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Avaluon twv otpatnykwv KukAtkng Owkovopuiag otn dtadikaoia

TIAPAYWYNGS TTAAOTIKWY HLOG XPAONG

Inuavtikoi 6pot: Blwolpotnta, Buwolpn mopaywyn, EMxelpnUatikd HovieAa Blwaotuotnag,
ITpaATNYIKEC Blwotpodtntag, H otkovopuia Twv mAaotikwy, Napaywyn MAAoTIKWY, Mndevikd

anoppippata/anépAnta.

MNepiAndn

H KukALkr olkovouio oAoéva kot kepdilel TNV mpoooxn og OtL adopd TNV AVATTTUEN KOWWVIKAG KAl OLKOVOULKAG
€UNUEPLOC, UELWVOVTOG TAUTOXPOVA TNV INTNCN Of TEMEPACHEVEG MPWTEG UAEG KOl EACXLOTOMOLWVIAG TLG
OPVNTIKEG ETUMTWOEL O SLAPOPETIKOUG TOMELS OMwG TeplBAMAov KA. H petdfacn auth amoitel pia
OUCTNULKA Ttpocéyylon n omoia Ba BonBrRoel o BEATIWOELS TOU UTIAPXOVTOG cuoTAUATOC Kabwg emiong Ba
SNULOUPYAOEL KAl VEOUG UNXAVIOHOUG CUVEPYOOLWV UETAlY BeopwWV. ITOV LOLWTIKO TOUEQ Ol ETILXELPNOELG
€PXOVTOAL OVTLUETWTIEG ME TNV TIPOKANON KOL €UKALPLA VA ETEKTEIVOUV T SPaOTNPLOTNTEG TOUG KAl va
Snuoupyroouv afla petal aluoidwy mpopunOelwy MPWTWV VAWV Tou Ttapouctdlouv eNAellelg Kat eyeipouv
Béuota TePIBAAAOVIIKWY ETUMTWOEWY 08NYWVTAG KATA CUVEMElA o avénon Twv kal aBeBaitdtnta. To
ETUXELPNMOTIKO MOVIEAO KUKALKNAG olkovopiag Ba ouvelodépel otnv amefdptnon avamtuéng amd tnv
EKUETANEUON TTOpWV Tou Telvouv va ekAeipouy, kal Ba emTpEPEL TNV OLKOVOULKI AVATTTUEN LETAEL oplwv
duoIKWV OPWV. Me ToV TPOTIO AUTO OL ETIXELPAOELS Ba £X0UV TNV EUKALPLA VA KALVOTOUOOUV EMLTUYXAVOVTOC
v BEATIOTN amddoaon MPOIOVTIWY KAl UTINPECLWV ME TOUG EAAXLOTOUC IOPOUG. Mia amd Tig KUPLEG TIPOKANOELG
NG METAPBAONG OTO OLKOVOMULKO HOVTEAO KUKALKAG Olkovoulag gival n edbapuoyr oTpATNYKWY KUKALKOTNTOG
otnv Blopnxavia Twv MAaotikwy. H véa olkovouia Twv MAACTIKWY CKOTIEVEL VA EEMEPACEL TOUG TIEPLOPLOUOUG
TIou B£ToVTal amod KN 0PYOVWHUEVEC Kal oTASLAKEG TPWTOROUALEG LeTaU evdladepOUEVWV HEPWVY. ZKOTIOG Elval
va SnuLoupynoeL TG KATAAANAEG KateuBUVTAPLEG YL TNV SnULloupyla kawvotopiag kat LeTaBaocn tTwv aAucidwv
a&lag mpog tnVv HeyloTonoinon olkovopLKoU KEpSoug aAld kat BEATIOTWY MEPLBAANOVTIKWY AMOTEAECUATWV.

Ot SuokoAieg aAAQ Kal Ol EUKALPLEG TTIOU MPOKUTITOUV ATIO TOV CNUEPLVO KUKAO {Wwr¢ TwV MAACTIKWY OaltouV
SpaoTIKEG aMayEG OTIG Omoleg n €peuva Kol Kawotopia Kabwg emiong kat n ebapuoyr Twv KAtaAAnAwv
Beopkwy MAaLsiwy, Tailouv KaBoploTikd poAo. Evw Ta TAACTIKA armoTteAoUV £va XpNOTIKO UALKO OTO OnueEPLVO
oUOTNUO UTIAPXOUV ONUOVTLKA LELOVEKTAOTA LETAEY TWV OTIOLWY OLKOVOULKEG AMWAELEG aflag TwV UAKWY, Kall
neplBalAoviikwy eruntwoswy. Eival mAéov mpodaveég OTL N olkovouia Twv TAQACTIKWY TPEMEL va aAAAgeL amod
€va oUOTN O TIOU TapAyEL anoppippata Bacn oxedlacuol oe éva oclotnua ou Slatnpel oto HéyLoTo Thv agia
KOl TO TIAEOVEKTHMOTA TwV MAACTIKWY. H pakpompoBeopun AVon mpog tnv eniteuén tng aAAayng auTng eivat
HEOW TPWTOPROUALWV KaLVOTOULOG Kal €peuvag o€ ouvdUAoUO PE Xapagn MOATIKwY Tou Ba cuvelohEpouy

OTOTEAECUATIKA.
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Analyzing Circular Economy strategies in the production process of

disposable plastic

Keywords: Sustainability, Circular economy, zero waste, Plastics Economy, Sustainable production,

Sustainability business models, Sustainability strategy, Plastics production
Abstract

The circular economy is gaining growing attention as a potential way for our society to increase
prosperity, while reducing demands on finite raw materials and minimizing negative externalities.
Such a transition requires a systemic approach, which will leverage improvements to the existing
model as well as develop new collaboration mechanisms. In the private sector companies face a
rapidly increasing challenge, and opportunity, to grow their businesses and create value amidst
volatile and scarce supply of natural resources and environmental concerns, driving up prices and
uncertainty. The circular economy business model will leverage the decoupling of growth from scarce
resource use, allowing economic development within natural resource limits and allowing companies
to innovate to enable customers and users to do ‘more with less’. One of the main challenges of the
circular economy transition is the implementation of circular strategies in the single-use Plastics
industry. The New Plastics Economy aims to overcome the limitations of today’s incremental
improvements and fragmented initiatives, to create a shared sense of direction, to spark a wave of
innovation and to move the plastics value chain into a positive spiral of value capture, stronger
economics, and better environmental outcomes. The challenges and opportunities posed by the
current plastics system demand fundamental change in which research and innovation (R&l),
enabled and reinforced by policymaking, play a crucial role. While plastics bring benefits as a
functional material, the current system has significant drawbacks, including economic loss of material
value and environmental damage. It has become evident that the plastics economy needs to change
from a system that produces waste by design to one that preserves the value and benefits of plastics.
This can be achieved by systemic change initiatives powered by R&I and enabled through

policymaking is the only long term solution.






Table of Contents

TTEDIANUIIN ettt ettt et e e et e e e be e e be e e e tbeeebeeesateesabeeesaeesabeseesseeaabeeeasseeeaseeesssaesnsesensseesseeennseens vii
FAY o A [ U T O TPPTTOPPTROPRTO ix
TADIE OF CONTENTS ...eieiiieeie ettt ettt s e e s b et e sab e e st e e e beeesabeeesnneesabeesabeeesareeennes Xi
B o (oo =TT TSR xiii
INTRODUGCTION ...ttt ettt ettt sttt et et e b e s bt e saeesae e st e bt e b e e s beesaeesaeeeateenbeesbeesseesatesmnesabeeareenns 2
1. CIRCULAR ECONOMY TRANSITION....cuuuuuiuuniunni e 4
1.1 The “Business as USUAl” IMPACES .....uviiiiiiiiiiiiiie e e e s rae e e s saaeeeens 6
1.2 Circular economy transition for economic growth ..........ccoeeiieiiiiiiciiiee e 10
1.3 The “Circular AdVaNnTage” .......uuee ittt e e s te e e et ee e s e abe e e e eabae e e entaee e e nsanas 13
1.4 Circular economy business MOEIS .........cccuuiiiiiiiiii it e e e eanes 15
2. EUROPE TOWARDS CIRCULAR ECONOMY. ... e e e e e e e e e e 18
3.  CIRCULAR ECONOMY IN PRODUCTION-CIOSING the LOOP ..eeeeeuvieeiieiieeeciiee e ceieee et eieee e 22
4.  ZERO WASTE AND CIRCULAR ECONOMY .....ooiiiiiiiiniiinieeiteieesieesieesitesite st et e b e saeesaeesare s sne e 24
4.1 Zero Waste bUuSiNeSS MOTEN ......oouiiiiiiiiiee e 24
4.2 A o RN I Tl o =T [ ol Y PSRRI 25
5. PLASTICS PRODUCTION (Single-Use) AND CIRCULAR ECONOMY ....cccoceeviemrereenieniennienieeeenieseeene 28
5.1 Plastics Waste Man@ZEMENT ......ccccuiiieeiiiieecciieeeeeitee e e e tte e e e sabe e e e s aree e e saraeesesbaeeeennseeeeensanas 31
5.2 The New Plastics (Circular) ECONOMY .......ueiiiiiiieiciee ettt et e e e e 33
6. CIRCULAR ECONOMY STRATEGIES FOR SINGLE USE PLASTICS ....ccceeitiriieiinienienienieeie e 36
6.1  COLLECTION AND SHORTING ....ccutetitiriienienieeiesteeitenie st ete st et e st sie et st et e st sae et sbesaseneesneens 39
6.2 MECHANICAL RECYCLING .....ceeiieeieee ettt ettt e e e ettt e e e e e e et e e e e e e e s ennreneeeeeeenanan 43
6.3 CHEMICAL RECYCLING ....eettetteeeeeiiitt et ettt e e e e ettt e e e e s e et e e e e s e e s snnrereeeeeeeeannnneeeeeeas 45
CONGCLUSIONS ...ttt ettt st st ettt e b e s b e s bt st st e et e e bt e s beesaeesab e s bt e b e eneesbeesneesaeeenneen 50
27 o] [ oY = =T o] o1V 2SR 52

Xi



xii



Table of Figures

Figure 1- Around the world, the link between increased resource use and growth .........ccccccovveriiiiiienniienieennee. 4
Figure 2 -After the year 2000, a new trend in the growth and resource use dynamic can be seen. ..................... 5
Figure 3-The Nine planetary BOUNArIEs. .......ceiciiiie ittt e e e e e tre e e s e e e e st e e e e entee e saaeeeesntreeennnns 9
Figure 4- The widening gap between sustainable resource availability and demand. ..........ccocceiiiiiiiniiiinenns 10
Figure 5 — Linear ECONOMY VS CirCUlar CONOMY. ...cccuuiiiiiiiiiieiiieeite ettt ettt st sete s e sbee s b e s sneesbeeenneesane 11
Figure 6-Overview Of CIrCUIar ECONOMY. ....ocuuiii ettt e e e e e e e e e s rate e e e satreeeestaeesennaaeessseeeans 12
Figure 7- Value areas of circular conomy 0pPOrtUNItY.....cc.ceeeiciiieieiiieeccieee e et e e e e e e saee e e e eaanee e snreeeens 14
Figure 8-The five circular business MOTEIS. .......ccueiuiiiiiiiiii et 15
Figure 9- The Circular Economy Action Plan 2020 as part of the EU Green Deal and mutual synergies. ............. 18
Figure 10-Zero waste hierarchy inverted PYramid...........ccccuiieiiiiiiiieiiie et e e et e e e sare e e tae e e saaeeeens 26
Figure 11-The two main categories of plastics and their single-use applications. ........c.ccceeeeirveeniiiineniieeneene 28
Figure 12-Plastics replacing the traditionally used Materials. .......ccooceeiiiiiiiiiiiie e 29
Figure 13-Global plastic production by industrial Sector, 2015. .......cceieiiiiie it e e s 30
Figure 14-Distribution of single-use plastic production by region (2014)........ccceeeeiiieeciiee i e 30
Figure 15- Plastics Waste iNfOGraphiCs. .....cueiiiiiieiii ettt st et aee s b e e snee e 31
Figure 16- Jourvey of products at @nd Of life. ........eei i et e e e aae e e s aaeeeeas 32
Figure 17- Disposal of all plastic waste ever generated (as 0f 2015). .....cccceeiiiiiieeiiiiie e e e 33
Figure 18 - Waste management hierarChy........oou oottt sttt s saee e 33
Figure 19- Ambitions of the New Plastics ECONOMY.......cciiciiiiiiiiieieiie et e e e e e e e e s saae e s snaeeeens 34
Figure 20- Overview of the global plastic supply Chain. ..o e e 36
Figure 21- Plastic-related risk assessment across the value chain...........ccccei oo 37
Figure 22- OVerview Of RECYCHNE TYPES. ..viiiiiiieiiiie ettt ettt eeate e sttt e e s sate e e ssaaeeeesnbteeeesnseeesssneeeesnseeannn 38
Figure 23-Overview of EUropean plastiC SrEAMS. ......c..eiiiiiiie ettt e et eeete e e e stb e e e esatee e eeasaeeesasaeeens 42
Figure 24- Overview of different loops for plastics in a circular economy. .......cccccovviiiicieeicciie e, 46

xiii






INTRODUCTION

The circular economy is a novel economy model gaining growing attention as a potential way for our
society to increase prosperity and at the same time reduce demands on finite raw materials. To
achieve such a transition systemic approach is needed. Incremental improvements on the existing
model must be accelerated and new collaboration mechanisms must be developed. The growth
model of economies globally and of companies for the past 250 years was based on the availability of
plentiful and inexpensive natural resources and is no longer a sustainable option and for the last two
decades plentiful research and practical experience has made effort in justifying the need for a new
economy model transition. When resources are abundant and inexpensive and the impact on the
environment is not taken into consideration, the current “linear” approach to satisfying demand can
be very successful. Companies are able, with ever-increasing efficiency, to extract raw materials, use
those materials as inputs to the manufacturing of desired products, and sell and ship those products
to as many customers as possible that use and discard them after the products have served their
purpose. Put in shorthand, an economy built on the principles of “take, make, and waste”. The
transition to a circular economy represents a fundamental shift in the development of business and
economic opportunities. There is a clear business case to support the circular economy transition as
manufacturing firms in the European Union for example spend 40% of total costs on materials and
processing and some estimates anticipate cost savings of €600 billion a year and €1.8 trillion more in
other economic benefits.

One of the leading materials in our society and modern economy is Plastics, combining unrivalled
functional properties with low cost. Their use has exponentially increased in the past half-century
and is expected to double again in the next 20 years. In our society we are in contact with plastics
especially plastic packaging and disposable consumer goods daily. While delivering many benefits,
the current plastics business has drawbacks that are becoming more apparent by the day. The need
for ‘New Plastics Economy’ is increasing to capture these opportunities, offering a more sustainable
future, aligned with the Sustainable development goals set by the UN and principles of the circular
economy. The New Plastics Economy has a systemic and collaborative approach with the aim to
overcome the limitations of today’s incremental improvements and unify fragmented initiatives.
Circular economy business models and strategies in the production of plastics can alter the current

system’s unsustainable future, leverage new value chain creation, and enable sustainable growth.






1. CIRCULAR ECONOMY TRANSITION

Natural living systems allow resources to return to the environment through processes of energy
flows and nutrient cycles. With the advent of industrialization, these systems began to shift away
from this sustainable lifecycle. Up to now businesses have adopted the Linear Economy model based
on the sequence take (raw material), make (products), use (consume), dispose (of non-recyclable
waste), a model proven to be unsustainable for both its resources consumption and its
environmental impact. Raw materials are collected, and then transformed into products that are
used until they are finally discarded as waste. Value is created in this economic system by producing
and selling as many products as possible regardless of resource availability which in some cases is
quaintly considered to be abundant. The excessive consumption rates based on products and
services according to the linear model will inevitably lead to natural resources depletion and non-
reversible environmental degradation.

The world is already using approximately one and a half of the planet’s worth in resources every
year. It's an unsustainable scenario, especially given the lack of disruptive innovations on the horizon
that can scale quickly enough to change the trajectory. According to economic analysis there is a
strong relationship between resource consumption and GDP as illustrated on Figure.1. Historically for
every 1 percent increase in GDP, resource usage has risen on average 0.4 percent. This means

population and economic growth are key drivers of resource demand.

TonsfCap

China Bragzil -

Miger ndia

- Bangladesh R-Squared: 0,57
P-Value: <0,001

Figure 1- Around the world, the link between increased resource use and growth
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Source: P. Lacy et al., ‘Circular Advantage: Innovative Business Models and Technologies to Create Value in a World without Limits to

Growth’, Accenture Strategy, p. 24, 2014.

Fortunately, commodity prices have been historically inversely related to growth. Costs declined
automatically. But around 2000 this relationship reversed, making reliance on resources for growth
increasingly unattractive (Figure.2). As a growing population and expanding global middle class drive
demand for resources, these trends will continue and ultimately threaten continuation of business as

usual.

Commaodity price & GDP index 1975-2013
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Figure 2 -After the year 2000, a new trend in the growth and resource use dynamic can be seen.
Source: P. Lacy et al., “Circular Advantage: Innovative Business Models and Technologies to Create Value in a World without Limits to

Growth’, Accenture Strategy, p. 24, 2014.

We are rapidly approaching a point at which the linear model is no longer viable. Due to rising
global affluence, the availability of many non-renewables (including metals, minerals, and fossil fuel)
cannot keep up with demand, the regenerative capacity of renewables (such as land, forests, water)

becomes strained to its limits, and the planetary boundaries become threatened as never before. As



shown by the IPCC2', US National Climate Assessment?, and many others, negative effects of the
current growth model are already being reported on all continents. Unless current trends are
reversed, resource supply disruptions coupled with rising and increasingly volatile prices will in the
next two decades translate into trillion-dollar losses for companies and countries whose growth
remains tied to the use of scarce and virgin natural resources. Businesses upon deciding and setting
their direction, are aware that continued dependence on scarce natural resources for growth
exposes a company’s tangible and intangible value to serious risks as described below.

a) Revenue reduction: Supply uncertainties and changing consumer preferences could prevent
companies from generating revenues and maintaining market share. For instance, companies that
depend heavily on scarce resources might have to shut down production at times and be unable
to deliver demanded volumes.

b) Cost increases: Companies whose growth is tightly tied to scarce resources will find themselves at
a competitive disadvantage due to rising and volatile prices that reduce their ability to forecast
and compete with less resource-intensive competitors.

c) Intangible assets: A company’s environmental footprint and resource dependence could erode
brand value as consumers shun companies with unsustainable business practices. And, as
planetary bottlenecks and resource scarcity become more critical, policymakers likely will favor
companies that can prove they have positive societal impact and can operate without depleting

the country’s natural resources.

1.1 The “Business as usual” impacts

Excessive and unsound use of natural resources will inevitably lead to various environmental
problems. Soil degradation, water acidification, air pollution, waste generation and carbon emissions,
are amongst others. These are leading to a transgression of the nine key planetary boundaries.

The planetary boundaries were established by director Johan Rockstrdm® who led a group of 28
internationally renowned scientists to identify the nine processes that regulate the stability and
resilience of the Earth system. The result of this summit was to propose quantitative planetary

boundaries within which humanity can continue to develop and thrive for generations to come.

1
Source: https://www.ipcc.ch/working-group/wg2/

2 ) )
Source: https://www.c2es.org/content/national-climate-assessment/

Johan Rockstrom is Director of the Potsdam Institute for Climate Impact Research and Professor in Earth System Science at the University
of Potsdam. Source: https://www.pik-potsdam.de/members/johanro
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Crossing these boundaries increases the risk of generating large-scale abrupt or irreversible
environmental changes. The planetary boundaries framework has generated enormous interest
within science, policy, and practice. The nine planetary boundaries are (Figure.3):

1. Atmospheric Aerosol Loading — Particle Pollution: Although not yet quantified, though aerosol
particles that enter our atmosphere can be very damaging to human health. The boundary was
proposed primarily because of the influence of aerosols on Earth’s climate system. Through their
interaction with water vapor, aerosols play a critically important role in our water cycles, affecting
cloud formation and global / regional patterns of atmospheric circulation, such as the monsoon
systems in tropical regions. They also have a direct effect on climate, by changing how much solar
radiation is reflected or absorbed in the atmosphere.

2. Biochemical Flows — Nitrogen and Phosphorus: Nitrogen and phosphorus are both essential
elements for plant growth, so fertilizer production and application is the main concern. Human
activities now convert more atmospheric nitrogen into reactive forms than all the Earth’s
terrestrial processes combined. Much of this new reactive nitrogen is emitted to the atmosphere
in various forms rather than taken up by crops. When it is rained out, it pollutes waterways and
coastal zones, a threshold we are already crossing.

3. Land System Change: Forests, grasslands, wet-Lands, and other vegetation types are primarily
being converted to agricultural land by humans. This activity is undoubtedly behind the serious
reductions in biodiversity, and it impacts on water flows and on the biogeochemical cycling of
carbon, nitrogen and phosphorus and other important elements. Scientists say that a boundary
for human changes to land systems needs to reflect not just the absolute quantity of land, but
also its function, quality, and spatial distribution.

4. Freshwater Use: The consequences of human modification of water bodies include both global-
scale river flow changes and shifts in vapor flows arising from land use change. These shifts in the
hydrological system can be abrupt and irreversible. Water is becoming increasingly scarce — by
2050 about half a billion people are likely to be subject to water-stress.

5. Ocean Acidification: 25% of the CO2 that humans emit into the atmosphere is ultimately dissolved
in the oceans. Here it forms carbonic acid, altering ocean chemistry and decreasing the pH of the
surface water. Beyond a threshold concentration, this rising acidity makes it hard for organisms
such as corals and some shellfish and plankton species to grow and survive and losing various
species would greatly impact on marine ecosystems. CO2 concentration is the underlying
controlling variable for both the climate and the ocean acidification boundaries.

7



6. Climate Change: We have sadly already passed this planetary boundary due to the levels of CO2 in
the atmosphere. We are already losing summer polar sea-ice, and weakening carbon sinks, so
really the question now is: how long we can remain over this boundary before large, irreversible
changes become unavoidable?

7. Novel Entities — Chemical Pollution: Emissions of toxic and long-lived substances such as synthetic
organic pollutants, heavy metal compounds and radioactive materials represent some of the key
human-driven changes to the planetary environment. These compounds can have potentially
irreversible effects on living organisms and on the physical environment. At present, we are
unable to quantify a single chemical pollution boundary, although the risk of crossing Earth
system thresholds is considered sufficiently well-defined for it to be included in the list.

8. Biosphere Integrity — Biodiversity Loss: The demand for food, water and resources are the main
drivers for change. The current high rates of ecosystem damage and extinction can be slowed by
efforts to protect the integrity of living systems (the biosphere), enhancing habitat, and improving
connectivity between ecosystems while maintaining the high agricultural productivity that
humanity needs.

9. Ozone Depletion: The stratospheric ozone layer in the atmosphere filters out ultraviolet (UV)
radiation from the sun. If this layer decreases, increasing amounts of UV radiation will reach
ground level. This can cause a higher incidence of skin cancer in humans as well as damage to
terrestrial and marine biological systems. Fortunately, because of the actions taken because of
the Montreal Protocol, we appear to be on the path that will allow us to stay within this

boundary.
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Figure 3-The Nine planetary boundaries.

Source: https://www.stockholmresilience.org/research/planetary-boundaries/the-nine-planetary-boundaries.html|

We've passed three already rates of biodiversity loss, climate change, and human interference
with the nitrogen cycle, threatening abrupt or irreversible environmental changes that can have far
reaching social and economic consequences. If nothing is done to address the current natural
resources exploitation sustainability issue that is connected to the planetary boundaries progress,

the economic impact of resource scarcity on this scale would be devastating (Figure.4).
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Figure 4- The widening gap between sustainable resource availability and demand.
Source: P. Lacy et al., “Circular Advantage: Innovative Business Models and Technologies to Create Value in a World without Limits to

Growth’, Accenture Strategy, p. 24, 2014.

1.2  Circular economy transition for economic growth

Circular economy is a new sustainable model for economic growth and introduces a different
approach of production and consumption. There are various definitions for the circular economy
approach, the predominant definition comes from the Ellen MacArthur Foundation according to
which:
“Circular economy is an industrial system that is restorative and regenerative by design. It rests on
three main principles: preserving and enhancing natural capital, optimizing resource yields and
fostering system effectiveness (Ellen MacArthur Foundation, 2017)"".

The circular economy model aims to keep the added value of products for as long as possible and
eliminate waste, by keeping resources within the economy once a product has reached it lifecycle

end to be used again and again creating further value. The better the integrity of the product is

preserved; the more value is retained as opposed to the linear model (Figure.5).

4 ) N
https://ellenmacarthurfoundation.org/publications
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Figure 5 — Linear Economy vs Circular economy.

Source: https://sustainabilityquide.eu/sustainability/circular-economy/

These basic principles provide a framework that brings together methods and approaches drawn
from different sources like cradle-to-cradle, biomimicry, industrial symbiosis, ecosystem services and
more. The shift is a challenge, but it also brings new opportunities in infrastructure, energy, and
production in their adaption to fit the circular economy model. Some business models are easier
than others to begin with, such as the leasing of products instead of buying (everything from jeans to
trucks), companies which collect and renovate their own products and then sell them in the store in a
separate department or peer-to-peer models. Companies will find new ways to extend the life of
products or components, to find value in the waste, or the design of circular use. Therefore,
transition to a more circular economy requires changes throughout value chains, from product
design to new business and market models, from new ways of turning waste into a resource to new
modes of consumer behavior. This implies full systemic change, and innovation not only in

technologies, but also in organization, society, finance methods and policies (Figure.6).
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Figure 6-Overview of circular economy.
Source: 2017 strategy for a waste-free Ontario. Building the circular economy. https://www.ontario.ca/page/strategy-waste-free-ontario-

building-circular-economy

Even in a highly circular economy there will remain some element of linearity as virgin resources
are required, and residual waste is disposed of. Circular economy approaches ‘design out’ waste and
typically involves innovation throughout the value chain, rather than relying solely on solutions at the
end of life of a product. For example, they may include:
= Reducing the quantity of materials required to deliver a particular service (light-weighting);
= Lengthen products’ useful life (durability);
= Reducing the use of energy and materials in production and use phases (efficiency);
= Reducing the use of materials that are hazardous or difficult to recycle in products and production

processes (substitution);
= Creating markets for secondary raw materials (recyclates) (based on standards, public

procurement, etc.);
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= Designing products that are easier to maintain, repair, upgrade, remanufacture or recycle (Eco
design®);

= Developing the necessary services for consumers in this regard (maintenance/repair services,
etc.);

= Incentivizing and supporting waste reduction and high-quality separation by consumers;

= Incentivizing separation, collection systems that minimize the costs of recycling, and reuse;

= Facilitating the clustering of activities to prevent by-products from becoming wastes (industrial
symbiosis);

= Encouraging wider and better consumer choice through renting, lending or sharing services as an
alternative to owning products, while safeguarding consumer interests (in terms of costs,

protection, information, contract terms, insurance aspects, etc.);

1.3  The “Circular Advantage”

In circular economy, growth is decoupled from the use of scarce resources through disruptive
technology and business models based on longevity, renewability, reuse, repair, upgrade,
refurbishment, capacity sharing, and dematerialization. Companies no longer focus mainly on driving
more volume and squeezing out cost through greater efficiency in supply chains, factories, and
operations. Rather, they concentrate on rethinking products and service from the bottom up to
“future proof” their operations to prepare for inevitable resource constraints all the way through to
the customer value proposition. This implies eliminating waste, creating step changes in resource
productivity and at the same time enhancing the customer value proposition on dimensions such as
price, quality, and availability.

By design, circular economy models require companies to become highly involved in the use and
disposal of products, finding ways to move revenue generation from selling the physical stuff to
providing access to it and/or optimizing its performance along the entire value chain. Once a
business goes circular, every aspect of it must be configured with the use and return in mind in
addition to production and selling. In this sense the circular economy brings about a massive re-
alignment of customer and business incentives — no more intentionally designing products to break

down, for obsolescence or disregarding externalities. Pioneering innovators have realized the circular

> The integration of environmental aspects into the product development process, by balancing ecological and economic requirements.

Eco-design considers environmental aspects at all stages of the product development process, striving for products which make the

lowest possible environmental impact throughout the product life cycle. Source: https://www.eea.europa.eu/help/glossary/eea-
lossary/eco-design
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economy is not only about resource supply and use efficiency, but indeed even more about evolving
their business models to transform the nature of resource demand from the customer’s point of
view, as in the case of the power tool. Research has identified more than 100 truly disruptive
companies applying circular economy thinking and new technology to transform in ways that
seriously threaten incumbents. The competitive edge these companies gain could be mentioned as
the “circular advantage”. The circular advantage comes through innovating for both resource
efficiency and customer value—delivering at the heart of a company’s strategy, technology, and
operations.

The overall value of the circular economy often has diverging results. Across the studies, however,
there has been the conclusion that the circular economy has the potential to become a trillion-dollar
opportunity globally soon. For the global economy, the full set of circular economy approaches can
add over five times the value of current best estimates by 2030 by reducing resource constraints to

growth. This value is divided into four broad areas as mentioned bellow on Figure.7.

Lasting resources Liquid markets
Breaking the link between resource Eliminating idle time of products in the
scarcity and economic activity by using markets in order to grow the number of
only resources that can be continuously users that gain benefit from the same
regenerated for productive use volume of goods

—
Linked value chains Longer life cycles
Minimizing resource value destruction in Keeping products in economic use for
a value chain by reclaiming and linking longer to satisfy a greater demand and
up waste outputs as useful inputs into provide more utility without needing
a next life production process additional natural resources

Figure 7- Value areas of circular economy opportunity.
Source: P. Lacy et al., “Circular Advantage: Innovative Business Models and Technologies to Create Value in a World without Limits to

Growth’, Accenture Strategy, p. 24, 2014.

1. Lasting resources that can be continuously regenerated over time to not only last longer
(efficiency) but last forever (effectiveness) (e.g., renewable energy and biochemicals).

2. Liquid markets where products and assets are optimally utilized by becoming easily accessible and
convertible between users (e.g., sharing / trading idle product and asset capacity).
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3. Long life cycles where products are made to last (e.g., monetizing product longevity through
service, upgrade, and remanufacturing).
4. Linked value chains where zero waste is generated from production to disposal (e.g., boosting

recycling and resource efficiency).

1.4  Circular economy business models

At a conceptual level, there is a strong and intuitive business case behind the circular economy.
Companies want to reduce their dependence on increasingly scarce and costly natural resources
while turning waste into additional revenue and value and sharpening their customer insight and
value proposition. So far, their strategies, structures and operations are deeply rooted in the linear
approach to growth. Companies seeking the circular advantage will need to develop business models
that are free of the constraints of linear thinking. These models are about driving positive impact
‘through growth’. Among today companies we could identify five underlying business models that

are generating resource productivity improvements in innovative ways (Figure.8).

Business Models C. Returning
Circular 4= byproducts
. Circular Supplies:
bio - or fu
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Product
A. Re-fupcycle use \

Reverse
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. Sharing Platforms: Enable ir
ut p
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End of life
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Figure 8-The five circular business models.
Source: P. Lacy et al., ‘Circular Advantage: Innovative Business Models and Technologies to Create Value in a World without Limits to

Growth’, Accenture Strategy, p. 24, 2014.
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Circular Supplies
The Circular Supplies business model is based on supplying fully renewable, recyclable, or
biodegradable resource inputs that underpin circular production and consumption systems.
Companies in this model replace linear resource approaches and phase out the use of scarce
resources while cutting waste and removing inefficiencies. This model is most powerful for
companies dealing with scarce commodities or ones with a major environmental footprint.

Resource Recovery
Recovery of embedded value at the end of one product lifecycle to feed into another promotes
return chains and transforms waste into value through innovative recycling and upcycling services.
Having its bedrock in traditional recycling markets this business model leverage new technologies
and capabilities to recover almost any type of resource output at a level of value equivalent to, or
even above, that of the initial investment. Solutions range from industrial symbiosis® to integrated
closed loops recycling and Cradle-to-Cradle’ designs where disposed products can be reprocessed
into new. This model, which enables a company to eliminate material leakage and maximize
economic value of product return flows, is a good fit for companies that produce large volumes of by-
product or where waste material from products can be reclaimed and reprocessed cost effectively.

Product Life Extension
Product Life Extension allows companies to extend the lifecycle of products and assets. Values that
would otherwise be lost through wasted materials are instead maintained or even improved by
repairing, upgrading, remanufacturing or remarketing products. Additional revenue is generated
thanks to extended usage. Using this model, a company can help ensure that products stay
economically useful for as long as possible and that product upgrades are done in a more targeted
way (for instance, an outdated component is replaced instead of the entire product). This model is
appropriate for most capital-intensive B2B segments (such as industrial equipment) and B2C
companies that serve markets where used products (or “recommerce”) are common or whose new
releases of a product typically generate only partial additional performance benefits for customers

over the previous version.

6 Industrial symbiosis is the process by which wastes or by-

products of an industry or industrial process become the raw materials for another. Application of this concept allows materials to be
used in a more sustainable way and contributes to the creation of a circular economy. Source:
https://ec.europa.eu/environment/europeangreencapital/wp-content/uploads/2018/05/Industrial Symbiosis.pdf

” The Cradle to Cradle® design framework is inspired by nature: The aim is not only to minimise negative influences but also to leave a
positive ecological footprint. As a result, products, processes, buildings and cities will emerge which are safe for humans, healthy for the
environment and successful for business. Source: https://epea.com/en/about-us/cradle-to-cradle
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iv.  Sharing Platforms
The Sharing Platforms business model promotes a platform for collaboration among product users,
either individuals or organizations. These facilitate the sharing of overcapacity or underutilization,
increasing productivity and user value creation. This model, which helps maximize utilization, could
benefit companies whose products and assets have a low utilization or ownership rate. However,
today it’s most found among companies specializing in increasing the utilization rate of products
without doing any manufacturing themselves, putting considerable stress on traditional
manufacturers.

v. Product as a Service
The Product as a Service business model provides an alternative to the traditional model of “buy and
own.” Products are used by one or many customers through a lease or pay-for-use arrangement. This
business model turns incentives for product durability and upgradability upside down, shifting them
from volume to performance. With a Product as a Service business model, product longevity,
reusability, and sharing are no longer seen as cannibalization risks, but instead, drivers of revenues
and reduced costs. This model would be attractive to companies whose products’ cost of operation
share is high and that have a skill advantage relative to their customers in managing maintenance of

products (giving them an edge in selling services and recapturing residual value at end of life).
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2. EUROPE TOWARDS CIRCULAR ECONOMY

The European Union introduced its vision of the circular economy from 2014. The Circular Economy
Action Plan 2020 (CEAP) ®seeks to enhance the EU Green Deal® by providing businesses with a trigger

to scale up the circular economy (Figure.9).

ENERGY AND CLIMATE SYNERGY

Farm

Increasing Supply 0 fork fair,
climate Clean, heakhy and
2030 and and secure friendly food
2050 energy systems
CORE TENETS OF
THE EUGREEN DEAL DIRECTLY RELATED TO CEAP 2020
Make sustainable products the normin Focus on the lifetime of products
CIRCULAR ECONOMY the EU through a sactoral lens
ACTION PLAN 2020
Empower consumers Ensure less waste.

Figure 9- The Circular Economy Action Plan 2020 as part of the EU Green Deal and mutual synergies.

Source:https://docs.wbcsd.orq/2020/11/WBCSD Circular Economy Action Plan 2020%E2%80%93Summary for business.pdf

The four core themes of the Circular Economy Action Plan 2020 are:
= Make sustainable products.
= Empower consumers.
= Focus on the lifetime of products through a sectoral lens.
= Ensure less waste.
A recent study estimates that applying circular economy principles across the EU economy has the

potential to increase EU GDP by an additional 0.5% by 2030 creating around 700 000 new jobs. There

8 Source: https://docs.wbcsd.org/2020/11/WBCSD Circular Economy Action Plan 2020%E2%80%93Summary for business.pdf

9 . ) ; . . .
The “Green Deal” is the EU's new growth strategy that aims to transform the EU into a competitive economy, where economic growth is
decoupled from resource use.

18


https://docs.wbcsd.org/2020/11/WBCSD_Circular_Economy_Action_Plan_2020%E2%80%93Summary_for_business.pdf
https://docs.wbcsd.org/2020/11/WBCSD_Circular_Economy_Action_Plan_2020%E2%80%93Summary_for_business.pdf

is a clear business case for individual companies as well. Manufacturing firms in the EU spend on
average about 40% on materials, closed loop models can increase their profitability, while sheltering
them from resource price fluctuations. The circular economy can strengthen the EU’s industrial base
and foster business creation and entrepreneurship among SMEs through. Innovative models based
on a closer relationship with customers, mass customization, the sharing and collaborative economy,
and powered by digital technologies, such as the internet of things, big data, block chain and artificial
intelligence, will not only accelerate circularity but also the dematerialization of our economy and
make Europe less dependent on primary materials. The intention is to create an efficient framework
regarding products and policies that will encourage the sustainable products market, companies to
adopt sustainable business models and finally change the consuming patterns and generate less or
even no waste during production. Of course, all these changes must take place progressively
following key product value chain priority implementation. As part of the governance of the sectorial
actions, the Commission will cooperate closely with stakeholders in key value chains to identify
barriers to the expansion of markets for circular products and ways to address those barriers. The
industry sectors this action will take place include the following:
i. Electronics and ICT
‘Circular Electronics Initiative’ mobilizing existing and new instruments. In line with the new
sustainable products policy framework, this initiative will promote longer product lifetimes and
include, among others, the following actions:
= Regulatory measures for electronics and ICT including mobile phones, tablets and laptops under
the Eco-design Directive so that devices are designed for energy efficiency and durability,
reparability, upgradability, maintenance, reuse and recycling.
= Focus on electronics and ICT as a priority sector for implementing the ‘right to repair’, including a
right to update obsolete software.
= Regulatory measures on chargers for mobile phones and similar devices, including the
introduction of a common charger, improving the durability of charging cables, and incentives to
decouple the purchase of chargers from the purchase of new devices.
= Improving the collection and treatment of waste electrical and electronic equipment including by
exploring options for an EU-wide take back scheme to return or sell back old mobile phones,

tablets and chargers.
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= Review of EU rules on restrictions of hazardous substances in electrical and electronic equipment
and provide guidance to improve coherence with relevant legislation, including REACH24 and Eco-
design.
ii. Packaging
The number of materials used for packaging is growing continuously and in 2017 packaging waste in
Europe reached a record 173 kg per inhabitant, the highest level ever. To ensure that all packaging
on the EU market is reusable or recyclable in an economically viable way by 2030, the Commission
will reinforce the mandatory essential requirements for packaging to be allowed on the EU market
and consider other measures, with a focus on:
= Reducing (over)packaging and packaging waste, including by setting targets and other waste
prevention measures.
= Driving design for re-use and recyclability of packaging, including considering restrictions on the
use of some packaging materials for certain applications, in particular where alternative
reusable products or systems are possible, or consumer goods can be handled safely without
packaging;
= (Considering reducing the complexity of packaging materials, including the number of materials
and polymers used.
= The Commission will also establish rules for the safe recycling into food contact materials of
plastic materials other than PET.
iii. Plastics
The EU Strategy for Plastics in the Circular Economy has set in motion a comprehensive set of
initiatives responding to a challenge of serious public concern. However, as consumption of plastics is
expected to double in the coming 20 years, the Commission will take further targeted measures to
address the sustainability challenges posed by this ubiquitous material and will continue to promote
a concerted approach to tackle plastics pollution at global level.
To increase uptake of recycled plastics and contribute to the more sustainable use of plastics, the
Commission will propose mandatory requirements for recycled content and waste reduction
measures for key products such as packaging, construction materials and vehicles, also considering

the activities of the Circular Plastics Alliance™.

10 ) ) ) . . - .
“The Circular Plastics Alliance aims to boost the EU market for recycled plastics to 10 million tonnes by 2025. The alliance covers the full
plastics value chains and includes over 300 organisations representing industry, academia and public authorities. New stakeholders can join
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In addition to measures to reduce plastic litter, the Commission will address the presence of

microplastics in the environment by:

= Restricting intentionally added microplastics and tackling pellets taking into account the opinion
of the European Chemicals Agency.

= Developing labelling, standardization, certification, and regulatory measures on unintentional
release of microplastics, including measures to increase the capture of microplastics at all relevant
stages of products’ lifecycle.

= Further developing and harmonizing methods for measuring unintentionally released micro-
plastics, especially from tires and textiles, and delivering harmonized data on micro-plastics
concentrations in seawater.

= (Closing the gaps on scientific knowledge related to the risk and occurrence of microplastics in the

environment, drinking water and foods.

the alliance by signing its declaration.” Source: https://ec.europa.eu/growth/industry/strategy/industrial-alliances/circular-plastics-
alliance el
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3.  CIRCULAR ECONOMY IN PRODUCTION-Closing the Loop

Products can be redesigned to be used longer, repaired, upgraded, re-manufactured or eventually
recycled, instead of being thrown away. Production processes can be based more on the reusability
of products and raw materials, and the restorative capacity of natural resources. Turning waste into
a resource is part of ‘closing the loop’ in circular economy systems.

During the production phase of various products or services there is an impact on the
environment, supply of resources and generation of waste. The principles of circular economy are
applied at the beginning of a product’s lifecycle. Developing a smart product design and production
processes can help save resources, avoid inefficient waste management, and create new business
opportunities. The main factors contributing to close the Loop in production are:
= “Smart” Product Design: The main concern in “smart” design is how to be able to recover valuable

materials after they have been wasted. There are initiatives by the European Commission to

support product requirements under the Eco design Directive’ that makes products more
durable, and easier to repair and recycle.

= Creating Incentives: Create a direct economic incentive for producers to make products that can
be easily recycled or reused. To support this initiative the European Commission has set an action
to propose to differentiate financial contributions paid by producers in extended producer
responsibility schemes based on the end-of-life costs of their products.

= Improved production Process: Reduce resource use and waste generation in production processes.

Supporting Initiative by the European commission to promote best practices in a range of

industrial sectors through Best Available Techniques Reference documents (BREFs)™ for various

industrial sectors.
= |nnovative Industrial Processes: Clarify rules on by-products and on end-of-waste status, which

will help support the development of industrial symbiosis — a process by which the waste of one

1 . — . ) : ) . ’

“Ecodesign Directive provides consistent EU-wide rules for improving the environmental performance of products, such as household
appliances, information and communication technologies or engineering. The directive sets out minimum mandatory requirements for the
energy efficiency of these products. This helps prevent creation of barriers to trade, improve product quality and environmental

protection.” Source: https://ec.europa.eu/growth/industry/sustainability/sustainable-product-policy-ecodesign _en
12 4

The BREFs are a series of reference documents covering, as far as is practicable, the industrial activities listed in Annex 1 to the EU’s
IPPC Directive. They provide descriptions of a range of industrial processes and for example, their respective operating conditions and
emission rates. Member States are required to take these documents into account when determining best available techniques generally
or in specific cases under the Directive.” Source: https://www.eea.europa.eu/themes/air/links/guidance-and-tools/eu-best-available-
technology-reference
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company can become the resource of another company. To promote resource efficient and
innovative industrial processes, such as industrial symbiosis or remanufacturing, the European
Commission supports innovative industrial initiatives under the financing programs such as

Horizon 2020 and through Cohesion Policy funds®.

13
“The Cohesion Fund provides support to Member States with a gross national income (GNI) per capita below 90% EU-27 average to

strengthen the economic, social and territorial cohesion of the EU.” Source: https://ec.europa.eu/regional policy/en/funding/cohesion-

fund/
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4.  ZERO WASTE AND CIRCULAR ECONOMY

Zero waste and a circular economy both intend to help improve our current take-make-waste
industrial and economic system, and to eliminate waste. However, there are differences
between zero waste and a circular economy. Zero waste is guided by principles known as the Zero
Waste Hierarchy, an inverted triangle that illustrates a waste management system in order of
preference: Reduce through refusal orredesign, reuse and repair, recycle or compost, recover
energy, and finally regulated disposal.

Circular economy model has three main principles that are more like pillars that work in together:
designing out waste and pollution, keeping products and materials in use for the entire lifespan, and
regenerating natural systems. Zero waste focuses on keeping waste out of the environment, while

circular economy aims to regenerate the environment.

4.1 Zero waste business model

Zero waste concepts are being developed and implemented in various sectors including waste

management and treatment, mining, manufacturing, and urban development. Policymakers support

the zero-waste initiative because it stimulates responsible production and consumption (SDG12),

optimum recycling and resource recovery.

“Zero Waste: The conservation of all resources by means of responsible production, consumption,

reuse, and recovery of products, packaging, and materials without burning and with no discharges to

land, water, or air that threaten the environment or human health.”

Zero waste business models follow a set of guiding principles:

= Raw materials should be obtained, whenever possible, from recycled materials and not from new
extraction. Any new extraction should be only justifiable when it comes from a regenerating
source. A Zero waste business will be diverting 90% from landfill and incineration.

= The linear system of production needs to be changed into a circular system in which the recycling
potential can be maximized.

= Production processes should be redesigned to avoid waste generation inside and outside the

plant.
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= Energy consumption and waste generation from the product/machine should be included in the
optimization calculations.
= Applying eco-design and integrating product policy approach.

= Changing the focus from labor productivity to resources productivity.

4.2 Zero waste Hierarchy

The Zero Waste Hierarchy describes a progression of policies and strategies to support the Zero
Waste system, from highest and best to lowest use of materials. It is designed to be applicable to all
audiences, from policymakers to industry and the individual. It aims to provide more depth to the
internationally recognized 3Rs (Reduce, Reuse, Recycle); to encourage policy, activity, and
investment at the top of the hierarchy; and to provide a guide for those who wish to develop systems
or products that move us closer to Zero Waste. It enhances the Zero Waste definition by providing
guidance for planning and a way to evaluate proposed solutions.

When the current waste hierarchy was conceived waste management was about disposing of our
waste with the minimum damage to health and the environment. Despite its non-binding nature, it
has proven to be a good tool to provide guidance in the transition to modern waste management.
Yet the waste hierarchy is limited and limiting because it looks at things from a solely environmental
standpoint, i.e. it doesn’t take into account social, economic and logistic considerations or the need
to spur a transition towards circularity.

The Circular Economy model can evolve the above approach from waste management to resource
management. This means that the driving force of the hierarchy should be not only the safe disposal
of our waste but also to ensure that the value of our resources is preserved in the economy for the
new generations.

The optimum scheme is preservation via designing waste out of the system. Designing waste out of
the system by influencing consumption habits, rethinking business models, and making them waste-
free by design, should be the main priority of economic and environmental EU policies and funding.
This first level alone will need dedicated legislation that deals with value preservation and not with
waste.

The Zero Waste hierarchy 7 levels are described below (Figure.10). Two related to products and 5

related to waste.
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Refuse/Rethink/Redesign Refuse what we don't need and change the way we produce
and consume by redesigning business models, goods and
packaging in order to reduce resource-use and waste
Minimise the quantity, toxicity and ecological footprint of

EOENIPINN. US DIVINCEOF FIOISIRS, 110k MR 0L
for the same purpose for which they were conceived or
Preparation for reuse

repurpose them for another use that doesn't reduce their value
Check, clean or repair products or components of products
that have become waste so that they can be re-used without
any other pre-processing

High quality material recovery from separately collected
waste streams

Technologies to recover materials from mixed waste and
discards from sorting processes into new building blocks for
high quality applications

.

What cannot be recovered from mixed waste is biologically
stabilised prior to landfilling

Options that don't allow for material recovery, have high
environmental impact and create lock in effects that threaten
the transition to Zero Waste: waste to energy incineration,
co-incineration, plastic to fuel, landfilling of non-stabilised
waste, gasification, pyrolysis, illegal dumping, open burning
and littering

.

Figure 10-Zero waste hierarchy inverted Pyramid.

Source: https://zerowasteeurope.eu/2019/05/a-zero-waste-hierarchy-for-europe/

= Refuse, Rethink, Redesign: The 1st level encapsulates any activity related to stopping waste from
being produced. Be it by creating a system that is waste free by design or by stopping the
commercialization of single-use items that can be easily replaced with alternatives.

= Reduce and Reuse: Staying in the non-waste zone, the second level of the hierarchy tackles the
scaling up of the market for used items which have not become waste, remain an underutilized
asset of our economies or will become waste despite not having lost their use value. The goal is to
prevent them from being discarded and instead find ways for them to go back in the economy.

= Preparation for Reuse: Moving into the waste area, the third level of the Zero Waste hierarchy
reflects the second level of the EU waste hierarchy: preparation for reuse reproduces the efforts
to clean, repair and refurbish items that have become waste in order for them to become
products again.

= Recycling, Composting, Anaerobic digestion: The 4th level of the hierarchy deals with what, in an
ideal scenario, should be the last option to retain materials in sustainable resource management,
namely, to turn the separately collected waste into high quality secondary raw materials. This
level mirrors the 3rd level of the current EU waste hierarchy.

= Material and Chemical Recovery: As explained, the Zero Waste hierarchy differs from and
supplements the EU’s one in the configuration of its lowest levels. The EU waste hierarchy places

energy recovery as the next step after recycling, whilst the Zero Waste hierarchy prioritizes the
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extraction of valuable materials from the mixed waste and the discards from sorting processes.
This is better aligned with the vision of Circular Economy, which is basically about retaining
materials and resources within the loop, whereas thermal treatment shows as a “leakage of
resources”. Material Recovery and Biological Treatment operations on mixed waste in systems
with high separate collection rates —as it is demanded by the new EU waste legislation- provide a
cost-effective way to preserve the value of resources whilst minimizing disposal. The new
technologies related to chemical recycling also fit in this level if they deal with the discards of
sorting processes -and not with separately collected streams- and they transform used polymers
into new ones.

Residuals Management: The current EU waste legislation obliges to source separate and
separately collects the waste streams, allowing for most of the biologically active waste to be
diverted from the residual waste. By means of prior biological stabilization, the waste can be
safely landfilled, in full compliance with the Landfill Directive and related obligation on pre-
treatment. Such systems may be designed to work on increasing amounts of source separated
organics and decreasing amounts of residual waste. The transition that Europe is going to see in
the coming years, very much depending on the success in advancing towards waste-free systems
by design —see levels 1 and 2-, should see the amounts of residual waste dwindle and will require
flexibility to adapt to the new scenario.

Unacceptable: The new hierarchy qualify as unacceptable the options creating lock-in effects that
obstruct the transition, destroy resources and/or are environmentally unacceptable. Landfilling of
non-stabilized waste, littering and any sort of combustion or co-combustion of mixed waste, with
or without oxygen, are options that should become part of the past because they contradict the
EU decarbonization agenda and absorb investments that should be directed to the highest levels

of the hierarchy.
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5.  PLASTICS PRODUCTION (Single-Use) AND CIRCULAR ECONOMY

Plastic is the most used material in our economy and daily lives, having multiple functions and
applications in society. It is a lightweight, hygienic, and resistant material which can be molded in a
variety of ways and utilized in a wide range of applications. There are two main categories of plastics

(Figure.11).

The most common
Thermosets are:
Polyurethane (PUR), Phenolic
(PET), Polypropylene (PE), resins, Epoxy resins, Silicone,
Low Density Polyethylene Vinyl ester, Acrylic resins, Urea-
(LDPE), High Density Polyethylene formaldehyde (UF) resins”
(HDPE), Polystyrene (PS), Expanded polystyrene
(EPS), Polyvinyl-chloride (PVC), Polycarbonate,
Polypropylene (PP); Polylactic acid (PLA) and

The most common
Thermoplastics are:
Polyethylene Terephtalate

Thermoplastics Thermosets

Figure 11-The two main categories of plastics and their single-use applications.

Source: UNEP, Plastics: A Roadmap for Sustainability. 2018.

Unlike metals, plastics do not rust or corrode. Most plastics do not biodegrade, but instead
photodegrade, meaning that they slowly break down into small fragments known as microplastics.
The fragmentation of large plastic items into microplastics'® is common on land such as beaches
because of high UV irradiation and abrasion by waves, while the degradation process is much slower
in the ocean due to cooler temperatures and reduced UV exposure. Single-use plastics, often also
referred to as disposable plastics, are commonly used for plastic packaging and include items
intended to be used only once before they are thrown away or recycled. These include, among other
items, grocery bags, food packaging, bottles, straws, containers, cups, and cutlery. (Figure.12)
introduces the main polymers used to manufacture single-use plastic items and indicates their most

common applications.

14 . ) ) - ) . - . . -

Primary microplastics are those originally produced at the micro-size level for applications such as cosmetics or industrial scrubbers;
secondary microplastics are fragments at the micro-size level that have resulted from the breakdown of larger plastic products. Source:
GESAMP, 2015b.
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Figure 12-Plastics replacing the traditionally used materials.

Source: UNEP, Plastics: A Roadmap for Sustainability. 2018.

The growth in the production of plastic has largely increased and is now overcomes that of any
other material, with a global shift from the production of durable plastics to single-use plastics
(including packaging), as shown in (Figure.13). The production of plastic is largely reliant on fossil
hydrocarbons, which are non-renewable resources. If the growth in plastic production continues at
the current rate, by 2050 the plastic industry may account for 20% of the world’s total oil
consumption. More than one-fourth of the resins globally used in the production of single-use
plastics are manufactured in Northeast Asia. This is followed by North America, the Middle East and
Europe (Figure.14).
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Figure 13-Global plastic production by industrial sector, 2015.
Source: UNEP, Plastics: A Roadmap for Sustainability. 2018.

Figure 14-Distribution of single-use plastic™ production by region (2014).

Source: UNEP, Plastics: A Roadmap for Sustainability. 2018.

The way plastics are currently produced, used, and discarded fails to capture the economic benefits

of a more 'circular' approach and harms the environment. There is an urgent need to tackle the

B The graph reflects data on the production of virgin and recycled LDPE, HDPE, PS and EPS. PET and PP are excluded from the analysis due
to lack of region-specific data. (Source: UNEP, Plastics: A Roadmap for Sustainability. 2018.)
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environmental problems caused by the production, use and consumption of plastics (Figure.15).
Rethinking and improving the functioning of such a complex value chain requires efforts and greater
cooperation by all its key players, from plastics producers to recyclers, retailers, and consumers. It

also calls for innovation and a shared vision to drive investment in the right direction.

500,000 TONNES OF PLASTIC EU PLASTIC WASTE GENERATION [N 2015
IN THE OCEANS

Agriculture: 5%

Packaging 59%

Construction and
Demolition: 5%

Figure 15- Plastics waste infographics.
Source: European Union, ‘Report for European Commission DG Environment. Study to support the development of measures to combat a
range of marine litter sources Incentivising Waste Disposal at Ports’, no. January, 2016, [Online]. Available:

http.//ec.europa.eu/environment/marine/good-environmental-status/descriptor-10/pdf/MSFD Measures to Combat Marine Litter.pdyf.

5.1 Plastics Waste management

The non-biodegradable nature of petroleum-based plastics has hazardous effects to the environment
due to their abundance in the waste stream. Their abundant presence in the waste stream poses
critical challenges especially without effective waste management. Many countries accumulate
waste plastic pyramids requiring proper disposal; however, due to the cost of waste disposal, many
rely on indiscriminate plastics dumping. Plastics are composed of a wide range of complex chemical
compounds formed into varying products, and various plastic resins are not easily differentiated. The
main challenge in plastic handling is on collection, separation, and recycling of Plastic solid waste
(PSW). The durability of plastics causes their accumulation and persistency in the environment with

estimated rate of over 25 MT per year.
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At the end of its lifetime, a product or packaging is recycled, incinerated, landfilled, dumped in

uncontrolled sites, or littered in the environment (Figure.16)

Incinerated e DUMped 4
® W &
L L P
Recycled Landfilled Littered in the
environment

Figure 16- Jourvey of products at end of life.
Source: https://doi.org/10.1126/sciadv.1700782

According to recent estimates,18 79% of the plastic waste ever produced now sits in landfills,
dumps or in the environment, while about 12% has been incinerated and only 9% has been recycled.
If current consumption patterns and waste management practices do not improve, by 2050 there will
be about 12 billion tons of plastic litter in landfills and the natural environment (Figure.17). Energy
recovery processes are preferable to landfilling or improper forms of disposal. However, if the desire
to recoup the large investment required to set up energy recovery infrastructures indirectly
discourages policies geared at reducing plastic waste generation, this would be problematic. In the

waste management hierarchy, prevention of waste should always take priority (Figure.18).
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Landfill
l&tlgde;i generators of mismanaged plastic waste Controlled deposit

Accumulated
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dumps or littered

in the environment

China 8.8 million Mt/year 27% of world total
Indonesia 3.2 million Mt/year 10% of world total

Figure 17- Disposal of all plastic waste ever generated (as of 2015). Figure 18 - Waste management hierarchy

Source: https://doi.org/10.1126/sciadv.1700782 Source: https://www.science.org/doi/10.1126/science.1260352

5.2 The New Plastics (Circular) Economy

The vision of New Plastics Economy is that plastics never become waste and they re-enter the
economy as valuable technical or biological nutrients. The New Plastics Economy is underpinned by
and aligns with circular economy principles. It sets the ambition to deliver better system-wide
economic and environmental outcomes by creating an effective after-use plastics economy (the
cornerstone and priority); by drastically reducing the leakage of plastics into natural systems and by

decoupling plastics from fossil feedstock (Figure.19).
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RENEWABLY SOURCED
VIRGIN FEEDSTOCK .

DECOUPLE PLASTICS FROM
FOSSIL FEEDSTOCKS

Figure 19- Ambitions of the New Plastics Economy.
Source: Ellen MacArthur Foundation, ‘The New Plastics Economy: Rethinking the future of plastics’, Ellen MacArthur Foundation, no.

January, p. 120, 2016.

A smart, innovative, and sustainable plastics industry, where design and production fully respect
the needs of reuse, repair, and recycling, brings growth and helps reduce greenhouse gas emissions
and dependence on imported fossil fuels.

Creating an effective after-use plastics economy is the cornerstone of the New Plastics Economy
and its priority. Not only is it critical to capture more material value and increase resource
productivity, but it also provides a direct economic incentive to avoid leakage into natural systems
and helps enable the transition to renewably sourced feedstock by reducing its scale.

Plastics should not end up in the ocean or other parts of the environment. Ensuring this doesn’t
happen requires a coordinated effort to improve collection systems and recovery infrastructure
especially where the latter lags economic development, as is the case for many rapidly developing
middle-income countries in Asia, which account for an estimated 80% of leakage. Various local and

global initiatives address the critical development of infrastructure and work with the formal and
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informal waste management sector to stop plastics from leaking into the ocean. Local initiatives

include, for example, the Mother Earth Foundation'® and Coastal Cleanup in the Philippines, while

the Trash Free Seas Alliance"’, initiated by the Ocean Conservancy, is an example of an effort aimed

at effecting change on a global scale.

It is essential to bring together the different actors in a cross-value chain dialogue mechanism and

drive change by focusing on efforts with compounding effects that together would have the potential

to shift the global market. Analysis to date suggests that the initial areas of focus could be:

1.

vk N

Establish the Global Plastics Protocol and coordinate large-scale pilots and demonstration
projects.

Mobilize large-scale, targeted “moon shot” innovations.

Develop insights and build a base of economic and scientific evidence.

Engage policy-makers.

Coordinate and drive communication.

16 )
http://www.motherearthphil.org/
¥ https://oceanconservancy.org/trash-free-seas/international-coastal-cleanup/
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6. CIRCULAR ECONOMY STRATEGIES FOR SINGLE USE PLASTICS

While waste elimination through selection of materials, product design and business models should
be prioritized, the tasks accomplished by plastics will lead to discarded materials at some point. All
those materials need to be recycled in an effective system. Materials should be re-entered in the
plastics value chain. The level of global interest in plastic production, consumption and waste has
soared in recent years. While much of this focus has been on the risks and impacts, it is important to
recognize that the flexibility and resilience of plastic means that products made from the material
perform many crucial functions in society and across sectors. The plastic value chain is complex,

touching most (if not all) businesses sectors globally (Figure.20).

*Percentages represent the proportion of plastic produced for each market sector
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Figure 20- Overview of the global plastic supply chain.

Source: https://www.unpri.org/plastics/risks-and-opportunities-along-the-plastics-value-chain/4774.article
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Investor portfolios across the value chain are exposed to an array of risks and opportunities
associated with plastic. These risks are listed below and associated according to the various value
chain stages as seen in Figure.21.

= Reputational: Increased public and civil society scrutiny demanding a shift away from plastic

production and use.

= Regulatory: Bans, taxes, levies or regulation of plastic production, use and disposal

= Impact of using alternative materials: Increased availability of plastic alternatives at
equivalent or lower costs

= Access to feedstock: Accessing raw materials in the supply chain to produce recycled plastics

= Access to recycled content: Accessing recycled plastics to meet voluntary commitments and
company pledges or new regulations

=  Emerging market risks: Scalability of new business models and market acceptance of new

products and technologies
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Figure 21- Plastic-related risk assessment across the value chain.
Source: G. James, ‘An investor initiative in partnership with UNEP Finance Initiative and UN Global Compact THE PLASTICS LANDSCAPE:

RISKS AND OPPORTUNITIES ALONG THE VALUE CHAIN’, pp. 6-14, 2017, [Online]. Available: https://www.unpri.org/download?ac=10258.
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Each stage of the value chain is assessed in the following sections with opportunities or solutions also
identified. However, possible solutions should consider:
= The real-world context — this includes existing systems or processes that may affect operations
= Potential unintended consequences — fundamental ESG principles (e.g. traceability of supply
chain) should be applied to the project or company assessment
= Scalability — this will depend on the market and context of operation Collaboration across the
value chain is required to develop impactful solutions.
Emerging strategies can be used to implement circular economy principles and close the Loop
within the plastic lifecycle. As a technical cycle, this implies that plastic packaging is reused when
possible (circulating the packaging product), then recycled (circulating the packaging materials) see

Figure.22.

FOSSIL-BASED OR
REMEWABLY-SOURCED FEEDSTOCK.
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Figure 22- Overview of Recycling types.
Source:G. James, ‘An investor initiative in partnership with UNEP Finance Initiative and UN Global Compact THE PLASTICS LANDSCAPE: RISKS
AND OPPORTUNITIES ALONG THE VALUE CHAIN’, pp. 6—14, 2017, [Online]. Available: https://www.unpri.org/download?ac=10258.
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Within recycling, this principle results in a general order of preference:
1. Mechanical recycling in closed loops.
This is the most value-preserving loop. Mechanical recycling keeps polymers intact and hence
preserves more value than chemical recycling, where polymers are broken down. Closed-loop
mechanical recycling keeps the quality of the materials at a similar level by cycling materials into the
same application (e.g. from PET bottle to PET bottle) or into applications requiring materials of
similar quality. As such, mechanical closed-loop recycling not only preserves the value of the
material, it also maintains the range of possible applications in future, additional loops.
2. Mechanical recycling in open loops (‘cascading’).
Given the inherent quality loss during mechanical recycling, closed-loop mechanical recycling cannot
continue indefinitely. Open-loop recycling plays an important role as well. In open-loop mechanical
recycling, polymers are also kept intact, but the degraded quality and/or material properties require
applications with lower demands. Cascading to the highest-value applications each cycle could help
maximize value preservation and the number of possible loops.
3. Chemical recycling.
Chemical recycling breaks down polymers into individual monomers or other hydrocarbon products
that can then serve as building blocks or feedstock to produce polymers again. As such, it is less value
preserving than mechanical recycling. Chemical recycling technologies are not yet widespread and/or
not yet economically viable for most common packaging plastics. However, as they could enable
after-use plastics to be upcycled into virgin-quality polymers again, they could become an option for
materials for which mechanical recycling is not possible (e.g. most multi-material packaging or
plastics that cannot be cascaded any further).

The rank order above offers a general order of preference and target state to innovate towards,
but, should not be seen as a strict hierarchy for determining the best option for every single piece of

packaging today.

6.1 COLLECTION AND SHORTING

The main plastics demand nowadays is made up of 80 % thermoplastics such as PP, PE and PET, 15 %
thermosets that cannot be remolded or reheated, such as polyurethane (PU), epoxy resins, and
phenolics, and 5 % of other, specialized materials. After-use collection, sorting and recycling systems
of most, if not all, of these materials are underperforming, mainly because of the increased material

diversity and complexity, especially in comparison to other more homogeneous materials such as
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metals or glass (Esbensen & Velis, 2016 and Deloitte Sustainability, 2017). The rate of collection for
recycling varies considerably across Europe, even within the same polymer type.

The capacity for collection, sorting and recycling may differ across regions and is insufficient to
transition towards a circular economy for plastics. While collection and sorting are essential
requirements to retain the value of products and materials, the existing infrastructure is insufficient
in several places, or it needs to be modernized to enable high-quality recycling (European
Commission, 2018j). As reflected in recent policymaking, separate collection of different material
streams and investment in further sorting and recycling capacity are considered important, while
avoiding infrastructural overcapacity for processing mixed waste, e.g. incineration (European
Commission, 2018h and European Commission, 2018j).

Collection and sorting performance depends on a complex and continuously evolving plastics
landscape. There are thousands of different plastics and additives, and there is increasing consensus
that this complexity, especially in packaging, prevents effective source separation. In addition, the
materials landscape is evolving constantly due to both established and emerging socioeconomic and
material- level innovation trends, including:
= [ight-weighting. Replacement of materials (e.g. metal, glass) with composites that are lighter,

cheaper and can be formed into more complex shapes, are more convenient and shatter —

resistant.
= New materials and manufacturing techniques. Lighter or new materials are often a result of new
production technologies. There are continuous efforts in the direction of new materials.

Innovation trends affecting packaging include nanotechnology, active and intelligent packaging

(e.g. indicating food freshness) and bio-based and/or biodegradable plastics. Other factors are

decentralization, localization and down-scaling of manufacturing trends such as 3D-printing, and

the emergence of wearables creating a new category of complex products.

= New business models and societal trends. Changing food production, evolving cooking and eating
lifestyles, international shipments and e-commerce, augmented reality and quick response codes;
all these things introduce new needs for packaging. In addition, the aging European population,
migration, urbanization and adoption of global consumer values about what constitutes
prosperity and well-being, all impact the type of plastics produced, used and disposed of.

= Global trade. Increased manufacturing outside Europe and imports, and international fast-moving
consumer goods (FMCG) introduce increased challenges and questions on how to control waste

material flows (Farmer, 2013).
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These developments may affect plastic waste composition in a combination of ways. In the case
of packaging, i.e. the largest plastics application in Europe and globally, the consumer goods and
retail sectors play a critical role in the selection of materials. Due to the high and still increasing
complexity of packaging and other plastic products, it is difficult to sort the different materials in a
cost-effective way. The complexity of products and material combinations are such that difficulties
occur even within the same sector of activity and for similar applications, formulation of the plastic
material might vary. Even relatively widely collected items bring challenges. For example, clear PET
bottles end up in the same material stream as clear PET trays, where the latter are more diverse
through differences due to additives and the formation process. As a result, during the grinding steps
of the recycling processes, bottles will be shredded into homogenous scraps while trays will tend to
produce smaller scraps, more heterogeneous parts, and more dust which might not be efficiently
recycled (FP7 GREEN PACK). Product design lacks efficiency, and products are often not designed for
optimal collection and sorting. Collection and sorting systems have difficulties in keeping up with the
rapid emergence of new materials across different sectors and regions. There is a lack of knowledge
about variations in the collection system. Current recycling innovation efforts are attempting to build
new databases for the material collected, however cloud based data management is expensive.
Taking into consideration the above challenges in the efficient shorting and collection of plastics
volumes across different regions the bellow recommendations can be addressed regarding policy

measures and Research and innovation leverage
Policy framework recommendations

Ensure full implementation and enforcement of the EU waste legislation. This should guarantee
proper collection and sorting of used materials across the EU. Member States should be encouraged
to develop laws against improper disposal by industry and citizens alike, and to develop
corresponding penalties.

Develop a mechanism for gathering and sharing information on collection and sorting
performance. Guided by best practice, such a system should lead to simplification, standardization,
and reduction of variability at all levels of plastics lifecycle. Design, manufacturing, retail, use, pre-
sorting, collection, sorting and (organic) recycling (Dri, Canfora, Antonopoulos & Gaudillat, 2018;
Esbensen & Velis, 2016 and Velis, Lerpiniere & Coronado, 2015). The incentives for simplification
should be aligned across stages and sectors. The main challenge lies upon economies of scale with
heterogeneous streams, and assessment is necessary for feasibility and affordability (Figure.23).

Given the considerable challenges in designing for collection, sorting and recycling, the insights
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generated should be shared with collection and sorting sectors as well so as to create an effective
stream of data exchange to optimize the shorting and collection process. Harmonize collection
systems across the EU, allowing a certain degree of local adaptation to socioeconomic conditions,
aiming in the simplification of the citizen’s participation. This harmonization will allow packaging
producers and brand owners to follow a common design guideline fit for collection and sorting across
Europe. A suitable regulatory framework could encourage and facilitate convergence of best

practices, allowing for a reasonable level of local differentiation.
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Figure 23-Overview of European plastic streams.

Source: European Commission, A circular economy for plastics — Insights from research and innovation to inform policy and funding

decisions. 2019.

R&I framework initiatives

Create funding initiatives for research on value capture optimization of separate collection of plastics
and/or other materials. Have a better understanding of the compatibility of waste stream in order to
decide upon streams that can be co-collected and co-processed.

Provide financial incentives for innovation in methodologies to accurately quantify and forecast
the generation rate and source of emerging waste composition. The emerging digital technologies
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and societal trends offer a major opportunity to incorporate into the wave of innovation the
requirements for embedding and costing in solutions for collection and sorting. In addition, this
would provide ways to address the increased variability and contamination, which are key aspects of
value drop at the end of the first-use cycle (Esbensen & Velis, 2016).

Provide funding for research into interdisciplinary solutions to manage and reduce plastics
complexity at the application level, if beneficial from the economic, environmental and social
perspective. A business-as-usual scenario would most likely just result in more complex and cross-
contaminated material flows, increasing the current challenges (Velis, Lerpiniere & Coronado, 2015).
To ensure emerging or changing sectors embed circularity in their activities and simplify the
landscape right from the start, disruption of the current materials, products and business model
innovation model is needed. Such disruption can be encouraged by incorporating socioeconomic and
behavioral aspects into interdisciplinary efforts. The challenges of such research include establishing
common terminology and applying compatible methodologies across disciplines. Lessons from
collection and sorting systems prevalent in developing economies, such as detailed manual sorting of
plastics performed by waste pickers, would provide insights for both manual pre-sorting and robotic

sorting (Purshouse et al., 2017).

6.2 MECHANICAL RECYCLING

Mechanical recycling can offer economic and environmental benefits. One of the main principles of
the circular economy is to preserve value in material cycles by maintaining the materials’ structural
integrity. One of the most value-preserving cycles (or ‘loops’) are repairing/maintenance as well as
reuse, for which there is significant potential especially in durable plastic products. However, for a
large share of plastic packaging, recycling is crucial to create circular material flows, and the principal
‘innermost’ of different recycling loops is mechanical recycling.

Mechanical recycling is a robust and comparatively efficient way of reprocessing plastics into new
resin that can be put back into the value chain. For plastic waste, mechanical recycling is the
preferred recycling solution if ecologically most beneficial, technologically possible, and economically
attractive. Chemical recycling will complement mechanical recycling. At present the most prevalent
end uses regarding plastics usage are in the following the sectors:
= Packaging: in bottle-to-bottle applications for clear and transparent PET, but also through the

production of sheets used in thermoforming processes.

= Construction: mainly for pipe production, insulation and carpets.
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= Automotive: mainly for bumpers and for hidden parts.

= EEE: used for dark-coloured products, and irons, printers, fans, etc.

= Fibres: this market is one of the major applications of recyclate, especially for non-woven
interlining fabric (e.g. chemical suits, protection overalls, etc.) and automotive interiors.

= Others: this category concerns smaller markets, such as furniture and consumer goods (e.g.
clothes, hangers and boxes) and strapping.

Mechanical recycling efficiency depends on material complexity. With the rapid increase in
complex materials, in packaging and elsewhere, mechanical recycling can be expected to struggle
due to two main reasons: firstly, the lack of adequate capacity to process complex materials into
their purified components for subsequent use; secondly, issues with mixing when complex materials
are not fully separated from mono-materials during collection and sorting. Recycling of complex
materials (e.g. composites, multilayer packaging, and associated adhesives) can be improved, and
various methods are under development.

Lack of quality, competitive pricing and regulations make it difficult for mechanically recycled
plastics to compete with virgin plastics. The current mix and contamination level of collected and
sorted after-use plastics going to mechanical recycling, in combination with the available processing
technologies, mean that the compounds produced from recycled resin are mainly used for lower
quality products (e.g. bin bags, recycled bins and plastic furniture).

With high uncertainty about input material composition and future demand, designing a mechanical
recycling system fit for purpose is difficult. It is impossible to determine an effective mechanical
recycling system without taking into account how the plastics system as a whole will function.
Aspects affecting the recycling operations and business case cover the entire value chain, including
business models (e.g. deposit-refund schemes for specific containers), product design (e.g. design for
disassembly), societal and marketing trends (e.g. growth of multilayer packaging), material choices
(e.g. recycling capacity for PLA or PEF), and the role of chemical recycling (e.g. mechanical recycling
co-location with chemical recycling). While the shortcomings of the recycling system today are well-
known, e.g. its inability to produce high-quality recycled materials; solutions to address them rely

heavily on external factors upstream in the plastics value chain.

Policy framework recommendations

Make regulatory requirements in order to increase demand for recycled input material especially in

high-quality applications in order to drive investment and innovation towards improved recycling
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yields and quality. These measures could be supporting a well-functioning secondary materials
market, and targets for recycled content and quality of recycled material. Safety aspects must be
taken into account (e.g. hazardous legacy elements) and implementation (e.g. method to verify
recycled content).

Recognizing that low-quality recycling is not enough to move towards a circular economy for
plastics, as significant material value is lost, it is important to ensure high-quality recycled materials.
Set up fiscal framework to support the uptake of recycled polymers. Rebalancing true cost of virgin
plastics, including environmental and social impact, can improve competitiveness of recycled plastics
(see e.g. CVORR™). Measures could include VAT reduction for use of recycled plastics, or different
EPR fees for virgin versus recycled content. These fiscal measures can be mutually reinforcing with
regulatory ones, such as targets on minimum recycled content. Set up a cross-value chain platform.
Value chain innovation is defined as the transformation of “traditional” value chains into new ones
through cross-border and cross-sectorial collaboration. In these platforms the role of mechanical
recycling in a future circular plastics system can be discussed. This platform should:
= Consider emerging technologies such as: Traceability systems and de-polymerization.
= |dentify key system design and investment needs at EU and national level.
= Provide business guidance on value-preserving cascading or final-sink treatment of legacy

composite materials.

The guidelines should help decide how to design the most economically productive pathways and

handle legacy substances.

R&I framework initiatives

Provide financial incentives for innovation in more efficient and economic solutions for mechanical
recycling of polymer materials. Improved recycling processes are one key component of achieving
higher-quality recycled materials at competitive pricing. Incentives could include grants, equity

funding and public procurement.

6.3 CHEMICAL RECYCLING

While mechanical recycling is in general the preferred option, there will always be after-use plastics

that cannot or can no longer be mechanically recycled into a valuable product, such as multi-material

18 https://cvorr.leeds.ac.uk/
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packaging or materials that have completed their maximum number of cascading cycles. This is
where chemical recycling could play a role in closing the loop back to chemical feedstock again,
enabling ‘infinite’ loops. Chemical recycling is not yet applied at large scale.

Reprocessing technology using chemical agents or processes that directly affect either the
formulation of the plastic or the polymer itself. This contrasts with mechanical reprocessing, which
only uses physical methods to separate different types of plastics. While other categorizations exist,
in this report three main types of chemical recycling are distinguished, which differ significantly in
how they work and what outputs they produce (Figure. 24).
= Solvent-based purification is a process in which the plastic is dissolved in a suitable solvent, in

which a series of purification steps are undertaken to separate the polymer from additives and

contaminants. The resulting output is the precipitated polymer, which remains unaffected by the
process and can be reformulated into plastics.

= Depolymerization is the reverse of polymerization and yields either single monomer molecules or
shorter fragments often called oligomers.

= Feedstock recycling is any thermal process that converts polymers into simpler molecules. The

two main processes here are pyrolysis and gasification.

Closed-loop pathways

Depolymerisation

Solvent-based
purification

Mechanical
recycling

Non-circular
pathways

Virgin
feedstock

Polymerisation Processing Packaging

Monomer Polymer Plastic Application Packaged product

Figure 24- Overview of different loops for plastics in a circular economy.
Source: European Commission, A circular economy for plastics — Insights from research and innovation to inform policy and funding

decisions. 2019.
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Chemical recycling technologies have the potential to bring clear benefits which complement
mechanical recycling. However, they should not be perceived as silver-bullet solutions to deal with
mixed and contaminated plastics streams. As explained in this report, to achieve the much-needed
systemic change, downstream innovation should go hand in hand with upstream solutions that
redesign and innovate business models, products, and materials. Chemical recycling technologies still
need significant development to mature. Environmental and social impacts of chemical recycling
need to be evaluated at the industrial level.

There is no EU-wide vision of a holistic recycling system that incorporates chemical alongside
mechanical recycling. There is no obvious answer as to how much capacity is needed for the different
forms of chemical recycling, and how they influence the required capacity for sorting and mechanical
recycling. While one could argue that market forces should decide, such an approach could have
unintended consequences. If different chemical recycling technologies were all to be implemented at
scale alongside existing recycling infrastructure, the system would significantly increase its after use

pathways, as well as the multiple combinations of material flows between them.

Policy framework recommendations

Develop a vision for a holistic recycling system in Europe, incorporating chemical recycling. Such a
vision should clearly describe how scaling up these new technologies would enable the EU to reach
its recycling targets, as well as create a virtuous circle where higher-quality recycled materials lead to
further increases in recycled content in plastics.

Review and update waste legislation to include the latest recycling technologies. This adaptation
should include the implementation of technical standards to ensure virgin-grade recycled polymers
can be used in the same applications as corresponding virgin polymers. It should also cover
standardized definitions and legal status (e.g. through end-of-waste criteria) to provide clarity on the
nature and output of the technologies in scope, as well as on how they relate to other technologies
in the waste hierarchy (see also Joint Research Centre, European Commission, 2014).

Set regulatory and/or fiscal measures to boost the use of recycled content. Fiscal incentives could
include reduced VAT or lowered EPR fees, and regulatory measures could include a time-bound
target for specific rates of recycled content. Such measures could include setting up a kind of trading

scheme for recycling (and reuse) credits, comparable to the emissions trading scheme (ETS).
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R&I framework initiatives

Provide funding to verify the economic and environmental impacts of feedstock recycling for
industrial application through pilots and collaborative efforts. The verification should be based on a
set of realistic boundary conditions, and allow comparison with other after-use pathways.

Provide funding for industrial piloting of solvent- based purification and depolymerization. As a
first step, fund industrial pilot plants for depolymerization with a process capacity of 1 000 tons per
year. A plant with such a capacity should be enough to assess the economic, environmental, and
social impacts of the technologies. At the same time, it could provide enough material for the plastic
converters to assess the performance for different applications, as these technologies will not take
off without industrial validation. Pilots should also provide insights into the environmental and social
impacts of, for example, processing the waste output, or of traces of solvents in the recycled
material.

Provide funding for research to develop PMMA monomerization and solvent-based purification of
PS and PC. This should happen through collaboration between academia, public research institutes

and industry.
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CONCLUSIONS

The European Union as well as the private sector move away from the current linear growth model
to a circular one. It is important for organizations— regardless of market, geography or industry—to
begin laying the foundation for change, that way they can initiate the transition to a new way of
doing business that radically improves resource productivity, enhances differentiation, reduces costs
and risks, creates robust new revenue streams, and enhances the customer value proposition.
Rethinking the Plastics Economy is one the core issues of the circular economy transition. Plastics
never become waste; rather, they re-enter the economy as valuable technical or biological nutrients.
The New Plastics Economy is underpinned by and aligns with principles of the circular economy. Its
ambition is to deliver better system-wide economic and environmental outcomes by creating an
effective after-use plastics economy, drastically reducing the leakage of plastics into natural systems
and other negative externalities; and decoupling from fossil feedstocks. Innovation and transition to
the New Plastics Economy must be driven by joint, urgent, collaborative initiatives across industries
and governments. This would make it possible to address the chronic fragmentation and the lack of
global standards, to benefit the development of effective markets. In such an initiative, consumer
goods companies, plastic packaging producers and plastics manufacturers would play a critical role as
they define the products and materials that are put on the market. Cities control the after-use
infrastructure in many places and are often hubs for innovation. Businesses involved in collection,
sorting and reprocessing such as mechanical recycling of plastics are an equally critical part of the
puzzle. Policymakers can play an important role in enabling the transition by realigning incentives,

facilitating secondary markets, defining standards, and stimulating innovation.
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