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ABSTRACT

Comparedio other plasticmaterals have registered a strong accedéipn in productionand consumption
duringthelast yeas. Despit the existence ofvaste managemesystems plastic based materialare still a
pervasivepresence ithe environmentwith negative consequesson marineecosystem and human health
The recycling is still challenging due to the growirg complexity of prduct design, the scalled
overpackamg, the insufficientandinadequate recycling infrastructyutae weak market of recycled plastics
and thehigh cost of waste treatment and dispo3dle Circular eamnomypackagethe EuropeanStrategy for
plastics ina circular economyand the recenEuropean GreerDeal (that contairs the New Action plan on
Circular Economy includevery ambitious programnsgo rethinkthe entire plastic valuehain. The mission
of the Commissions to highlighttheintrinsic value ofmaterialsalong thevalue chain andh furthercycles
As regardgackaging dl plagic packagingwill have tobe 100%recyclabe (orreusablgand 55%recycled
by 2030.Regiors areconseqently calledupon to set up a robuptan able to fit the Eurgeanobjecives. It
takes on greatémpatance in Emila Romagna where tHeackaging vdey is located.This thesis supports
the ddinition of a strategyaimed toestablish an aftanse plastis economyin the region The PhDwork has
set the basiandthe irstruments to establishélso-called Circularity Strategywith the aimto turn about
92.000t of plastic wds into profitable secondaryresources System innovation life cycle thinking ard
participativebaclcastingmethod hae dlowed todeeplyanalysethe current gstem,orientatethe problem
and explor sustaimde solutions through a broad staeholder participationA material flow analysis
accompaniedby a barier analysis has supportedhe identificationof the gapsetween the @sent situation
andthe 20® scenarioThestudyhas pointd ait the necessity to reduce waste at first, increase the quality of
collection then and finally, deal with the problem of the plasBug-desgn for and fromrecycling (anda
mass_basedecycling rate (based ondlaffective amount of plasticwastesturned nto seconday plastics)
valorized by avalue_based wticator, are the keypoints of theaction plan The ecodesign toolwill support
the plastic packaging manufacturers to improve the recygérfprmance athe endof-life. At the same
time, thestructure of the tool (organized as a check list) will support the identificatioheafumber of
recyclable packaginglaced on the markeThe framework of irdicatorswill be usedo assestiow much
value the recylers are able to extract from wastéeir monitoringwill speed up the market aecondary
plasticsin the direction of high value applicationsugheffectively contributing teeduce the supply afirgin
plastics The model at the basi®f the regionalstrategy may be exported in other liegs thuspromoting
standardizadn in design, hanonization in the asessment ofrecycling performance as well as the
introduction of a reélble and rbustcircuar economyindicatorby which increase competitivenemsdfoster
the afteruse plastics ecamy in local scalethus reducingexport, illegl trade and arson

Key words:Sygem Innovation, Backcastingatihod, Plastics, Packaging/aste Management System,
Circularity.
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EXECUTIVE SUMMARY

Problem statement:
plastics, from resource to
problem

Plastics are highly durable norbiodegacdable
materals madefrom petroleumprodicts (Landon
Lane, 208; Eagleet al., 2016, with a lifespan
ranging fom hundreds to thousands d years
(Wang et al 2Q016). Theimpresive succes®df
plastics is wuparaleled by any competing
materials (Lebrem and Andrady, 2019). Their
versatile naure and durabity make them
indispensable, ppmpting its high demand andise
globaly. Pastic mateials have registeed an
exponentid growth over thepast half-centuy,
accounting for 1,7 million metric tonnes (Mt)
prodwced in1950 to 15Mt in 1964 upto 3B9Mt in
2018 ((Kwon etal., 208B; PlasticsEurope, 2019,
Ellen MacArthur Foundation, 2016, Karlsso et
a., 2018; Nape e al., 2015; Jmbeck et al.,
2019H. This is m@rtidly caused bythe rephcement
of steel n cars, glass ad papertmard in
packagng, caton in cldhes and wod in furniture
(Le Blevenrecet al, 2019). The changein living
stendads can be cosideredan additional factor
contributingto the raise oplasics productin and
corsumption In partcular, the  fi leerg o tife
style (WPO, 2008) is strongy affecting the
corsumpton o the so-cdled fas moving
consuner goods (FMCGs) (Crippa et d., 2019)
that stends at 98 billon articles ad alwut 8.9Vt
of packaging respediely sold and casuned
anrually (Villanuewva and Edr,2014). This means
that the mpority of plasticsprodiwced eah year is
used © make dispcsabk items that are
immediately disarded (Hbpewel et al., 2@9).
The waste ranagenent infrastucture is not
adajuate toreceie and treatthe current amount
of plastic waste gearatedin Europeso as to b
still widely undergerforming (Fosch and Bonoli,
2019). The increasng conplexity on design,the
lack of recyting facilities capadty and theweak
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maket of seondary pastis (SPs) havebeen
contibuting to  the inefficiency ad
mismanagemenbf EndOf-Life (EoL) of plastic
goads (Gallimore and Cheung 2016; Velis ard
Brunne, et al.,, 20B). Consequerly, more and
more plastic wases have beenxported to EAP
(East Asia and PacifiQ cowntries (Geye et al,
2017. Eurgpe is the major exporter ¢ plastic
waste acouning for 37%of global wase exports.
China is the man destination the anount d
plasic wastesent from Europe toChina acounts
for 1,6Mt in 2016. Chnareaives waste fnm the
enire globe getting a cumdative 4% of plagic
wase since 192 (amouting to arond 106Mt).
As a onsequenceChina implemenied a new
policy bannirg the importaion of mog plastc
waste Brooks etal., 2AL8). Wade that are o
longer exported t&EAP counties, areexportedto
other Eastern countries such as Vietnam
Malaysi, Hong Kongand Turkey (EURGSTAT).
Since the remainng amount cannotbe incinerated
becawse of theincreasimg costs it is pled up in
storage sites casing uncatrolled burning o
illegalbraze. The fragmentaton in responshbilities
and the inaflity of accurde tracealility in glohal
waste slipment has caisal widespead problems
(Eagle et al 2016) For exanple, the threa of
plastics to the maine envionment las been
ignored fo a long time. Because & the gitical
level reached by He disperson and the
acamulaton of mismanagedplagic waste in
marineervironmern, its seriousnesisas be@a only
recently recogrised (Stefatos et al., 1999
Lebreton and Andrady, 2019; Imogen et al.,
2019). It is suppcsed that the leakage is more
acute where wastmamgementinfrastiucture is
lessdeveloped. Howvever,in addition to seabased
sources, a ca@in amouwnt o pladic wastes eds
up in the marine envionment wha accidertally
lost and carelessly hawlled (Wilber, 1987). Many
studies emonsrated that themajor inputs of
plasic litter come from land-base& souces in
denselypopuldaed or industrialied areas(Pruter,
1987; Gregoy, 1991), mod in the form of
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packagng. In fact, the short shelf life and
corsequenty, the inappopriate vdue gven to
packagim, ha signfficantly increasedthe uban
littering (Liu and Sibley, 2004, Pasafaro et al,
2015). Owing to the low degedabiity, espeially
in aquatic habitats (Andrady, 2003, pladic
padkaging renain in the environmen for range
from decades to centurs (Bowne ¢ al., 2M7) to
the extent ha mary commecial packets and
wrappers, put into themarket mae than50 years
ago,are recoered in the wholeworld shaes, seas
and seabed(Jambeck et al., 2015). The low
degradability of plastics in the $ort period has
raised many pilic health isses paticularly
referred to the eo-toxicological impacts of micro
and nano fastics n food chain (Lusher et al,
2017. Therefoe, the platic seabr is likely to
undergo radcal chan@s over the rext two
decadsin order to speed up the transition todar
more swstairable and circular pragtion and
consimption paterns

Challenge: a systemic
paradigm to foster an-
after use plastic
economy

The plastic value chain is faced miute
challerges to male more sugainable pioduction
and conamption pdterns. As afoementoned,
mary critical issues fiect the pastics recyding
and remanufacturing. Closedloop recyclng is
most pradtal when reyclability is teken into
account inthe desgn phas. United Nations

Envirormert Progammés (UNEP) (2015)
opinion abait audainabk production ad
consunption pattens is abou consming

efficiently to imprave the qualityof life while
minimizing waste and envinmental damage
(Jacksn, 2005). Circular econony (CE) plays a
primary role infostering the rehinking d pladics
towards a mae sustainablesystem, going well
beyondresoure efficiency and waste reycling.
CE models promote not only the circularity of
mateials, but alsothe redudton of materids. The
goal is mantaining the vdue as long as possible

23|Page

in a circle. The circularity of a produt is thus

determired not a@ly by the intrinsic product
chamadelistics, but also by the siem of whichit

is a par (European Envbnmenta Agency, 2017).
Some pathwgs to reduce pastic waste are

currenty investigatedreplacenert of fossitbasd

plastcs lky bio-based maerials, ecodesgning,

sustanable plasts manudacturing advancemen
awaeness enhaing, waseé maagement
improving ard cleaning activities scagring.

When aprodud is dedgned preventive measuse
such asproduct service gstem, lightweighting

and all the ations aimed to extendthe produat

lifespan support the redtion of the wasteand
prior, of primary resarces In fact, preventing

resourceat first and waste then, largely contibute
to minimize the environmertal impact Recycing,

in coodination with actions aimd to improve its
performance by the desigshouldbe t&ken into

consideratio for products tha cahnot be
demateialized.

Preventive meauresas wel as regycling need the
integration of economic, tecmological and
environmenal aspects thus requiringinter ard

transdisciplinay  cooperation d al the

stakehol@rs working in the plastic value chainit

follows that cdlaboration shaild aso be
trans\ersal thus invdving ecaomists, so@l

sciernce exyelts andpolicy and decisbn makes in

each step of the i@ chain. Only by bringing

togetherrelevant stakehotls to discuss comion

problems ad possible straegies, efficient
measuesmay emergegHageneir et al, 2014). By

approaching he problem from different
perspetives, a stonge action is enforced

Therefore, a systemic rethinking of produdion,

consunption and disposal pamns is crucialto

overcome he limtations of todays incrematal

improvements and fragmened initiatives The
systemic thinking also kelps to create a shared
sense of direabh and to move theplasics value
chain into a modé charactkerized byvalue capire,

stronger economf; and better environmental

outcomes As discissed by Vieira (1992), he
systemic paraligm implies the integration of

humanecology in environmental polig, which is

guided by preventive rather than remedal view.

Innovation is here ansidered as transfamation
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which takes dace at the wider societd context,
coveing notonly productandprocess nnovations
but al® changesin userpractices, markets, foy,
regulations,culture, infragructure, lifestyle, and
manaement of firms Berkhout, 2002; Geels,
2006;Kemp and Ramans, 2005; Satorius, 2006).
It follows that estalishing a sustainalde plastcs
value chan needs the cdlabomtion and
cogperaton of all the stakehoders working in
desgn, manufacturing, distribution and wae
management. Thiconcept isxdremdy important
in closed-loop systen in which mateials crculate
as longer as possiblein the circle Geissloeffer et
al., 2017, YuarandMoriguichi, 2008).

The European
commitment towards a
circular plastic
economy

The redesign of the plasic_based materids
sydem is oneof the mgor issuesdiscussed byhe
European Commigen (EC) nowadgs. EC has
highlighted plastic as strategi mderias in
Closing the log Action Plan for the Crcular
Economy(European @mmission 2015) Plastic
mateials havesultseqiertly become thekey topic
in the European Strategy faplagicsin a circular
economy(European ©@mmisson, 2018) Specific
measures have also included ire toadmap of
the European Green Deal (European
Commission, 209a).

CE is actualy seen in close synergy with
sustainabiity aimed to fulfil a broader framewde
of ervironmenal, socid and econanic cancerns
thus embracing one of the gjor issue at the tn
of the century that s how to achieve sustainale
devdopment in which presentgererations fulfil
their needsin suchaway that future generations
can meetherr needs asvell (WCED, 1987).

Even if EC hdds the rein of the situfon, a
growing rumber of interratonal agreenerts,
naional measuresand busness initiatives are
trying o tadle the plastic waste problem ¢en
Brink etal., 2018). The ndustrialenvironnent has
been impementing an acte behaiour by
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launching numenas initiatives sich asalliance,

joint-venture and more genedl collaboration

Mary targets have bee fixed as well. Just to

mention some examfes, the main plastic
converers have joined tre Circular Plasic

Alliance to foger wdl-functioning market of
recycled plasics. The Alliance to End of Plagic

Wastehas leen comnitted by the man plastic

prodwcers with the aim to dedicde a conbined

total of $1 billion over the nex five years to
develop and scale solutions to minirize ard

manage plastic waste. Ber expresodn of the

high effort of plastic responsilte industriesis the

diffuson of inter-firm allianaes, recogrized by

Hagedoorn (2002) as an importart organiation

form of inrovative ativities abled lead to a new
view of indwstry structure. In adition to iner

firm dliances,industial netvorking is pursied by
techology-based joint ventures (Metcalfe ard

Coambs 2000), basicdly aimed to reinforce

experimetation on bio phstics ad recyded

plasic applications. Among dévil community,

many plasic free initatives lave dobaly

widespread. Norare there lacking @ses of

allianceto recoer plagic from the most critical
area 6 the globe. The recerftair Plastic Aliance

is a valid exampleof sugainable modelbased on
the integration of environmental andsodal issues

by stiengthering waste collection retworks n

develing courries (Foschi a Bonoli,2019)

Method and approach: A
forward-backword
process to implement
the circularity strategy

In a Busnessas usual (BRU) model, forecast
predicts tlat the amual plastic production will
increase lty a third by 205 and relatedcarbon
emissionscould rise up to 2381t carbon dioxide
(COy) in 2090. Circula strategiegmay cortribute
to aredction of nearly50% inassociateadtarbon
emissions in Europe by 2050 (OECD, 2018).
Many targetsand gods have been sé for 2030. In
order b achieve these tges, a dearvision ard a
robug strategyy are recessaryln order to do that,
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CE shoud peretrak in each step @ the plastic

value chain lhus @ntiibuting to boosta sygem

innovdion. A comprehersive aralyss of the

present situatio dlows to understad the ap

between thepreseit and the ervisioned future
(Quist, 2016) This purmse b sugported by the

backcating method applcation. Backcasting

looks backwrdsfrom that future to the present in

order to strategze and to plan he it could be
achievel (Quig ard Vergragt 2006).The presert

analsis is aimed do identify contemporgey

stiuctues blaking the charges towards a ma

circular plastic packaging sgtem Badkcasting

allows to defne a robust stratey enmmpassing
fragmentedactions. It is particularly useful for

policy analyds and policy development,but

especially from a govenmenal perspective
(Robinson 1990). In this work, back casing

methodobgy has been applied to sé up te

stratgy to foser the transfaming normative
scenario about dving an afteruse plastics
economy. Thatgod is promotedby the targets
estabished by the EC on recycldility and

regycling of plasic paclkagng by 2030. Potentia

recycling and regyclability of plasic packaging

has beendeeply investigated t@vercore critical

issues regading the lbw value of plastics

repracessing, the low icome of secondary market

and therefoe the low diffusion of an after-use
plasticseconomy It involves nd only technical

and technobgical aspectsbut also legislative
ones ewmnomic and social fctors have also
corsideral to create arimpact notonly at praluct

level but ako at sydemic level. Thee aspets

have required a deep knowledge on the pladic

materals, phdic applications plastic

charcterization in packajing seabr and an

extensiwe investigation on thke valle chain: from

design to nanufacturingand EoL.

Case study: Regional
plastic packaging
system

In orderto fit the goalsthe cotext specificatiors
hep to bemore pragmaic. The regional system
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governanceand structure have beenidentified as
case tudy. Since each B Member Sate (MS)
hawe to trangposethe Europen (EU) Directivesin
two years,an indsive manaver is essentialto
push the regional pastic econory towards
sustinability and circudrity. It takes on gedaer
importance in Emilia Romaga where the
Packaging slley is located.The packajing s&tor
includes packagng and packaging athinery
manufactuing with a contibution of 61,1% to the
total turrover (Bertivogli et al., 2A.8). Howe\er,
most of the compaiesworking in the packaying
district are small and medm. It follows that
regional policy makersmust implermrent activities
able © apport the ector in shifting ther
busineses According to he system nhnovaton,
the pesentwork aimsto improve the packaging
design aswell as thesystem inwhich packagig
works. The recant EU repat A drcular economy
for plastics (European ©mmisdon, 20Bb)
explains that poduct desgn requires that
stakeholdes co-operate,bring togeher knowlelge
and $arethe repongbility for creating acircular
systan. Only a bette communicatn and aoss
cutting collaboraton can syoport a more
consaously redesign ofplastic packagig. In this
work, the participative backcastng method has
allowed toergageregional plastics convertersand
recyclerstogether with researchers and piey and
decsion makerswith the aimto understad the
needs at fist andtry the solitions then. After a
deemr undestanding of the present situation
(caried out throwgh surveys, questonmaires,
interviews, wakshops and data analysis)
problems have beenstrategielly oriented to find
solutions that have beeexploredfrom the socio
techrical innovationviewpoint It has ben dore
by startirg from micro to me and maco level
aralysis, obtaining a multi-level perspective
(MLP) understandingAs abrementioned, syam
thinking requres longiudinal and transversal
obsevatiors. It follows tha the MLP amalysis
have ircluded sacial, emnomic, environmental
and techicattechnobgical issues. This
corsiderable wi is the basis of theCirculanty
strategy set up. Thetrategy aims totransposdeU
goals in regional meswith theaim to increase the
amaint of recycled plaics to valorize in high



Systeminnovatian and life cgle thinking in padkagingvaue chain: thecircularity of plasics.

value apgications The strategy warnts also to

supportthe regional poligmakersto implement
the regional plasics grategy #PlagicFreER

(Regione Emilia Romagn2019) It is extremdy

important considering thiaonly 62.319 (22%) are

actually recycled ad adilitional 91.581 should be
recyded by 2@0. Recydability, recyding and
circularity of plastic packaging are éhkey poiits

of the strategyDesign (for ad fram recycling)

and high value recyclinghave beendentified as
the suppoting elemens. While dedgn is a
measure fostering the produciustainaliity,

regycling involves the processlimension Since
chemical recycling is not wellestablished
nowadays only mehanicd processesare hee

considered.

Key findings: Life cycle
technique to close the
loop, from recyclability
to circularity of plastic
packaging

The appraach here adoped goes bepnd focusng
on the manufacturing stge of a prodwct and
embraes thewhole life cycle in a Life cycle
Thinking (LCT) approach In systeminnovation,
LCT is not just a wayto examine evironmental
impactsaffecting the life of the produd, but also a
way to @mprehenda broader set of upstreaand
downstream consequences etisionsin straegy
plaming and implementation (Thbrew et al,
2009. The three keypoints of the Circularity
strategyaremodulatedby deggning the cortentof
an apparatugthatis intended to lave a suppting
function in improving recyclalility in one side
and recycing (and circularity) in another The
first must be undertaken by cowerters and the
secondand third elemeats are the concems of
regclers and give vduable information in
dedsion-making processeSincethevalue of SPs
is affected no only by design but also the
recycling infrastricture, the recyclingrate have

been coriderad. As highlighted by the European

Commisson in he Grea Deal (2019), fiwhee

waste cannot be avoided, its economic value must
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be recoered and its impact othe ewironment
and on climate change avoided or minirsed,
economic valueassumes agreatimportance The
closure of the loopis estimaed through
value_lased circularity indicabr aimed to push
high quality of postconsumer recycled (PCR)
reurce. The increase in valie will boost tle
upcyding and in pariular the use ofecyled
plasics in high-value aplicatiors such as the
packaging applicaion. The growing denand of
SPs in pckagdng applications will foster the after-
useplastics econom.

Future exploitation: from
regional to European
dimension

Since European measures artdrget must be
contextualizedin local economy, the work laid
down ona commonknowledgeanddiff erenttools
that represent the wayto reach the objdees as
shared among all tHdSs It mears thatEuropean
ard local ecodesignguidelinesare matched rad
integrated to local governace and existing
economic incentives andvailable marketbased
instuments (MBI3. Moreover, the nteraction
with local stkelolders has allowed to céic
additional local bariers, chdlenges and rexs.
The establishment of anique method taalculate
the recycing yield will allow to monitor he local
performanceand pemit the comparison among
MSs. It will also support thealculation of the
value_base indicator.Ilt means that bcal strategy
may be modulated for the natioral and BJ
dimersions Even if the presnt thess work
focusedthe attertion on te regionalcontex, the
following activity will aim to explore the
possbility to standardize desigequrementsand
circularity merics of plastic packaging, thus
promotingrecyclahblity i n one sideandupcycing
in another at EU level Recycldility and
remanufacturingf SPsin high value applications
are the lasis of argfter-useplastic economy, both
regional aml EU. Its diffusion will support the
reaching o the longtem (LT) objectives laid
down by the Commission



1 INTRODUCTION: SYSTEM INNOVATION IN PLASTIC PACKAGING

1.1 Region innovation

As we know, innovaton is at the core ofinterest becaus thecamlbility of generdéing newproducts and
technologies is historicdly recognized ashe ke succes factor for compettiveness offirms, regions and
enire natiors (MoulaertAnd Sekia,2003;Asheim And Gertler, 2009; Mokyr, 1990).

.« Emilia Romagnas the spaial frame of this experimentatn.
The Emilia Romagnas one & the most proficient Italian regns, located ithe Northern area with a
territory of 22123 square kilometres and 4,5 million inhabitawith an average Grss dmesic
products (GDP) per capitaof 353KEUR (one of the highst in Italy) and a total GP of about 154 billion
EUR in 2016 [STATY).. It comprises 33Icities and 6 provinceg(Ferrara, ForiCesena, Modena, Parma,
Piacenza, Ravenna, Reggio litmand Rinini). The economic system is mainly feed by thanufacturing
sector,including 43.000 companieand 480.000 job@JNIONCAMERE 2019.
According to he EU Innovation Scorebard (See Figurel), the regionis a moderate innovatowith a n
innovation inéx d 84,94 (European Commissia, 201).
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Fig. 1 Innovation Index in Europe, 2019 i Source: European
Commission®, 2019¢

The following regonal imovation scoreboard (Sed-igure 2), shows as the manufacturing industry has a
pivotal rde in fostering regonalinnovaion.

1 Souce: ISTAT - https:/ivww.istat.it/it/archivio/regioni

2 Theregianal innovation scorebodis a regional extesion of the Euppean innowvation scordoard assessig the innovation perforrance of
European regbns based oa limited numberof indicators.

3 Saurce: Euopean Commission- https://interactietool.eu/HS/EIS_2htmi#a
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Innova-tive SMEs collaborating with others
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Fig. 2 Regional Innovation Scoreboard - Source: European Commission®,
2019c

The ragional GDP isby 27% represeted by themarufacturing sector. According to the latest ailable data
provided bythe Chamber of @mmece Unioncamere 2019, 42.916 companés areactive in the
marufacturing sec¢or (corespnding to 106% of the egiond economy) A hugecontribution is given by tre
so-called Packaging Valley, characterized by bh expertise in innovative packaging mangry
manufaturing. This benchmark ector 6 compaeed ofdesign, manufacturingandtrade of machineryplants,
appalatus and guipment in general for padking, packagng and efilling, in addition to design services
labelling, distribution and sales. Agcling to the National Association of Packaging Machnery
Marufacturers (UCIMA®), in the packaging vallg are locaed 36% of Itdian firms working in the ctor
with a contribution of 61,1%to the total turnover (Beivogli et al., 2018). According to PARIZENdAIDA
daabase’ the padaging vdley includes339 canpanies working on packging machinery manufaaring
(accordng to 28330, 2895M®, 289600 Statistical classifcaion o economic ectivities in the European
Community (NACE)). The highest concentraticof compaiies in thissector is in the prownce of Bologna,
followed by Parma ad Modena. Other distcisin thesedor arelocaked in Reggio Emilia and Rimini. The
entire pakagng machnery manufacturing industrycontributes to the prosperity of plastmaclkaging
industry thataccounts for 126 companiesin 2018’.

== Since the plastic packaging industry is on¢hef drivers of the regionaiconomy system innostion
has bea appliedto the ERR in order téake upthe challenges of the present tiamal t&ke advantage
from the rethinking of curent producton, consumption and disposal patternghe work completely
fits with the ST and LT objectives as respectivelyfixed within the Regional Waste Plaand theEU
legislation onCE and plastics.

4 Source: EuropeanCommission - https:/interactivetookeu/EISEIS_2.html#a

5 Source: WCIMA - http://www.ucima.it/ueen/

5 PARIX and AIDA aredatabases containirgonomicandfinancial irformation at regional and national levBource https://www.bvdinfo.com/it
it/le-nostresoluzioni/dati/nazionali/aidd®?ARIX has been substituted by ATER databasé Source:https://adrier.lepida.it/AdriWeb/

7 Data aregprovided by the Camber of Commercei Bologna.
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1.2 System innovation theory

The variety of fastics, thenultitude ofplagic appications andthe high number of staholders involved in
the plastic packagmandplastic pakagng wastesystemneed asimplification in comprehensiveness dhat
systemic complexity (lacovidou et al, 201If).addifon, the im@ct of plastis abngthevalue chan recuires
a deeprethinking in accordance to the life cycle appobathusovercomimg the lacking coherence oturrent
research thagenerally examinegheimpactsdealingwith one particular aspect, or stage on thetjgaslue
chain(Hahladakisandlacovidu,2019)
An innovation oriatation is likely to affectboth forms of innovationpresentedn the literature: radical and
incremrentd. Radical innovations cawse disruptivechange \ithin the organization (Faitough, 1994).
Incrementalinnovations ae insteadminor imperceptiblechangsthat may hag an inpact ascumubtve
effect (Lawlessand Andesan, 1996).
System innovations ardesigned to bringabout a fudamental andadical diange in the way societal
functionsare performed Since the concepts still emeging and related prases are extraely canplex,
there is no oconsensus orthe exat definition of system innovation (OHL 1997). However,system
innovation encompsses teamologicad or social innovation.When innovation peneates in a systm, it
groupsall important econonai, social, poliical, organiationd factors thatmay influence the development,
diffusion, and usef that innovationlt is purswed by:

- involving a lage rumbe of actors

- considering a lbof variables

- combining different leve$ ard types of innovatior{Edquist, 2001)
Therebre, swtem nnovation works n a multi-ador process where variables are épgrent from each
other but ifluence each ther thraugh interacion. This interactionmplies the usagefddifferent types of
knowledge aml skills not ony from different stakelwlder goupsbut also from different disciplines. This
means that system inwation is not only mlti-discidinary, but aso transdisdplinary.
In order to make tii conplexity undestandable, theestablifimentof srategic goals rad objective atbws to
the man elenents characterizing the system to establish a common path tolél. That objectivegnd goals
are generalhLT oriented @& amedto radically change theurrent situation That transion to canpleely
new system represts scientifically based synhesis which includes foecasting plaming and
implementation of stragicgoals and objdives.

== Defining a unique plastic value chain is difficult giveretwide number ofappications. As
aforemetioned, his thesids focusedon packaging sectoSystem innovatiorhas beemppliedto the
plastic packaging value chainn ERR. In particular socb-technical innovation is here implemented
to improve the paclging design andhe plastics circularitas vell as the syste in which packaging works.
The godis setting the basis for a radical change in threecul praludion and disposal patterns by prating
an efficientafteruse plastic economy

1.3 Backasting method

System innoation needs alear and cohent final goal b pursue.As described above, @sion, and
consequently scenario, should be envisthrScen@o development is energing as a key ethal when, like
in this cas, uncertainty is high, the problem is complex and view is essential (Kolet al., 2011).
To appy thebackcashg method, twamainaspectdiave to beonsidered

- the type of scearioto envision

- the way to reacthat sceario
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Concerninghe firstasgect, the different way to approach the future @latedto the following quesons:
- What will happen? is responde to by Predidve scenarios. It is used to preditie futue by
defining forecasts and whaf scenaio.
- What can happen?is responded tdoy Explorative scenarios. The scenarios could $eduvhen
several possible futres have baeanalysd.
- How can aspecific targetbe reached?is responded to by Norrige scenarics. Suchstudiesare
explicitly normative, sincethey take a teget as a stéing point.

Scenarios
Predictive Explorative Normative

N N N

Forecasts What-if External Strategic Preserving Transforming

Fig. 3 Type of scenario categories i Source: Borjeson et al., 2006

The normative sceario haseen selectednd used to entify the goal to achieve within thihesigroject.
This caegory is divided into:

- preservingscerario
- transforming scenarios(Borjeson et al., 2006)

Transforming scenaris iwhatEC is addressing by troducing theirst EU-wide policy famework adoptig
a materialspecific life cycle gproach onplastics. Thdegislative framework setsrabitioustargets that an
to completey change the current production, consumption asplogal sgtem. These targetse establi®ed
by EU bodies withinthe Circular Economy packagand thePlastics Straegywith the final pupos to reach
a more circulaplasticsysem by 2030.

The overarcimg goals are here summarized and listed:
- Preventheleakage of plastic in thenvironment
- Improvetheresource diciency
- Improvethecircularity of gastics

Conceriing the secondaspectfour possible ways can be folwed
- forecasting
- scerario forecasting
- backcasting
- participatory backcasting

As illustrated inthe figure below Kig. 4), foreasting isthe process fotrend identification (Vergragt and
Quist, 2011). The result of the foreaxstng approach is the devedment ofthe most likely picture of he
future. This approach is recommended in thatialy stdble external envonment as BU is the bais
principle. The method o§cenario foreasting,which involvesthe development of sevd aternative options
for the futue, dlows to give recommendins on a strategy development in a changingrenwient. Tle
backcastingnethod starts withdefininga desirableudture and themvorks backwadls to dentify policiesand
programs that wilconnect that specified futie to thepresnt. Partipatorybackastingis characterized by
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the fact that, in adddn to thee x p e r t 0 sthe mterestaindtargss, of a widaange of stakeolders are
taken ino account dring the co-creation procesof the desired future \vien.

SCENARIO PARTICIPATORY
FORECASTING FORECASTING BACKCASTING BACKCASTING
Prediction of the Description of Evaluation of the Strategy co-creation by
most alternative possibility of involving stakeholders
probable options achieving the desired and envisioning the
future for the future future desired future

® A [ 4 ® ]

Fig. 4 Types of future scenario

Thenormative scenariois often directd towards how thdrial goal andhe relaive targetanay be reached.
As describedabove,that normate scenario refers to thearsposition of EU measuresard targes into
regioral policy whereexisting legislative framwork is also considered.

Policy makers increasingl recognize therole thd regions playin cultivating, attacting and retainimy
innovative economy and societ@ECD, 2013).It is particubrimportart whenpolitical commitmenaims to
ensurelL T and crosshorder efforts. In thiframework regional develpmen policiesincreasimly focus on
integratedolicies portfolios to promotéhe compémentary of policy in given place(OECD, 2011).

Plastic is under investigation at rtiple level of operability. EC has established a fearark of
measures withirthe Circular Economy Adbn Plan and he Strategy for plastics in a circular
economy The 2030targets established ihat policieshave been igntified asthe final goak. Since
the EU policies have to be transposed in each EU & analysihas been conducteti subnational
level (ERR in thiscase) wih the @am to study the contriliion of regions in promoting a rada change in
plastic packging value chainThe main goal is hawg 100% recyclable (or reusable)plastic packagng
by 2030.This goal leads t@n additional objective that is an mcreasen the plastic packagingrecycling
rate (whose taget ha been establishetbr the sane year, accounting fol55%). In addition, ST objedtes
havebeen fixed. The 2020 generationcollection and recycling targetefinedwithin the Regional Waste
Plan have been defideasST djectives in this workTherefore, the local context as wellthe broadeEU
onehas been deeply analysed to undarsl howregional andEU policies influence each othein achieving
the goals Region beome a sort of leoratory where testingnnovaton andits dissemintion in a wider
systemFrom the transition engineering theory, region can be considered as dR&len etl., 2010.

Futureis affected by a multitide of factors: global economic sition, climatechange, state of innovan
ard lifestyle (Rahimifard et al, 2013). Each factormay differently affect different area. Embracing a
systemic multicriteria conept that ewompasses reironmen, human wdkbeing, equity, human
development, rd economyis pursuedthroughthe back@asing method. As oppos#to forecastng method
(Robinson, 199, Kishita et al, 2016)backcastindirstly defines a desirabluture, then looks backwards
from that fuure to thepresent in order to strategize andpan how i could be achieved (Quisind
Vergragd, 2006 Giddens 2008). It links the current situadn to the envisioned sustainable future.
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Since backcastingenhamres the pssibility of identifying radic& innovatiors and changes in the future
comparedo thinking from the present situatiq@uist, 2®7), it is particularly sutable for system innowian
by which pushing the transition of the current plastics prédacconsmption anddisposal éwards amore
an afte-use plastic economit is also ustil becaus of:
- the complexity of the whblem andn particubr of the plastic_based materiatgstem
- Thenead of major change for reducing dependence from fossikteek, pdution in manufactumg
and dsposal phassas well as the amount of landfilladd incirerated waste
- the need to chayethe doninant trendsaffectingthe current lifestyle
- the lack @ assessing externalities, especially in chemical indusey itha bg part of tie EU plasics
indugry
- the dimension and time of the scope that anele and bng enough to leave considel@room for
delibeate choice (Dreborg 1996).

A mgor differencebetwween visions andackcastingis that backcastingis not orly about aveloping a
vision, bu also alout developihg strategies and pathways how torgually achieve those visions. (Vergtag
and Quig, 2011). It follows that scenario isot a predictiorsince it aims to develop an alternative future that
may happemy underganding thecurrent siuation ad planningthe steps to achieve the desirablenstio.

== In order toachieve the desirabletfue (identified as the normative ona)comprehensive analysis of
the present situatiof2017) and in particulatheidentification ofthe gap betwen the pesent and the
future (2030) have ben done This work has been carried out bging a robust mcess named

backcastingThen, thecircularity strategy has been proposed as wathieve that future.

»
“»

Vision
100% recyclable plastic packaging

-y strategy ——— ; .
Circularty st A - .7 55% recycled plastic packaging waste

Sustainability

yrmative scenario_

’ -
’ l‘r-nml'm'nm\m5_1m
: . p—

‘ ————— -

2017 2030

Fig. 5 Transforming normative scenario

Roorda(2014) has highlighted six principles that can influence the effig of transition experint@ssuch as
acknowledge the complexityfdhe challengesrecognize the difference between system optimization and
system innovationgive room to divesity and flexibility, think systenatically and coecreate.All these
principlesare grouped and make opgve through thdackcastingnethodlogy. The backcasting method is
applied to the plastic_based materials systgrodmsideringhe following steps:

(1) sdecta visibnthat s t&ken as ad-point;

(2) define the principle that will gde the entire process

(3) delineate the system

(4) identify specifc actorsinvolvedin the system

(5) describe the state of art and consequently theegbimt which he system works

(6) analyses bariersaffecting the presensituation and that hinder the future scémachievement
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(7) orientate he problemby identifying the obstacle® be overcome and the opportunities to be taken
to realize theadical chage

(8) define milestones

(9) implement theactions

(10) monitor tha actiors according to the final goal achievemeiee(sig 6)

Goal definiton

4
1. Guiding principle <
v
o 2. System definition
L J
3. State of art <+
\ 4

4. Challenge and gaps
identification

Y
5. Strategic problem orientation [*—

h i
—» 6. Future solution envisioning

7. Implementing and
monitoring

L
8. Followup

Fig. 6 Backcasting process

1.4 Participative backcasting formula

After the publication ofOur common futurebackcastingmethod was shiéd tavards sustairality
(Robinsan, 1990) andconsguently paticipatay backcastingpecameknown (Vergragt, 1993). It fdbws
that participativdbadkcastingbecanes the method to envision and reach a sustainable plastic value chain. In
particular, partipatory backcastinguiims at i@nifying and explorng sustaiability solutions, towards twad
stekeholder patrticipation,rad to multiactor interactin process wards enhanced normativity of scenarios
based on strong visions shared and supported bghsidkrs, and tdhe importanceof corcegud learnirg
(Quist and Vergragt, 20®5; Jacobet a., 204). The toad and instrurens usually used to implerant
participdive backcastingnethod are workshops, focus group discussions, participatory mappingraind s
structurel interndews (Hagemeer, 2015.

The preent work has engagd stakeholders tlough suveys, questionnaires, gviews andnatchmaking
workshop.
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The overall phasesmal tools (both analytic and visual) usetthin this PhD workare summarizeth the
table below Tablel).

Tab.1 Phases and tools for the backcasting process implementation

Stepof thebackcasting Visual
Chapter process Key-findings Analytic tool tool
5 1. Future senario Normaive trarsforming EU, national and regional
envisioning scenario legislatve analysis
5 2. Guiding principle Kuznet curve
Regional plastic packaging
3. Systemdefinition value chain Life cycle analysis
Net ma
3.1 Stakeholde Staleholdemayping and Relevancelnterest Matrix
identification analysis External, connected ande
6 stakeholdeschenatization
Network stakeholder analigs
— . Intervie
3.2 Stakeholder Paricipative backcastig v WS.
Quesionnaires
engagement process
Survey
Match-makingevent
Prent situation
4. System knowledge :
y 9 understanding
Plastic packaging and plast
4.1 Quantitative analysis | waste quantification Material flowanalysis
Multi -level and muli-criteria
7 4.2 Qualitative analysis Barriers anlysis analysis
PESTELAnNalysis
Context
5. Strategic problem Critical amalysis map
orientation Outside of inside Analysis
SWOT Analysis
8 6. Future solution
envisioning Circularity strategy set up Strategyplannirg
Design for and from
8 7. Implementation and recycling- Recycling and
monitoring Circularity
9 8. Follow up Conclusion

The circularity strategy connects recycling with circularity ilifea cycle approach by implementing
Y ecadesign forand fromrecycling In addition, the strategyrovidesa tool which connects design and

in particubr, ecedesign with recyclingindcircularity. While recyclingthroughputgives information
aboutthe amountthe value_basedircularity indicatorprovides considerations on the quality of polymers
and consequently on the market ofsSPhe tool connestconverters and recyclers wiffolicymakers The
final goal issetting the basis for a radical change in the current production and disposal patterns by
promoting a efficient afteruse plastieconomyin Emilia Romagna RegiofERR).
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Summarizing the tool contributes to

Support packagingdesigners to rethink plastic packaging with a view to the life cycle and, in
particular, the Eolas link with theremanufacturingtage

Standardize ecdesign requirements for plastic packaggopds

Incentivize the ecaesign by implementing eemodulation fees(as regards the Extended Producer
Resmpnsbility (EPR) principlethat are in line with the recyclability principles

Incentivize the use of PCRiaterialsn new product manufacturirthrougheconomic incentives
Harmonize thdinancial schemef EPR sygtem

Connect recyclabilityvith effective recycling

Transpose EU recycling targets and therefore, harmonizzatbeation of te recycling rate
Measurehe exact amourof plastic waste turned into SPs

Link the quantity of SPs with its quality thrduthe circularity indicator

Give information on the SBmarkettrendthroughthecircularity indicator

Motivate recyclers in improving the recycling performatftusughthe circularity indicator
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2 PLASTIC MATERIALS AND APPLICATIONS

2.1 Plastic materials

The term 0 opted ot clasifginy a iwise range of materialsssically charaderized by high
strengthto weight ratio, versatility ad resistancect any type ofdegradation(chemical, biological and
physica).

The wide range b materialsrefers topolymeric materialof high moleclar mass A polymer is a useful
chenical madeof many repeting unit$. The tem polymer is defined in Aricle 3(5) of Regulation (EC) No
1907/2006 of the European Parliament and of the Co(2@16) as a fisubstance consisting of molecules
characterised b the sequence of one or moreaypf monome units. Suchmolecues must beistributed
over a range of wlecular weigls wherein differences in the molecular weight are primarily attributable to
differences in the number of monomer unitpoymer comgses the following: (a) a simplgeight majority

of molecles conaining at least three monomer units whicare covalery bound to at least one other
monomer unit or other reactant; (b) less thanimpgle weight majority of molecules of tk@me molecular
weight .Ead repeating unit isepresentecdby a monomerable to be assembled a complex organization
such as the pgmeric chain.

Polymers have a limitless range of characteristics:
- They are restant to chemicals.
- They are insulators dfeat and elddcity.
- Theyare light in massrad have varyng degrees bstrength.
- They carbeprocessed in various wayo produceibers, sheets, foams, or intricate moulded parts.
- Their properties can be enhaddy additives.

However, even if some poners can beefficiently work alone, others ezl additivesaddition. Additives
improve speific properties such as hareks, softnessUV resistance, or their behaviour during
manufacturing (Villanueva and EdefQ12l). The content of additives varies widdrom few percenages in
PET to 60% in PVC\il lanueva ad Eder, 2014.

Additives in plasic can be divided into:

-

A Functional additives(E.g. stabilisers, antistatic agents, flame retardants, plasticizers,dotsislip
agents, curing agents, foamiagents, biocids, et.)

A Colorants
A Fillers (E.g.mica, talc kaolin, clay, calcium carbonatdatium sulphate)

A Renforcements (E.g.glass fibres, carbon fibres).

The mix between polymers and additivesscalled resin (OECD, 2004) A resin is the resulof different
combnations of monomers and their bténg with ocygen chlorine, fluorine and nibgen.

Plastics can be syrehizedfrom fossil fuels as well as from biomass of differemigin (E.g. Sarch and
sugar9 or synthetized from fossil feedstocks.

8 Source: American Chemitry - https//plagdics.amercanchenistry.com/pastics/TheBasics/.
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A description offossil_based plastics iscludel in the paagraph below (ParagrapB.2). Bioplasics are not
the core othis researcland only few words are used to describetligen in theparagraph below

2.2 Fossil-based plastics

According to thephydcal and chemidgropertiesfossilbasedlasticscan be:

A Thermoplastics represent the majdyi of polymeric materials. fiey came froma direct process.
Theyare characterized by chemical stability over aewaihge of temperatures. Thermoplastics can
be remolten, thezfore recycled, into new objects aldrials siffer degradation after several rgcling
cycles, however, athst theoretally, remanufacturings admitted. Examples of thermoplastics are
PET, P\C, PE(-LD or -HD), PP, PS, EPS, PLA, PHA, PEMMA, PA, PTFE as shown in th&ab
2.

A Thermosetsare prodeed after achemical catalysed re@an that takes place duringioulding in
order to perform the pgmeric chain with the formed plastic polymer chaiinemoset plastic is a
category of plasticsnable to be rghaped, remolten or remanufactueiér thefirst hardening. In
fact, their hidn crosslinked structure ischaracterizedoy high resistance tanechanical force,
chemicals, wear and heat. Exangméthermosets are PU, Pl and Epoxy Resasshown in theTab
2.

The following table identies thernoplastics and thermosetting polymer

Tab. 2  List of thermoplastic and thermosetting polymers

Thermoplatic polymers Thermoset polymers

Polyetiylene | PHA Polyamide(PI)
terephthalatéPET)
Polyvinyl chloride | Polycarbonat¢PC) Epoxy Resins
(PVO)
Low/High density| Polymethyl methacrylat | Polyurethane$PURPU)
Pdyethylene| (PMMA)
(LD/HD-PE)
Polypropylene (PP | PolyamidegPA) Silicone
Polyeder (EPS | Polytetrafluoroeylene Vinyl Ester
(PTFB
Polygyrene (PS | Acrylonitrile butadiene Urea FormaldeyhdBesin(UF)

styrene (ABS)

Polylactic acidor
polylactide (PLA)

Styreneacnylonitrile resh
(SAN)

Phenolic Resins

Polybutylene
terephthalat¢PBT)

Polyetheretheketore
(PEEK)

Acrylic Resin

Thermoplastic
dasomers(TPE)

Polysulfone PSU

Melamine Resif{MF)

Fossilbased plastics degrades in longeipod. Degradability is indegpndent from th source of the polymer,
while it is affected by the polymeric molecularganzation andsurrourding environmental @ndtions:
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thermaet polymers cannot be melted arfbrmed. Regarding recycling of thermoplaiss, a problem
might be the Isortening causd by ageing that avoid new linking with molecules byoking together.
Thermesdting plestics caanot be recycled méarically, but oy energetically valorised.

Fossl_based plgics ae made from crude oil. Alostall plastics are curremntlderived fromfossil sources
(Villanueva and Eder, 2014However 2,11 Mt (correspoding 1o 1% of total market) oplasticscomirg
from biological cycle is nowadays usedE(ropea Bioplsstics & Ingtitute for Bioplastics and
Biocomposites, 201)7

Bioplastics are made fromrrewable madrials such as corstarch or norfood sources (Alarez-Chavez et
al.,2012; Di Gregorip20(®; Mojo, 2007; Karana?2012). Bioplastics can atsbe Hodegradal#. Dependng
onthe degadation amwl the souce, biglasics can be:

ABiodegradable pastics degaded by microorgasms able to adpt them as substte for ther

metabolism. Therefor&omgdex polymeric chain ca bedecomposed into watandcarbon dioxide

or methare, respectivéy with aeobic or anaerohi corditions. Biodegradable plasticcan be
synthetized either fm kiogenic or bssil feedstocksPHA is an example of a bigsourcedplasic,

obtaned from baarid synthesis, and biodeachble.

ABio-basal plastics dfferenty from biodegadalle one,can ke only synthetized from biogém
sourceseven if thestrucureis identicalto correspondergynthetic polymeric. However, eveif the
saurce is biogenic,they are not necessarily dilegradate. In fact, PLA, obtaired from starch, is
biodegralable, while Bio-PET, synthetized from suga cannobe biodegraded.

The fdlowing table shows the typef bio-polymers relative uses.

Tab. 3  List of bio-based polymers and related applications

BIO-BASED POLYME RS

Name Abb. Main uses
Cellulose Adate CA packaing
fuel lines, pnematic airbrake tubing, elgeal cabke ant termite shelaing, flexible
Polyamde PA oil and gas pipes, aurol flui d u mb sportis chads,Gelectronic device
componats, and atheters
Polybutylene . . . .
Adipate PBAT ;Ilrr}gu'tv&/:glplzc;; food padkaging, composableplastic bagd$or gardeing and
Terephtlalate 9
Polybutylene . . . —
Succhae PBS reusable hoitulturd crates and gid food packagng with hinges
Polvethvene PE films (storagebags pouches, packaginglifiis), blow molded hollow pats sut as
yethy bewerage ontainers, automotive fuednks, injetion molded partsubes
Polyetlylene
Terephthalate PET bottles
Polyhydroxy PHAs medcal tool
Alkenoate
Polylactic Acid PLA films, fibres plastic containers, cupsna bottles
Polypropylene PP medial prodicts (withstand the heat in an autaxee) and dshwasher safe coaines

Polyvinyl Chloride | PVC pipes wires, films, cablesandbottles
Polyurethane PUR mattress

Starch Bleds drugcapsuesby the pharmaceutid sedor, blends for industial applications

9 Source University of Southern Cafornia- http://illumin.usc.edi7/recycling-plastcs-newrecyclingtecmology-and-biodegradablepolymer-
dewelopment2/
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The followingtablehelps to identify thelegradabiliy of fossil_based polymersompared withthe bio-basel
ores.

Tab. 4  Degradability of bio-based and fossil-based polymers - Source: European Bioplastics

BIO-BASED

Bio-PE PLA

Bio-PA PHA
-
m TPS w
<Dt CelluloseAcetate o
s PELD PBAT %
e PEHD PVA =z
o PP >
o oy
%. PA F'?l
> PS

PVC
EVOH

FOSSIL_BASED

In the end, it is possible t@istinguish three main grougs:

A Biobased or partly biobased notbiodegradable plastics such as biobased PE, PPRET (se
called dropins) and biobased technigeerformance polynms such as PTT or TRET;

A Plagics that ardoth biobased and biodegradalsiech as PLAarnd PHA or PBS;

A Plastics that arbagd on fossil resaues and are biodegradable, such as PBAT.

2.3 Manufacturing of fossil_based plastics

Oil and naturagas are the njar raw materials used tmandacture plastic§American Chemistry counc?).
Crudeoil is acompex mixture of thousandsf compounds and needs te processed before using it. Crude
oil is firstly subjected to distillation in an oil refinewhere the haw crude oil is separateidto groups of
lighter components, called fracti@rEad fraction is a mixture of hydrocarboohains (chemical compoursl
made up of carbon and hydrogen). One of these fractions, naphtha, is the crucial compained fo
production of plastics.
The main pocesses involved inthe plastic manufacturing are:

1. Distillation/Cracking

2. Polymerization/Polycandensation

3. Compounding

4. Conversion

The layout is shown in the Figure below (Figd)e

10 Source:American chemistry https:/dasics.ameicanchenistry.com/
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Fig. 7 Layout of plastics manufacturing process

a. Polymers manufacturing: from cracking to polymerization processes

As already mentined, oil and gasare initially cracked to poducea range of productfrom which naphtha.
Naphtha feedstock is either cracked or reformed to pros@ee intermedates. The traiigon from
monomer to polgneris accomplishedy polymerisation and blendirggtivities. Ina polymerisation reactor,
moromeas swch as ethylene angropylene are linked together to form long polymer chains. Each polymer
has its own propertse structure athsize depending on the siaus types of basienonomers used.

Few types of plymers contan only carbon and hydrogen ais. PE PP, PSand are exaples of these.

The combinations of monomers atikir blending with oxygen, chlorine,uftrine and nitrogemenerates
additional types of lastics (Harper2005 Rosato et al., 2000for example,PVC haschlorine attached to
the dl-carbon backbone. Nghs contain nitrogen atonirs the repeat unit backboneSand polycarbonates
contain oxygen in the backbe. There are also some polymerstthastead of having a carbon backbone,
havea siicon orphasplorous backbone.

Details ae siown in the flow chea below (Figue 8).
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Crude oil
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Fig. 8 Layout of polymers manufacturing i Source: Encyclopaedia of
Occupational Health and Safety*!

This research focusebéd studyonly on plastic materials. Therefgréhe following pamgraphs show the
processeto compound plastic r@ss and conves plastics in components and final prothu

b. Plastics compounding

Compounding consists dghe mixing and/or blending the polyen with additives to obtainthe secalled
compound charactrizedby amolten stateThis pocesschanges the physil, thermalglectrical or aesthetic
characteristicsfahe plastics. In particular, additives are used t

- protect plastics from the degrawj effeds of light, heat, or bacteria

- to change sich plasic properties, such as melt flow

- toprovidecolour

- to provide foamedstructure

- to provide flame retardancy

- toprovide special characteristics such as improvethseappearance or reduced tackfion

- toincrease flexibility and workability(American clemistry council?)

c. Plastics conversion

The conversion ofplastics mateals into finished productg€an be donehtowh different processing
methods. As detailed lwv, different processsexist

A Compression moulding

This process consists of hista plasic material, whictcan be in the form ofrgnules or powder, in a
moul d which is held in a press. When thermmoat er i
the shape of the mould.the plastic iof the type that hardens on hiegt the famed article is remmved

after a short heatg period by opening the presBhe main applications areottle caps, jar closures,
electric plugs and sockets, toilettg trays and fancy goods. Comagsion mouldig is al® employed to

make sheetor subseqant forming in thevacuum forming processr for building into tanks and large
containers by welding or by lining existing metal tanks.

A Injection moulding

In this process, plastics granules or paavd are heateth a cyinder (known as the baal), whichis
separate from #tamould. The materiabiheated until it becomes fluid, while it is conveyed through the
barrel by a helical screw and then forced into the madide it cools and hardens. Theouaid is then
opened meeanically, and the fornte aticles are removed The main applicationsinclude the
manufacturingf wire spools, packaging, bottle caps, automotive dashboards, pocket. combs

A Extrusion

This is the proes in which a machine softenspéastic and dérces it through a die which gigit the
shape that it retais on cooling. The pross of extrusion has two major types. In one, a flat sheet is
produced. This sheet can be converted into useful goods hbypotieesses, such as vacuum forgi
The seconds a process in which the extledtube isformed and whenifithot is greatly expaded by a

11 Saurce: Encyclgaediaof Occupational Heath and Safety- http:/www.iloeng/clopaediaorg/partxii-57503/chentakprocessig/128examples-
of-chemicalprocessinepperatonsplasticsindustry
12 Source:Americanchemisty council - https:/plastcs.ameicanchenistry.com
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pressure of air maintained inside the tuldebes for industrial or domestic, film for wrapping in
packaging apptiaionsare generally extruded

A Calendering

In this process, a plastic is femtwo or nore heated rollerand forced into a sheby passing through a
nip between two such rollers and cooling thereafthe main applications aréaaet (thicker than lfins)
for industrial and domesti@applications.Calendering is also used to pessraw mateial in the
manufature of clothing andnflated goods such as @y

A Blow moulding

This process can be regarded as a combination of the process of extrusiommaadicitming. A tube is
extruded dwnwards intcan openednould as it reacheshe bottom the mould is closedound it and the
tube &panded by air pressurehis, the plastic is forced to the sides of the mould and the top and
bottom sealed. On cooling,dlaticle is taken from the mouldBlow moulding is used to manufcature
bottles, includingPVC bottles usetbr carbonated drinks.

A Rotational moulding

This process is accomplished by heating emaling a hollow form which is rotated to enable gravity to
distribute finely divided powdeor liquid ove the inner surface of that forfithe main @plications are
footballs, dolls and othiesimilar articlesnanufacturing

A Film casting

This process consists of extruding a hot polymer on hhly polished metl drum, or a solution of
polymercan be spraykon to a moving beliThis processis usedto manufacture wmiti-composite films
madeup of plastics and board/paper used for packaging applications.

A Thermo-forming

Under this heading are grouped a numberrofgsses in whib a sheet of a pbtic materiglmore often

than not thermoplaig, is heaéd, generally in a oven, and after clanmg at the perimeter is forced to a
predesigned shape by pressure which may be from mechanically operated rams or bysedaipi@s
steamForverylargar t i clreub beh 0OA hot s Wwithéohgsoves formessitttemnal d | e d
light fittings, adrertising and directional road signs, baths and other toilet goods and contacialenses
generally thermdormed

A Vacuum-forming

In this process a sheet plastic isheded in a machine above a caviground theedge of which it $
clamped, and when glble it is forced by suction into the cavity, where it takes some specific form and
cools. In a subsequent operation, theck is trimmed free from the shkt. This process is used for
chealy thin-walled contairers of all typesas well as display anddvertising goods, trays and similar
articles, and shockbsorbing materials for packing goods such as fancy cakes, sofhfiticut meat.

A Laminating

In this laminatingprocesses, two or m@rmateriag in the fom of sheets are copressed to give a
con®lidated sheet or panel of special propertigscorative laminates made from phenolic and amino
resins, at the other compléilms used in packaging havinfpr example cellulose, polyethylee and
metd fail in their constitution. Are generally laminate
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2.4 Fossil-based plastics applications

Since the research focused on fossil_basegnmis, the following tablegTables 5 and 6) shows some
example of commuity, engireeing and specialist polymers ¢ peformane plastics)and the relaive
applications.

Tab.5  List of commodity and engineering polymers

COMMODITY/STANDARD and ENGINEE RING POLYME RS

Name Abb. Main applications

Fibres toothbrushbristles, tubing, fishing line antbw-strength

Polyamides PA or nylons machine parts sucéts engine partsr gun fames

Compat discs, eyeglasses, riot shields, security winslotraffic

Polycarbonate PC lights and lenses

Polyeste PES Fibresand textiles

Polyethylene PE Supermaket bags and plastic bottles

High-density polyethydne HDPE Detergent bottles, milk jugsxd moulded platic cases

Outdoor furniture, siding, flor tiles, shower curtains an

Low-dersity polyethylee LDPE clamshell packaging

Carbonagd drinks bottes, peanut buttejars, plastic fim and

Polyethykneterephthalate | PET microwavable packaging

Bottle caps, drinking straws, yogurt ¢aimers, appliances, cé

Polypropyene PP fendersbumpersand plastic pressure pipe dgs
Foam peanuts, foodontainers, pastic tableware, idposable
Polystyrene PS cups,plates cutlery, compaetisc CD andcassete boxes
High impactpolystyrene HIPS Refrigerator linersfood packaghg and vending cups
Polyurethanes PU Cushlqmg foams, thermal insulation dms, sirface coatings
and printing rolkers
Polyvinyl chloride PVC Plumbing pies and_ guttering, electrlcz_il wire/cable insulatio
shower curtains, window framesdflooring
Polyvinylidene chloride PVDC Food pakaging
Acrylonitrile butadiene ABS Electronic equipment casefE.g. compuér moritors, printers,
styrene keyboards andrainage fpe)
Polycgrbonate/Acronn|tr|Ie PC/ABS Carinterior and eterior pats, and mobile phone bodies
Butadiene Styene
Polyetrylene/Acrylonitrile PE/ABS Low-duty dry bearings, as spery bend

Butadiene Styrene



https://en.wikipedia.org/wiki/Polyethylene
https://en.wikipedia.org/wiki/High-density_polyethylene
https://en.wikipedia.org/wiki/Polyethylene_terephthalate
https://en.wikipedia.org/wiki/High_impact_polystyrene
https://en.wikipedia.org/wiki/Polyurethanes
https://en.wikipedia.org/wiki/Polyvinyl_chloride
https://en.wikipedia.org/wiki/Acrylonitrile_butadiene_styrene
https://en.wikipedia.org/wiki/Acrylonitrile_butadiene_styrene
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Tab. 6  List of specialist polymers (high performance polymers)
SPECIALIST/H IGH PERFORMANCE POLYMERS
Name Abb. Main applications
Adhesive, pottig agent for electrical components, ar
Polyepoxide EPOXY matrix for mmposite materials with hardenersluding
amine, amide, and bororifluoride
Contact lenses of the daginal "hard" \eriety, glazing,
Polymethyl methacrylate PMMA aglets, fluorescent lightliffusers, rear light covers fq
vehicles
Hea-resistant andolw-friction coatings, tings like non
Polytetafluoroethylene PTFE or Teflon stick surfaces forrfing pans, plumber's tape and wex
slides
Phenolics or phenol Insukting parts in electrical fixtures, paper laminat
PF . :
formaldehyde products, thermally insulatiom&ms
Mouldings (E.g. breakresistance alternatives teramic
Melamine formaldejyde MF cups, plates and bowlor childrer) and thedecorated tog
surface layer of thpape laminates
Wood adhesive for plywood, chipbadrhardboad and
Ureaformaldehye UF electrical swith housings.
Pdyetheetherketone PEEK Medical implan applications, aerspae mouldings
Maleimide/bismaleimide BMI
Polyetherimide PEI Ultem

2.5

Plastic value chain

This paragraph aims to illusteas simplified version of plastic wa chain.

As shownin the Figure9, the plastic value chain involves differeptayers:

A

To o Do P o Do

Raw materials producers that extractfossi fuel, apply steam cragkg pracessand produce
monomer and polymer
Compounderstha mix polymers with additives, depeindg on the requiremestnecessaryo
performatticles and products
Converters, that peform articles and mducts, mainly inpackaying, building andconstriction
(B&C), automotive, electricaklectronic (EE) manufactung sectors

Distributor s

Users andconsumers
Collectorsthatmanageproducts wenhas become waste
Recyclers and general wade operators that dispose waste inahdfil or valorise it in

incineration (wth energy

manufacturing).

recovery) or

in

Thefollowing figure describéhe man actors nvolved in the plastic value chain

recycling plants (withecendary plastics

2

Raw materials

suppliers

)

Plastics

compounders

Plastics
converters

)

).

Plastic waste
recyclers

Plastic waste
collectors

Plastic good
users

) )

‘Waste plant
operators

>
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Fig. 9

Simplified plastic value chain
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Details onplastic industry arelisted in the subparagraphs belowA description of EU as well as Italian
blueprins ae included.

2.5.1 Petro-chemical industry

As described above, the production fissil-based plastics is basd on steam @cking pr@ess. Steam
cracking is the petrocheinal process in which saturated hydrocarbons aok&eésr down into smaller, often
unsatuwated, hydrocarbons. It ishe pincipal indwstrial method for producing the ghter alkenes (or
commonly oldéns), includng ethene(or ethyleng and popene (or propgine) Monomers are then
polymerised to produce resi.

According to the British PlasticFederatiof®, only 4% of he wot d 0 s raotedlis used to manufacture
plagics. Theremains are mainly sedfor chemcal industy (4%), heahg andenergy applicatins(42%) and
transportation sector (45%).

45%

42%

4%

= Chemicals = Heating and energy = Other Plastics Transportation

Fig. 10 Oil applications i Source: British Plastics Federation

The sales vale of EU plasticsproducers is equ | t o U 5lé®thah hiflof what iChina produces

(1.293 billionEUR), comparedo t he 0u3.475 billion sales at gl oba
share of the EU chemical induss has halved, going fro81% to16%. EU petrochemistry acaots for

27% of salesand all plymers together (rubbemplastic plastics), are just over 26The top trading

partners for exports (in value) outside the EU were Turkey with over 13%, Chmaaund 12% and USA

with dmost12%. The main partners famparts from outside th EU were USA with approximately 25%,

Saudi Arabia with about 13% and South Korea with over 12%.

The following map shows the global production of ethyléhat isthe man raw materialused® to praduce
plastic mateals.

13 Source British Plasics Fedeation- https://www.bpf.co.uk/

4 Saurce: Pdimerica.
15 AMI is a database contding information on plastic processors, cinding market and production cpacities i Source:
https://www.ami.international/pubs/all?catalog=Publishing
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Ethylene production

0-0.5 Mt

0.5-1 Mt
1-1.5 Mt
1.5-2Mt

2-3Mt

3-5Mt

>5 Mt

Fig. 11  Global generation of Ethylene, 2013 i Source: The European
House i Ambrosetti, 2013

According tothe Applied Market Information(AMI)6 s d a thea bOalagest companies of the global
chemical industryare:

1) Dow Chemical (Michigah

2) Lyondell Basel(Netherlang, Texas, UK

3) Exxon Mobil (Texas)

4) SABIS (Saudi Aabia)

5) INEOS (Switzerland)

6) BASF (Germany)

7) ENI (ltaly)

8) LG Chem (South Korea)

9) Chevron Philips (Texas)

10) Lanxess (Germany)

2.5.2 Compounding industry

Once the m@sic resinshave producedybthe chemical poymerization, dditivesand othematerials musbe
added tomake resins commercially usefulhe relatively industryis really complex,involving the
manufacture of additives and modifiePdastic compoundings done by three differentikds of companies

A resinproduers(E.g. Borealis Ineos and Lyodell Basel)

A plastics processors (that process and shape resins and compounds by injection or blow moulding,
thermoforming and extrudingE.g. Ravago, Cabot Imeetional, Schulman, PolyOne

A independent conqundersthat dfer fast colourmatching and hilg levels ofservice to local
processors

Some companies do more than one of these actigitiésre named integrated compounders
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Neverthelessa wide range of pgmers exists, only PE, PERP, PVC, PS and ERdominate thecurrent

market, acounting for 5% of total production (PlasticsEurope, 2A@). In the recent years thé&U
compounding markets havacreased owig to thegrowth of technicaPOsand engineeringampounds
demandas replacemds for metals andther traditond mateials in automotive anelectrical gplications.
According to AMI 6s databases, mo r e opeh & whicik @0are c o mp
polymer maufacturers

The top 10mdgrendent compounding compias operating ithe EU markearée®:
1) Rawago (Belgum)
2) MBP Matere Plastichdresciane taly)
3) Polymer Chemie (Germany)
4) A Schulman (Germany)
5) Sirmax (ltaly)
6) Inno-comp (Hungry)
7) Albis Plastic (Germany)
8) Sumika Polymer Compounds (UK
9) Plalloy MTD (Netherlands)
10) LAM Plast (ltaly) 1’
Integrated compaundersaccountfor around onlyl4% of compund operations in & producing50% of the

market's materials in 2007; the biggest compamie€ikariant and Cabot.

Consideing the overall oil yeayl used to produce plasticthe global plastigproduction acounted for
359Mt in 20188 (SeeFigure 12) (PlasticsEurope, 2@). As shown in thérigure, theEU plasticsproducton
has registered a reduction respectimdlobal one.

450

56 65 55 58 57 57 58 60 64.6 61.8

2002 2007 2009 2011 2012 2013 2015 2016 2017 2018

World ®Europe (EU28+NO/CH)

16 Saurce:Plastenart- http:/atozplastics.can/upload/liteaturethermoplast-compainding-busnessgrowth-easten-eurqeasp

17 Arourd 300 cmmpounding #es ardocatedin Italy (The EuroganHousei Ambroseti, 2013)
8 The trend includes hermopéstics, polyuethaes, tlermasets, edsomess, adhesies, coatingandsedlants andPP-fibers and donot inlude PET, PA
and polyacryl-fibers.
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Fig. 12 Global and European plastic production, 2002-2017*° - Source:
PlasticsEurope, 2015, 2016, 2017, 2018. Data have been
elaborated by PlasticsEurope (PEMRG) / Conversio Market &
Strategy GmbH

The following maps and grapeportboth 2017 and 208 data The comparison will help tmotvate tre EU
plastics prduction egiseredin 2018.As shownin the Rgure13, thebiggest plaic produdion is registered

in Asia, followed by Europe and NaffaMinor amounts are produced in Africkatin America and CI8.
The comparatve analysigeveals that Europe is the nstate registring a reduction in the plastics demand
in 2018.

50,1% (2017)
51% (2018)

2! MIDDLE
} EAST,
AFRICA

WA ) Ly r.____\ / ‘ ., . [
LATIN . aPad a
AMERICA A1 N X y
4% (2017, 2018) [ > ¢ :

Fig. 13  Global plastic production, 2017, 2018 i Source: PlasticsEurope,
2018, 2019. Data have been elaborated by PlasticsEurope
(PEMRG) / Conversio Market & Strategy GmbH

2.5.3 Conversion industry

Plastc conversion industry uses primary plastics &fgrm products for various alignces in customer
industries.

The total demaah of the EU plagic conveter was 51,®1t in 2017 and 2018. It means that rhe reduction on
plasticsdermand registered in the pagraph above imainly due to a reduction in the export rket. The
biggestconsumerwasGermany, followed by Italy, Franc8pan, UK, Pdand, Belgium,Netherlands, Czech
Republic,Austria, Sweden, Portugal, Hungary, SwitzedaRomania, Greece, FinlanBenmark, Sleakia
regsteral a demand less than 20@@ Bulgaria, Ireland, Norwg Slovenia, Croatia have the smallest
contribution (less tharb00Mt).

19 astavailable d&a (provided by PagicsEurope).
20 North AmericaFreeTrace agreemen
21 Commonwealh of IndependenStates.

22 Thestudyincludes platic maerials thermoplasticend polyurethaneland dher plastics (hermosets, atesives, coatngsandsealarts) and does
not incude PETfibers, PA fibersPPfibers ard palyacryls-fibers
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Countries demanding morban 3Mt are reported in the Figure below (Figife The EU country with tre
highest derand B Gemany with approximately 25%plfowed by Italy with over 4% and France with
almost 10%]t follows that to an EU plastics production reduction, the conves@gemand has not registered
a significant chagerespect the previous year

"l
[ Y

S { POLAND
: * 6.5% (2017)
: ‘ 6.8 (2018)
FRANCE ~—r

O
o6% 017y AP

9.4 (2018) ; 3 N {

SPAIN ) TG
7.7% (2017) . N X
7.6 (2018) 14% (2017) Yo X

13.9% (2018)

24.6% (2017, 2018)

Fig. 14 Plastic demand in Europe (EU28+NO,CH), 2017, 2018 i Source:
PlasticsEurope, 2018, 2019. Data have been elaborated by
PlasticsEurope (PEMRG) / Conversio Market & Strategy GmbH

Consideringthe segment of applicatiopadkaging remains the most importaapplication: it overed 397%
of total EU demand in 2017 whit a smallincreasein 2018 (39,9%). Packaging is followed by B&C, EE,
household, leisure and sports, agricultataareillustratedin the Figure below.

16.70%

2018

16.70%
3.40% 39.90%
2017

3.40%
39.70%
4.10% 4.10%
6.20%
6.20%

10.10%

0.00% 19.80%

19.80%

® Packaging " Building and construction = Automotive = Electrical and electronic

= Household and leisure Agriculture Others
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Fig. 15 Plastics demand in Europe (EU28+NO,CH), 2017, 2018. Analysis
by sector i Source: PlasticsEurope, 2018, 2019. Data have been
elaborated by PlasticsEurope Market Research Group (PEMRG)
and Conversio Market & Strategy GmbH

Omitting data @ fibresand additives productin (that are not readilyavalable), Figure 16 highlights tte
details ofthe eshstype: P and PE-LD are the mostised polymes, followed by PEHD, PVC, PUR, PET,
and PS or expanded polystyrdRsE).

6,40%

7,90% 19.30%

2018

6.60%
7 700 19,30%
LAY )

12.20% 2017

12,30%

17.50%

10.20%

19%
19% 7.40% /

n 10%

7.70%

=PP =PELD/LLD =PVC =PET =OTHERS PE-HD.MD PUR - PS,EPS

Fig. 16  Plastic demand in Europe (EU28+NO,CH), 2017, 2018. Analysis by
polymer type - Source: PlasticsEurope, 2018, 2019. Data have
been elaborated by PlasticsEurope Market Research Group
(PEMRG) and Conversio Market & Strategy Gmb

The integration between polymepeand segment is illstrated in the graph dew (Figurel7).
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39,9% 19,8% 9,9%

Electrical
& Electronic

-

6,2%

Agriculture Household,

Leisure
& Sports

Others

Fig. 17 Plastic demand in Europe (EU28+NO,CH), 2018. Analysis by
segment and polymer type - Source: PlasticsEurope, 2019. Data
have been elaborated by PlasticsEurope Market Research Group
(PEMRG) and Conversio Market & Strategy GmbH

As shown inthe Figure 17, PE, PP ad FET are epecially used in packagy sector. PVC ighe main
polymers used in B&G@vhile aubmofive has been increasing the use ohage variety of thermoplastic and
thermosetting polyers. Is clear that kagng sector is the ngt cemanding sector p@lastic intensity. The
same trendhas leen registered in the previous year (2017) (PlasticsEurope, 2018).

Since the thesifocuses on plastpackaging application, tHellowing information refers to thisector.

At global level, tle plastic packaging market was valustdclose to US834,3L billion in 20B (+4%
respect to 2017, It is expectedto reach USD 45224 billion in 2024 Bottles covered the highest revenue in
2018, followed by bags and wraps anfilms. Asia Pacific accouatl the largest nmket in the world,

followed by NorthAmerica.

The 10 &rgest plastic packaging comiees in theword ae:

1) Amcor (Switzerlad)
2) Apla-Werke (Austria)
3) Coveris Holdings S.A (USA)

2 Source: Zim Market Researchhttps//www.zionmarketresearch.com/news/plagiackagng-market
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4) Sealed Air @rporation (USA)

5) Rpc Goup (UK)

6) Mondi Group (UK)

7) Aptar Group SAS (Frange

8) Constantia Flexible holding (Astria)

9) Klockner Pataplast (Germany)

10) Papier Meter (Germany)
Most of them are locatechiEurope.
Around 9.410 consrsion companies@ located in Ity (The EuroganHousei Ambrosedti, 2013) In 2018,
5,75Mt of polymers are managed by the national indugthe market sh@s a reduction rgmct to 2017the

demand reduction has been regietd forPP (0.000j, PVC (20.000, PS (1500Q), PE (1000Q) ard
engineering polyrars The deails are shwn inthefigure below

10.50% 9.80%

=N,

~ 7.90%
10400 0% \
8.10%

11.50% “ 11.30%

2017

60.60%

2018

60.50%

= PET =PS,EPS =PVC PO Other

Fig. 18 Plastics demand in ltaly, 2017, 2018. Analysis by polymer type i
Source: Plastic Consult*

2.5.4 Plastic waste management system

Since ®veral wage managers are involved ingeess by whichwaste plasticsmove fom the place of
generdion to recycling facilitiesthe following discussion emdices theentire systm of industry operatg
in waste maagment activities The organiation of EoL in MS depends significantly upon goxament
rules and regulationslt cortributes to diffeentige the collection and recycling system.
According to locasystem collectioncould be:

A Kerbside oollection

A Door-to-door collection

2 Plastt Consulfi Sourcehttp://plasticconsult.it/
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A Dropoff locations
A Refill/depost system (especially for PET btles)

After the ollection, pastic wastes are transped to the Material Recovery Facilities (MRF). Once the
plastic waste eaches depis or recycling fadities, the sating activity is performed. Pltis wastesare
firsty separated from neplastic wastes and the <orted to obain different polymers rad colors. Several
sorting techniques are availablene of the rost usedprocedure d separate polymers ithe density
sepaation process.

Other gpaation processs are based on spectrophotometricndéy and magetic properties Eddy current
separatio is used to sort noffierromagnetic objects. -Xays are also usefbr sotting very drty bottles or
thosehaving large laels. Near infrared rays (NIR)is a mlor-basd sotting technology Multiple detectors
can be sedto maximizethe soting performance(Hopewell et al., 2009).Another important step is
representedybremova contaminaibn removal. It couldbe macrephysical or chemical. Cleaning proces
usedto remove ail, solvents, paint, fatty fodstuffs or deergents absosxd by pastic (Villaneua and Eder,
2014). It is important to remove water_based gluavelt Rigid plagics are then ground intBlakes. Then,
various methods exist for flakeotting; dnkffloat separation separates PO fronv® PET and PSairr
elutriation remaes lowdensity flms from denser ground plasticRdy and Bown, 2007); laser sting
differentiate plymer by type of grde.

After thesesteps, the recycling procedutakes place Two main recycling technologies carebadopted,
dependng on orgin and ypology of plastt waske.

It is possible to distinguish:

1 Mechanical recycling.lt is remgnized as th predominant technagies for recyling plastics and is
carried outin four generd stages: sorting, shredding (flalgh, washing ad drying, extusion ad
agglomeration.

After the sorting, the mainly singular polymer material is oedliin size for enhacing further
procesig. After beirg shredded in flakes, the matdria washed ard (theoretically) fully cleaned
from impurities, such as food esidues,labels and dirt.The deaning process helps teparate
polymers by density. Therihe naterial is conmonly agglomeratedof improving is density and
increasing its visasity asa corseqience. Finally, the material i®ady to be exuded obtairmg the
so-called strandsMatetrials ae finally filtered, cooled by water and cut into gisl|

Thermosets areharacterized by bejnunable to bee-melt, therefore, to be fextruded. In thiscas

they can be only grinded forgufucing a fie powder whichcan beused as filler mied with virgin

material.

9 Chemical recycling/Feedstock recyclingThis pocess allowgo obtain simple mosmers. The
monamers obtained can be qmlymerizd in order to create again new plastics. The pess
includes:

- Chemical deptymerizaion where plast polymers (and in particulapolyesterslike PET and
nylor?®) react with chemical regents

- Thermal crackig where polymec materials are converted infiquid petroleum products

- Catalytic conversion wiie a catalyt cracking isimplemeited to produce galine and diesel
fractions

- Gasification to produce syngas bgrpal oxdation of organic matter at 1260500°C undemildly
oxiding condition (Aguado l., 2018).

% polymers arecharaterized by different density. Density of some magommon plymers arellustrated in he table biew:

Tab. a. Density of the most common polymers
Polymer type HDPE | LDPE | PP PVC | PET | Teflon PC
Density (g/cn?) 0,95 0,92 091 ] 144 1,35 21 12

26 Chamical depolymerisation @nnotbe usedto reprocess PE, PP B/C.
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Aswritten by Hopewell et al. (209),the ASTM D603 definedour typeof recycling suchas
A Primary recycling, referring to closedoop recycling
A Secmdary recycling, referring to downgrading
A Tertiary recycling thatis the chemical recying

Thestudy also defines theyuaternary recycling as energy reovery?’.

The ame athors hae developedkey-performance indicatorKpls) assessing the performancectosed
looprecyding (CLR) g in accordane to tre type of polymer (See Tablg.

Tab. 7  Effectiveness of closed loop recycling in current recycling process. Analysis by polymer type i Source: Hopewell et al., 2009

Polymer Closed loop recyatig Effectiveress in current rgcling process
PET Yes ¥y wadlearPET bottles
HDPE Some y with natural HDPE bott]l

Z with opaque drausetofiwis vty nfd
gradescolors and mixture with LDPE and PP)

PVvVC Some 7 beause of the crescontaminan with PET and P
padkages and labels)

LDPE Same Z (because of low collect

PP Theoretically b (because of low collection ratené presence o
techndogy to recycle PP)

PS Theoretically Z (b eotthelhighecst of separation)

2" Thiswork doesrd t sidev anergy recovery as a recyglipraces.
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The following Figure shows thvaious steps characieing the EoL of plastic waste.

| Plastic waste |

-

v v v v

| COLLECTION |
v v v v
| Kerbside collection | | Door-to-door collection | | Drop-off location | Refill/deposit
‘ ‘ ‘ system
T
Plastic waste in mono- Plastic waste in multi- Plastic waste in
material collection material collection mixed municipal
| | solid waste
+ collection
| PRE-SORTING | ‘
¢ Inceneration
Or
—| CLEANING | Landfill
| SORTING |
Sorting by polymer and
colour
Mixed plastic materials Plastic products.
| sorted
‘ by polymer and colour
___________ b4 g 3 e
1
| CHEMICAL N I SIZE REDUCTION |
1
: DEPOLYMERIZATION " i
1 | : 1
: ! : Sorted clean plastic
| THERMAL | ' pieces
! CRACKING v .
1 h
! | ' | EXTRUSION |
! CATALYTIC ' ! [
1 CONVERSION/ : | ‘
: CRACKING ! : | Strands/strings |
1 T Iy
: v ¥ |
! ! y
! | | PELLETIZING |
' Fuels | Monomers | "
! and : 1 ‘|r
: chemical raw materials 1 :
1 [ | Pellets |
1 h
| e o o o e e e e e e e e e e hy ‘
Chemical recycling : l l l
' A 4
! | EXTRUSION | INIECTION BLOW | FILM BLOWING |
1 ‘ MOULDING MOULDING |
1
1
1
1
1
1

| Pipes. tubes | | Miscellaneous items | | Bottles || Bags, sheets |
L o o e m— -
Mechanical recycling
Fig. 19  End-of-life scenario for plastic waste treatment
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According b the origin, plastic wass may be completely different in compadisin and propertie Post
consumer mstic waste® completely differfrom pre-consumer/posindustrial plastic wastéd Different is
also the management of these wastes

The layout for bdt type of wastestreamsare shown below (FigureZ) and 21).

(:) Material [j Storage C] Transport <:> Process <> Decision C} End  * Mixed with other recyclates

Post-industrial
Plastics Washing -
sorting and flaking ET;:::E“ .:" '
facility plant

| ( Single Bulk
! Omaine, HBulk haulage

recove
Facility’

Cxpo Thermal
HBulkhaulag\_] I
Landfill

ncontrol
disposal

Fig. 20 Layout of pre-consumer plastic waste management i Source:
OECD, 2018

C:) Material G Storage [:] Transport C:} Process <> Decision C} End  * Mixed with other recyclates

Thermal » COserc

treatment
Landfill :|

Uncontrolled
dsposal

o m  mm om o o mm on omm o mmon mm o ommowomm o

nsumer plastic waste management i Source: OECD, 2018

% 1t refers b wastewhich have keen sold or wed, coning from residetial, commecial ard economic actity. It includes pckaging and food
paclkaging vage, as vell as vaste resultig fromagriculture and congruction £cbrs.

2|t refers to vaste esuting from manuécturingproces which leaves thepecific faclity whereit was gereraed. Scrap could beinternally used,
without leavring the plasics maaufaduring plants In this cae, scrpsare ramedas intenal wasteplastics (European Comission 2014).
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Additional implication is that plastivage is strongly depereht on thelife-spar. some plastic products
(especially thesingle use products)alie a shelf lifeof less than omyear,some othes havea life-span of
more than 15 years and some have a service life of 50 years or even more.

An article of Geyer et al.Z017) has combined plastic production data withdpct lifetime distributions for
eight differentindustrial usesectors, or produ¢ caegaies,to model how long plastics are in use before they
reach the end of their useful lifetesand are discarded.

08 = Packaging
= Consumer and institutional products
0.6 === Other (including textile)

—— Electrical and electronic

Probability distribution functions (PDF)

04 —— Transportation
=~ Industrial machinery
02 Building and construction
o LAY =
0 10 20 30 Year 40 50 60 70
-0.2

Fig. 22 Product lifetime distribution for the main plastics applications i
Source: Geyer et al., 2017

Transfering this comeptto plastics, the following graph (Figur23) confirms that the biggest amount of
wase resuls from packagg applications where single usackaging prevails to o#h type of packaging.

Thefollowing two figures showshe breakdown ofthe main polymersfoundin plastic waste stream and the
correlation betweegeneration and accumuilat.

2015 Primary Waste Generation B 2015 accumulation

80

70
E
o &l
5
g ] .
Y
a
@ 40
c
g rem——
. 30
S
B = I L =

10

LD, LDPE HDPE PP PS PVC PET PUR PP&A fibres  Other Additives
Polymer type/additive

Fig. 23  Comparison of polymer production and diposal, 2015 i Source:
Geyer et al., 2017

The globalgeneratn d plastic waste i®stimatedat 302 Mt (Geyeret al., 2017). The detailsfor secto of
generationare illustrated below.
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I 7
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ElectricalElectronic [ 18
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Fig. 24  Global plastic waste generation, 2015. Analysis by sector i Source:
Geyer et al., 2017

The amount ofpod-consumer plastic wastdisposed of by Eur@® accouns for 27,1 Mt and 29,1 Mt

respectivelyin 2016 and 2018 In partialar,in 201627,1Mtwere collected and treated lofficial scheme,
of which 31,1%was recycled, 416% incinerated and 27,3%ndfilled (PlasticsEurope, 2018In 2018,
32,5% 42,6% and 249% are respetively sent to recyclingincineration andandfilling facilities. The

Figure below shows th2018 perfomance for the managemeaf postconsumer plastic waste

Switzerland
Austria
Netherlands
Germany
Luxembourg
Sweden
Finland
Belgium
Denmark
Norway
Estonia
Ireland

.4

Slovenia
France

Italy
Portugal
Spain
Lithuania
Czechia
Poland
Slovakia
Hungary
Romania
Latvia
Croatia
Bulgaria
Cyprus
Greece
Malta

30 EU28+(NO, CH).

%1 No avalable data fortie year 2017.
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Fig. 25  Post-consumer plastic waste collection (C=collection) and treatment
(R=Recycling, ER=Energy recovery, L=Landfill in Europe
(EU28+NO,CH), 2018 i Source: PlasticsEurope, 2019. Data have
been elaborated by PlasticsEurope Market Research Group
(PEMRG) and Conversio Market & Strategy GmbH.

No data on tk breakdown of preand pos-consumer plastic wasteby polymers has been foundElt level.
In addition preconsumer plastic wasteseanot wellrecoded in Europebecause othe lack of sharing
information from theplasic conwersim industry. Hbwever, astudyperformed byingham(2006), revealthat
almog all the plastic production scrap is beingfed into the plastic production sgst

Consideringthe trade of plastic wads, the extra EL28 imports amounted to approxirabt 144.00¢t in the

year 2004 ad ros to a maximm of 437000t in 2010 and was stale for the period 20112015 (between
385 000 and 41Q0Q per year). The intra B-28 trade staed at approximately 8680Q in 2004 and
increasedto approximately BMt in 2017. The extra EQ8 exportsrose from 1.9Vt in 2004 to

approximately 3,4Mt in 2010, an increase of 122(EUROSTAT)
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Fig. 26  Trade volume of import-export of plastic waste in Europe (EU28),
January 2004-January 2019 1 Source: EUROSTAT

According to theeferencedataase for inteationaltradein goods COMEXT), the totl export trade of EU
plastic wastes accounted for around 300.000t in 2@i¥ preference to Chindn 2013 China inroduced a
temporaryredriction on waste imports that reiged significantlylesscontamination In 2017,China also
annourced a import policy pemarently banning the import of nonindustrial plastic waste (Brooksl.et a
2018).Because of the Inese wate import ban the volumes of plastic waste material frof-28to China
decrasedby 95% and b Hong Koy by 82 % comparedvith the prevous year (See Figue 27).
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Fig. 27  Exports of plastic waste from Europe (EU28). Analysis for country
of destination, January 20151 April 2018 i Source: EUROSTAT

2.5.5 Remanufacturing industry

Reprocessingnay be:
A Downcyding whenmaterids are reprocessed iproducts of lesser quality @i different purpose
than theoriginal cycle.
A Upcycling when materiab are usedn a way that adds value to it, and that alioit to be
repurposegdor downcyclel oreven ugycledagain in theuture

Regycled plastics meet around 10% of global demand for plastilsh(a mb r 2019)r TResEuropean
Strategy forplastics in a Circuhr Economyreveals that ol 10Mt of plastic wasteare recgledin Europe
(accountingfor 5% of total phstic waste gerated.

In Italy, 1,09kilotons kt) and 1,13kt of plasticsare remanfactured in new productérespectivelyin 2017
and 2018. In 2017, he man applicationshave beempackaging (2%), consruction (26%) urbanandinterior
furniture (15% and 999, leisureand sport§%o), textle (4%), agriculture(3%) and other (10%)

2.6 Plastic intensity
Plastics can be used tonanufature the main body of pragtts but at the same the, to package the.
Deperding an product tye, plastic itensity carbe very different.

An interestingresearch conducted by UNEP explores the industrial intensity of use of plastics for different
type ofgoods The study distingshes:

A Plastic-in-product, referred to platic diredly used for maniacturing pralucts.

%2 Federazone GonmaPlasticat
Source https://www.camera.it/gpication/xmanagr/projectdleg18/atachmerisfupload_file_da_acquisitipdfs/000/001/61/memoria_Felerazone

Gomma_platica.pdf
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A Plastic-in-packaging including plastc diredly used for wrapping products and prepare
them to be distributed or sold.

A Plasticin-supply-chain, focused on plastic directly use by consurar goods businesse
via their sypply chain, vithout includng it in the final product or paciging. Itcould be
considered the tertiary packagiras@escribed in th®aragrapl3.1.2

The study quanified the ervironmental impacts assoced with platic use using lifecycle analgis
tedhniques The natural capi@l valuationis then goplied to corvert physial impacts mesured in terms of
cubic metres ofvater used or tonnes of plastic entering theimeaenvionment into a monetary value,
expressing th damag caisedto the enviroment and society?,

The followinggraph (Figue 28) illustrates theestimated aturd capitalcod, as the sum of market and ron
market cost resulting from the impact of piest prodtion and EOL management, wherémpacts
assesmentincluded greenhouse @ emision, pollutants (includirg chemical shstanes) and water
consumption.

Retail

Tobacco

Restaurants

Medical an pharmaceutical products
Clothing and accessories
Consumer eletronics

Food

Automobilies

Non-durable household goods
Personal products

Athletic goods

Footwear

Durable household good
Fumiture

Soft drinks

Toys

0 10 20 30 40 50 60 70 80 90 100
Plastic intensity [t per $1m revenue]

mPlastic in packaging  ® Plastic in product Plastic in supply chain

Fig. 28  Plastic intensity in Europe, 2012. Analysis by sector - Source:
UNEP, 2014

As illustratedin the Figure28, thetoy sectorhas the highest totalirect gadic intensity, while the retai
sectorhas the lowds Plasticin-prodict is thelarger proportionof total direct plastidntensity for all other
sectors.

Plasticin-packaging constitutes theain promrtion of direct plastic intensity in thesoft drinks personal
products,food, medcal andpharmaceutidarestaurarg andretail setors. Sectors wih thehighest supply
chan-plastic intensity in relation to the total plastic intensity arer#tail, resturants, tbaccoand food
sectors.

2.7 Plastic impact

The study coducted by UNEP assessethe impact oplastics alog thevalue chain by considering

33 Thelimitation ofthe stuly is thatthe impact from manufacturing finished'@ductsandpackaging antransrting and usg thoseproductsand
packagng is not consdered.
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A Upstream, referring toimpacts generated from the extraction of raw materials to the
manufactung of padic feedstak.
A Downstream, referring b impactsgenerated once #h prauct has keen disceded by the
consumet”,
Figure29illustrates he variationamongsectors.
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Fig. 29 Upstream and downstream impact split between product and
packaging. Analysis by sector - Source: UNEP, 2014

The toba&co sector has therbes downsteam impat This is mainly die to theimpact of plastt usedin
cigarette fiters which areoften littered after use. Ahe other end of the spectrum, the consumer electronics
sectorhas thdowest downstream impaas aproportion of totaimpad mainly due to reycling initiativesin
North America and Eurpe. Inthe end, acrosall consumer gads sectors, over 30% of timatural capital
costs come from greenhouse gas emissionssefieapsgamin the supply chaifrom the extraction of raw
mateials ard manufaatring of plastic feedstock(UNEP, 2014)

Detailing the study on dendream, a study conducted by Bernardo et.al2016) summarizes the
environmental and economic life cydealysisof plastic waste managemt opions. Thearticle showsthe
sumnary resuls of global warming potential (GWP) and totalenery use (TEU)coming from the
comprisonbetween recycling, inneration and landfill of plasticsresults showsecycling ha the lovest
impact, followed bytandfill andincinerationthathas thehighestimpact

A significart impact 5 gven to the ge of some additiveshiat may releasehazardous substances or
degralaton products during the entire product lifecycle. Sinceatags ae ot bound to the polyer matix
and because ofheir low molecular weidit, these substansecan leab aut of the platic polymer
(Crompton2007) into the surrounding emonment, including into &, water, fod or bodytissues. Most
effect are noknown thus undeestinating environmetal andor healh risk.

34 Lack ofdata has I to study upseam impactsin amore complete ad consstent way than downseéam onethat,could be indeestimated.
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Lithner et al. 2011) studied ths complex prdolem by camduding a comprehmasive hazed ranking of the
mostwidely used potme types with global production volumesf >10.000tonnes per year. A model for
ranking the hazard of elapolymerwas developed by réng the constituent monomehemtalsaccording
to internationally ageed crieriafor identifying physical, environmet and health risks. The study regarding
the hazard rankingshas been performed by Galloway (2015) and soesaltsareillustratedin table below
(Tale 8).

Tab. 8  List of polymers with the highest hazard scores i Source: Galloway, 2015

Relative
Polymer Monomers/additives hazad
score
Propylene oxde
Etyleneoxide
i Toluene-diisocyanate
PUR, as flexible foam — 13844
Acrylonitrile
Acrylamide
Vynyl acetate
Acrylonitrile
PAN with co-monomers 12.379
Acrylamide
Vynil acetate
- Benzyl butyl phtalatéBBP)
PVC, plasticised 2t 5OWt% 10551
PVC, unplasticised 10.001
Propyleneoxide
- 4,4-methylendiphenyl
PUR, as rigid foam diisocyaate MDI) 7.384
Cyclopertane
Bisphenol A
Epoxy resin 7.139
Y Epichlorohydrin
4,4-methylenedianaline
Styrene
ABS Acrolonitrile 6.552
1,3 Butadiene
Styrene
SAN y _ 2788
Acrolonitrile
L Styrene
High impact PS 1.628
LDPE Ethylene 11
HDPE Ethylere 11
PET Terephthaliacid 4
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PVA Vynil acetae
PP Propylene 1

An updatedand cetailedlist is alsoarranged by th&urgpean Chemical Agency (ECHA within thePlastic
additives intiatives aimed to charactelise the usesfmlasic additives and theextert to which the aditives
may bereleasedfrom plasticarticles®. On the contray of the table above, thisble inclugs bah dermal
ard inhalation releaseswhere sibstances D, G ant! have the highest pettials for releasewhile
substinces B, H, And Shave the lowest

Tab. 9 List of potential release characterization for organic plastic additives i Source: ECHA

Molecular | Vapour Water . Conc. nn | Releas Release
ﬁ;‘ﬁjame weight pressure solubility '(‘_’)9 Kow L’ﬂgﬁa' ,'\DA‘:tyr&‘e" polymer | indicator | indicator
(Da) (Pa) (mg/L) (%) (dermal) (inhalation)
403.0 5.63E04 4.85E02 5.6 plasticiser | PVC (soft) | 35 -2 -2
B 637.0 4.21E21 2.19E06 9.61 n.a. PA 0.5 -7 -10
C 403.0 1.65E11 1.26E01 5.12 n.a. n.a. 35 -2 -8
D 218.0 3.31E01 5.80E+@1 | 0.36 plasticiser | PVC(soft) | 10 0 0
E 795.0 3.28E22 6.60E11 13.7 heat Polyolefin- | 2 -6 -9
stabiiser |
F 553.0 1.39E18 2.75E04 7.79 antioxidant | Polyolefin- | 1 -5 -9
|
G 255.0 5.93E16 2.70E+00 | -2.28 flame PUR 30 0 -8
retardant
H 685.0 951E14 4.68E06 10 UV/light PMMA 1 -7 -9
stabiliser
| 593.0 1.06E15 2.05E10 14 Other Polyolefin- | 0.3 -7 -10
stabiliser |
L 355.0 1.29E03 1.14E05 10.2 n.a. n.a. 35 -4 -3
350.0 1.10E11 2.30E+03 | 0.51 n.a. n.a. 35 0 -9
N 214.0 9.48E06 1.34&+05 | 0.19 flame ABS 25 -3 -4
retardart
(0] 4140 195E12 2.20E+00 | 3.57 nucleating | Polyolefin- | 2 -3 -9
agent |
P 451 9.83E10 4.97E+01 | 2.9 UV/light Polyolefin- | 0.8 -3 -8
stabiliser |
Q 224.0 6.28-03 2.33E+02 | 2.51 Other PVC (soft) | 2 -2 -2
stabiliser
R 2540 2.32E10 2.80E+03 -2.61 heat Polyolefin- | 2 -1 -5
stabiliser |
S 733.0 1.07E14 2.95E12 15.1 antioxidant | Polyolefinr | 0.2 -7 -10
|
T 483.0 4.05E06 4.78E08 12 plasticiser | PVC (soft) | 35 -4 -4

Considerig specifically downstream impact, marine pollati is the most ugent and critical problem

nowadays. The fdlowing study Bowsthe aveageestmateddecompositia times of ypical marine debris
items as res#$ coming from the wdy conduted ly the NH Hanpshre Departnent of Environmental
Serviced.

SSECHAT Sourcehttps:/echa.airopa.euplasticaddiives-initiative
36 New Hampshire dpartmentof environmental sevice. Souce:
https://www.des.nh.gov/a@raniztion/divisiongwater/wmb/coaal/trash/docunentsmarine debris.pdf
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Fig. 30  Average estimated decomposition times of typical marine debris 1
Source: NH Hampshire Department of Environmental Services

As descriled n the Paragrapbelow Pargraph2.7.]), the lak of standarization in calculation method
implicatesuncertainestimation and undefinitions ofthe gasticimpact assessnt ;n envionment,including
marine erironment.

2.7.1 Marine plastic pollution

As alreadymentionedsince plasticsare dfected by a lowdegradationrate,the impact of these maiels in
the eavironment is sigrificantin the EoL phase.The poblem of plastt polution has becme a mgor source
of concern fo governments, investors, and ottstakeholders @tenrich,2015) In recent tims, plastic
pdlution has emerged as one betmat wrious theds to ocea ecoswtems (Chiba et al, 2018 and
terrestral emsysters (Ng etal., 2018), althogh current nderstanding of the extent of theotogical impact
of plasticpollution on the teedrial environment is limited.

The severafactorsinfluencing the envionmentdimpads male difficult its estimationLandon-Lane (2018)
and Cok et al. (2Q1) refers hat approximately 80% of plastic ates are originad from land sarces as
conseqgences of incorectdisposal andnismanagemerof wase onland. lllegal dunping, run-off, littering,
and naural disastersare commonpollutart sour@s Carpente and Wolveton, 2017; Dris et al., 2016).
Proxmity of plasticindustriesto rivers, oceans ahother watebodies has been identified asmapr enabker
for plastic induced enironmental pollution. Human activitieson pgulatedislandsare aso sourcesfolastic
palution (Monteiroet al.,2018; Miller et al., 201y, togethewith prevailing conamption modelof several
plastic items, whike praducesignificant quantity of wast. Conversely ocean actvities such ashipgng, ard
fishelies eqally produceplastic debis which are transported for seakdistances taslands bywind and
ocean curres. The litemtureon marine debris leave rdowbt that plastics makeup nmost of the marine
litter worldwide (Derraik, 2@2). Literature shows many articles deling with the measurement of MPP in
local contet such as spefat rivers, seasand beaches. Behes have ben icentified as repositoriesof
millions d plagic wastes l(avers and Bond, 2017, Gregor2003). Plastic debrizan then eterthe ocean
by wind or tides Jambek et al., 205). However,lack of harmaized information on wase gereration,
charaterization, collecton ard dispeal, unkiown information alout other sarces of plastics into the ocean
(Eg, illegal dumpng, lossesfrom fishing activity etc.) and inportexport implications challege te
estimation of the amounhof plagic debrisreachng themarine enviroment.By linking worldwide data on
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solid waste, poplation density and economic statdambeck et a(2015) estmated the mass of lad-based
pladic waste generated by 192 calgpqoulaions (93%of global ppulation) and enteing the ocea in 2010.
As illustrated h the ma below (Figure 31), 275 Mt was generated in 2010, with 4.8 to I2ntering the
ocean.

Mismanaged plastic waste

[:] No data

D 250.000-1Mt

D Less than 10.000 Mt
R

D 10.000-250.000 Mt

[l 2vovesm

Fig. 31 Estimation of waste entering the ocean in 2010 for the top 20
countries (ranked by mass of mismanaged plastic waste) i Source:
Jambeck et al., 2015

Investigaion on EU MMP has revealed that about half dl marine litter itemsfound on EU beaches is
represented bySingle Use Plastic (SUP) itesn SUP ks keendefined within the Direcive on SUPfias a
product that is made whollor partly from plastic and that $ not conceied designed or placed on the
market to accomiish, within its life-span, multipletrips or rotations by being returned tdé prodwer for
refill or reusedfor the samepurposefor which it was conceivedl The 10 most foundSUP iems includes
drink bottles with caps and lids, cigarettbuts, cottonbuds sticks crisp packet/sweet wrapr, saniairy
applcations (sanitary tows| tampas dc.), plasic bags, cutlely, stravs and 8rrers, baloons and balloon
sticks ard food ontaine (includingfood fast @ckaging). Another item is repsetted by plast fishing gear
accounting for 27% fomarine lItter items found orEU beacheghat, stnmedto the litter given by SUPs,
reailt a tota litter d 70% (European Comisdgon, 2018).

The MPP is increasg corcem because of the presence of mswmpc plastic abris, or nicroplastics
(debrs O Imm in size) in aquatic, terrestrial and marine habitatisat affectsoceans, willlife and,
potentally, humars (Cole et al.2011) and whom aly spase informationare available (Galloway, 2015).
The stug carried outby Wright et a. (20B) provides an oveview on marine inertebrates and their
susceptibility to thephysical impacts of microplastic upg Due to their small size. In fact, maplastics
may be ingestd by low trophic fauna, with uncertaconsequencef the halth of the orgaism. Other
studies have beerode on the impact of microplastics in tlw®d chain, in cleaners and home detetg etc.
but data have to be consolidated
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3 PLASTICS IN PACKAGING APPLICATION

3.1 Plastic packaging definition

The packagig defintion isincluded in the Aticle 3 of theDirective 94/62 CE on Packawy and Packaging
Waste Packagingd definedi as any mat er toadniainywdnoted, thandie,sdelives agpdesent
good® (European Parliamerdgnd Coundi 1994) Items like glass bottles, pdéic containers, alumiagm

cansfood wrappers, breels, timber pallets and drums areddissfied as packaging.

3.1.1 Packaging functionalities

Packagingcovers a multitue of functions,such as:

- Protect tle content fronbreakage, ilage,loss, damage ahtheft, bumps and colliions aswvell as
climatic conditions(E.g. temperature, humiditgnd sdar radiatior). In case of hazardsumntents,
the protectoin functionality aims to prevent any contaminationor negative impact upon the
environment

- Load, traspat, hande and stoe goods

- Keep food fresh aenger as possible, thus preserving fammgrity and saving food waste (in es
of food packaging aplation) (Angellier-Cousy et al., 2013)

- Give information about the product dnn particularaboutthe ingredients, thédhazadousnessthe
production,the storage, the usage, tiisposal, tk praluction etclt also advises conswersabout
the correct bposal

- Promotethe instart recagnition of the brad identification through pekagng material, shapesze,
colour and desigfincluding colours, picttes, logos, slogans and other wording)

- Creat value forsales process seeingwithout packaging, manproducts, espeally bulk products,
cannot be soltb the customer (Pongrad®%s).

Recent innovatin on active and intellignt (A&l) materials has shulated the packaging innovation by
deweloping the socalled Modified Atmosphe Packaging (MAP) thatis a food preseration teehnique
whereby the compasbn of the atmosphere soundng the food is diierent from the normal copositin of
air (APME, 2M®1). The interaction between food and direct own atmosphere is done by mnioring
oxidation respimation rate, micrbial growth, moisture migration these processes are monitortbdough
timel temperate indicators, ripenessidicatos, biosensors anddio frequency identification (Dainelét
al., 2008; Restuccia et al., 2010).

3.1.2 Packaging categories

According to ISO B60L: 2013 (2013, packaging is oéin divided into three broazhiegories:
APrimary (or Sale) packagingthatis the mckagingdependingon the product which forms a sales
unit for the user (E.g. Plastic bottlesagtic food wrappers etf.
ASecondary (orGrouped) packaging thatis the pakaging containing a ceitanumber of sales
units (E.g. plastic bottlesarton, pastic cans wrapps)
ATertiary (or Transport) packaging thatis packaging used to group secorydaackagingin order
to dlow transportatin anddistribution from the manufaturing industry to theetalers. (E.g. plastic
pallets, bubble wrap)
Fast movirg consumer good$MCGs) such as food, soft drinks, alcgtoiletries, household produgtare
geneally packaged by pléas materialsandincluded in thefirst category.
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While the tertiary packagg is ¢generally characteaed by a simple designthe primay and secondary
packaging is heterogeneous and endsupillions of households (Verghese drais, 2007).

3.1.3 Packaging levels

The following addtional terms are also fregntly used to describepkagirg levels:
APackagng constituent is a packaing element that cannotebeasily separated from the rest fué t
packaing (E.g. sealing layer in arfanatedfilm) "
APackaging conmponent is pat of padkaging that can be sepasat by hand or by usingrsple
physical means (E.gackaging film)®
APackagng sysem: the completeet of packaging for a given produetycompasing one or more
of primary, seondary and transport teigry packaging deendng on the paked produc®.

3.1.4 Packaging types

The mechanial chaacterizatiorof the packaging allowthe diginction between:
A Flexible packaging characterized by elasti@fbrmaton.
A Rigid packaging wherethedeformaion is elastic.

In theplastic fidd, flexible packaying is represerdd by film used to form lgpor paich. The main pgmes
used to produce filmsclude PP, PE, nylon an®S. Rigid plastic packaging are maafePC, PVC, PS
reinforced with fiberglasandMethil PMMA (Orzdek, 2017). The d@signinnovation characterizing flgible
packaging and theaanologcal limitation d rigid ones ifosteringthe marké growth for plast film.

The packaging durability, @nconsegently usability, dictatethe dstinction between:
A Single-use/ One waypackaging
A Multiple-uses/ Reusableor returnable packaging

Single u® plastic packagg refers to items intende be sed only once befe they are thrown awdpr
disposal These inclde grocery bags, food pachag (epecially FMCGs) bottles, strawsgcontaners cups

and cutlery. Reudae or returnable packagjris manly a domain wihin beverage packaging. Sersmalle

reuse systems fdood and detergents are spreadimginallindp e ndent r et shgpsd.Reusébde or
pallets, buckds and cras ae beoming mae common in shiping, handling and transpation
Furthermore, nesable packaging modealreappliedin the ecommercesector.

3.2 Fossil_based plastic materials in packaging
applications

Packaging ould be madeof one or more materials, ah characterized byspedfic shaes and texture,
scientifically designed tsuit the poduct being packaged, to suit the halmiof the transit journeyfo
maximise the shelf life of the pduct and taltimately pogively influence the caxsumer purchaseedsion.
Plasticsare wdely used b manufacture packaging. Packaging espnt26% of the total volume of plastics
used (Hen MacAthur Foundation2017). Indeed, around 60% of all giagpackagiy is used fordod and

37 More information are availeble at EN1342713, I®/CD 18®1.
38 More information ae awilable & EN 13427 1ISO/CD18601.
39 More informationareavalable & ISO/CD 18601.
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bevenges, while the rest coveraon-food applicatbns,such asheathcare, cosmetics, consumer, household,
apparé and shipment packaging.

PE, PP, PET, PVCPS arethe main polymeraised in packaging sector. Detailsoat thep ol y mer s 6
applicatons are showin the Figure below.

Bottles for milk. water. juice. cosmetics. shampoo, dish and laundry
detergents and haousehold cleaners. Reusable shipping containers.

Bags for dry cleaning, newspapers. bread, frozen foods and
household garbage. Shrink wrap and stretch film. Coatings for paper
milk cartons and beverage cups. Container lids. Squeezable bottles
for honey.

LDPE

Containers for yogurt, margarine, takeout, meals. Medicine bottles.
Bottle cups and closures. Bottles for catsup and syrup.

"

FOSSIL_BASED PLASTIC
MATERIALS
FOR -
PACKAGING APPLICATION Plastic bottles for soft drink. water. juice. sport drinks. beer.
PET mouthwash, catsup and saled dressing. Food jars for peanut butter,
jelly. jam and pickles. Film and microwavable food trays.

A 4

Blister packs and clamshells. Bags for bedding and medical. shrink
wrap.

PVC

Food service item (cups. plates, bowls, cutlery, meat and poultry
trays)

PS

!

Fig. 32  Plastic packaging applications. Analysis by polymer type

Another type is thenulti-layer package, which combine different layerpaiper orboard, anciluminium foil
or plasticsnto one tlin packaging film. Commsite packagingr@ not he @ntral point of tis sudy.

3.3 Plastic packaging value chain

Packaging is mnaged continuousl at severdlevel of the supply chain:
- during the production phase when scrapef manufacturing are generated
- at the distribution stage when grouped mducts ae wwrapped and preped b be worked or
resold
- at the final consumer, whenthe primary packamng is remeed from the product.

At the utilization phae, difierent levels of pekaging utilization can be idéfied:
A Private useg atdomestic level
A Commercial or retailer use, for wrapping goods whiclareintendedto be sold
A Industrial or business usewhere packging is adopted for logistic or productigarposes

Therefore, marfacturers of packaging matesaindpackagingmachinery aswell as housholds,industrial

or commeral users and retailerbutalso waste operators are thman stakeholdersnvolved n the plastic
packaging value chain (See Hig 33). Since a huge numbef additives (plasticizerd]ame retardants,
antioxidants, acid scaengers, ight and heat stabilers, lubricants, pigrents, antistatic agents, slip
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compouwnds and thermadtabilizer$ are used in manufacturing plastic resios ffackging applicationthe
compounding industry is ghly dependent onlastic pakaging marke(Hahladakis et al., 2018).

As mentioned above, gckagng canbe designed for sing-use or multipleuses. Accating to thisscope the
plastic packaging \ae chan may vary:
- If the packaging is designed to beused, a returnabkeysem isimplemented
- If the packaging material isisedones legislative requirement demandthat the wateis collected
and recycledfor packagingmaterial reprocessing(Upcycling recyding) or other apfications
(Downcyclingrecycling) (Steinhilper eal., 1997.

PRIMARY
PACKAGING

Packaging component SECONDARY

Polymer - § n
Packaging processing PACKAGING

Raw material supply || manufacturing Hidile prording g manufacturing and

assembly

v

TERTIARY
PACKAGING

Filling or packing
Distribution

Recycling T i
A4

Incineration Disposal [+ USE/ le]
g 1 USEandREUSE [*]

I _

Deposit-Return system

Retail

Landfill

Fig. 33  Plastic packaging value chain. Simplified version

Verghese and éwis (2007) has praided a value chairtha considers all packaging used to transpbet
resairces needed to mafacture, comnreidize, use and disposgherpackaging See Figure34).

|
Inbound transport Inbound transport Inbound transport and secondary Inbound transport

packaging packaging packaging packlaglng
T o e Transport packaging v
ranspo c!
Raw Transport packaging | Packaging ons:dma':; rclgilng Brandowner on filled product Transport

material p— jals "] - - and product — primary and —¥ company and
on raw materials manufacturer ckagin

supplier packaging manufacturer secondary wholesalers

ponsnts T packaging
Used transport Used transport Used transport
packaging packaging packaging

Transport packaging on filled product primary and secondary packaging

Filled product Empty primary and

Consumers Local government
_ primary and secondary packaging % \
Rotalrs |~ sacandary 1, 200 [ " inwastobinana | _ Wesecontactrs
packaging - recycling bin i R
Used transport
packaging

Fig. 34  Plastic packaging value chain i Source: Varghese and Lewis, 2007
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3.3.1 Plastic packaging industry

Since packagingsi an integral part of the food and drink,rqmnal @re, pharmaceutits chemicals
indudries etc., packagingdusty is intetwined with all type bindustres.

At global level, the plastigpackagng maket wa valued at close t&JSD 198 billion in 20Z, where USD
66,7 billion were referred tagid plastic packaging antySD 1312 billion to flexible segment. flicost a
consultng group that tabulasthe enwronmental impacof business picices in dollar tems, conducted a
study on behalf of theUNEP in 2014 The studyestimates that the globfood and soft drinks sdors
consume oer Mt of plastic resirfor use in packamg each year, over leof this occurring in Euope and
North America UNEP,2014) Bottles covered thhighest revenue in 201fllowed by bags and wraps and
films.

The 10 lagest plastic packang conpaniesin the word are:
1) Amcor (Switzerland)

2) Apla-Werke (Austria)
3) CoverisHoldingsS.A (USA)
4) SealedAir Corporation (USA)
5) RpcGroup (UK)
6) Mondi Group (UK)
7) Aptar Group SAS (France)
8) Constantia Flexible holding (Austria)
9) Klockner Pentplast (Germany)
10) Papier Metler (Germany)
where 8 out 10 arecaied in Europ.

Packagingappications are he larges conversion sector fohé EU plastic indufry, accounting for39,7%
and 399 % of the otal plastics demandh 2017 and2018 (PlasticsEurope, 2019)n particular the
manufacturing of platic padkaging products NACE C222) employed some extrh300000 persons,
distributed over 55thousandfirms, of which only 753arenot SMEs. About 20% of persons are dayed in
the manufacturing of plastic packaging goods. émms ofaddedvalue the €ctor generated 64 billio EUR,
accounting for % oftotal EU mamfacturing®.

In Italy, 1.301companies worlon plastic @ckaying manufacturin. The nationaplasticpackagng market
reflects the miaufaduring one since goodswust be packagedor distribuion and commercidizaion. In
2018, the sectogeneated an added valwé 15 billion EUR with2.292 kt of plasic packaging placed on the
market in the samyear(Fondazione pdo svilupposostenibik, 2019). Since in2017 the commercialization
registered ammount of 2.27kt, the2018plastc packaging markdias seemarapid growth((Fondazione per
lo sviluppo sostenibik, 2019). Accordingto the pakaging type 56% of paclaging placed on the market
wererigid while the remairmg wereflexible packaging (Famazione per Isviluppo sostenibi, 20B). The
comparative analysigid down on2017 and 201&endsallows to identify factorgharacterizinghe current
landscapeA sensitive increase has been registered for themmed trays (that aremanly exported in
NorthernEuropg andbottlesmarket(Istituto Italiano Imballaggio2018) Regarding therelaion with the
entire packaging market, the natbmplasticpackagingcovers about 18% of thettd packaginglemand and

40 Source:Eurosta, Structurd Business Stastic.
4! Data are preided by the Chamdr of Conmerce.
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46% ofthe ptal packaging turnové& The same sitationis reported for theyear 2017 where theevenue
coming from the commercializain of plastic packaging ithe highest.

16.000 6.000
14.000 000
12.000

4.000 ,
10.000 e

S 8.000 3.000 £
6.000 2000 2
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Fig. 35 Production and value of packaging in Italy, 2017. Analysis by
material type i Source: Istituto Italiano Imballaggio, 2018

3.3.2 Plastic packaging waste
management

Owing to the shorlifespan(especialy for single-use packaging, packagingis immediately converted to
wasté®, Paclaging constitutes to onéhird of all collected muniipal wasteby weight, anchalf by volume.
Packaging wds can arise from a wideange d sources including supermarkets, aldgale and retdistores,
manufacturing industries, households, hotetspitds, resturants and traport companes. It follows that
packagng becomes wies at differentevel of the adkaging value chain:

- at the final use staggincluding consumptionwhen he primay packaging is removed from the

product
- at the distributi on stagewhenindividual produts ae remowed from seconds transporfpackaging
- atthe retail stagewhen packagigis used to group prodts

Thelack of uniform and harmonized dataes Galilow toknow thetotal amount of packaginglaced on the
market ad disposedof. Available dataefeas to packaging dispost of by theconsumers asutput of the
reddential activty. As illustrated in he figure below showing the breakdown of gaging waste
composition by material, (Figure36), plastic is one of the nsbwidely usedmaterials found in was steam.

“2Data aredetectedrom theEconomic Packging Forun.
“3In contras to otherwaste datigtics, he t& m  dapireg ovdde gererae d 6 gmetthenamaontof O p ac k & gichugrld®d p a plecady i n g

on the marle t Tiis definition is basel on the fact thet packaging isnostof the tme thought asa single-use objet, with theonly purpose to wiap the
final product and tha can be thown avay.
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Fig. 36 Packaging waste composition in Europe (EU-28), 2016*. 1

Source: EUROSTAT

According tothelevel of generation, wasteegeneally caegorized &
A Pre-consumerwaste
A Postconsumerwaste

Preconsumer wste ae gereraed by indusies, businessand retailers Industres aw small busiessesand
retailas hawe to male wse of private waste celttion companiesa discard their plastic packagingaste
(PPW), although small business often also make use ofinicipal cdlection systems.

According tothe EU List of Wasts® (tha provides a framework fahe colledion of official statistcs on
plastic waste streams), the following Table (THD) shows aroverview of cakgories fortype ofpackaging

waste.

Tab. 10 List of packaging waste. Analysis by European waste code i Source: European Commission, 2000

Type of pakagingwaste EU Waste cde
(EWC)

Paper ad card boardpackaging 150101
Plastic packaging 150102
Wooden packging 150103
Metallic packaging 150104
Compogte packagng 150105
Mixed packaging 1501%
Glass packaging 150107
Textile packaging 150109
Padagingcontaining resdues of or contamiatedby hazardoug 150110
substances

Metallic packaging cotaning ahazadous solid porous matrix | 150111

44 No available datadr the yea2017
45 European Parliament andth Coundi Source: CmmissionDecision2000/532EC - https//publicatons.europau/en/piblication-detail/-
/publication/239278591154e06-adae66c8e08a5a42
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Since tlis sudy is focieed o, plastis, the packagg waste stream under igstigation is the plastic
paclkagingascate@rizedby the EWCs 150102referring to ppstconsumeiPPWthatare generally geneed
by houselolds. As aforemetioned, a smallest amount of wascaning from economic and canmercial
activities canbe collected tlhough thepublic collection grvice.Thesewastes arecalled Assimilatd/Similar
wasteandcodifiedwith the EWC 20139.0wing to thetreatmers done inthe MRFs waste may changbé
EWC. In caseof plastics any EWC may becore the EWC 191206, categorizd as plastic waste generated
within a wase treatment fant.

The EU PPW accounted for 61% of total platic postconsumemwase (17,8 Mt) in 2018 (PlasticsEuroe,
2019).
Pog-consuner wastecan be cdécted in different way, sucas:
A Kerbside collection (separated asirgjle stream or mixed with pbstic packaging, or dry
packagig or residual was). It is widespread in Ausa, Belgium, Gemany, Italy, Portugal,
Span (Watckins et d., 2012).
A Bring-site collection. It is widespead in Swedn, the Netherland, UK, Pogd, Ireland,
Finland Watkinset al., 2012).
A Depositrefund system (DRS), for reusablepadkaging mainly widesprad in Gemany and
Finland.
After the ollection, PPWs are tangorted to theVIRFs. Once the plastic aste redges @posits or recycling
facilities, the sortig activity is performed. PPWsare firsty separated from other nmeials and then sorted t
obtain dfferert polymers ad colos. Mawal sorting @& well as automi@d sorting pocesses exit
Separadbn proces ae based on spectrophotometric density aragnetic propeties. Eddy current sepatian
is used to sort neferromagnetic objects. Xays are ao usedfor sortingvery drty bottles orthose havirg
large Bbels. Nearrifra-red rays (NIR) is @olor-based srting technologyNIR automatic sorting mwhines
is ableto sort the major polymegroups with the exceptioaf black plastics presé (mainly PPand PET
trays ad tubs) which the NIR sotting systems cold not idently (WRAP, 2011) Since plymers are
characterized by different densitiethe shk float densiy segration process septes polymers by density
(Gent et al., 2009)Another impotant sep is repreented i the contaminaton removalthat maybe macre
physical or chemical. Cleamg proess § used to remove oil, solvents (especiallgter_based gle), paint,
or detergentabsabed by plastiproducs (Villaneuva and Eder2014). Theresidues are sento the Waste
to-energy WTE) treatrrent al/or landfil (WRAP, 2009).

46 To facilitate the visual identificafon of plastic typesduring marud semaraion, major phsticcompaents (catainer,caps and lids) shouldcarry a
mateial idenifier. Mateial identificationis dso o use when recgling indudrial wasteeither intenally orextenally or where clean watestreans,
components or packagng ae keing recycledfrom indudrial / commercid souces whee washing/separtion is unnecesay. In Euope, méerial
idertification is promoted inthe Commission Decisbn 97/129/EC Techni@al noms (ISO 10431, ISO 108-2, ISO 10433 and ISO 1043-4) also
referto the idenification of the plastics, povided by the symbols ad abbeviated terms.lt takes ispiration from thecodification establishedcby the
American Sociey of the Platics Indistry (SPI). SPI codes are madaory in US. Evenif it is based onvoluntary approab, SR codificationis widely
usal in Euope.

DD D D D I
CIDNNEE N CEDNRELI N NESH R EEDN HETD

Fig a. SPI codes i Source: Polychem Usa. Raw materials for the plastic industry

75|Page



Systeminnovatian and life cgle thinking in padagingvaue chain: thecircularity of plasics.

As shown in thefigure below the reycling plantstreat thoseproducs charaterized by acertan polymeric
composiion asdemanedby the market

PLASTIC PACKAGING WASTE

a. Sorting by packaging dimension (3D, 2D)

b. Manual control

RIGID PLASTIC PACKAGING
(E.g. Bottles and containers)

PET bottles HDPE containers HDPE/LDPE

FLEXIBLE PLASTIC PACKAGING

(E.g.Film)

1.  Sorting by polymerand colour Transparent PET 1.  Sorting by polymerand colour 1. Sorting by separating out LDPE films from
bottles
2. Manual control 2. Manual control other flexibles such as multilayers, black film y
Light PET bottles PE flexible
3. Metals detection and removal 3. Metals detection and removal and paper label packagingg
Blue PET bottles
4. Grinding of bottles into flakes 4. Grinding of containers into flakes 2. Manual control
Mixed coloured
5. Washing in high-temperature water with a chemical 5. Washing 3. Metals detection and removal flexible
packaging
cleaning agent to remove any residue, dirt and glue 6. Sorting through flotation process where impurities 4. Grinding
Small/sized
6. Sorting through flotation process in a water-bath (*1g/em3) and plastic types, other than PE and PP, 5. Washing (format<A3)
film
where PET sinks while HDPE and PP float are removed 6.  Sorting through flotation process
Mix of flexible
7. Drying 7. Drying 7. Drying PO pacaging
8. Extrusion 8. Extrusion into pellets 8. Blow film extrusion of LDPE flakes into pellets
9. Remanufacturing for the production of new bottles, 9. Filtration to remove any remaining contaminants that pass through 90 um screens, to filter out
other food packaging or fibers 10. Remanufacturing for the production of new impurities of non-melted particles such as PET,
containers, as well as for products with a long PA and PP
lifespan such as pipes or dimpled sheets. 9. Remanufacturing for the production of new
films. like collection and refuse bags

Fig. 37 Description of the most common plastic packaging recycling
processes

The sorted plasticarethenbaled and transpded tothe recycling irdudry for reprocessingWRAP, 209)
obtaining pellets, agglomeratesgriand, flakes and ther recycles depending ahe type of resinin some
cases,te soring ard recycling processes can be performmdthe samelpnt.

In Europe*’, 16,7 Mtand 17,8 Mtof PPW were collecte through dficial schemes in 201énd D18
(PlasticsEurop, 20B; 2019. For the amount colleatein 2018,42% was sent for recyclingwhile the
remainingwaslandil led (18,3%) and indnerated for errgy reovey (39,%%) (PlasticsEurog, 2019.

47 EU28(+NOLCH).
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The Figure klowshows thaldails d EoL treatnentsfor PPW collected in 2018.

0% 20% 40%
Czechia |
Spain |
Metherlands [1] _
Germany B
Estonia |
Norway |
Sweden B
Latvia -
Italy |
UK B |
Lithuania -
Siovakia C —
Slovenia |
Belgium |
Luxembourg B |
Portugal C —
Romania e
Switzerland B
Cyprus B | ]
Poland B ]|
Bulgaria B —r—
Austria B |
Denmark B |
Malta O ——
Ireland B | ] M Mechanical
Croatia ] EU 28+2 recycling
Greece IS | POCCETE | Chemical
Hungary - o recycling
France .— 42%
Filand e [

* From household, industrial and commercial packaging
** According to the current calculation methods established in Directive 94/62/EC

Fig. 38  Post-consumer plastic packaging waste collection (C=collection)
and treatment (R=Recycling, ER=Energy recovery, L=Landfill) in
Europe (EU28+NO,CH), 2018 i Source: PlasticsEurope, 2019.
Data have been elaborated by PlasticsEurope Market Research

Group (PEMRG) and Conversio Market & Strategy GmbH.

In Italy, 1.074&t and 1.220kt were collectedin 2017 and 2018The amairt sent to regcling was950kt in
2017 andL.020kt in 2018 Regarding the magementCOREPLA treated 587kin 2017 the remaining was
proessed bythe Independen consortia. The following year has registered a similar tréd¥dkt was
managed by th€OREPLAand theremairing (376kt) wastreatedby the Independentonsortia(See kgure

39) (Fonaazione grlo sviluppo ®stenibile, 201).
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Fig. 39 Status of Plastic packaging in Italy, 2017 and 2018 i Source:
Fondazione per lo sviluppo sostenibile, 2019

The secondary raw mterials @& convertednto products, irthe same way primary plastic raw t@idds ae
converted ito products (NewlnnoNet 2015). Depending on technich(polymers éype, colours, aditives)
andlegal requiremets as well as markedemandsPCR plasticxzan be remanufactured ira closed or open
loop. The current highest demand ofecycles is covered by rPE, rLDPE and rHDPE (Daiitte
Sudainability, 2017). HDPE andPET geneally turned at itsoriginal functions in aclosedloop recycling
(CLR). If recycling deals wih highly puified plastics, tle added valueof recycling is pursed. This is
particularly hghlighted by clear PETpadkaging that is generally remanufatured into recycled food
padkaging (such as cups artday9 while coloura PETis segregatednd usedd male strapng (WRAP,
2009). Films (made of LDPE)are not remantactured at the original pakaging application Mixed plasics
are generallyused to mige furniture.

In Italy, the first study on secondary plastieas performed b¥coCerved angublishedby Fondazionger

lo SviluppoSostenile in collaboratiorwith FseUnicircular in 2019Being nd waste, the commmication

of secaday plastics is not mandatory; therefore, data may be robust.In 2017, 1.126kt entered the
recycling plantgabout 37%were sourcedrom FPW strears). The amount obecadary plastics gnerated
has beemgimatedat 895.84%¢ (Fondaione per lo Sviluppo Sostenibjl2019)

Remanufacturig or effectively reproessng refers towase fractionsthat have been actilia and dficiently

recycled. This shold include hid-quality recycling processes, where materialsrea recycled
comprehersively in conditins reecting EU environmentaland sociastandards(Eurometaux2016). No

official dataare availableon the amounbf plasics effectively remamfacturedin new produts. The EU

initiative Monitoring Recyclates foEurope (MORE) is currertly undergoingteding to collect data onthe
volumes @ recycled polymers usedly plagics corverting mompanie$’.

Municipal waste(waste fom households andrsilar, ako caled postconsumer) ash special (waste from
industrialcommerci& activities, also called pe-conaumer) waste are managed inifierent ways While

48 Dataaresourcedrom Modello Unico Ambientale 201&nd elaboratedyo)CERVED GROUP
4 Monitoring Recylates for Eurgpei Source: htp://moredatformeu/
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specid wases are managedy indepenént consortia or privateompanies, municipal waste(and in
partiaular packaging wasfenanag@ment isregulated by th@ational waste constig. Further informationis
included in heparagrapbbdow.

3.4 Plastic packaging waste system

Each EU MS ha#ts own wastemanaement systerin accordane to the ationallaw. As laid down by the
article 182bis of Legislative Baee 152/06, thdtalian sef-sufficieng/ of municipal wase management has
led the regiors to guaranteeas much as possible, the plastic wastatnert internally (Italian goverment,
2006). THs principle has catalysed the laundf a framework of wag operators, consortia andherprises.
Since tte legislatve frameworks provides easuredor municipalwaste and postonsumer plastic waste
mainly involves municial PRV, the sytsem appars moe organized ian the system for spediones where
a compstive market prevails.

3.4.1 Plastic packaging compliance
scheme

Packaging is charaatieed bya well-defined waste management system. In factkaging induding plasic
packagingarecdlected ty official waste scheme as pushed the statutory prodoer respnsibility regme.
The ®-calledEPRhas bea introduced through the legislatio® to intenalize EoL.c o st s i nt o t he
price. Accordig to the OECD definiion, E P R ah exyvirdnnenal pdicy approachi n whi ch a pr o
responsibility fora product is extendetb the pestconsumesstage ofa prodwctd sfe dydl® whi anes bec o
responible for meeting the recovery and recycling obtigas of the individua producer§! (OECD, 2001).
Degite EPR beig, in theory, an individal obligation, inpractice producers o#in exert lhis respongiility
collectively.
It is possibé to distiryuish:

A Individual producer responsibility (IPR)

A Collective producer responsibility (CPR)

In addition tothe posibility of developing theirown packaging wast managment system, poducers b
packagng waste da transer ther responsibility to another erity that is thePraducer Responsibility
Organisation(PRO) (E.g.Green Dot compay) (ARGUS, 2011).
PRGs potetially coverthree main funtons:

- financing tke colledion and treaiment of tle waste ¥ collectig fees flom paclaging waste

produces and pubt/private entities
- managing the data on waste traant
- organising trainingadivities European Comrnssion 2014)

The financial structue is based on theverall cost for wastemanagememminusthe revenuesoming from
the sles of recoverethateriab.
In particular the full coststheoretically include

- Colledion, transport andreamentcods for sepaatelyand norsepaately collectedvase

%0 The poduce regonsbility regime implements the Diretive onPackagng andPackaging Waste94/62/EC, amened by Drective 2004/12/EC
and Directive 852/2018/EC) Also, the FroducerRegorsibility Obligations (Rackaging Waste)Reguations 200 (as anended) cove regycling ard
recovery, while the Packaging (EsentiaRequiranents)Regulations 2003as amended) oeer sirgle marke and optimsation apecs.

51 Packaing compaies handing 50 tonres of @ckaging maerials a packaing in the previous cdendar yearwith a tumove of morethan £2
million a year fased orthe lag financia | vy e a ntd) are cavere hy the scheme.
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- Costs for pblic information and avarenessaising
- Costs aimedo promote wase prevention(WP) adions
- Costsfor litter prevantion and management (Watkins et ali1 2

Theawerage wastéaxfor eech MSis illustrated in the grap below Figure40).
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Fig. 40 Packaging tax in European Member State i Source: PROEurope®,
2017

Around 400 EPRschemes are cuntly in wse globally, most othem inOECD coutries (Watckins et al

2017). In Europe the fist EPR schemes wee implementedin the 190sin Germary, France, Austa,

Belgium, Luxemboug, Span, Portgd, Hungary, knland, Ireland, UK(European Commssion, 2013 26 of
the 28 EUMSs havesome form of ER in place for pckagng wade to dae (Watkins et al.,2017). The

current EUlands@ape on EPR schene is claracterized bya multiude of diffeert factas thet completely
change the wastenanagemenfiorm one MS to another. In factPR maybe both mandatoryand voluntary,
imposihng physical organisdional, financial orinformative esponiility on producers; t also mayassune

finandal respondiility and/or partial or ful operational reponsibili/; it may manage household/equivaie
packagng vs commerail and/or industal packaging, or both (Kaffine and QReilly, 2015).

The fllowing table shavs an oveniew of the different fdors charaarizing the ERR scheme curmly in
usein Europe

Tab. 11 Compliance schemes for plastic packaging in Europe

52 PROEuropé Source https:/www.pro-e.oig/
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Type of plastic pekaging naterids Type of plasic packaging wase Type of plastt packaging Type offee
Plastc (in PET/HDPE | EPS Bioplastics/bi_odengable Househdd Commer_cia[l Both Single use Multiple Bastc fe_e Eco-modulatio
geneal) plastics Industrial use modulatio fee
Austria X X (ARA) X X
Belgium X X (FostPlus) X (VAL-I-PAC) X X
Bulgaria X X (Ecopack) X X
X (Green Dot
Cyprus X Cyprug X X
x (no
Czech Republic X X (EKO-KOM) X fee) X
Estona X x (ETO) X X
Frane X x (CITEO) X x (CITEO)
X (Finnish
Packaing
RecyclingRINKI
Finland X Ltd) X X
x (Der Grune
Purkt-duale
system
Deutschland
Germany X GmbH) X X
x (Hélenic
Recovery
Recycling
Greece X Corporation) X X
Hungary X x (OKO-Panna) X X
Ireland X x (Repal X X
Italy X X (CONAI) X X (CONAI)
x (Latvijas Zalais
Latvia X punkts) X X
Lithuania X X (iaGista g k a| x X
Luxemborurg X x (Valorlux) X
Malta X X (Greenpak) X X
x (Alfafonds X
Netherlands X Verpakkingen) X X (ALFAFONDS)
Poland X x (Rekopol) X X
X (SocedadePonto
Porugal X Verde) X X
x (ECO- ROM
Romania X AMBALAJE) X X
Slovakia X x (ENVI-PAK) X X
Slovenia X X (Slopak) X X
Span X x (ECOEMBES) X X
Sweden X x (FTI) X X
UK X X X X
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All the schemes include some basic fee modutatThe fees for plasc and for compositgpackagng
materials are typically significaly higher than fees fortber packaging matils (Po-Europe, 2017)In
addtion to basic madulaion fee, ecomodulation fees (taking into account environmental asqpsthas ece
design or reusability, recylability etc.) are spreading all over Euraopdowever, only CITEQNn France,
Afvalfonds Verpakkingenin the Netherlands and CQ@AIl in Italy have already implemented the eco
modulation fe€Azzurro et al. 2020)

As laid downby the article 182bis of Legislative Bree 152/06, lie Italian self-sufficierncy of municipal
waste nanayement has ledhe regios to guarantee, as muds ssible, the platic waste treatment
internally (ltalian govemment, 206). This pinciple has catalysed the launch of a framework of evast
operators, onsortia ad enteprises. Since the legislative frameworks provides measurées postconsumer
plastic waste, the sytemappears more ganized than the system for special ones wkiseeompetitive
market pevails.

Both national ad independent consortia exist As descibed by the artcle 21 of the Consolidaed
Environmental La, National Consortia canebcombined with hdegndent Constia where packaging
producersand reyclers wok to independently vatize their own plastiavaste (Italian government 2006;
Ministeroddl’A mbiente e dellalutela del Erritorio e del Mare2019.

ThenationalPackagingVade Consortia isepresented bYCONAI . Its management was entrusted by law to
its member companies: nmorthan 90M00 companieshave joired the consortium.The operatind
managemert of recovering packging for each single matid (steel, aluminium, papgwood, plasticglass)

is entrused to six Material Consortia, one for each matetiathe case of lpsics, it iscarried onby the
National Consortium for th Colledion and Recyclingof PlasticpackagesnamedCOREPLA.

COREPLA systenis specificallycomposed of:
A Centri Comprensoriali (CC) i Presortingplants wherénousehold PPW are removed from the bag
to detect ot-PPW
A Centri di Selezione e Smistamento (CSS Sating plarts wherePPW are sortedy polyme and
colour
A Centri di Selezione e Riclaggio (CSR) i Sortingan recycling facilities

While some Independa consortiaare being validatal, PARI, CONIP and CORIPETare alrady opeative
(Ministero dell'’Ambiente e dell@utela del Territrio e del Mare2014 2016 2018)
In particular:

A PARI is estblished byheltalian multiutility HERA S.P.A.operating in thenvironmert, water
and enagy sctos and approve throwgh theDirectorial Decree52012014 It is commseal of
four companies andorks on LDPE flexiblgpadkaging

A CONIP is approved throughe Directorial Decre28/2016. It is canposed of 13 congmies (6
which 2 manufacturers, 1 reycler and 10 collects) working on PO secasiary and terary
packaging.

A CORIPET is gproved througlthe Directorial Decre682018 Since it works on PET bevega
bottles managemenit is mmposed bthe main mineral water @duces in addition to three
recyclers

Even if specid waskes arenot corsidered within this study beawse of the lack of neasues and regulations
for this type of waste, COREPLA also ptag subsidiary roléor industrial/commercial PPW by providing a
framework of platforms suchas

A PIA - Platforms for generalindustrial p ackaging management

A PIFU - Platforms for drums and tanks

A PEPS- Platform for PSpackaging
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The following figure shows he overall consorta working inPPW ¢ream The area delimitedybthe grey
lineis unde investgation within this study.

J PLASTIC WASTE

MUNICIPAL WASTE

(packaging waste)

v

SPECIAL WASTE
COREPLA Platforms Iudlpendem consortia Public/private waste
collectors
|

I
I
I
|
Public/private waste Framework
Managers (E.g. Multiutilities. of private enterprises

LDPE PET packaging PO secondary and . Municipalities -or NGOs. private firms-)
flexible for food beverage tertiary packaging !

Framework of private enterprises |
working on waste treatment

packaging

[ COREPLA:
Pre-sorting plants (CC)
Sorting plants (CSS)

[ -
I
' 1
Recycling plants

General Drums
packaging and packagmg
tanks

Fig. 41  National plastic waste management system

3.4.1.1 The role of the national plastic packaging consortium in Italy

As mentoned above, thplastic wastes maged bymunicipalitiesare generally packagjnwase. As resut
of the gplication of the EPR principle - where produces and importers are rpensible forthe waste tley
generd¢e ard Sharig Respnsibility - where shkeholders collabota to pursue the veée hierarchy,
COREPLAruns the financial osts atout the EoL of municipal PPW.
In particular, municipdities entrust the waste nanagemento COREPLA that is regulated bya specific
nationalframeworkagreemenstipulated(every five yeas) betweernthe Natonal Municipalities Associatin
(ANCI) andthe Natioral Padaging Consortum (CONAI). In 2108, 980agreementsvere estblishedin
Italy. It involved 7.231 (91%municipalities of which 496 established directagreemenand the remaimnig
6.375 municipaties relied on ertified intermediators.
In addition, COREPLA establishsthe secalled ContributtAmbientak CONAI (CAC) with:

- Companieghat manufacture or import plastics mateyit produce the packaging

- Companieghat produce oimport plastic pacikging

- Companies that produead usgackagingr impot packed goods
CAC is a compulsorycontribuion which sevesasa form of financing allowing COMI (andin this case,
COREPLA) to supportseparate waste collection capackaging wasttreatment(CONAI, 2017). Tha
system dlows to dlocate the rgsonsibilities forthe corectenvironmertal managemetof thepadaging and
packaging waste produced anded In 2018,2.582 firms were associated to COREPLIEOREPLA,
2019.

A schene repesenting thdinancial and operationabrganizationof the complianceschemeis illustrated in
the Figure below (Figuré?2).

83|Page



Systeminnovatian and life cgle thinking in padagingvaue chain: thecircularity of plasics.

| Plastic waste | Other
Bl recycling | treatment

5
oS
fron e

o€ -
RV

CAC, Eco-modulation fee
: > CONAI

PLASTIC
PACKAGING
MANUFACTURERS
Plastic packaging
manufacturing

‘ CAC
N

Plastic waste
treatment

MUNICIPALITIES Compensation

Waste collection cost

PLASTIC PACKAGING Tax on waste
USERS

Plastic packaging Plastic waste

consumption collection

———» Material flow
» Monetary flow

Fig. 42 Financial organization of National plastic waste consortium
Corepla®

Regardingthe fee paid by the plastc packaing producersCOREPLA has imfgmentedan ecm-modulation
feewhere any packaging producgthat join the Consortiurpays in accordarecto thelevd of recydability
of plastic packagird. Dependingon the markebf secondary plastics and the quality of collecsmell as
performance ofecycling, CAC is suject to change ovethe years The following tables show the ece
modulations feeapprovedm thelast three years.

Tab. 12 ltalian eco-modulation fees for plastic packaging - Source: CONAI, 2018, 2019, 2020

Category Desciption 2018 2019 2020
CATEGORY 150 EURt | 150EUR/
" Commercial and industri&dlackaging 179EURA

CATEGORY o .

5 Municipal padaging: 208EUR/t

CATEGORY 208 EURI/t

- Sortable and recyclable municipal packaghg n.a. 208EUR/t
CATEGORY . ) 263 EURt

- Othersortableand regclable munidépal packaging n.a. 436 EUR/t
CATEGORY . 369 EURt

. Not sortableand recyclable packaging 228 EUR/t 546 EUR/t

541f the packaging is eusale, tax bendits are stablished In 2017, 472.40t of foodplastic packagingral 2.002127t of norfood plastic packaging
were reusedl$PRA,2019).
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The list of packagng included in edt categay evolves accordingo the type of pckagingplacedon the
marketand themultitude of factorsaffectingthe WMS. The lisf, updatedon Janary 1%, 2020, have been
describedin the tabés below.As repated in thelast column of the tablel2, the CAC is considerably
increased in 2020.

It is due to man factors:

Chinesewaste import baand therefore high availability of lowquality plasticsn the waste streams
Increase othe amount oplasmixcoming fom the municipal PPW stream

High bid of film and therefore eductionof the film price

Increase of incineration cadbr the disposal fathe plasmix

Increase of logistics cost duethe stoage ofplagmix
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The categor A generally efers tocommearcial and irdustrid packaging

Tab. 13 List of packaging included in the category AT Source: CONAI, 2019
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CATEGORY A

Figure

Description

Liners, Big bags and bags for industrial applications

Big bottles (with respective cups) for water distribution

Covers for pallets

Crates for industrial and agriculture applications

Drums

Interlayers

Pallet

Bottles racks

PE Films (without metal and prints) for industrial and other
applications

Thanks (V>5I)

Tube and rolls for flexible materials
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Thecategory B is the most suitable fbetrecyclng of postconsumer plastic packagingsie PCPPW).

Tab. 14 List of packaging included in the category B1 i Source: CONAI, 2020

CATEGORY B1
Figure Description

A A A Transparent or t/coloured PET bottles and containers without
an multi-layers (layers made of other polymers or materials,

. \ without plastic slevees (or printed slevees)

2 = Transaprent or t/coloured PET bottles or containers with

[6“1 ( Q} removable plastic sleeves containing eco-labelling for correct
- disposal

=| @

Coloured (except for black ) HDPE
and tanks (Vmax=5[) without plastic sleeves

bottles. containers

Coloured (except for black ) HDPE bottles. containers
and tanks (Vmax=>5) with removable plastic sleeves containing

eco-labelling for correct disposal

Respect to 2019, ttemategoryB1 has removed Pbottles,containers and thanks
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Tab. 15 List of packaging included in the category B2 i Source: CONAI, 2020%

CATEGORY B2

Description

Reusable bags (in accordance to the artcle 226bis - D Lgs.
152/06)

Biodegradable and compostable carrier bags (in accordance to
UNIEN 13432:2002)

Dispensers

Caps (different that those of category A)

No-black slevees made of PE_ PPE or PE/PP, without glue,
prints and metals and easyly removable (containing information
for the consumer about the removal)

No-black flexible packaging made of PE, PP or PE/PP (without
metals, prints) (different that those of category A)

No-black Rigid packaging made of PP, HDPE (different that
those of categores AB1.C)

Seed trays and food boxes made of PS and EPS

HDPE bottles, containers, tanks and other rigid packaging
(Vmax=51) containing selectable black dye.

Respect tahe previous yeaHDPE rigid contaerscontainingselectable l@ick dye has been added tiee
categoryB2in 202Q

5%  NIR-detectable

black

colorantshave

ber experimented

and placednto the market

by Clariant

in

2019.

https://www.clariat.com/en/Corporate/News/2019/10/Welcebiack-ClariantlaunchesNIRdetectableblack-colorantsfor-a-wide-rangeof-

recyclablepolymer.

Otherproducer isColour Tone Masterbatch Source http://www.colourtonemasterbatch.co.uk/pages/lib/inraive.html.

88|Page

Soeirc


https://www.clariant.com/en/Corporate/News/2019/10/Welcome-black-Clariant-launches-NIRdetectable-black-colorants-for-a-wide-range-of-recyclable-polymer
https://www.clariant.com/en/Corporate/News/2019/10/Welcome-black-Clariant-launches-NIRdetectable-black-colorants-for-a-wide-range-of-recyclable-polymer
http://www.colourtone-masterbatch.co.uk/pages/lib/innovative.html

Systeminnovatian and life cgle thinking in padagingvaue chain: thecircularity of plasics.

The ategoy C containsall the packagig (baoth rigid and flexble) tha camot be recycled in an
economically efficientway.

Tab. 16 List of rigid packaging included in the category Ci Source: CONAI, 2020

CATEGORY C
Figure Description Figure Description
s === Bottles and conti ith metalic and
( ) ottles and contianers with metaliic an
i Opaque PET bottles and containers : W :
L] removable components

l | |

Bottles and containers with big sleeve |

\ Capsule

(different that those of category B1)

Multi-layer bottles and containers EPS non-food boxes

PET bottles and containers with a pronted

|
‘ Other (as swhown in the figures)
= — sleeve

Q
Z ==
s
Q
<
o =
a Bottles and containers made of PS, PLAP [} v] = Tube and rolls (differents that those of
g etc (with the exclusion of PET, PE, PP) T .'{ category A)
|
Black bottles and drums (V<5I) / Tubes

Other rigid packaging (differents that tho
of categories A and B1)

% Single-use tableware

Trays made of EPS

Tab. 17 List of flexible packaging included in the category C i Source: CONAI, 2020
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CATEGORY C
Figure Description
A 74
;;% ) Sacks and bags (differents that those of categories A ans(
&Pk

Laundry basket

\\

@b
o
=

3

Slevees (differents that those of category B2)

Flexible packaging (different that those of category B2)

® ) Adhesive tape

FLEXIBLE PACKAGING

Net and mash bags

Multilayer films

'8 Other flexible packaging (different that those of category B

According tothelast avdable data,in 2018 COREPLA hagjained 448.902 EURom the CACdeposied
by plastic and plastic packagimgarufacturing companiesPartof this contribution has been usedduaver
the cost ofcollection, selection, recyclingenergy recoveryand disposal(E.g landill) as well as
transportatiorand logisics. The total cosaccounted for 634.911 EUR 2018.33 pre-soting plant and 73
sorting plantsmanaged the total amount of plastic padhggvaste managed by COREPL{EOREPLA,
2019. In order to compre 2018 with the year 2017 (thads beerusedas rdéerence yeato aralyse the
material flow at regionaklvel), therevenugorm CACwas 398.700 EURN 2017and448.902EUR in 20B
(COREPLA,2019) Additional revenue is given by the economic valorizatidthe plastics thataccounted
for 104.367EUR in 2017 and 141.400 in 20T8e work of the sorting plant is regulated to obtain the
following outputs, some of which are sald nationhas well as BJ remanufacturer§SeeTable18).
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Tab. 18 Lis of the final products sold by COREPLA through telematic auctions, 2017, 2018
(The new products introduced in 2018 are reported in grey)

Product Acronym
(commercial nane)
By-products PLASMIX
By-products PLASMIX_FI NE
By-prodicts PLASMIX_FINE/F
By-products PLASMI X/F
Plasticcrates SELE-CAS/M
Light blue PH bottes SELE-CTA/M
Coloured PET bdles SELE-CTC/M
TranspaentPET bottes SELE-CTL/M

HDPE rigid cortainer (E.g Detergents SELE-CTE/M
containers)

Small/sized  (format<A3) films (E.g. SELE-FIL/S
Wrapper$

PlasticFilms (E.g.Industrialfilms) SELE-FIL/M
Mixed coloured flexiblgpackaying SELE- FILM/C
Not-colouredflexible packagindformat=A3) SELE FILM/N
Mix of PPpackagingE.g. Jarg SELE-IPP/C
Mix of PO packaging SELE-MPO/C
Mix of rigid PO containers SELE-MPR/C
PETopaque bttles SELE-PET/C
PET trays SELE VPET
PS rigidpackagng SELE IPS/C

As already mentioned,apt of these productsRET, HDPE and Film productsye sold though telematic
auctions into the EU mark&’. Other products aresold acceding o direct ordes gipulated beteen
COREPLA andhesingle customes.

In 2017, COREPLAmanaged 1.073.797t plasic waste (ofwhich 91,2% was PPV (ANCI, 2019). The
overall numberof productssert to EU recyclersaccouned for 550000t in the same yeaiThe detaé per
product arelistedin thetable below As aforementionedhe revenue from this opstion was 104.367 EUR.
In the following year the amownt and price of productsncreasedand the revenue accounted fiotl1.400
EUR.

57 Auctions are carriecbut on-line on patform http://coreph.clearchencom. Sales auction®f the séected FET ard HDPE produds arehed monthly.
Auctions of the £leded film are hetl every threemorths.

91|Page



http://corepla.clearchem.com/

Systeminnovatian and life cgle thinking in padkagingvaue chain: thecircularity of plasics.

The following tableshows the pries and the amousbf producs managedn 2017and2018.

Tab. 19 List of final products sold by COREPLA through telematic auctions, 2017, 2018 i Source: COREPLA, 2019

Auction

Product Commercial| (M=every mont; 2017 2018

name Q=every four nonths Cost Amount Cost Amourt

DS=Direct contrac) [EURA] [t] [EURA] [

Clear PET bottles CTL/M M
Light blue PET bottles CTAM M
Mixed PET bottles CTC/M M 303 235.257 430 244.809
Opaque FET bottles PET/C DS
PET trays VPET DS
HDPE containers CTEM M 370 68.472 450 69.967
Packagingfil m FIL/M Q 49 71.502 2 84608
Flexible packaging+ Mixed PP FIL/S + n.a
packaging IPP/IC DS+ Q +122 59.130 | 1+108 72.062
Mixed coloured flexible n.a. n.a. n.a.
packaging FILM/C DS n.a.
Mixed packaging MPR n.a. 101 120.090 53 140.283
Secondary reducent agent SRA DS n.a. 7.774 n.a. 4.549

TheoverallMaterial Flow analysigMFA) for naional plastic packagingnd PPWisillustrated belowSince

the casestudyrefers to 2017 data, the Sanldigigrans reporthe MFA for thisreferenceyear.

I Commercial and industrial (t): 840.270

Household (1): 1.430.730

Tot (1): 2.271.000

Flexible packaging (t): 976.530

Rigid packaging (t): 1.294.470

Fig. 43

Tot (1): 2.271.000

COREPLA, 2018

PET (1): 510.975 I

PE (1): 1.008.324

PS/EPS (1): 177.138 [l

PP (1): 445.116

Biopolymers (1): 49.962

Others (1): 79.485

Plastic packaging market in Italy, 2017. Sankey diagram i Source:

The plasic pakaging phceon the market accoded for 2.271.000tn 2017 (COREPLA, 208). In 2018,
2.292.000 were registeed (COREPLA 2019) It follows that the market of plastic packagirsggrowing

more andmore. In paricular, the demand hasegistered a evidencedincreasefor PEI, PS/EP$
biopolymersand reduced for P&ndPP.

The anmount of plastic packaging coltded by oficial schemeaccainted for arourd 50% of the packaging
placed on the market(1.074000kt) in the referenceyear (COREPLA, 2018) In the following year
1.220000t were collected (COREPLA, 2019)
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. . . Plastic packaging waste (t): 977.155
Municipal plastic packaging waste (t): 1.073.797

Other waste (1): 96.642 [

Fig. 44  Municipal plastic waste collection in Italy, 2017. Sankey diagram i
Source: COREPLA, 2018

The yearlyamount of plastic packaging tredt@ashigherthanthe amount collded. Thefollowing Sankey
diagram slows that the man amount 6 plastic packaging managed i0Z7 (includirg the amounttha was
stored)hasbeensent to WE; it is mainly dueto thepresenceof plasmix (36.753t) Recychble plasticswere
(562.2245 sentto reg/cling through electronicauctiors. 95.96t have beerrecycledalroad (inclding 7774t
of Secondaryeducing ageh (SRA) thathave beersent to the Austriasteel planthnamel Voestlpine while
the rema@ning amounthas ber managed byhe national recycler§COREPLA, 2018). In 2018 92.631 were
sold abroad registering a reduction of 3,5% respect to 20L& mainly due to a dowime of Voestalpine
Regardngthe product sold in 2018, details are showed in Table 19.

PET (1): 235.257

HDPE (1): 68.472
Recycling (1): 562.224
LDPE - Industrial and commercial films (t): 71.502 1l

LDPE/PP - Household films and packaging (): 59.130° Wl

PE/PP - Industrial and commercial packaging (1): 120.090

Waste treatment (t): 1.620.906 Tot: 1.620.906
Reducing Secondary Agent (1): 7.774

Incineration (t): 989.397

Landfill (t): 69.285 .

Fig. 45 Plastic packaging waste treatment in Italy, 2017. Sankey diagram.
Recycling*=sent to recycling through electronic auctions i Source:
COREPLA, 2018

3.5 Other provisions affecting packaging waste

In addition to the packsng tax, cher MBIs®® have beenimplemented over thgears.The use of economic
instrumens to suppot the reuse(in some countries) and recycling péckaging waste is one of these
measues. Bgium hasintroduced ecdaxes on ertan products put orthe market Finland encouraes the
reuseof disposable drinkontaners Taxes on primary paeking and gcordary packagig with a volume of
less than 20itres and on bags of plastics or papeith avolume of more than 5 litres est in Demmark.

8 MBI's are policy instrumentshat utsemarkes, price, and otherecoromic variablesto incorporate theextenal cest of productionor consimpion
activitiesthroughtaxes a charges an pracesgs or poducts or bycreating propery rights and facilitating the esthlishment of aproxy market fa the
useof environmental sefices
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Austriaandthe Netherlard has proided taxaton system for packagmlandiilling and incineration wiout
energyrecovery. Italy hasbamedlandfilling of colleded padkaging waste (European Comm@sj2012).

In generd, the framework ofenvionmental taxes ha highlighted the reductionof the amount of plastic
packagig dispsedin incineration plantsr landfill sites.

A report from theEC namedUse of econoia instruments and waste managemeetformances suggess
that there is a relanshp betveen highetandfill taxesand lowerperaentagesof municipal waste éing sat
to landfill, identifying ttree MSsmacro goups:

A MSs with high total charges for laméifand low percentages of municipaaste bndfill ed
A MSswith mid-to-high-range oftotal charges andid-range perentages ladfil led
A MSswith low total chargs anchigh percentages landfill§@ee Talle 20)

Tab. 20 Effect of landfilling taxes in municipal waste generation. Analysis per Member State i Source: Bio Intelligence Service and
European Commission, 2011

Group number Member Stags
1 Austria, Belgium, GermanyDenmark Luxembourg, Netherlandsw@den
2 Finland,Francereland, Italy, Slovenia, Unitedikgdom
3 Bulgaria, Czech Republic, rée®, Hwgay, Lithuania, Latvia, Poland,Portugd, Romania,
Slovakia, Cyprus, Estonia,Span

About incineration, just Astria, Belgium, Denmark, France, Gaany, Neherland, Portugl andSpdn are
currently implemating an incineration tax systenswedenand Lhited Kingdom are planning to aiefate ths
kind of MBI by 2020 (European Commisson, 2016). These countries are ilne with the strategy on waste
management inance establisked by the EC. In fact,he recentrepat Taxonomyhas excluded WTE
incinerdion from the list of economic activies consdered sustaiabke (European Technical Group on
Sustinable Finance, 2019Therdore, EC is strongly promotig other waste véorisation suchasrecycling
reuse as weksprevention

In addition to envionmentakaxesMBIs includes:
APay As Yau Throw (PAYT)
ADRS
PAYT sydem is an additional MBI thatbreakswith tradition of common waste taxes, based oxedfiee or
propety size PAYT is based othe amounbf wade throw away In thevast mgority of cases, the ovelia
costof the serviced fundal through a canbination of flat rate fees otaxesand avariable element which
may be linked to one or moré the fdlowing dements:
- the choice of container size (vohe-based sclemes)
- theweightof materid collected inagivencontainer (weighbasedschemes)
- thefrequeng with which a containeis st outfor collection (frequencyased schemes)
- the numbenf sacksset outfor collection (sackbased schemes).

PAYT system is implementedin Austia, Belgium Czech Repubd, Denmak, Estonia, Finland, Frarce,
Germany, Hungawy, Ireland, Italy, Luxembourg Nethelands, Sweden, Slovakia, Slovenia, Estonia and
UnitedKingdom.

DRSis intended to act as an economic incentivrecycle tailoredfor pos-consumermphase. This syam
incentivises the retrn of usel packagingthroughthe use of a refundal® depait. Comsumers pay a small fee
charge when they purchaseetleverae contaners, which is partially or fully refundedhenthe empy
contairer is to designatd collection pints, typically locatedin retdl outlets orothe centralised locations,
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where tkey arecollectedand recycled. As for nowonly Croatia, Deamak, Estonia, Rnland, Germany,
Lithuania, Netherlands, Maay, Swedenhave impémented DRS for pakaging (espeeily for plastic
bottleg (RELOOP,2017)

Thefoll owing schene shows the ratdor DRS in he countries implementing this MBI.

0,400
0,400
0,350
0,320
0,300 0,280
0,250
0,250
0,220
0,200
0,540 0130
. 0,114
0,100
0,100
0,070

005 I

-

Coratia Denmark Estonia Finland Germany Lithuania Netherlands Norway Sweden

Fig. 46 Deposit Refund System. Analysis by Member State - Source:
Reloop, 2017

The Directive on @mier plagic bag$® has introduce ataxationfor this gpod. Of the 34 counties with same
form of plasticbag legslation, 27 countriegrepresenting aut 80%) have inplemented some type of tax on
the manufactug, distibution and EoL phase of pbstic bags. Some ountries have specifimaiond
legislation onplastic bags while others have packaging laws oregulatons, whichgovern plastic bags
(UNEP, 218).

There areseven predominant approaches (or combinagid’) implemented among ¢éhconsidred aea

Tax onmarufacture of plastibags

Tax ondistribution d plastic bags

Taxon marufacture and distribuon of plastic bags

Fee on distribution of piic baggo enduses

Fee on the distribution of plasticdsabo end-users and tax odgistribution

Fee on the dstribution of plastic bgsto enduser and taon marufacure
Feeonthedigtribution of plasticbags toendusers, tax on manufacture and dlgition

5 Plasticcarrier bags arearrier bags with or without handle made of pladic, which ae sipplied to consumersat the poirt of sale of goods or
productsUNEP, 20.8).
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The folowing figure and table (Figurd7 and Table21) show the analyses of Fac bag taxaton per
appoach.

Tab. 21 Type of taxation for plastic bags i Source: UNEP, 2018

Fee on ditribution of plastic bag enduses;

Fee on the dstribution of plastichagsto erd-users ad tax
on distribution;

Fig. 47 Plastic bags taxation. Analysis by Member State and type of
taxation i Source: UNEP, 2018

The Commission is gingly pledging oneffort to reduce virgin plastic use and to improve the competiti
position of recycled plastidt proposed in 2018 aational contribution calculated on the amount of-non
recycled plastic packagip waste in each Member State, in the context of the Multiannual Financial
Framework (MFF)that is already ongoing. Anothemxample is given byreducing VAT for products
containirg recycledmaterials orshifting the tax burden from labouo tpolluting activities(European
Commission, 2016).

In Italy, manyecoromic measures have beesstabkhed inthe last year to fagihte the transition bwardsa
sustainable packagingheDeaeelLaw n.342019 hasintroducedan eonomnic incentive for the purchas of
packaging madef roughly 75% of recyded materias (including plastics). Theincentive consistsof a 25%
discount in the tax credit for the 2020 financial status of commercial aedonomicnationa activities It
may ke higher f the pa&agng is al® reusable rad recytable (Italian government, 2019) To push the
marke of SPs,addiional meaures ve beenprovided by the Minister of the Environmert within the
NationalAction Planof Green PublicProcuement(GPPPAN). As defined by theEC, GPP isfithe approach
by which Public Bdlies integrate environmental r¢eria and/or requiremeis into all stages of their
procurenent praes, thus encoumging the development of environmentathnobgies andthe spead of
environnentdly sound prodets by seekig and choosing wicanes and dations hat have the least
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possible impact on the enxdnmen throughait their whole lifecycled. In order to actiate the GPR
environmatal minimum crieria lave been gablihedthroughspecific decees issua by the Ministry of the
Environment and theProtection of Natural Resous(2006). The minimum ewironmental crieriaconsistof
spedfic technical considerabns of environmental (and where poséile, ehical/socal) requirements
(Ministero delllAmbiente alella Tutela del Terribrio e del Mare 2006. With the new Code ofContract
(Legislative Deree ®/2016), ad with subsequentm@ndmentgLegislative Decre 56/2017), GPP is0
longer a voluntar instrumentbut hasbecome ompulry. For gasticspackaging, the existing minimum
environmental criteria sets 8% of reg/cled plastics forprimary, seonday, tertialy plastic packagimy used
in furniture, electricelectronic equipmend S(EEES) waste catainers and 30% in primary reusdle
packagirg used fo medical santation items?®®. The currentgovernnent has also pposeda plastic tax
namedVACSI . The tax has been included in the lavd/P®19 ad will come intoforce in Juy with the first
payment egected 6r Octdoer. The tax regardsoneway plastic packagingwith theexceptionof bio based
and compostable plastics (as cegtifiby the technicalaw UNI EN 13432:202) has well asrecycled
plagics®’. The commitnment towardsthe use of bidbasedand canpostable plasts is also fostered by the
establishment of discount @ the Value Added Tax(VAT), accouting for 10% with a wih aceiling of
20.000 EURIn 2020(Italian government, 2028). Anothe propcsal mmes fom the working grap Quality
Reg/cling composedof composedof the National Agency forEnvironment(ENEA), COREPLA, CONAI,
RubberPlasticFederatiorand the environmentatot-profit organizaion (NGO) Legambiene. The Working
group has poposeda VAT if convertess manufadure products using at least 30% of reycled plastics.
Finally, mary financial measres hae been established to prevent wa3tee Italina DecreeLaw Misure
Urgenti Per Il Contrasto Dei Cambiamenti Climatici E La PronooED e | | 6 e cVerdeds rgoirg to
introduce a VATto stops and supermigets selling bulk productd.he discount acaunig for 20%, will be
applicablein the period 202@022(Italian government, 202Qb

3.6 Impact of plastic packaging in the environment

In this paragrgh the effects of packaging the environment have been discussédiany life-cycle
assssment (LCA)studieshave been caied outon packagesandpackaging materialssincethe 1970s. Most
of thoe amed to comparebeverag@ pacleging systtms (Pongracz 2007) or alterrative materdls
substitution. Some LCAstudies commissioned by the plasthdustry have dund that plastic @an helpto
reduce sore environmendl impacs (European Commission, 201&8specidly in case of packaging, plastics
are preferable to other materidds its contrbution to the reduction of food waséand emission furig the
transportdbn stege. However,owing to maiy factas such aghe functonal unit the systen boundaries
(geogaphical, naturalas well as life cycle), the data quality, and thellocaion, resuls can ggnificantly
change and no geeral corcluson can be figure out The following discission has ber donefrom a
gualitative point o viewencompassing each steptio¢value cha.

As describedabore, plastt packaying hereanalysedarefossit-fuel based.Plasticpackaging contains resins
as wellas a lngenumber of addives. As alreadymentioned, aditives are maufactued by the chamical
companies as technologilya advanced mducts than bas chemicals. The impact of petro-chemial
companyin tems of GHG is well-know (OECD, 2001). However, agvidenced by the US EPAthe
chenical indwstry is alsahe bggest enitter of carcinogensreleased (US EPA, 1997). Inctachemicalssuch
asplasticsersard stablisersfound in plastics ould leak ait during theusage(OECD, 2001). This problem
is partculay arguablyin food packaging applicaion where tle migration mechanisn could directly affect
thehuman healthGheif Lahimer, 201Y. The amouwnt of potentially toxic sulstances (PoTSshigratinginto
food depends um its initial concentration in ghpaclaging product, thenature of food, the foal-additive

80 Ministero dellGambentei Soure: https//www.minanbienteit/pagna/i-criteri-ambientakiminimi
61 packagigy intendel to cortain medical devices arexempted
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interactiors andtimei tempeatue-storage caditions (Hahladailk et al., 2018).This meansthat cetainty
abaut the eal impact ofhis substaneson the environmet and the human health are notivdefined. After
the casunption, additional impacts ae geneated duing the EoL stag. Refaring to legal waste treatert
options even f the amaunt of PPV sentto recycling is higher tha the amoun incinerated, the nocess
losses make theVtE processhe nmain waste dsposaloption. The challege affectingthe reeycling sysem
has lisenthe disposal ofplastic waste it WEE plants thatbeing unevenly spread acossthe EU have
causedadditional emissions owing to the transportationof waste for longdistarces (Wilts et al., 2016).
Despite significant worldwide alvancesn management, treament and regecling in the lastthree decades,
the largestfractionof plagic waste §ll possibly exdsupon dunpstes or is openlyburned, emitting carbon
monoxide(CO) and carbon digide (CO,). Theillegal combustils d plasics coraining certain types of
additves such as Brominet flame retardant$BFRs) cause hazadous sibsancesemission (Eg. aid gases
and wunintentional pesistent organic pollutants (PORsich & doxins (UNEP, D15). Uncaontrolledrecycling
is also clallenging owing to thetrarsfer of pdertially harmful sulstances or PoTS&om wasteto secondry
plastics (Chenet al., 2010)Landfilling is still a commonway to deal withPPW (Plasticfkecycler€Europe,
2015). Finally, a large amounbf PPW endsup in the envionmen and in the aceans as marine litter each
yea (Jambeck et gl2015). As reportedoy Ocean Conservacy (200), padkaging (gless ad plastic bottés,
cans, pper cupspape and phasic wrappings) are thenan congituentsof litter beauseof its stort lifegpan
andimproperly management at Eqllamkeck et al, 2015) In partcular, thereaults figured ait by six of
beachclearups aound the worldshow that at of alnost 14million itemscadlected, five ¢ the ten most
comnonly found iens (by the rumber ¢ items found) are plastic packaging (Oceami@ervancy, 209).
Entering into detdls, the 06 susre@| ep Iclkaghg accaintpfar 50% of themarine liter (Eurogan
Commission, 2018 Joint Research énte, 2017). This problem is paticularly argued inSauthern Asia and
Ching where 4 to 12 Mt ogblastic packagin is swep down rivas and ends in theoceans thusantributing
to make the probleng | o b arhbriefed 2010)
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4 SUSTAINABLE PACKAGING IN A CIRCULAR ECONOMY

Even if therearevarious definitions (Kirchher et al., 2017), t& most prominentree has een provided by
Ellen Mac Arthur Foundation (207) defini n g Cda indistrial Siystemthat is resorative or regenerative
by intenion and designlt replaces the'end-of-life' concept with re-storing, shifts towards the use of
renewable energliminatesthe use of twic chenicals, which impede reus andaims for the elimiation of
wase through thesuperor desgn of naterials, products, systemand, within this, busness rodd s la CE,
materids and prodicts circulate asohg as possiblehts leadng to natural esourcepreservation and waste
minimization.

According b Bocken et b (2016) the folloving two fundemental stategies towardthe g/cling of reources
can bedentified:

- Slowing reource lamps through the dam of longlife goods andgrodud-lif e exension

- Clodngresource loopshtoughtherecycling
Thes two approahes are distinct frm a thid appoach towads reducing resotece flowsthat isidentified n
designand process @timization
While the firststrategy is orientetb produwct condition, the secod oreis strictly enclosd on vaste state and
thethird could ke achieved in any sa. Ths appoach refletsthe waste hiarcly (European Rrliamentand
of the Gundil, 2008) where prevention is prioritizd to recycling. Revention activities argererally aimed
to reduce the rmount d resources andvages, while recycling makes effort on waste vailgaion. In
particular, pevertion measurepursuit tle maximizaton of rescurce useefficiency, while recyling strives
to add and maintain the matar value aslong and better gzossibé.

CE practices, decting prevation at first and recyiig than, play anes®ntid role infostering the rehinking
of the plasic padkaging vdue chain. The following tableshows the main &ions fostering the traition
towards a circular plast packaging value chain inaccordance e priorities establishefly the waste
hierarchy.

PREVENTION

REUSE

RECYCLING
ENERGY RECOVERY

LANDFILL

Fig. 48  Waste hierarchy i Source: European Commission, 2008

Accordingto thewade hierarchy,CE in plagic padagingfield prioritizes fivefields d acion, asfollows:

a. No padkaging (Servitization)
b. Packaging minimization
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c. Packaging waste minimization
d. Packaging reusability
e. Padkaging recyclability

While zerapackaging anghackagng minimization fulfils the preverion concept, packaging recyclitity is
pat of the regcling principle. Reusing (or peparing for reuse) can beasn agorms of prevention.

As highlighted by Tenat et al. (2016) and Finmeden efal. (2013), the main god of preventing waste s
not been swocessfully achieved yet dnsoluions are manly focused onthe endof-pipe. The ame
conclusions are express by Wilts et al. (2012) and Zorpas etal. (20L7) demongrating how waste
managemenmeasures prey on prevertion.

4.1 Prevention in plastic packaging field

According to thalefinition, preveation takes plae before products ar@dentified as waste, distjuishing it
from other wage related advities (Vandni, 2000). As definedby the aficle 3, comna 12 of Wage
Framework Directive WFD), prevent o n  mmeasues tékebeforea swbstance mateial or product
has become wastthat reduce:

(a) the quatity of waste, intuding through the reuse ofproductsor the extension othe lifespan of

products

(b) the adverse impacts of # geneated vaste on the environmentdhuman hedth;

or (c) the contenbf harmful substanceBr materials and produsbd (EuropeanParliamemn and he

council of the Ewopean Union, 2008.
Prevention and inparticular WP is aso coupled to strict preventin (or demaerialization) eferring to
demandreductbn before product fié cycle (Priceand Joseph 2000). As llustrated in tle figure belav,
prewertion applicdions are drongif they are aimed ateducirg the use irguantitative tems, and they are
we if appliedto decline in théntensty of use (De BruyrandOpschooy 1997).

Trade Plastic Plastic
5 ;. » Plastic packagin
Raw materials Compounding Plastics conversion distribution packaging waste packaging packaging
supply " § waste valorization
and use collection waste sorting

STRICT PREVENTION WASTE PREVENTION

v \J
Fig. 49  Prevention along the plastic packaging value chain

Accordingto theprinciples charactizing the stiict prevention/deateriaization and he WP, the following
figures shows the mainactions that promot€E in paclkagingfield.

=| Removing overpackaging |

N

> Moving from product to service |

STRICT PREVENTION |

>| Light-weighting |

>| Sharing |

Fig. 50  Actions promoting strict prevention in plastic packaging field
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=]| Substituting plastics with bio-plastics |

=I Designing-out-waste |

WASTE PREVENTION |

>| Designing for disassembly |

» Repair, refurbishment and repurposing
process

Fig. 51  Actions promoting waste prevention in plastic packaging field

According to the same dehition, prevenion can le invesigated by three perspetives quantitdive,
gualitative and athird perspective orientetb avoid hazadous sbgances. Contextualizing it into plastic
fields quantitatve preventionresuts in a redudion of the anount ofthe plasticwade, while quditative
prevertion is aimed atreducing he im@ct in theenvironment and human health. Theevention ofhazards
refers to a reduction of the contamination afvase dream with Bisfenb A (BPA), phthalges and
hazadous adiives (Laneretal., 20®).

WASTE
PREVENTION

* Sustainable supply chain
* Clean energy
* Process and logistic optimization

* Awareness

QUALI
TATIVE

* Clean up activities
* Proper disposal

* Waste valorization

» Fossil-based materials substitution
(with bio-plastics or recycled plastics)
* Qut-waste design

* Design for disassembly

QUANTI
TATIVE

* Design for reuse
* Reuse, repair, refurbishment and

repurposing process

* Fossil-based mateial substitution

* Additives’ reduction

PREVENTION
OF HAZARDS

* Chemical substances’reduction

Fig. 52  List of actions promoting qualitative, quantitative prevention and
prevention of hazards in plastic packaging field

Quanttative plastic prevention fosters the retian of plastic wast. At desigy and poduction stae,
redwing at soure cmvers amore impatant role than wade minimization. In particdar, dematerialsaton,
followed by lightweighting are the keyrinciplesto achieve tht goal. While weight reductiois aimed to
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reduceraw materals at the source, ervitization furthersthe total elimination of resaurce by promaing
sdutions hat suplemert traditional product offerings. Many castudies are téed in pa&aging fields, both
in Business to busine¢8toB) and Businesso Camsumer(BtoC). Return systm are preading in BoB,
espeddly in e-commerce secbr. In BtoC, Nessi et al. (2013) studed the shbstitution of bottled water
consaimead domesticallyby public potable water from the tap, and the substh of single-use packaged
liguid deergents by hhose digibuted loog through slf-dispensing systems ard refillable containers
Another asgct reduing the environmental impact csed by the plast packagig value chain is the
substitution of fossibasedplastics withbio-plastics whosesaurce shoud be wate biomass geerating from
food and similar indugries howe\er, this type of pastic is curraitly neither sorted for recyclin nor
compostedvith orgaimc waste, and it often ends up with otheats diverted forsorting andrecycling,
contamirating the highvalueplastics steams (Hhaladakisand lacovidu, 2018)

The lightweighing design aimsto reduce the raw material camagtion. In thiscase,a trend has been seen
in recent years is the $hirom rigid packagng formatsto flexible formatsthat ae lighter, with superior
barrierpropertiesandeasyto decoate and brad (SmthersPira, 207).

The socalled ecedesign, including designig-outwask, supports the realization of these issbgsan
anticipatory gproach bagd on which the lifespan, the functionsand the geeration of refusesand wase
are corsidered asa probem tobe dealtwith at the end of the productigorocess or aftethe prodict has
completed its useful life, but mubke kept in mind fromthe beginring (Liede and Rasiu, 2016 Ghisellini
et al., 206). When geneated, wage could be raluced by aplying recycing within a production process
(Laner and Rechberger 20M®). This practiceis common among plastic convertelsis defined primay
regycling and involves the reintroduction of clea scrap of single poymer into the e&trusion cycle (Al-
Salem et a).2009) All the issuesalated to the exteit of the produds lifespancan e considered in this
field: reuse, epair and refurbishmat ard repuposingcan be takerinto acount (Gentiletal., 2011). At the
same time, mximizing the value within thelifespanthrough the shaing businessmodels isbecoming
spread.

Qualitative phstic WP encourages the reduction @ivironmental and hdth impactsof gererated plast
wastecoming from pstindudrial and posconsumemwade streans. It takes @ evenmore signifcane if
actions contribute to thesdiwction & MPP and its impact on the marine life and the food chaliis
ambition is alsopuraied byadopthg a systemichinking approach athalife-cyde perspetive (Eriksen et d,
2013): a prodiwction phase, mismagenent and accidents could dispefbakes ad granulates (Lechner et
al., 2014) at consumption step, iotoplastics in cosmets and syrthetic fibres in tekile aswell as the
increasingalrasion oftyres are sme repgresenatve exampes (Waner et al.,2018. At EolL, improper
disposal, lak of endof-pipe and clearup activities, inefficient wastewater &@nent surely cause
ernvironmentalimpacs. At the cortrary, gpropriate phstc wade collection sorting ad recycling suppated
by Bestavailable tebnologies (BATs) adoption, cleanenegy useand clarning system application give a
great contributiond the reture safeguardConsumer choice behaviours ato influence the envbonmental
concerns. lereasing aw@nesson aushinable isues dtermines algeimpact on changing life habits

Hazardousmess preention includes all the measures dealing with tduction of harmful sibstarces in
materels and prodcts, andherefore, m plasticresins and gods. Resims conposedby plastic plymers and
additives sich as plasticisers, flame redarts, hea stablisers, antioxidants, light stabilisers, lubricaats¢
scavengers, antiicrobial agents,anti-static gents, jgments, bloving agens and fillers (Rosato, 201).
Severd of these aditives, especiallyBFRs, phthalate plasticizers, ledta stablizers are hazardous to
human health and the environmentufighy, 2001). Designig by avoiding theg substancess necesary to
protect environment as wellas human hedth. Invedments on research and developmeR&D) allows to
better understandhazard and riskassessment opotental migraion and uncontrolled relsa as well as
human exposureand related effect®n healh (Lithner, 211) duringthe consumption phase.
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For industry, it is clear that win-win <lutions ae posible where here arecost savings butlso
environnental tenefits. In some cases,this has bee achieved by swithing the packaging material to
something thatcan ke nore easy recovered and recycled

4.2 Reuse in plastic packaging field

Diredive 94/62/EC defines reus  aamy operation by whih packaging,which has beendesigned to
accomplish a mmimum number of tps @ rotations, within its lifecycleis refilled a used for he same
purpose for whib it was degyned, with o without the sugport of auxiliary productspresenton the market
enabling the pakagingto be reiflled; such reused packagimill become pacéging wastewhen ro longer

subgct to euse dhe rorm EN 13429specifiestherequirematsthat pa&aging has tdulfil to beclassfied

as reisable

As stown in the Figure below,ause systenare impkementedn BtoB as well as irBtoC market.

Trade, Plastic Plastic
i > Plastic packagin,
e Compounding Plastics conversion distribution packaging waste packaging waste \':Iur‘lzagtiui
supply and use collection waste sorting
DESIGN REUSE
for REUSE (BtoB, BtoC)

Fig. 53  Design for reuse (and effective reuse) along the plastic packaging
value chain

Refillable bottles are theda-known exanples of resable packages Another application of reus is theso
calledrefill pack and is greadycommon inthe e-commerce ecor. Reusable inspat pakagingis common
in industrial supply chinstoo (Saphire, 1994 Modelsare shown inttefigure bebw.

=]| Designing for reuse

Implementing Reusable packaging
system (BtoC)

REUSE |

>| Implemeting Return system (BtoB)

Fig. 54  Actions promoting reuse in plastic packaging field

No targetshave beenstablsheduntil now for theassessnm of reusdle packaging.

4.3 Recycling in plastic packaging field

Recycling stge can add taircular and sustinalde plastic value chairthe trandformationof a plastic waste
into finished andsemifinished plastic products aiming toaintin materialvalue as long aspossible (Di
Maio and Rem, 2015).

103|Page



Systeminnovatian and life cgle thinking in padkagingvaue chain: thecircularity of plasics.

The WFD defines recycling agiany recoveryoperation by which waste materials are reprocessed tim
products materials or substances ether forthe orignal or other purposes. It incles the reprocessig of
orgaric maerial but does nbinclude energy recovey and the reprocessing @ materialsthat are b be
usel ad fuds or for backfilling operéio n s 0

The recycling process is evalad by he Endof-waste status that is verified e
a. thesubstane or objectis canmonly used forpcific purposes;
b. a maketor demand exists faud a substace or obgd;
c. the sulstanceor object fufils the chnical reuirements for the speitifpurposes and meets
the existing legiskion and standard goplicableto products;
d. the use of the sutence @ object will not lead to overall adversenironmentalor human
health impact (EuropearParliament and theouncil ofthe European Unig 20@).

Recycling is pursued by an effioatdesign stagemplementng the desgn for recycling (DforR) approachin
fact huge enwonmental problems for plastic pa@ging derive from the way in which a poduct &

manufactured.
Trade Plastic Plastic
. ’ . > ) Plastic packagin,
Raw materials Compounding Plastics conversion distribution packaging waste packaging waste \-l:Iomag'lluﬁ
supply and use collection waste sorting
e

Fig. 55 Design for recycling (and effective recycling) along the plastic
packaging value chain

The Inrventia AB modée¥ below illustrated the optimum packdesignthat is achiered by maxinizing
environmental andcanomic bendit and minimizing packagng mateial as shown in figre below.

Negative Environmental Impact

F 3 Optimum Pack Design

* Minimum Environmental Impact

Underpacking Overpacking

I .
Lg

Increasing Packaging Material
Weight or Volume

Minimum Material
Fig. 56  Soras Curve i Source: Innventia AB
The requirements for aximize the recycling perfomanceof pladic packagingare deepl descibedin the

paragaph8.2
General models charadi@ng the regcling ae shovn in the iigure béow.

52 The Soras Cuve wasdeveloped by Inventia AB, a major Svedenbasel R&D company in the fields d pulp, paper, gaphics media, packagg
and bio-refining.
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—J] Designing for recycling |

>|] Sorting by polymer and colour |

RECYCLING |

_| Recycling process
(upcycling or downcycling)

>| Remanufacturing process

Fig. 57  Actions promoting waste recycling in plastic packaging field

Scholars areworking on measuring the value generatedhsy application of CE models. According twet
waste hieraficy, more value is generated during the production and consumption phadmuilding black

of waste valorization, and in particular reliyg, is generating aded value towastethrough the extasion of
theintrinsic value ofthe materialitself.
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5 ENVISIONING A FUTURE SCENARIO FOR PLASTICS CIRCULARITY:
FROM EUROPEAN TO REGIONAL GOALS AND OBJECTIVES

5.1 Normative transforming scenario: recyclability and
recycling by 2030

As desribedin thechaper 1, the future scenario correspongih the scenaricenvisonedby the European
Commission withi the Action plan on Circular economythatincludes the European Strategy for Plastics
in a circular economysinceplastc mateials havebeen onsidered a®ne of the five pority se¢orswhich
the Commission fas hidilighted measues. These issues cditite to a wide project on sustainabi ty
establishedhroughthe Sustainable Deslopnment Goals(SDGs) coleded within the Agenda 203 (UNEP,
2015). In paricular, theClosing theloop Action plan m circular eonomy, publishedin Decenber 2015,
pledged pecifically to promote a sgtemic approat acrossthe entire value chain by enaidy multi-
stakénolder enggement® (EuropeanConmmissian, 2015, Bourguignon 206). As part of the @n, the
revision of the WFD pubiishedin June 20B encanpasse thePackagingand Packaging Waste Direcive
(PPWD) where assntial requirementson ecedesign (including recyclability) have been introduced
(EuroeanParliament and theCouncil of the Europeadnion, 218). ThePPWDhas preiously amermed an
additional time though th®irective 2A5/720 EC aimeal to reduce th useof plastic bags by forcing the
consumption reducton of lightweight bags and the elimination of very lightweight plastic carrier bags
(European Parliament and the Cancil of the EuropeanUnion, 205). As aforanentioned EC highlighted he
importane of the pastic related problems publisty the Stratey on plasticsin 2018 (European
Commission,. 2018). Becawse ofthe urgency and iportance of th@lastic related probkems this legishtive
initiative is the fist EUwide poicy framewak adopting a materiadpecific lifecycle appoach whee
gradwlly rediction on vaste shipmet, interconnected &lue chain and devdopment of sustairide and
innovativemateials arethe pivotal goals. The same concepts f@abeen taken over in tiiuropean Green
Deal where measuas to address the problem wiicroplasics as well asctiors to promote reusability and
recyclability have been included in thelatedroadnap (European Commission201%). According to these
intentions, a policy orSustainableProducts is expected for Mate 2020. This element is padularly
important because a$trictly related to the migon of ensuringthat all packaginglaced in the EU market
will bereusable or regxlable in an economically viable manner by 2@B@ropean Camission, 2016).

" Agenda 2030 (ONU)

AN

\\ Circular Economy Action Plan (EC)
N\

Fig. 58  Normative transforming scenario

83 A Circular ecanomy stakeblder datform hasbeen launched bythe BiropeanComnisson within the CircularEconomyAction plan.
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Indeed, the EC is working on:

- Proposal directive on microaé#tic in cosnetics & part of the Marine StrategyFrameworkDirective

- A clear regulatory framework for plasti with biodegralabk properties (E.g.Report on oxo
degradable plastics®%)

- Legidative meastesaimed tocut the consumption of the main plastiogrcts foundon sea(E.g.
Directive on SingleUsePlastics(SURs))

- Legislative measure to prevent packagingl aeduce overpackajing (E.g. Drinking Water
Directive)

- Policy instrument b improve wasteollection am sorting (E.g. EPR)

- Policy instrument to fostegustainablgroduct degin

- Legislative measures port recetion facilities torecoverplastic wate from sea(E.g. Directive on
port reception facilities ér the deliveryof waste fom ship9

- Policy Framework on SustainableProducts (European Commission, 2049

- Incentives to gppat global, national ad regional aébns on theunderstanding and avoidj therise
of maine litter

- Awarenes-raising ativities onsugainable corsumgion (E.g. Ecoabel and GPP)

- Reaquirement for eo-desgn (E.g.Eco-designDirective)

- Information to address theinterface between chemical, products andaste management (E.g.
Communication 2018032)

- Informaion canpaignsaimed to increasconsumers awareness orveanmental issues

Among them, théirective on the reduction of the impact of cemin plastic products onthe environmat,
known & Diredive on $JPs, was published ibure 2019 The Directive establishes masuresdcused orthe
elimination, reduction andlimitation of certain plastiproductson the maket, since they areegonsibie for
the maine pollution. Additional measures affethe design anthe colection of specific plasti good.

Many legislative meaures havdeen inplemented in previous years espeially for food contat materials
(FCM). In addition to @neralrequirementdncorporated in Framework Regulation (EG No 1935/2004,
Regulation (EC) No 2023/2006as meded bythe Regqulation (EC) 2822008 and Regulaton (EC) No

10/2011 sdting rulesfor desgning, manufacturng as wel as informing &out the composition of ARG

(according to the list of authorized and not #uorized sibsnces European Canmission 201), additional

policy promoting circularitywas pubiished in 2008. Thanks to the strong cogoeration betweenthe EU

Comnission andhe European Food Safety Autlity (EFSA), the Regulation (EC) No 282/200&id down

rules forthe aithorization of procesas manfactuing foodpackaging made of recycled gt (Commissin

Regqulation, 2008).

Finally, adlitional Directives and Regulations cotribute to eed the overall laglative framework

charcterkzing plastics ath their applietions (seeTable22).

54 Oxo-degmdable plastie areplastic maerials tha include additives which, throughoxidation, lead to e fragmentation of the plastimateral into
micro fragmentsor to chemical decompogion (European Comnission, 218)
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Tab. 22 Legislative framework on plastics

Waste

Legislaton/formal doementon plasic wastepreverion Production Consumption management

Lifecycle

Best Available TechquesReerence DacumentBREFS in
the Praduction of Polymers

Directive 2015/72 ECconsunption of lightweigh plastic
carrier bags

Eco-Managemat and Audt SchemeRegulationi ISO
14001

Regulation(EC) No 66/2010 on theUEEclabeli 1ISO
14024

Directive 2010/75/EU - Industial Emission Directre
(IED)

Directive 2001/95EC on gneal product safety

Reguation 1972006 ECon Regidration, Evaluatim,
Authorisation and Resiction of Chemical§REACH
Reguation)

Regulation (E£) N020232006 on goodmanufacturing
practice for materids ard articles intendd to caneinto
contct with food

Reguation (EC) N01272/2008(CLP Regulation)

Regulation 750/200 on maximum residue\elsfor certain
pesticides in or orcertain products

COM 2018/32 on thanplementatia ofthecircular
econany package optionsto addresstte irterface btetwea
chemical productand waste legisidon

Regulation EC) No 850/2004 on Pergernt Organic
Pollutants Directive(POPs Drective)

Weaste Framework Diretive (WFD)and rehted evisions

Directive on theeducton of theimpact of cerain plastic
produwcts an the evironmert (SUPs Directive)
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The following figure (Figure59) shows the key and supporting policies laid down the rormative
transforming senarioin the EU dimension

Key policy

Agenda 2030:

- SDG 9 - Build resilient infrastructure, promote sustainable industrialization and foster innovation
- SDG 12 - Ensure sustainable consumption and production patterns

- SDG 14 - Conserve and sustainably use the oceans. seas and marine resources

Closing the loop Action Plan forthe Circular Economy:
- Directive (EU) 2018/851 amending Directive 2008/98/EC on waste
- Directive (EU) 2018/852 Amending Directive 94/62/EC onPackaging and Packaging Waste

NORMATIVE !~ Directive (EU) 2019/904 on the reduction of the impact of certain plastic products on the environment
TRANSFORMING T

SCENARIO

+ REACH Regulation
* CLP Regulation

+ Best Available Technique Reference !
e e e e e e et e e e 4

Documents

* Eco-Management and Audit Scheme * POPs Regulation

Regulation * Product safety Directive

1

+ FCM Regulation + Toys Directive «  Communication i
1

1

+ Industrial Emission Directive !+ Decision

Fig. 59  Normative transforming scenario (European dimension)

According to theArticle 2, MSsshall bing into force the aws, reguations and administrative provs
necessy to comply wih the PRVD by 5 July 202Q The Italian governmenhas included somiasightsin
the so-caled Law of European Delegationlt will amend the existing LegislativeDecree 52/06 as alealy
amerdedby the Legislatve Decee 205/2010 Specifically to plascs, theLaw 123/2Q.7 on plasticcarrier
bags the Law 296/2006 by whichthe Ministers ofthe Ecaonomy, Fhanceand Econorit Developmat has
adoped the Public Consumption Sistainability Action Plan (also calledPAN GPB, the Proposal Law
SalvaMare for the plastic waste fouhin marineenvironment.the retional program#loSonoAmbiente (and
therelative#Pladic free initiatives), the recentLegidative Decree Clima(that dlocate fund to implement
sustainable nasures by which in@ntives for free pd@ging shopp and thevery recentBudget Law
160/2019(which establisasthe nmuch-malignedplagic tax) repregnt the national gomitmenttowards the
plastics issue¢SeeFigure 60).

Sincethe study is focusedat the regiond dimension an overview on the gional legislative framevork on

circular economyand plasts establishednn ERRhas been povided.

While Italian governmet has aleady been working on the national lawor circular ecommy®, Emilia

Romagna has acteratal this step, first with the appralof Law n.1620150n circular econony, then wih

the Regonal Waste Managment Pan (RWMP) and finally, with the Regional Strategy on plastics
namedPlasticFreER .

The legidative frameworkestablishes a muititude of adions aimed to preent he consumpin of raw

materals reduce the waste generation and valorize wasteseraps (Regime Emilia Romagna, @15;

2016.

% The naional gwernmenthaspublisted adocument entied Verso un rodello di ecmnomiacircolare per [6 | t. i &lsb gets ready to trapose the
Circular Economy Bckagethrough theDelegation Law
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This missions supportedy theimplementation of théollowing main ations:

Establishment of a permanentcoordination on byproduct§®
Egalishment of apermanent forum orCE

Plan of sipporting finance systefor wase managemert
Implemertationof PAYT tariffs

Promdion and launic of reuse centres

within the CE law(Regicne Emilia Romagna, 2@) and the following measures:

Estallishment of a common room working on defining tbadnmap

Substitutionof oneway plastic containers and bottlasregional dfices, hospital caténgs, schools
andfirms as well agpublic events(including sporting events)

Collectionof plasticwade in marine and urbaanvironmentghrough the orgnizationof the fiClean
up the word event

Making available of ecoomic andfinancial instruments

within the RegionalPlastic Strategy Regione Emilia Rmaga, 2019).

As mentimed above,hat acivities are implemented coherenty with the RWMPwhere, efforts an wade
reduction, waste cobction improvement and waste @atation optimization are included (Regione Eha
Romana, 2016).

Key policy
Regional law n. 16/2015 on circular economy (ERR)
Regional Waste Management Plan (ERR)
Regional Strategy on plastic (ERR)
T Supporting policy

- Legislative Decree n.205/2010 amending the Legislative Decree n.152/06 concerning

NORMATIVE
TRANSFORMING

SCENARIO

all environmental issues. including waste management (Part IV)

- Law 221/2015 on Green Economy

- EU Delegation Law

- Budget Law

- Legislative Decree «Semplificazioni»
- National law «Salvamares»

- Legistive Decree «Clima»

- European Directives and Regulation product (including plastic_related product) and

waste (including plastic packaging waste)

Fig. 60  Normative transforming scenario (Regional dimension)

5.2 Goal definition: recyclability, recycling and circularity

The LT future conerningthe plastic systenincluding theimpacts caused by the litterit§ envisiored in
the Agenda 203@reexpes®ed bythe SDG 9 aimedto build reslient infrastucture, promote iclusive and

5 1n 2020, the byproductsworktablepublishedthe Statement othe vaorization of plasticscraps
57 SDG 14is not strictly relagdto plagics recyclabity and reycling however,proper wase manayjementremains essaia for the prevertion of all
litter, including marne litter.
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sustainale industralization and foster nnovation, the SDG 12 abaut ensuring sustaifde consumptiorand
production patterns anthe SDG 14 regarding the conservation rad sustinable useof oceans, seas and
marine resoucesfor sustainable deelopment are more rated to phstic (UNER 2015).

Closdy conneted toplasics the main challeges, strateggeard opportunities for a more stenableand
saferconsumption angrodudion patterrs d plasics are figired outby the European Strategyfor Plagics
in a Circuar Econany (Europea Conmmissian, 2018)

The following quantitative targethiave beemutlinedby the Strategy:

1 By 2030, all plastics packaging placed on theEU market will be either reusable or can be
recyclablein a costeffective manner

1 By 2030, moe than half of plastics wastegeneraed in Europe will be recycled

9 By 2030, soting and recycling cgpacity will increase fourfold since 2015, leading to the creatio
of 200000 new jds spreadacrossEurgpe

1 By 2030, seondary plastic market will increasefourf old since2015

To sippott the flfilment of that anbitioustargets, additinal supportingarges have been provided by:

A the SUPsDirectivewhere

- Ecodesignrequirements have ben estdlishedfor beveragebottles identified in the pat F of the
Annex®® In particuar, from 2025, PET beverage botles shold contain at least 25 %recycled
plastic®® and from 2030, PET beverage bdfts slould contain at least 30 % recycled plastic’.

- EPRhas leen estalished for fastusing food containerspackes and wrapprs nade fromflexible
material contining food (that are intenced for immediad¢ consumptioy) bevelge containers
(including compsite beverage packaging) with a @pacty of up to three litres (including caps ad
lids) and lightweight pagic carier baggasdescribedn the pat E of theAnney).

- Collection rate hasbeensetfor beverage bottleidentifiedin the part F of the Anne In particular,
77% and 90% of that products shouldbe respedively collected by 2025 and 2029

- Market restriction have bee forcedfor cotton bud Hcks, stik for balloons, cutery, plates, stirrers,
straws and oxalegradchhle plastic food container

- 25% consumption reduction target have been edablished for food containers ard cups for
bevaage by 2025

A thePPWD where:

- New amltious recyclng rate hag been esthlished fa packagng (ncluding plastic pekaging). In
paricular, from 31 December 2025, aimmum of 65 %by weight of all pakaging waste shoul be
regycled. In addiion, from 31 Decembe 2030, therecycling rate wil be 70%. For plastic
packaging, therecycling rate is fixed at 50% by 2025 and55% by 2030

A the Circular Economy Packagehere
- A binding landfill target to reduce landfil| to maximum of 10% of municipal waste slould be
achieved by2035

58 Beveragebottles wih a capacity bup to three Itres, including heir caps ad lids, but not: (a) lgssor metal beveragéottles thathavecaps and
lids nade fom gadic, (b) beverage bttlesintenced andused fo food for spetal medicalpurposesasdefined n point (g)of Article 2 d Reguation
(EU) No 609/2013 thaisin liquid form

% calculated aanaveraye for all PH bottles pacedon the markéonthe erritory of thatMS.

"0 calculated as araverag for dl PET bottlesplaced on tk maketonthe terrtory of that MS.
" The coledion rate iscalcuated respedo the amaint of beverage bottieplaced o the marketn a given ear ly weight in eachMS.
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- Sepaate collectbn for hazardous househdlwaste (ly end 2022)bio-waste(by end 2023), teid es
(by end 2025have to enter into force.
- B5%recyclingrateof municipal wasteshoutl beachieved by 203

Although theDirective on fastic carrier bagswas publshed earliersupporting targets aimedo make he
recycling simpler, were provided. TheDirecive includes he consumption reductioof lightweight bags
(ensuring that theannud consunption leveldoes rot exceed®O lightweight plagdic carier bagsper peson by
31 Decenbe 2019 and 40 lightveight plagic carrierbags per prsan by 31 Decembye2025 or equivalent
targets set in weight)na the eliminaion of very lightweight plasic carrier bags (c&gorized as illgal,
today).

Thesetargds areheresummaised (See Tale 23).

Tab. 23 Framework of legislative objectives (European dimension)

Pdicy Objective Target Year

9.1 Develop quality, relide, sustainaldand resilient infrastucture,
including regional andransborderinfrastrudure,

9.2 Pramote irclusive and sustaimble indudrialization 2030
9.3 Increas¢heaccess ofmallscale indusial and otter enterprises
SDGY | 9.4 Upgrade infrastictureand etrofit industriesto make them 2030
sustainale
9.5 Enhane sciettific reseach, upgralethe tehrologicd capabilties 2030
of industial sectors
9.C Significartly increase acas toinformaion and communications 2020
Agenda technology
2030 12.2sustanabke managmentand efficient useof natural esources 2030
12 4 Achievethe ewironmenally soundmanagemeiof chemicals
S 2020
and all wastes througputtheir life cycle
12.5substantlly reduce waste generati through preention, 2030
SDGL redwction, recycling end- reuse . _
12.6 Enmurage conpanes, especialy large ard transnabnal
conparies, toadopt sutainable pradtes
12.C Ratimalize inefficient fossifuel subsides thatencourage
wasteful consunmon by remowving market digortions
SDG14 14.1 Prevent and gnificantly ieduce marne pollution of all kinds 205
- 2030 65%
Waste Municipal waste ecycing
_ Diredtive | Landfilling rediction 2035 10%
Circular Separate colleatin of hazardosihousédnold waste 2022
e(;(::rlgamy Pakaging | Padagingwasteregycling 2025 65%
package and | pakagirg waste reycling 2080 70%
pavil;ggng Plagic packaging waste ogcling 2025 50%
directive | Plastic packgingwaste egycling 2030 55%
Plastics packaing pbcedop theEuquean_market will ke ether 2030 100%
reusble or can be reyded in acosteffective mamer
Quadruplicatiorof sorting and recyclig capacitysince 2015 2030
Plastics Quadrplication d secomary pbagic market sice 2015 2030
Strategy Introduction of regscled plastics in FET beverag bottles 2025 25%
SUPs Introduction d recycled plasics in PET beverageotiles 2030 30%
Directive | Sepaate colletion for beveragbotles 2025 77%
Separat collection for beverge ottles 2029 90%
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EPR fat usng Food contairers Pacletsand wappers mad from
flexible matrial containingood that is inended for immediate
consumgion, Beverage cdainers (irtluding composi bewerage
packagng) with acapaciy of up to threditres(including capsand
lids) and Lightweight gdadic carier bags

Market restricton for cotton bud stiks, stick forbdloons, cutlery,

beveage

plates, dirrers, straws athoxo-degralable plastic fod containe
Consumpton reduetion target fofood contairers and cyos for 2025 250

Contextualizing the analysisto ERR, thedrget established bthe Regional lav on circular economyard
the RWMP are includd in the Tabléelow (Table24) (Regione Emilia Romagriz015 20169.

Tab. 24 Framework of legislative objectives (Regional dimension) i

Policy Objective Target Year
Reduction of municipa waste gereration per capita) 20-25% 2020

Separat collection of municipal waste 73% 200

Law on circular economy Material recovery (recycling) 70% 2020
Sef-sufficiency for wase managment 100% 2020

Landfilli ng rate 2020

RWMP

Plagic wastegeneration 253.222t 2020
i i 124,161t 2020
Plastt waste Separate cokdion of plastic wate
Recycling rate of pastic wage 22% 2020
54,631 2020

Recyclingof plastic wate

The following chat (Figure 61) illustrates thetargets o recyclaility and effective recycling d plagic
packagingoy 2020, 2015 and 203While recyclablity is part ofthe Pladts Stratayy, the plasc packagiig
recyclingtargds areestablishedavithin the PPWD.
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Fig. 61 European and regional targets on plastic packaging recyclability
and recycling™

The curent regonal plasticpackaging recycliig rate referdo the previous ame&ment of PPWD.It entered
into force to achievéhe 2008 recyclingate,but it is stil in force. In this context, ti representsa STtarget.
However,eachEU MS (and coeeqienty EU regons) mud transpos the revised PPWD by 5 July 2020.
Therefore ERR will incorporate two aditional targetso the «isting one. These additionahrges are
categorized as MT arlidr targets.

70.0%

60.0%

50%
50.0%

40.0%

30.0%

22.50%

20.0%

Plastic packaging recycling target

10.0%

0,0%
2020 - ST 2025 -MT 2030-LT

Fig. 62  Short, medium and long term targets on plastic packaging recycling

Summarizing, the wok thesis embogsl a futurevision afecting recyclabiliy and éfective recycling (and
circularity) of plasic wade.

Thefinal goalsthat laid dowrthe future scenariare:

1 100% recyclability of plastic packaging by 2030

1 55% recyding rate for plastic packagingby 2030
The achievement of these godd sipported byadditionalauxiliary goals that affct the preliminary steps of
therecycling chain

- Plasticwaste reuctionwhere regiona2020 arrgetis established
- Separate plastic wastellection (including quatity and quality)where bothEU and regionatarges
havebeen established

In order to contextualize this vision in ERR, it is necessary to understand dheentsituationat first and,
identify the @p between the presesntd the futurethen Consequentlythe quantative-qualitativeanalysis
will support thegap analysis aboraton.

2 The2020targetrefers to 2008 one d@iswasestablisheavithin the EU Directive 9462/CE. This directive has been modifieddintegrated yothe
EU Directive200412/CE thahas beertrangosedn Italy throughthe Legidative Decree 152/08 he Decreehas increaskthe EUplastic recycling
targetfrom 22,5% to 26%. Tilstargetis still in force. The regional target is 20%.
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5.3 Backcasting process: foreword (2018) and backward
(2030) analysis

As merioned in the dager 1, the backcastingprocess links the current situation to the envisioned
sustainable future. Asshownin the figure belav (Figure 63), the current plastic packayg recyding targetis
22,5% and it isidentified as STtarget The MT and LT targetsare about twicethe ST target. The
achievermentof theseambiious targets shoulde regectively donein 8 and13 yeargwhere the starting year
is 2017 the reference year of thigork).

In 2017, te regonal reeycling rate was 2%, accountingfor 62.319t The recyting rate is calalated a the
amount ofmunicipalplastic packging waste(MPPW) (including household and similaraste managed by
the municipalitiey treated througtihe R3treatnent code (corresponding to the material vakion of
organic substancesyer the total amourtf plastics collected in tie separte and mixedwase collection.
Many factors affect the ratsuch as

- thehighgeneration oplasticwaste(that accountefor 279.818tin 2017)

- the generation ofunicipalurbanplastic packaging wastas waste collected by separate collection
scheme that accounted fdt32.773t in 2017)

- theconsiderabl@resence of plastic waste in the mixed wasgtean(that accounteddr 147.045t in
2017y

- thepresence ofontaminats and nofrecyclable plastie and plastic componerasd in general, the
qudity of dry recyclablenateias (Velis and Brunner, 2&)

- thepeformance of selectioprocess

- thecost of waste ti@ment and genetly, the market bSPs

60.0%

55%

50%

50.0%
40.0%
30.0%
22.0% 22.5%
20.0%

10.0%

0.0%
2017 2020-BT 2025 -MT 2030-LT

B Plastic packaging recycling rate® in ERR Plastic packaging recycling target

Fig. 63 Comparison between the current regional plastic packaging
recycling rate and the ST, MT and LT plastic packaging recycling
targets

In a Bal the targetreacheghe regiona target (%) andis really closed tothe EU ST target(22,5%).
However additional91.581 are necessary teeachthe LT objective It is not possibleaccoding to the

®Dara are source frofin C hdia vi$td  r teppblistedby ARPAET Source file:///C:/Users/utente/Downads/pubblicazione_rifiuti WEB.pdf
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existing stuation This means tat a gstemic ethinking of the actub plastic packagng value dain is
necessaly. Working on the factcs affecting the recycling performancemailtitude of measurestould be
implementedMeasures aimea tredice the waste, increathe collectionand recyclingperformances well
assimplify the designshouldbe eriorced in the nat years.

Since backcashg enhancesthe possibiliy of identifying radical innovatons and changes in the future
compareal to the pesent situationQuistand Vergragt 2006), it is particularly suitake for this case.

Once the stding andthe end pointshave keen esthlished,backcastings a technique thatomesbad from
afuture scenad (1A,1B) to the curret dtuaion (2A,2B), identifying andassessig changes andctionsfor
thatfuture tocome true (8e Figire 64).

100%
80%
60%
40%

20% Plastic packaging recyclability

Plastic packaging recycling

0%

2017 - 2030 -
Current Future
situation scenario

Fig. 64 Comparison between current situation and future scenario on
plastic packaging recycling and recyclability

This forwardbackwad processhelpsto identify the objectivesto reachthe gals. The present wéraims to
find a solution that tads into acount therecyclabilityandthe recyding of plastic packagm
Theworking planshouldbe enforcedo include the following actions:

1 Establish requirements for plastic packagingrecyclability
1 Monitor and optimizethe regional recycling throughput
1 Introduce metrics assessng thereal recycling yield and the circularity of plastics
Corsequently:
1 Support SMEs in switching their product designtowards recyclability
Get data on therecyding process
Reinforce therecycling infrastruc ture
Improve the market of SPs
Encouragethe (upcyding) recycling

= =4 =4 4

Each action should finally be evidenard fact based. follows that, at thdollowing strategy (reported in
the ChapteB) shouldfollow a robust aiton plan.
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5.4 Guiding principle definition: decoupling economic
growth from environmental impact

The enire proces is guided by spedif principlesaimedto go stictly to the final goals As recommended by
Holmberg (1999, defning a framework set of guitg principles spport the simpification of complex
problems, and the the alignment of thplanning wth the pinciples.

The guidirg principles chareterizing the process mplementéon ae such hat any type of action creed
profit without impact theenvironment Decouwpling indicabrs cover the proes of sepeating economic
growth fromrelaked adwerseenvironmenal impacs (Zorpaset al.,, 2017). As Van Ewijk and Stegeman,
pointed outin 2016 (2016), decoupling impliedreaking the link between wastgEneration use adeconomic
output. Bontempi (2017 consides the strict decoupling affecing the redudbn of primary resource
extracion pe unit of ecoromy activity tha means wsing lessmaerials and obtain a pradible ecoomic
output anyway. These cosptsarenumeri@lly trandated into the Kwnd Curve (KC)and ts versions (E.g.
Econonic Kuznet Cure (EKC), Waste Kuznet Cune (WKC)) (FischerKowalsk and Amann 200L;
Seppékd et al., 2001). As shown in the figer below Figure 65), KC reports an initl correlaed ircresse
betweenincome per gaita or GDP ad polluant/emissions uiita transition pont after which the continud
rises n per capitaincome resulin adeaeasein environmental degradationliamiset al., 2A.8).

Environmental

Impact Business
as usual
-

— - +

Environmental _— ]

Unsustainability !

= |

: I

I

! i

" I

i 1

1 I

H |

v

Environmental
Sustainability i : "
- : : ' Sustainable
development
' | i
Y ¥ ¥ .
+ Time
Backcasting

Fig. 65 Stylized Kuznet curve i Source: Parlow, 2014

In Europe, ithas been observélat de@mupling pdenially existsdue to pdicy implementation, eguations,
andtax perdlties (Tsiamis et al., 2018).However,no uniform standardshavebeenadoptedyet to measure
decouping trends. Typically, economic performance (GDP) is comparedwith resairce useindicatar. In the
caseof the EU Roadmapto a Resouce-Efficient Europe, the main indicata usedis GDP divided by Direct
Materid Consumption(DMC). Circular Econany Action Phn and he European Stragy for plastcs in a
circular economydopt hedecouplingasprinciple with no yet &isting measure on it performance

This principle has a gred potential to guidethe processhecase of the strict correlationbetveen GDP per
capita and packagingconsumption per capta. As demonstreed by Worrel and Rauter(2014), GDP &
strongly comeded to packging materid consumption in Eurgoe (R=0,97) and to populaton density
(R2=0,99).
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Correlation between GDP per capita and packaging consumption
per capitai Source: EXPRA, 2015

While the statistical relationship between populat@amd packaiglg consumption is linear, the
relationship between GDP and packaging consumption itself demonstrates a certain degreepbifglecou
The analysis perfoned by EXPRA (2015) shows that the hagtthe GDP per capita is in a country, the more

packaying is corsumed.
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6 SYSTEM DEFINITION IN REGIONAL PLASTIC PACKAGING VALUE
CHAIN

6.1 System in plastic packaging field

Components and relains are thenmain eements characterizirg a systm. In this cas, the maincomponents
are organizatons and ingtitutions whereorganisations ared  f ab strattures wih an exlicit purpose and
they are consciously @& a t whil@institutionsarefi s e t enmanfhabitsroutines established pratices,
rules, o laws hat regulate he relatios andinteractions betwveen ndividuals, goupsand organisatia s 0
(Edauist andJohnson 1997).

In plastc packaging value chainorganisaions are dertified in the famework of sakeholers having any
type of relaion with plastc packaging. t includesthe demica indugry (with reference tooil suppliers, oil
processors oil-re-refiners, chemicals and gymers manufactures), ampourlers, convertes (ncluding
desigrers), brandowners,users (including corsumers)wastecollectas and profesenals woking in wase
sorting, recycing, WtE andlandfilling plants asvell aspublic aithorities such as munigalities, regions and
finally, private and phblic organizationg(universities reseech institutes, traning inditutions, stardard-
setting Ilodies, loal trade aseciations, reguldory agencies technology transferagencis, busines
assaiations, relevangoverrment agencies aragkepatmerts, etc.).

Institutions are déned as théactorsinfl uercing the rehtions ketweenthe stakehdders Theymainly include
policy, economy, culture, technology andenvironmental pessurgSee Figue 67).

.

_/| COMPONENTS |

-

A Y
4{ ORGANIZATIONS I I INSTITUTIONS |7

- Oil suppliers. oil processors, oil-re-refiners - Policy

- Chemicals and polymers manufacturers - Economy

- Compounders - Culture (including behaviour and

- Converters lifestyle)

- Brand owners - Technology

- Users (including consumers) - Environmental pressure (E.g. Marine
- Waste collectors plastic pollution)

- Waste plant managers (including sorting,
recycling, incineration and landfilling plants)

- Public authorities (E.g. Municipalities,
regions)

- Private/public organizations (E.g. Waste
consortia)

Fig. 67  List of components (organizations and institutions) of the system

As usual,each gstem ismarked ly borders. The idenfication of the borders dlows to cicumscribethe
system fom thered that is namedenvironment(Ingelstam,20(2). As recanmendel by Edquist (2001,)the
sydem should bepdially, sec¢orally ard functionally eelimited. Therefore,spetial, sectorial andunctional
bordershave een set.
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The following resarch aitlinesthe system with referene to:
A regional boudaries delimiting EERfrom the rest
A plagic packaying value chairms thesecor of interest
A circularplastic packagig (ard in particular the crosdinking betwen reyclalility and effetive
recycling as wellascircularity) as scopeto look forward.

The key elements baracerizing the sysem represening the plastic pckagig value chan in ERR is
illustrated in the ifjure bdow where the regional systefinds contextualization irthe wider plasticvalue
chian.

(Environment 1)

(Environment 2)

RAW MATERIALS PROVIDERS CONSUMERS
> (oil_related products, polymers, {
additives etc.)

Policy

Economy pessd

COMPOUNDING INDUSTRY

Society g

CONVERSION INDUSTRY
(PACKAGING INDUSTRY)

PLASTIC VALUE CHAIN

Techmology pumd

BRAND-OWNERS (FOOD.
COSMETIC, AUTOMOTIVE, etc.)

Environment g

v

PLASTIC PACKAGING VALUE CHAIN

(Institutions)

<4 Indirect relation
4——p Direct relation

Fig. 68  System definition in plastic packaging value chain

In sygeminnovaion, systemic apgoach is he basiof each iteracton. Ths means tat adynamicproces
of innovation is esthlishedbeause sikeholders play dferent roles ad influene theproces at dff erent
level with yielded outcomes (DeVincerte etal., 2016) In order to better undersand the gstem andchow
innovatian affects the gstem, heactivities shoud be desciied andandysed.

As listed by Ricke (2000), thecivitiesshouldbe findized to:
- creae human apital
- devdop and dif use nav technology
- expeliment anddiff use new poducts
- provide faclities, equipnent and adhinistrative suppar
- fadlitate regulation and povide incernives that may ealge the marketard entane marlet
knowledge
- erhance navorking
- eftc.

The adivitiesd analysis helps to iddify the deteminants of inrovation. Through tle actv i t i es 6
implemernation, different stkehoders ae connected In adlition to adinary activities organizations
perform other ativities as reallts of obligations andpresues povided by theinstitutions. Moreover,
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organizationscan coopeate to ceate €chnolgical niches, hat allow the gperimentation of innowation with
the ceevdution of techmlogy, user pretices, andregultorystructures (Schotand Geek, 20@).

The numter of interactions affeiing the staleholder s 6 rk @ntl te anfluen@ between thesystem ad the
environment sbws te conplexity of the syseém. However according the mia objective ofthis work
(recydability andeffective recycling of plagic packaghg), the system compleyiis reducedbecaise of the
identification oforgankation,institutons and relationshig tha are strictly related tothe goal ahievement.

6.2 Characterization of the system in Emilia Romagna
Region

Because of the fufilment of a specific final objectiv, only a cettain array of @mponentsand relabns
contribute to the mission. It follows that a critical analyss has ben done toallocate organiZizons and
institutions in the right field. In order tobetter urderstad the stakelolders, their knowledgenterests ard
expectationsas well @& their ifluence in the innovaton process,stakehallers are firstly identified ard
mapped, henanalysed andirially engagedhrough the participative badkcastingmethod (Kok et al, 2011;
Carlson-Kanyama et al, 2008

6.2.1 Stakeholderséidentification and
mapping
The oveall stakeholdess having arole in plagic packaging valie chainare desciibed in the paragph 3.3

However,in system innovatbn, the staleholcder identifi cation always rders to the problem or issue tbe
overcomeor addess [elea et al2014).

The Net Map has been dore o identify the catgoiies of stakeholderghat drecly or indirectly affectthe
recyclability and recycling/circularity of plastic packaging.

RAW-MATERIALS PLASTICS WASTE PLASTIC PLASTIC PLASTIC PUBLIC
PROVIDERS REMANUFACTURERS OPERATORS WASTE WASTE WASTE ENTITIES/PUBLIC
RECYCLERS SORTERS COLLECTORS PRIVATE
RAW-MATERIALS ORGANIZATIONS
PROCESSORS
MEDIA
- 'y « -~
ADDITIVES 5 = i <
. > » - PLASTIC
MANUFACTURERS
T . . PACKAGING
X " » USERS
POLYMERS ~ and
MANUFACTURERS < s W CONSUMERS
PLASTIC RESINS PLASTICS PLASTIC PLASTIC DISTRIBUTORS RETAILERS
MANUFACTURERS CONVERTERS PACKAGING PACKAGING and
(including bio-plastics) (including bioplastics) DESIGNERS MANUFACTURES BRAND-OWNERS
Fig. 69  Stakeholder analysis. Net map » Direct influence

* Indirect influence

As stown in thefigure 69, stakeholderamay hae direct, directand indirect, or no influence on recyclahitly
and recycling of pastic pakaging. h some cass, stakholdes havinga dired impacton recyclability, have
congquently arindirect impad on recyding dnce recyclahbility and recycling areslosely connectel.

According tothelewe of interest andelevarce, stakeholderare tien mappeanto theRelevancelnterest
Matri x, to see dfferencesand to fird affinity groups or caflictive relaionshps Oe Vincente eal., 2016.

121|Page



Systeminnovatian and life cgle thinking in padagingvaue chain: thecircularity of plasics.

Figure 70 shows exenplarily how te categories ofstakendders are differeited by their power to
influence, modifyor tacklethe isse inwhich the poject is focused on.

KEEP SATISFIED MANAGE CLOSELY

PLASTIC PACKAGING PLASTIC WASTE

MANUFACTURES COLLECTORS

MEDIA ADDITIVES
MANUFACTURERS
PLASTICS PLASTIC WASTE
PLASTICS. CONVERTERS PLASTIC RESINS REMANUFACTURERS SORTERS
(including bioplastics) MANUFACTURERS

(including bio-plastics) ! PUBLIC ENTITIES/ PLASTIC WASTE

PLASTIC PACKAGING 3 PUBLIC PRIVATE RECYCLERS

USERS and PUBLIC ENTITIES/PUBLIC ORGANIZATIONS

CONSUMERS PRIVATE ORGANIZATIONS |
| PLASTIC PACKAGING
| WASTE OPERATORS DESIGNERS

Secondary / Connected stakeholders Primary stakeholders / Actors

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Relevance

Tertiary / External stakeholders Secondary / Connected stakeholders

RAW-MATERIALS

PROCESSORS PUBLIC ENTITIES/

; PUBLIC PRIVATE

RAW-MATERIALS ; ORGANIZATIONS

PROVIDERS :
RETAILERS
POLYMERS and
MANUFACTURERS T
DISTRIBUTORS

MONITOR KEEP INFORMED Interest

Fig. 70  Strategic stakeholder analysis. Relevance-Interest Matrix

Fromthis gaph, it is possible to disinguish

Primary stakeholders (or Core Stakeholdersor Actors) as stakeholefrshaving an adve role ard
stratgjic engigament inthe system. It includesfacilitating stakeholders involved in the design,
development andnaintenarce of the sysem. Facilitating stakeholders may be defed asthe pusher
and, atthe main time, the vieers. It generaly includes the policymakes and the famework of
organizéions sujporting the transiton towarmds sustinable praluction and cosunption paterns
(Long, 1990).

Secomary stakeholders (or Conneded stakeholders with discrete relevanced as sakeholdas
influencing theprimary $akehotlers or beng influenced by prnary stakholdes bysettingrules or
contrdling accesto a resoure a to amarket (E.g. government offtials a policy maker3 (Leleaet
al., 2014)

Tertiary stakeholders (or Connected Sakeholders with disaete interest) who are diectly
affected by he succesof he falure d the sysem

While primary stakeholders a@r a pivotal role in implementing le straegy to achieve theifal goal,
secondary antertiary stakeholdersdwe a cpacity b contribute or to impedethe projectto various degrees
with different mpactin termms d relevanceard interes (Scholl, 201).

The following sckeme distinguiskes the connected and exterhatakeholders since théirsts affect the
succasof the projet while the secondmay beindeed affeted.
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External stakeholders

RAW-MATERIALS RAW-MATERIALS POLYMERS DISTRIBUTORS MEDIA
PROCESSORS PROVIDERS MANUFACTURERS

Connected stakeholders

PUBLIC RETAILERS ADDITIVES PLASTIC RESINS
ENTITIES/PUBLIC and MANUFACTURERS MANUFACTURERS
PRIVATE BRAND-OWNERS (including bio-plastics)
ORGANIZATIONS

Core stakeholders

PLASTICS CONVERTERS
(including bioplastics)

PLASTIC PACKAGING
DESIGNERS

PLASTIC WASTE PLASTICS
COLLECTORS REMANUFACTURERS

WASTE PLASTIC WASTE PLASTIC WASTE
OPERATORS SORTERS RECYCLERS PLASTIC PACKAGING
USERS
and
PLASTIC PACKAGING PUBLIC ENTITIES/PUBLIC CONSUMERS

MANUFACTURES PRIVATE ORGANIZATIONS

Fig. 71 Map of external, connected and core stakeholders

Stakeholders being assignedto the different quadrarts are involved differertly in the pathof participation
procesgZimmermannand Mannling, 2007).

6.2.2 Stakeholders @nalysis

6.2.2.1 Analysis of core stakeholders

Stakeholder nalysis (SA) is one d the most comma appro&hes for better uncerstard the framework of
relations and corettions daracterizing the sysin. It supports theindersandingof the retwork before
working with it.

Since the core stakehodss may properly cofribute © the tanstion towards a nore ciralar plastic
econony, providing a better understanding of thekey compments (actors), theitbehaviours and
relaionshigs will be the bllowing gep ofthe curentandysis (De Vincente et a) 2016).
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The Table 25 summaiizedthe bag prdfiles for the main categories of corestakeholders/actas influencing
innovationin the ystem illustrated intte previous paragpas.

Tab. 25 Analysis of core stakeholders

Type of a&tivity
(B=Business, Activity ooLev:':i(;{)n Number Size
PE=Public entity) mp
Plastic packaging
companis (|ng1ud|ng B Design gnd mnufgctme High 90 Smal-medium
packaying designers and plastic packaging
manufatureas)
SES T cle GO ESERS PE (Municpalities) 13 mudtiutilities + .
collectors B (Multiutilities) Collectand reatwase Low 333 municipalities Medium
Plasticwaste sorers B Sortplastic wasteby pdymet High 42 Smaltmedium
and colour
Reprocessglastic materied
Regycling plarts B into pellets, agglmerates, High 52 Small-medum
regrinds etc.
Valorize erergeticély un- . .
Wasteto-Enegy plants B reyclablewase High 43 Medium
Landfill sites B Dispose unrecyclable plasti Low 10 Small-medium
waste into lanfill
: . Manufacture plastic_based .
PIEEE (R B producs using recyded High Dependig on e Medium
remanufacturers market
polymers

The previous recogni t i on of $rameviorke s dhenddetailedd Each core category is dgepl
investigaed and analysedonsidering the RR asspdial frameof examination.

a. Regional plastic packaging industry

Concerning the plastic packaging manutaing, the regional industy includes90 conpanies (registered
through the NACE 22.22Mand etrapolated from the AIDA daabase) wih a btal turnoverof 610 bilion
euos in 2018. The average dimsion of that conpanies is micro and small, the number mkdium
companies is 13 whié only two firms have more than 25@nployees. Around 36% ofhe canpanes
manuactures plagic packagingor food applications.

Thebiggestfirmsare:

1) ILIP S.R.L.

2) INFIAS.RLL.

3) SOCIETA' GE NERALE PER L'IMBALLAGGIO S.P.A. (NES.P.AK SP.A)
4) COOPBOX SPA.

5) SAICA FLEX ITALIA SPA.

The entireikt is included in Appedix n.1.
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As aforementoned, thesecompaniestogeher with packaying machnery manufiduring companiegsre part
of theregional Rickaging Valley.

b. Plastic packaging waste management industry

As desaibed in theparagraph3.4.1.] the ltalian waste manageme systen appeas to be realy comgex.
Waste andnaterial recovey facilitiescan be asociatedto National or Indipendentonsortia owork alone
in a competitive maet.

Summaiizing, a franework of National and Indegnden waste constia works in theregion and ranage
different type d packaging.

Regarding the naonal compiance schae,the Regio hosts14 pre-sating (CC) ard 3 sorting plants(CSS)
associatedo COREPLA (SeeTable 26). In 2017, 333 agreemats were sgned between CREPLA and te
municipalities located inERR (ANCI, 2019). A few companiesare dso part of he COREPLAG platforms
managing specific plastic waste streams.

Tab. 26 List of regional plants associated to COREPLA, 2017 i Source: COREPLA

Type d

Name City Province| COREPLA

infradructue
AIMAG S .R.L. Mirandola MO CcC
APPENNINO AM BIENTE S.R.L. Val di Sambro BO CcC
AREA IMPI ANTI Jolanda di Savoia FE ccC
BANDINI -CASAMENTI SRL Forli FC CcC
CA.RE SR.L. Carpi MO CcC
FINI SERVIZI AMBIE NTALI S.R.L. ZolaPedrosa BO CcC
HERA S.P.A.BOLOGNA Granardo dellEmilia BO CcC
HERA S.P.A. CORIANO Coriano RN CcC
HERA S.P.A. FERRARA Ferrara FE cC
HERA S.P.A. MODENA Modena MO CcC
HERA S.P.A. MORDANO Mordano BO CcC
HERA S.P.A.VOLTANA Voltama RA CcC
IL SOLCO COOP. SOC Savignano sul Rubicone FC CcC
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OPPIMIT TI S.R.L. Parma PR CcC
ARGECO SP.A. Argenta FE CSS
IDEALSERVICE CADELBOSCO SOC. COOP. | Cacklbosco di Sopra RE CSss
OPPIMITTI COSTRUZIONI/ ENERGY S.R.L. Bedonia PR CSS
CERPLAST S.R.L. Formigine MO PIA
WHITE FOX S.RL. Pontenure PC PEPS
STARPLASTICK S.RL. Parma PR PIA
ECO PLAST SR.L. Modena MO PIA
BANDIN |-CASAMENT | S.R.L. Forli’ FC PIA
S.ABA.R. S.P.A. Novellaa RE PEPS
SOGLIANO AMBIENTE S.P.A.CERNITA Sogiano Al Rubtone FC PIA
INERTI CAVOZ ZA S.R.L. Parma PR PIA
GHIRARDI S.R.L. Parna PR PIA
PAGANI ALAN S.R.L. Monticdli d'Ongina PC PEPS
FUSTAMERIA ALBERTA ZZ| S.N.C. Castl Guelfodi Bologna BO PIFU
ALAN PAGANI Monticelli d'Ongina PC PEPS

While some Indepenlert consrtia are being validaed, PARI, CONIP and CORIPET, spectively
specalized in LDPE, POsand PET paclaging regycling, ae alreadyoperaive in many locaions in the
country.

In the ERRare located

- 1 of 8 companies working inPARI
- 2o0f 26 companieworking in CONIP
- 5 of 124 companies workig with CORIPET

Detals are included in th mapbelow.

& Consicering the overd number of CORIEET members, oty few produces arelocated inthe Regon. Recylers wok out by the regonal borders.
Thanks tothe incrasirg rPET marke, the introduction bPET bottlecollection taget and theauthorizationto operate asndependentonsorta
received by tle EnvironmentaMinistry, CORIPET hasquickly increasedhe number omembersaccounting for 34 in 2019.
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% CSS COREPLA
® PEPSCOREPLA
@ PIA COREPLA
© PIFUCOREPLA
© CC COREPLA

a CONIP
b CORIPET PRODUCERS
¢ PARI [ S EE— SSS—

Fig. 72 Map of the regional plants associated to COREPLA, CONIP,
CORIPET and PARI

c. Municipal plastic packaging waste collectors in Emilia Romagna Region

The ollection (and transportation) oimunicipal plastt (packagimg) wade is maaged by the compaies
whom the regimal territorial ag@cy for water and wasteervices (ATERSIR) entrustsfor the maagemaet
servie. Figure73 showsthe main vage maragement sevice providers and the arathey @ver.
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Fig. 73 Catchment regional area servited by the multiutilities in Emilia
Romagna Region, 2017 i Source: ARPAE, 2018
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As the ma (Figure 73) shows the majaity of the erritory is servedoy the multiutiliti es whie only few
municipalities in in territory of Parmadirectly provide the wastecollection sevice. Among the 11 waste
collectors,the t@ 5 list includes:

1)
2)
3)
4)

HERA S.P.A.
IREN SP.A.
MONTEFELT RO SERVIZI S.R.L.

HERA SP.A. e COSEAAMBIENTE S.P.A.

5) COSEAAMBIENT E S.P.A

d. Plastic waste valorization plants in Emilia Romagna Region

When waste erters he MRF, the infamation about the provenience andigin get lost. It meansthat
packaging plas&c wade can le treatedtogeher with similar plastic wast€. Therefore,the following
discussion riersto all theregional plant®peratinghetreatrert of plastic waste igeneral

The plastt waste management plants areauthotized to specific wastereatmat as decribedin the EU

Waste Frenewolk Directive 20080878,

The following maps show the dcdlization of waste teatment plats giving also iformation about the

amount of plaic wase handledn 2017.

Thecompletdist is induded in the Appedixes n.2,34,5.

> Generalpladic waste ircludes plasti wastes resulting fronagricultue (EWC 020104), atomotive (EWC 160109)plastic (EWC 12016) and
waste (EWC191204)industriesas well as mumipal plasticwaste (EVWC 1501@), included assimilated/similar plasticase EWC 200139) coming
from commercidand e@nomic activities.
8 As shavn in the tablebelow, thewasterecyclingactivities areclassfied through European codes.

Tab. c. European waste treatment codes

CODE SUBCODE | Primary Activity Descrption Details
R03.0101 Paper Trander activties for speific waste freams
R03.0102 Plastic that arerecoveredbut areNOT mixed waste
R030103 | Bulking up aganic Wood streams.
R3 R03.01.04 | wastes Green/gaden waste
R03.QL.05 Kitchen/gaden wate
R03.01.® Clothing/textiles
R03.QL.07 Wood/dastic/textile furniture
R04.01.a | Bulking up metak Metal paclkagingwastei.e.cans Trander ectivities for specifiometdlic
R4 R04.01.02 Othermetals waste gteans that are recoveed NOT
mixedwaste freams
RS R05.01.01| Bulking up ghss Glass Transferactivities for ghssthatis recovered
but NOT in amixedwagde stream.
R12 | Waste trasfer for Exchange dwastes fosubmsgsion toany Trander of wastego any recosery operation
R12 reqovery other recoveryoperaton numberd R1to RL0 | R1to R10 (ther hanR3 b R5).
(transferstation for recovery operations other
than for R3to R5)
R13 R13 | Tempaary gorage Temporarystorage ofvastegpendingany other recoveryoperaion (excludng tempaary
storage pendng callection, on the ste where itis produced).
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https://www.360environmental.co.uk/documents/DRCodeFlowchart.doc#R03i
https://www.360environmental.co.uk/documents/DRCodeFlowchart.doc#R04i
https://www.360environmental.co.uk/documents/DRCodeFlowchart.doc#R12i
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Fig. 74 Regional plants, code R3. Analysis per total waste managed in
2017

R4 (1)

Fig. 75 Regional plants, code R4. Analysis per total waste managed in
2017
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