation o the emission of 1 kg of
CFC-11 a5 a reference substance.”

POCP Photochemical ozone creation potential

“An environmental impact catecgory {photoogidants, ssummer smogs}. The index
weed wo translate the level of emisaons of vanous goses iolo @ common mepsune
i compare their contributions to the change of ground level orone concentration.
The index POCP 1z cabeulated as the contribution to ozone formation close 1o the
ground due the substance in question in relation o the emission of | kg of cthene as
a reference substance.”

Methods of the Empirical Research for this Book

To answer the proposed rescarch guestions (see Chap. 11, an empirical pan was
designed o complement and close gaps i the theoretical findings in the previous
chapters with primary data gathered from numerous sources. The methods were
sebected first of all sccording w the mixed methods approach of this book, based
on Creswell and Clark (200 1), secondly based on expected complementary dato and
available respurces as outlined in Chap. 1. Concerning the structure, the following
empirical part is divided into three main operations: First of all, | conducted expert
interviews for understanding and discussing the state (o dae, 1o validage findings
mainly during the literature research phase in the beginning of the book, and addition-
ally in later stages, as well as o optimise the research focus and guestions. Secondly, 1
hosted two expert workshops for developing and validating real-world data wogether
with the Awiocluster Styria and the Department of Geography and Regional 5ci-
ence ol the University of Grae. Thirdly and most imporantly, [ conducted an online
Chap_4 involving key plavers and stakeholders of the automotive plastics production
and recyeling system throughout Evrope, Additonally, this survey served as o basis
for a validation, interpretation and critique conducted in the second workshop which
is Featured in the survey, directly below the Factual and clinkcal cutlineg of the resulis.
Thus. the survey and the workshop methodologies are blended together for concise
information.

Expert Interviews

To discover current developments in this Tast chomging feld of automotve plas-
tics recycling and asceriain the iruly relevant facts and opinions, [ held 13 intervicws
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with dilferent experts on aceount of their long-time amd successiul professional back-
ground from all relevant branches at that time, such as the virgin plastics production,
the automotive industry, shredders and recyelers os well as science and research:

¢ Llniv.-Prof. Dipl-Tng. Dy, mont, Boland Pomberger, Head of the Chair of Wasie
Processing Technology and Waste Management, Drepartment of Environmental
and Energy Process Engincering, Montanuniversitiit Leoben, Auwsiria

# [ipl-Ing. Dr, mont, Gernol Kreindl, Chair of Waste Processing Technology
and Waste Management, Deparniment of Environmental and Energy Process
Engineening, Montamuniversitil Leoben, Awston

s 0. Univ.-Prof. Dipl.-Ing. Dr. mont. Reinhold W. Lang. Head of Institute, Instituie
of Polymeric Materials and Testing (IPMT) Johannes-Kepler University Linz,
Austria

s [, Simone Lempa-Kindler, Projectmanagement Sustainability BMW i, BMW,
Oermany

s [ Drigimar Hofer, Senior Engineer Enviromment & Materials, Magna Stevr
Engineering, Ausiria

e lasper Etterna, M5c.. Project Clean Mohility, Awtocluster Styria, Ausiria

# Chrstoph Milker, MSc., Project Clean Mobdliny, ACstyna Aotocluster, Avustoas

D1 Dr. Christian Buchgraber, Project Manager Clean Mobility, ACstyria Auto-

cluster, Austna

Dir. Brian Riise, Director of Rescarch Development, MBA Polymers, UESUSA

D0 Greorg Jussel, MBA, Operations Manager, MBA Polymers Ausiria, Austria

Mag. Alfred Ledersteger, Saubermuacher Dienstleistungs AG, Austria

Mag, Martin Dupal, co-owner, Walter Kunstsioffe GmbH, Austria

D1 Mina Kieberger. Environmenta]l Department, voestalpine Steel Division,

ALisiria

The plan was to maximise the output of the interviews by developing a guide. Yet in
the end, the inferviews were used differently as originally intended, which is outlined
below, However, for the mostly one-hour long interviews, [ relied on a triasngulation
method based on Flick (20013, starting with (1) providing background information
about my research. Then, (2) an open interview following the oral history notion
by Ritchie (203) was caried out, by stating itwo key ideas: “recyeling of plastics
from end-of-life vehicles™ and “usage of recycled plastics in the sutomotive sector”.
The person questioned had o talk about what they associated with the ideas and
what came w mind, without any inpul from my sude w prevent influencing the
inferviewee, Mext, (3 a stuciured guideline interview was carried out. This interview
siralegy was improved ieralively, However, in many cases, the interviewess did not
respect the guideline and structure despite the effort, and the interview developed
infe @ discussion of sometimes even a monologue, as most of the interviewses had
a mission o convince me of their opinion. Nobwithstanding the ditterence between
plan and reality, these discussions were tuly belpful and exceedingly beneficial
o the research, but in a ditferent form than originally planned. For this reason, the
inferviews were nol evaluated in terms of quality or quanticy, as this was not beneficial
tor thee overall oulcome, because the workshops and especially the survey supplied
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exceedingly valuable data rendenng the evaluation of the imerviews less valuable,
and somewhat redundant. Consequently, the interviews served as a method io validaie
research Gndings (such as the conflict of imterests between the virgin and recycling
industry), discuss directions for the book, discover faults and flaws, as well as o
gather insights into the different mindsets and opinions of the various branches and
cxperts. Theretore, the interviews continuously enhanced the quality of this book
through real-world expert knowledge,

Expert Workshops, SC0T Analysis and Solutions

The expert workshops o vabidate resulis wo guaramtee high real-world generalisability,
perform amalysis and develop solutions were created with the background ihat less is
sommetimes more, This means that in contrast o other workshops Dhove participated in,
the number of participants is comparably small, mostly only one person per branch,
which encourages them o express their own perception, knowledge, and opinon,
The chosen experis are representatives of their branch or interest group dwe o their
professional background, Additonally, only a very low number of representatives for
cach economic branch down to one were invited, so they had to defend themselves and
their branch more actively, which encouraged discussion amd led 1o valuable resulis.
This approach has proven very successful due to the fact that plenty of valuable
data was collected, and already scquired data was validated in two comparably shon
and thus productive workshops, which was also altesied w o very positively by the
participanis:

The first workshop wos hosted ot the Aotocluster Styeia beadguarters and was
designed to validate the findings of the theoretical part (sec Chaps. 2 and 3}, to develop
the Chap, 5, and to discuss possible solutions and progects, The Grstdraft of the SCOT
wiis developed by the nuthor, based on the knowledge gathered duning the litersure
review amd expert interviews, which are to be found in this book, Subsequently,
the SCOT analysis was tested and revised during a workshop together with leading
experts from the relevant indusiries, Then, a second revision was performed after
finishing the analysis of the dota from the survey. Finally, this second revision was
used and tested in the second workshop wogether with experts from the scienific
commumnity and the industral sector, The Grst workshop ineluded participants from all
relevant sectors who delivered valuable information during the 3-h workshop. At this
stage, Dhave tosoy that Lowe a huge debt of gratiiede woall participamis and especially
the Autocluster Styria, foremost tio Christoph Miller and Christian Buchgraber, who
supported me in developing the workshop comtent and schedule,

Participants workshop 1

e [l Sabine Seiler, Project Managgement Green Tech, Eco World Styna, Ausirin

# [ Franz Lickler, CECY, ACsyria Autocluster GmbH, Ausiria

& Chnstoph Miiller. MSc.. Project Manager Clean Mobility, ACstyna Autocluster
GmbH, Austria

# Ing, Walter Kletemayr, CEO, Arge-Shredder GmbH, Ausiria

e Manfred-Mathias Geyer, Purchasing & Sourcing Manager, MBA Polymers
Auvsiria Kunssiolfverarbeiiung GmbH, Ausiria
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# Mag, Thomas Lodstinter, Business Development, CTRE Cannthian Tech Research
A
# Ing, Chostian Pilzl, Binder+Co AG

The second workshop was hosied at the Depanment of Geography and Regional
serence of the Korl-Franzens-University Grae and was designed w validate the sur-
viey resulis o guaraniee high gencralisability and scalability as well as o develop
and evaluate concepts Tor solutions, Agan, experts from all relevomt branches ook
part and validated and discussed the results of the survey (Chap. 4} and the SC0T
Analysis (Chap, 51 After the validation of the survey, each of the experts was asked
i come wp with solutions on how to acheeve o ecologically sustninable antomotive
plastics production and recyeling system in the future, based on the principle of
backcasting { Holmberg and Bobert 20000; Robert 20002; The Matural Step 201 3), Due
to limited resource and time, the solutions were not sirectuned into steps, but instead
runked secording to prospect. The stuted solutions from the experts wene wrilten
doown on a flip-chart and then they had to evaluate and rank these solutions through
‘resistonce points”, meaming that they hod o hond oot up w 10 negatve resistance
poinis for cach solution. This method is called ‘systemic conscnsing” (orginally
“svstemizches Konsensieren”™ i German, translated through o nguoiste derivation
process by adding a suffix o the original noun} and was developed by Paulus et al.
(200, Addivionally, the two key factors required For the development of the scenar-
1o= were identified. Generally, the second workshop was exceedingly successtul as
the experts validated the survey resulis as well as developed and evaluated numerous
solutions in a4-hsession. Again, | have to=ay that [ owe 3 huge debt of gratitude tooall
participants including Prof. Rupen Baumgariner and Prof, Friedrich Zimmermann,
who supported me in developing the workshop and even participated very actively
i encourage the critical discussion.

Participants workshop 2

# [ Sabine Seiler, Project Manogement Green Tech, Eco World Styoa, Styoa

o Christoph Milller, MSc_, Project Manager Clean Mohbility, Autocluster Siyria,

Auisiria

Ing. Walter Eletzmayr, CEQ, Arge-Shredder GmbH, Austria

[0 Monika Daucher, Project Management, Kunstsioff-Cluster, Austria

e losel Peter Schéggl, Mbc., Project Staft, Institute of Systems Sciences, Inno-

vation and Sustainability Research, University of Graz, Austria

Dor, Peter Perstel, MA., Besearch omd Teaching, Institute of Systems Sciences,

Innowvation and Sustainahility Research, University of Graz, Ausiria

Univ.-Prof. Dr. mont, Buped Boumgartner, Heod of Instwe, Instute of Sys-

tems Scicnces, Innovation and Sustainability Research, University of Giraz,

MAusirs

e (. Univ.-Prof. Dr. Friedrich Zimmermann, Head of the Depariment of Geogra-
phy and Regional Science, University of Graz, Austria
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The Survey « Methods

Within the research on plastics recyeling in the automotive sectorn, it quickly became
clear that o survey was required to gather real-world data from the key playvers to
achieve highly relevant resulis, Further arguments for condwcting a survey were the
foct that no publi: scientific survey on this opic was available ot that ume, and
that data was needed as a scientific basis o ultimately develop the SO0T analysis,
prognoses, scenaros, ad solutions for current ssues concerning this topic, For-
tunatcly, a survey from 2002 “aboui relevant susiainability aspects in the automo-
tve and electromics supply chains™ was camied oul within the SustaimHUB-Project
{wwwsustainhub-research.eu), which served as a point of reference.

The system boundaries of the survey are in tlerms of geographic reach set w
Europe due o the focus of the research on this geographic aren and mainly because
of limited resources. To gather holistic data, all the key players in the aulomotive
plastics production and recycling system have been included, ranging trom virgin
plastics producers, automaotive indusiries including OEMs and supplicrs, shredders
and recyelers ox well o reseorch instiuions, Polites was included i the survey as
well, but only two politicians participated, rendering this data useless. However, the
inddustry showed great imterest and a substantial number of experts participated i the
survey. As scientific rigour is a key element of this research, a concern regarding the
survey was the statistical representativeness, First of all, the population of the key
plavers with vast numbers of emplovess posed a sigmificant challenge to achieving
a representative sample due 1o limited Anancial and timely resources. The emplovee
numbers' estimated based on ACEA (2013, p. 27). PlasticsEurope (20013, p. 6),
and Plastic Recyclers Europe (2004) are as follows: 220000 in the auiomative
industry, L3750 in the plastics industry, and 3000000 in the plastics recveling
indusiry, amounting in total o 3,605 0 cmployees in the Buropean automaotive
plastie production and recyching system.

Secondly, the focus growp for the survey consisted of decision-makers and people
with specialised knowledge, The challenge with this requirement wos that informa-
tion regarding the structures of the companies and ultimately to discover the number
of employees who fit the requirements was hardly or not at all available, Therefore,
scientifically profound conclusions on the population for the survey could not be
drawn. As a result, classical sampling could not be performed due 1w the impossibil-
ity with the available means. Instead, a procedure to bocate and exiract the contact
information of “information-rich cases™ (Pamon 2005} suitable for the survey was
developed and executed, which is outlined below. To further ensure high quality of
the data, the resulis of the survey were validated within a workshop with experis from
all rebevant sectors, In this woy, profound resulis could be achieved, Additonally, no
significance enhancing processes {p-hacking) were performed leading to completely
honest results, In the following, the detailed procedure for the survey 15 outlined.

IThe 3000 employees in the plasiics recycling imdustry represers BF% of the plastics recycling
capacity in Europse.
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Chronological Provedure for the Survey:

oo A e et

WS -l

10,

1.

12
13
14.

15.

16,

17
18
1%,
0.
21.

. Giathering questions since the start of the research process for this book
. Focused development of guestions after finishing the first draft of the theo-

redical part, the Chaps. 2 and 3

. Besearch on similar surveys

. First drafi of the survey in English

. Dprimisation sessions with doctoral advisers

. Two extra optimisation sessions with Univ.-Prof. Dr. Klaus Kraemer, cxpert

i the field of economic sociology

. Palot study with 6 participants
. Bevision of the survey (44 questions and 7 groups in the final version}
. Addditional translation for German version

Well-considered Formulation of invitation o the survey with psychological
sregies

Email address gathering of information rich participants {expenis) from per-
somitl contacts and intemet research

Official start of the survey

First round of sending the invitation via emul

Sending of personal letiers to members of the board of directors, to selected
members of the supervizsory board, and CECs from automotive OEMs, virgin
plastics production clusters and plastics recyeling clusters throughout Europe
{this is the only way o establish first contact without a personal conpection)
International telephone sessions o gather addresses of information-rich
eXpEts

Intensified support secking from personal network to forward the mail o
additional cxperns

Comtined emul address gathering

Continued sending of the invitation via email o the newly gathered addresses
First reminder t participate in the survey

Second reminder 1o participate in the survey

Official end in 2014 - pwo weeks before unofficial end due w expected late-
comers (1.2 participants]

Statistics of the Survey Procedure

Tintal durect emalls sent deiation and owo reminders ) 119 (escluding Torwarded
mails frien direct and indirect sldressees)

Tintal nundbier of direct emanl contacts fencluding lorwarding 1o further
cincis T Yo7

Breakdown af semt invitaiions personnlised sccording 1o sddressed indusinal secior
Ui luding scientific addresses);

Plasaics DNE (Gierman version ) 92350

Plostics EMN {English versiom); 134

Ausmoinve DE; 972
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Automotive EN: 527

Recwcles DE: 324

Revwvelers EMC 40

EU-Falitics EXM: 1

Selis: 22 newly gabered cmail sddresses From replies)
Complese respomscs: 16

Incompleie responses; 5%

Tl responses: 252

Valid responses: up o 225 (depending on question)
Response rate: 4.08% (only counting the complebe answers)
Response rate: 6.3% (counting the al responses|

Structure and Question Design of the Survey

Thee survey was divided it Four main parts; First, demographic questions conceming
the branch of the participant were asked, or more precisely, those questioned could
choves from semi-clustered answer possibilives. Secondly, general questons o all
participants were raised, which is the most important part. Thirdly, depending on
the selected branch at the demographic questions, customised guestions were raised,
splitting it up into four parallel blocks of questions (automotive group, recycling
group, plastics producing group, and the academia, science, research group), If no
clear answer has been given concerning the branch, the guestionnaire skips 1o the
end, fourthly, the background matter, which contains classical "abort questions” such
as gender and age, In this survey, most questions were closed with given response
options ie cnghle guantification and statistical calculations.
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