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1. Introduction

Automotive OEMs currently achieve recycling rataefined by the EU-ELV directive; this will
however become increasingly difficult in the neatufe due to an overall reduction of vehicle
weight by increased use of polymer. ELV componenith economic value are currently
recovered and reused on an ad-hoc basis withottat@oordination. The majority of ferrous
and other metals are shredded and recycled. Résihtarial, termed Auto Shredder Residue
(ASR), consisting of plastics, rubbers, foams,, et@kes up to 30% of the weight of the vehicle.
The lack of an economically viable process for eggtion and recycling of multi-material
polymer parts results in incineration or disposiafj on landfills. The European project
CONCLORE will develop a sustainable system for nfacturing a 100%-recyclable car interior
product, recovering it at the end of the usefud bf the vehicle and recycling it either for reuse
within the automotive industry or for other apptioas. Developing a single-component
thermoplastic sandwich-structure and utilising Fidd Embedded Identification (PEID)
CONCLORE will guarantee continuous quality of ree@d material and define a new state of
the art by establishing an advanced recycling mod#éd Controlled Closed Loop Recycling
(CCLR), integrating Reverse and Forward Supply €hdanagement (SCM) geared towards
100% material recovery.

2. State of the Art

Polymer automotive parts today are usually multaponent structures (i.e. PES and PUR-
foam), due to their low cost and advantageous palproperties. However, material recovery of
multi-component polymers is very costly and enanggnsive as they are composed of a number
of mechanically and chemically bonded materials #mel separation of different layers is
impossible.

State of the art ELV recycling starts with the shiiag of the entire vehicle and proceeds to
separate different kinds of material (i.e. ferrénesn non-ferrous metals). The residual material,
up to 30% of the weight of the vehicle, is termedtd Shredder Residue (ASR) or simply
“Fluff”. Fluff is composed of 50% polymers as wal rubber, glass and electronic components.
The multi-material nature of ASR makes it econofhycempossible to segregate, recycle and
reuse. Fluff is thus usually disposed of by meahsnoineration (thermal recycling). This



practice has a considerable environmental impaterms of CQ emissions and at the same time

poses a serious health hazard resulting from tewlistances released by incinerated material.
Due to the ongoing trend to reduce the overall alehiveight by increased use of polymer, as

illustrated in figure 1, the amount of residual frenyclable polymers will also increase.
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Figure 1. Average percentage of polymer automaqibues [1] Figure 2. Audi A2 material distribution

Moreover, multi-component structures are genertiBrmoset and as such are manufactured
based on liquid resins. Thermoset binders posenamoeamental and health hazard resulting
from exposure to volatile organic compounds emitieth during production as well as in the
application phase [2]. The California Air Resourdssard (CARB), one of the main drivers
behind low-emission regulations, has made provssifmm a restriction of the total automotive
HC-emissions (lightly volatile hydro-carbons) toeoguarter of the currently allowed emissions
by 2006.

Automotive parts from ELVs valuable enough to benthntled and recycled are at the moment
recovered and reused on an ad-hoc basis withotriatelirection or regulation. The majority of
ferrous and other metals remaining within the ELK¢ &hredded and recycled in various
industries.

To face this problem, CONCLORE focuses on partshviaire based on foam (Melaminresin or
PUR), cotton based felt or glasfibre-felts. Botht-fystems consist of shares of duroplastic
binders. The foam-systems show good behaviour degathe air sound absorption and have
low material densities. On the other hand theseemads are expensive and can not be
economically recycled. Parts based on phenoli@oétlt show a good air-sound-absorption
behaviour. They typically have a weight of up to0@g/mz2 in order to achieve the required
mechanical stability. Furthermore, as duroplastatemals their recycling properties are also not
sufficient, as material recycling is not possible.

The EU End-of-Life Vehicle (ELV) directive (2000/68) was issued by the European
Commission to address pollution resulting from eids that have reached the end of their useful
life, also known as End of Life Vehicles (ELV). &$m is to reduce more than 9 million tons of
waste generated by over 12 million cars that bec&i¥s each year. This directive defines
requirements encouraging re-use, recycling and dtnens of material recovery from ELV parts.
Furthermore it strictly regulates usage of hazasdsubstances.
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Figure 3. Current examples of fibre reinforced enial applications

The ELV directive defines that the reuse and regowd materials shall be increased to a
minimum of:

= 85% by 2006 by an average weight per vehicle aad 9% of reuse and recycling)
= 95% by 2015 by an average weight per vehicle aad 5% of reuse and recycling)

The initial recycling ratio of 85% foreseen by tBeV directive can currently be fulfilled by
most manufactures. Keeping up with the quota, heweill become more and more difficult,
due to the increased application of polymers. Ahéigpolymer ratio will become increasingly
important as it helps save fuel by lowering therallevehicle weight. This trend will lead to a
lower percentage of metal parts as polymer pergentacreases from a current average of 13%
to a projected average of 15,5% in 2010. The Aulia&d “best of class” in lightweight design
already shows a polymer percentage of 23% todag. State of the art low sustainability open
supply chain is illustrated by Figure 4.
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Figure 4. State of the Art Recycling Figure 5. Controlled Closed Loop Recycling

CONCLORE innovation will help close the loop andhiawe practical and cost-effective
automotive part production out of material recodefeom recycled ELVs by establishing an
advanced recycling model geared towards 100% rahtegcovery and continuous quality
reprocessing of automotive polymer parts. The gsed Controlled Closed Loop (CCLR) will
integrate Reverse and Forward Supply Chain Manager(f®CM) and Product Life-cycle
Management (PLM) into a Sustainable Supply Managef®&SM) loop using PEID for tracking
& tracing. The CCLR will have a positive impact ¢ime sustainable use of energy and raw



materials in industrial production by enabling thest-effective use of recycled materials for
sophisticated products. The CCLR will be achievexsed on the following CONCLORE
innovation:

* 100% recyclable multilayered sandwich structureetasn single-component material for
environmentally friendly production

* A Controlled Closed Loop in the global automotiifedycle for cost-effective recycling
and sustainable production

e This loop will connect forward supply chain managamwith reverse supply chain
management based on PEID integration in automatiegior parts.

* Classification framework for dismantling and sogtiof single component automotive
parts and decision support for recipe configuratasrcontinuous quality production

3. Conclore approach

CONCLORE aims to achieve a sustainable solutiosuystituting multi-component structures
through single-component thermoplastic sandwichestires for production of automotive

polymer parts. The proposed sandwich-structure lvélcomposed of a number of layers of non-
woven thermoplastic fibres.

A promising material for single-component part$ T or in special cases PP. PET and PP are
two well-known widely used materials which are tp@dready being recycled on a large scale,
e.g. PET as single-use or refundable-deposit IlsottRreliminary studies conducted by the
consortium on manufacturing headliners based on &I PP, have shown the feasibility of
using both materials for single-component autoneopearts. Moreover, consistent with the good
recycling properties of PET, trials have shown tias technically possible to process PET-
headliners 100% once again into fibres.

In order to close the loop and achieve practicdl @st-effective automotive part production out
of material recovered from recycled ELVs, recovaraterial of continuous quality is necessary.
Due to the physical and chemical properties of peiys the quality of the material can degrade
over a long time-period such as the usage peridkdeohverage automotive. A car part on average
will be exposed to a number of environmental caad# during its lifetime. Changing humidity
levels, heating and cooling cycles and exposuredtaminants are amongst some of the
variables with the potential to affect the matetiaéd in the part and can consequently have an
impact on the quality of the material recovereatigh recycling.

Even though polymer material of degraded quality s#ll be recycled it no longer has the
physical properties characteristic of virgin maerConsequently, continuous quality in material
recovered from recycled parts can only be achigheough the removal of contaminants and
processing that takes the degradation throughredtéactors into account. Achieving continuous
quality in material recovered from recycled polyrparts thus depends on accurate information
on the actual properties of the recovered mateG&NCLORE will derive this information
gathered using Product Embedded Identification DPElevices (mostly RFID tags) integrated
into automotive parts. In addition, CONCLORE progmshe dismantling of individual polymer
parts before shredding. This approach allows foadical advancement of state of the art in
recycling and continuous quality reprocessing basedhe use of PEID in combination with



advanced sensors and planning functionality towalfor automated identification, sorting,
classification, and routing during dismantling.
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Figure 6. The Controlled Closed Loop Recycling

As demonstrated in Figure 6, CONCLORE will defineeaw state of the art by establishing an
advanced recycling model called the Controlled €iosoop Recycling (CCLR) geared towards
100% material recovery and remanufacturing of aotora polymer parts. CCLR will form a
loop integrating Reverse and Forward Supply Chaendgement (SCM) into a Sustainable
Supply Management (SSM) loop using PEID for tragk#a tracing. The CCLR will have a
positive impact on the sustainable use of energlyraw materials in industrial production by
enabling the cost-effective use of recycled matef@ sophisticated products.

CONCLORE innovation within the forward supply chaill focus on a higher recycling ratio
by processing a blend of virgin material and matserof disassembled ELVs reintegrated back
into the production process after recovery. CONCEJRnovation in the reverse supply chain
focuses on intelligent dismantling, classificatiand sorting in order to achieve high recycling
ratios and cost reduction regarding dismantled natédased on its characteristics.

3.1. CONCLORE objectives

To achieve the goals of the project, the consortatir@ONCLORE has identified the following
objectives:

A closed loop in the global automaotive lifecycle for cost-effective recycling and sustainable
production

CONCLORE innovation within the forward supply chaill focus on a higher recycling ratio
by processing a blend of virgin material and matserof disassembled ELVs reintegrated back
into the production process after recycling. Matefliows at floor level will have to be reviewed
and adapted. To achieve continuous product quaditype adaptation is foreseen in order to cope
with varying properties of the material. CONCLOR®&Enh@vation in the reverse supply chain
focuses on intelligent dismantling, classificatiand sorting in order to achieve high recycling
ratios of the dismantled material, based on itsasttaristics.



Fully recyclable multilayered sandwich structure based on single-component material for
environmentally friendly production

Achieving the objectives of the ELV directive andcycling 95% of vehicles through the
development of the composition of a one-componeulti#ayer sandwich-structure for 100%
recyclable interior parts. The single-componenrgrior part can be made up of different types of
non-wovens, utilising a sandwich construction. Thactionality of this solution will be
demonstrated on a dash insulator. The goal is hiewae acoustic, mechanic properties and
resistance to heat and solvents (water, oil, fatd,) comparable to the current used multi-
component materials. To minimise the productioatesl waste the current production pathways
have to be switched to the use single-componemvdah roll-good materials. Currently there is
no existing process chain to produce the intendedoomponent multi-layer part.

PEID supported dismantling and sorting process

CONCLORE aims to enhance reliability and minimipemtion costs by automating dismantling
and sorting through incorporation of Product Emleetdddentification (PEID) i.e. Radio

Frequency Identification (RFID) tags in automotiveerior products during production in a
closed loop. Of particular interest is the automgbeocessing of material containing various
types of colourings (i.e. particles or chemicals).

Automated decision support in the recycling value chain

An advanced Supply Chain Planning model based erCtiLR concepts and requirements will
be researched and developed in order to automaisiate making across the recycling value
chain involving all the partners. Advanced funcabity such as wireless inventory tracking,
material characteristics and quality control montg, material classification and sorting, will
form the core of the Supply Chain Planning system.

Classification framework for dismantling and sorting single component multilayer polymer
automotive parts

To realise the sorting, recycling and reintegratbbrused polymer materials for the reintegration
into the productions process it is mandatory tange€lassification rules and properties, which
allow sorting of components of ELVs especially melyag their suitability for the use in different

high quality applications. To capture and provitlerdormation necessary to ensure continuous
quality of the recycled material in the controlleldsed loop recycling system and to minimise
the risk of contamination, furthermore a systentfpten, software tools and a sorting process
basing on the classification system, have to beeldped. Of particular importance is the
automated processing of material containing comtamis such as colourings and the
development of methods for the production of newspaut of this material (i.e. based on the
extraction of colourings).

Decision support for recipe configuration

The production of automotive parts requires a cmmatiis quality of material. Reprocessing of
recovered material into new products requires at@auarantee a certain quality of the material
in spite of any material degradation occurring agiits use. To ensure the quality of the recycled
material a decision support system to adapt promlugbarameters will be researched and
developed.



3.2.  Product Design

The parts the project focuses on are at the mobas®d on foam (Melaminresin or PUR), cotton
based felt or glasfibre-felts. Both felt-systemasist of shares of duroplastic binders. The foam-
systems show a good behaviour regarding the ainds@bsorption and have low material
densities, but are these materials are expenstveamnot economically be recycled. Parts based
on phenolic-cotton-felt show a good air-sound-apson behaviour. They have typically higher
weights (up to 1200g/m?2) to reach the mechanicabiiy. As a duroplastic material the
recycling properties are also not sufficient beeaasnaterial recycling is not possible.

The innovation related to this project is an opsi@di combination of different laminated dry laid
non-wovens. These different non-wovens all haveetanade of one single polymer e.g. PET to
ensure the recycling capabilities. Furthermoregimect will develop a solution that will fulfil
the demands to weight, stiffness, acoustics priggefiammability and solvent resistance, which
are achieved by currently solutions like PUR foéibre glass or textile waste for example.

It is expected that it will be necessary to develdferent types of non-wovens where the single
material (layer) fulfils different of the above-niemed specifications. The next step of the
manufacturing process will be to join or laminabe tifferent materials together and thereby
creating a composite, which fulfils the overall sifieations. For the development of parts based
on felt-material, the system supplier needs tongethe shares and in addition the detailed
specifications of the used fibres likewise:

* Bi-component fibre (fibre thickness, fibre lengspgecification)
* PES fibre (fibre thickness, fibre length, specitica)
* Special acoustic fibres (hollow, micro fibre, etc.)

Today it is possible to laminate different non-woesd¢ogether in a second process. The classical
PUR solution this is typically flame laminated, lsafutions to laminate different types of textiles
hereunder non wovens are also on the market todlagse types of lamination (calendaring and
flad-bed lamination) are primarily used in connectwith face fabric for trim parts in general or
e.g. seats. This second and extra process is cdemcreasing the cost level of the end product.

The intended solution will, as mentioned abovealsandwich construction and therefore consist
of different layers. It will therefore also be nesary to use laminating as a part of the
manufacturing process. Existing procedures for ihatmg have to be adapted and enhanced to
optimise the manufacturing process.

The choice of the exemplary component for an engiag component like an outer dash
insulator was made due to their high impact onetkterior and interior noise level of vehicles.
Furthermore, the currently used solutions lack eamparison regarding flammability, solvent
resistance and stiffness under temperature, whiehiraportant properties. Additionally, the
project aim is to reduce the emissions occurringndgumanufacturing and utilisation of a car
interior part.

The requirements for automotive parts differ exegndepending on their intended application.
To structure the requirements of all polymer pafts car concerning recyclabilty they will be
clustered, e.g. interior, exterior, structural pawisible and non-visible parts. The resulting
Requirement Cluster will be the basis for the makeecycling scenario.

For the classification, sorting and recipe configion the intended application for the recycled
material is needed for cost-effective and utiliteated reprocessing of the dismantled material.
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With data regarding recycling requirements it isgble to assess the additional effort, required
to meet the requirements of the application ares &m is the combination of the requirement
cluster data base of OEMs with the sorting stagddst and flexible sorting depending on the
intended application in the next polymer life cycke more practical approach would be the
collection of defined amounts of dismantled andesbmaterial with similar material properties
and then reprocessing material with a continuouslityu like it is done in the PET-bottle
recycling.

3.3. PDM and PEID integration

The embedding of PEID into automotive parts wilvédeneficial effects for the Supply Chain
Management and the dismantling and recycling ofEh¥. Incorporating RFID will improve
inventory visibility and monitoring, allow for moraccurate decision making and enhanced
accessibility of product data. Especially the lati@l have significant impact on dismantling and
recycling. Currently data about polymers are stobed this data is not accessible for recycling.
The identification of single automotive parts atiégsmantling is not feasible. Tracing a part to its
original manufacturer and retrieving informationoab its actual composition is not realisable.
Through incorporating this information directly anto the part, the necessary data will not only
be available when dismantling an ELV, but it wik Immediately available, to allow for real
time sorting and economical recycling.

This is a prerequisite to create the envisionedti©ted Closed Loop for cost-effective recycling
and sustainable production to transform used pisdudo new products and/or materials that
can be recycled without harming the environment.

To realise an economic viable solution for recyglithe retrieval of automotive parts has to be
considered. Since the size of an automotive pattlam time needed for dismantling correlate, as
shown in Figure 7, parts with suitable accessipbditd weight have to be identified and selected.
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Figure 7. Dismantling of plastic components in @fdife vehicles [3]

To enable the identification of these parts PEIDI wsed. In particular Radio Frequency
Identification (RFID) is expected to meet the regments regarding economic viability and data
stability during the lifetime of a vehicle. As thiechnology is already gaining good traction in
different areas of supply chain management, suchvar®house management and inventory
control, it offers promising capabilities. Espelyidhe fact, that RFID-tags can be identified with



a reader only requiring a close approximation lmutlimect contact, is a prerequisite to enable an
automated dismantling process in which single paatseasily be identified and located.

The intended device will be used to store datehemtaterial composition. This data will provide
the dismantler of the ELV in real time with infortitan about the polymer used in the automotive
part and enable a segregation of different plastiterials into the appropriate recycling stream.
Additionally dismantling information, e.g. part pasn or required tools for dismantling, could
also be enclosed on the RFID. This information sulpport the dismantling process to achieve a
reduction of time required for dismantling.

3.4. Dismantling

The lack of an economically viable material reaygliprocess can be attributes to costs and
quality of the recycled material. Since automatiechnologies for dismantling and sorting are
not realised up to today, costs for manual disnrantre still high and the quality of the material
can only be assessed through material evaluatists. tdherefore dismantlers just retrieve
reusable parts normally. The reuse of polymer enesteel parts is not feasible, since there is no
market for these materials. Currently interior paate made of fibre reinforced materials which
are not suitable for material recycling. Only fofeav applications are high-end polymers and
single-material-parts used, like filter boxes ottéxy holders. Solutions based on mono-material-
compositions, like developed in CONLCORE, will iease in future, aided through the
restrictions of the ELV-Directive. CONLCORE will wvestigate solutions for cost-effective
dismantling using robotics and recycling of Monoibtaal-Polymer-parts.

Identification
(Basic Data)
3D POSITION
Figure 8. Scheme of Triangulation-principle fosgdisamntling

The use of robots in the dismantling environmermjune a flexible and easy programming
interface, since the solution will face a greatietgr of used cars and low-skilled staff. This
makes it difficult using standard control solutioims dismantling. One solution could be the
introduction of triangulation for parts via the egtated RFID. The RFID will be read by a
transponder system installed in three defined point the dismantling cell. The idea of
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triangulation is scanning three position vectorsagdart concerning the tool center point of the
robot. The position will automatically be transf@dinto a trajectory for the kinematic
manipulation of the robot. This requires just aimimm of programming at the dismantling cell
through the staff. Another proposed solution isieging information about the position of a part
from its RFID. This would require a standard reffieee point in the dismantling cell which has to
be defined for each car model. Additionally, CADtadaould be used to extract the position and
to avoid collisions between robot manipulator aad iostallations. The required data could be
provided by the OEM, in respect of confidentiabfysuch information.

After dismantling parts have to be sorted and reggsed concerning the required quality.
Sorting will be done depending on the evaluatecenatcondition. CONCLORE will develop a

new method for an easy and fast sorting algorithiaterial Classification after sorting for next

life cycle application will be done based on theuieements of the intended application.
Alternatively, material will be reprocessed firsithw controlled quality and after processing
proposed for feasible applications. This will b@ported by a decision framework with abilities
to support all relevant aspects of the reverselgugbain.

3.5. CONCLORE Architecture

Based on initial efforts the participants of CONMRB, involving major players from the
automotive value chain, a first overall architeetaf the CONCLORE system was developed. As
depicted in 9, the CONCLORE SSCM loop encompass&lsl Somponents that control the
dismantling of automotive parts and their introduectback into the production cycle, from PET
recycling and production facilities to manufactuséautomotive parts.
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Figure 9. Overall Architecture
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CONCLORE will define an advanced Sustainable Supaynagement Chain model, including a
Reverse Supply Chain for recycling automotive ietecomponents, through dismantling instead
of shredding. Therefore a new PLM-architecture Wil developed which includes different
SCM- and PDM-frameworks. Furthermore, including Breduct information stored in the PEID,
and the information transfer between all life-cystages, the SSCM-Model plays an important
role for the idea of CONCLORE, the controlled cld$eop recycling, to enhance the quality and
acceptance of recycled materials for high-leveliappons. Of particular importance are
therefore issues identified which are prerequiditeseconomic recycling. One of these issues is
easy dismantling and the use of single-componem¢nmass, since even minimal contaminations
with other polymers can have a dramatic effect lwa recyclability of PET. Multi-component
materials are therefore not suitable for recyclilgo the separation of various layers of different
polymers is economically not feasible.

Another important issue is the value of dismanpads and recovered material itself. Only high
value materials are economically feasible for réng¢ due to that fact that in order to create a
market, the amount of material collected from ELN&s to surpass a certain threshold to be
economically interesting. That is why CONCLORE td®sen PET as material of choice for
substituting currently established multi-componenttomotive parts to create a sustainable
Controlled Closed Loop in the global automotivesdycle for cost-effective recycling and
sustainable production of automotive parts.

4. Conclusions

CONCLORE will define a new state of the art by bbshing an advanced recycling model
called the Controlled Closed Loop Recycling (CCld®ared towards 100% material recovery
and remanufacturing of automotive polymer partsLR@vill form a loop integrating Reverse
and Forward Supply Chain Management (SCM) into steéoable Supply Management (SSM)
loop using PEID. The CCLR will have a positive impan the sustainable use of energy and raw
materials in industrial production by enabling thest-effective use of recycled materials for
sophisticated products.

CONCLORE innovation within the forward supply chauil focus on a higher recycling ratio
by processing a blend of virgin material and matsrof disassembled ELVs reintegrated back
into the production process after recovery. Maldt@avs at floor level will be reviewed and
adapted. To achieve constant product quality, ee@daptation for the recycled material is
foreseen in order to cope with varying propertiethe material. CONCLORE innovation in the
reverse supply chain focuses on intelligent distirant classification and sorting in order to
achieve high recycling ratios and cost reducingtlé dismantled material, based on its
characteristics.
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