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The trend of the plastics market - Global MFA

• Globally, plastics production 
has doubled from 234 Mt in 
2000 to 460 Mt in 2019.

• Plastic waste increased from 
156 Mt in 2000 to 353 Mt in 
2019, more than doubling.

• Globally, only 9 %of plastic is 
recycled, 19 % is 
incinerated, and  50 %is 
landfilled.

• 22% of plastic is disposed of 
or dispersed in an 
uncontrolled manner.

Source: Organization for Economic Cooperation and D evelopment (OECD)– Global plastic output
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The Plastic Market Trend - Global Situation

• Plastic production is expected 
to grow exponentially until 
2050, with a significant 
increase in packaging 
applications.

• However, a drastic decline in 
the use of virgin raw materials 
for production is expected.

Source: Ellen Mc Arthur – The global commitment 2021
Source: United Nation Environment Programme (UNEP)
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The trend in the plastics market - Major players and governments

• 63 global players and 
governments have set a 
goal of reducing virgin 
plastic use by 19%.

• Recycled plastic 
content increased 
globally from 5.2% 
(2018) to 8.2% (2020)

• Materials that are 
difficult to recycle are 
being phased out of the 
market.

Source: Ellen Mc Arthur – The global commitment 2021

Source: Ellen Mc Arthur – The global commitment 2021

Source: Ellen Mc Arthur – The global commitment 2021
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The trend in the plastics market - Major players and governments

• Nestlé plans to increase the 
recycled plastic content from 4 
percent to 30% by 2025. At the 
same time to make 100% of its 
packaging reusable, recyclable 
or compostable.

• Coca-Cola wants to go from 
11.5% to 25% recycled plastic in 
its packaging by 2025 and have 
100% reusable, recyclable or 
compostable packaging

Source: Ellen Mc Arthur – The global commitment 2021
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The trend in the plastics market - Major players and governments

• On average, big companies 
mentioned that they want 
to go from a current 6.9% 
recycled plastic content in 
their packaging to a 27.2%.

• The targets on packaging 
reuse practices have very 
low percentages, a sign of 
both the current lack of 
policy strategies to do so 
and to implement these 
mechanisms within 
consumers behaviours.

Source: Ellen Mc Arthur – The global commitment 2021
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Some materials, usage formats and 
plastic products will be gradually 
abandoned by companies, leading 
the way we have:

• Polystyrene, PVC, carbon black 
pigment packaging and 
multilayers

• Disposable cutlery and plates, 
disposable straws and single-use 
carrier bag

• Labels/adhesives and sleeves for 
packaging, plastic windows, 
plastic sprayer heads.

The trend in the plastics market - Major players and governments

Source: Ellen Mc Arthur – The global commitment 2021
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The trend in the plastics market - Major players and governments

Several governments are taking 
measures to discourage the use of 
specific products:
• All single-use plastic (cutlery glasses, 

plates, bottles)
• Q-tips
• ePS

Source: Ellen Mc Arthur – The global commitment 2021

Also to be considered is the European 
Union's directive on single-use plastics 
(EU,2019), which sets a target for such 
products of 25% recycled plastic by 
2025 and 30% by 2030 (e.g., PET 
bottles).
All oxodegradable plastics are also 
banned from 2019.

Signatory governments:
• Netherlands, Argentina, United Kingdom, Mexico, Peru, Spain, Rwanda, United States, France, Portugal, 

Denmark, Slovenia, Brazil, Chile, New Zealand
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The trend of the plastics market - Europe

Source: European strategy for circular economy (2018)

Source: Plastic Europe the facts (2020)

Main polymers used in Europe Main areas of plastics use in Europe
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The trend of the plastics market - Polymers in Europe

• PE-LD, PP, PE-HD and PET 
are, in that order, the 
polymers that lead the 
way in the field of 
packaging.

• PVC, PE-HD and PP are 
strongly present in the 
field of construction.

Source: Plastic Europe the facts (2020)
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The trend in the plastics market - MFA Europe

Source: The circular economy for plastic – European Overview (2018)

Flow of plastics in Europe Sectors that use recycled plastic the most

• Each year 63.6 Mt are fed into the EU system.

• 29.1 Mt are collected as waste

• Only 9.4 Mt are sent to recycling plants



13

The plastic market trend - Europe, packaging recycling

• The average (apparent) packaging recycling rate in the EU is 47%
• The recycling rate for plastic packaging is set at 50% in 2025 and 

55% in 2030, according to the new directive (PPWD- Plastic and 
Packaging Waste)

Packaging recycling rate in EU countries

Source: Plastic 
the facts 2020

Source: The circular economy for plastic, an European overview (2018)

A BIG PUSH IS NEEDED IN SUPPORTING 
RECYCLING PRACTICES!
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Waste management and prevention strategies - The waste pyramid

The waste pyramid guides both the 
global and EU approaches to 
implementing sound practices.

Priority action therefore is related to 
avoiding waste generation through 
practices of:

• Re-use
• Material substitution
• Product re-design

Source: Environment European Agency (EEA) - Guidelines for leadership in Corporate Plastic Accounting (2020)
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1. Change product design to avoid using plastic (e.g., change from liquid soap to solid)

2. Redesigning a product to reduce the amount of plastic it uses: it is estimated that 30% of packaging in the EU can 
be redesigned to reduce the amount of plastic

3. Implement product reuse mechanisms: reuse may also involve a change in the materials used, or a change to the 
structural design of the product. Reuse mechanisms still need policies to encourage their deployment.

There are 4 applicable models for packaging reuse:

- Refill at home

– Refill on the go

– Return from home

– Return on the go

4. Replace the product's plastic with an alternative material

Waste management and prevention strategies - Ecodesign

Source: Environment European Agency (EEA)- Guidelines for leadership in Corporate Plastic Accounting (2020)
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Waste management and prevention strategies - Ecodesign considerations

In reducing plastics used in packaging, it should
not be forgotten that packaging must provide
some main functions before sustainability:

Packaging that shortens the life of food 
products is not sustainable! In fact, 90% of the 

CFP is related to the food product and only 
5/10% to the packaging.Source: Environment European Agency - Guidelines for leadership in Corporate Plastic 

Accounting (2020)

When faced with a substitution of the materials 
adopted to make the product, an LCA should be 
carried out to verify that the choice we are going 
to make is actually more environmentally 
sustainable.
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Having made the correct preliminary
assessments, there are 4 possible avenues to
be pursued for the realization of a more
sustainable product.

They do not all have to be traveled, but all of
them must be considered and evaluated
according to the company's sustainability
goals and the viability of them in relation to
the product.

Waste management and prevention strategies - 4 goals for ecodesign

Source: Environment European Agency- Guidelines for leadership in Corporate Plastic 
Accounting (2020)
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• The production of recycled plastics has nearly 
quadrupled in the past 20 years, but the market for 
secondary plastics remains very small, only 6% of the 
total in 2019.

• The secondary plastics market is vulnerable: the price 
of recycled plastics is correlated with the price trend of 
virgin raw material. The actual costs of recycled 
material follow different trends, plus companies in this 
sector produce less material and have fewer customers.

• An encouraging sign for recycled plastics comes from 
the policies some countries have undertaken on 
taxation of plastic waste produced from non-recycled 
plastics and by setting targets on the recycled content 
of manufactured products.

Waste management and prevention strategies - Recycling

Source: OECD – Global Plastic Output (2022)

Another highly critical element in the secondary plastics market is 
the purity of the secondary raw material, which is often at risk of 

being contaminated with hazardous additives

PET: food applicationfood application (EU,2008) (e.g. bottles)

Source: OECD – Global Plastic Output (2022), European Union (2008), COMMISSION REGULATION (EC) No 282/2008 on recycled plastic 

materials and articles intended to come into contact with foods and amending Regulation (EC) No 2023/2006
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Waste management and prevention strategies - Bioplastics

Source: ICESP - L'economia circolare nelle filiere industriali: il caso Plastiche (2021)

• Can be disposed with organic waste, increasing 

the quality of compost generated after disposal*

• Possible application in products with a high risk of 

dispersion into the environment, such as 

biodegradable soil mulch sheets, certified 

according to EN 17033

Since 2013, innovation in this area has slowed 
down greatly due to the actual environmental 

impact generated due to more complex 
degradation than expected!

*True only under controlled conditions
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Waste management and prevention strategies - Chemical Recycling

Chemical recycling makes it possible to recycle materials that 
would not be possible to recycle by mechanical processes, e.g., 

poly-layers plastics.

The waste separation and cleaning steps in the collection 
process remain critical.

• Thermolysis is a process that occurs around 550°C, 
highly energy intensive and devoted to fuel 
production and not material recovery. The latter 
aspect makes it quite controversial. The 
environmental impact is less than landfilling, but 
comparable to incineration (Demetrius and Crossin, 
2019)

• Solvolysis is a developing technology whose 
environmental impact appears to depend largely on 
the recycled polymer. In several cases the impact is 
worse than mechanical recycling. (CE Delft, 2019)

In general, chemical recycling (particularly Solvolysis) 
needs a further technological upgrade before it can be 

implemented on a true economy of scale.
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• Between 1995 and 2017, innovations in plastics related to environmental sustainability increased by 23% for reuse 
solutions, and by 12% for solutions related to restoration/adjustment. Despite the increase, innovations in the field 
of prevention and recycling account for only 1% of the total in plastics.

• Innovation related to the use of bioplastics has grown strongly in recent years, but the trend is declining due to the 
low rate of biodegradation of these solutions in natural environments.

• Chemical recycling, which enables the recycling of plastics that would otherwise be unprocessable by mechanical 
re-recycling (e.g., polyacetates), is beginning to emerge. There are many challenges, however, and thorough 
assessments need to be made of the overall impact of the entire process, which could exceed that of incineration 
or landfill deposition.

Waste management and prevention strategies - trend technological innovations

Source: OECD – Global Plastic Output (2022)

In general, the innovations developed to date need an economy of scale that must be supported by strong demand 
for recycled plastics; additional financial and regulatory incentives are needed to get there.
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• Application of Machine Learning algorithms for separating plastics: technology is already implemented to 
recognize several difficult-to-detect plastics (ABS, HIPS, polypropylene and crystal polystyrene, black plastics). As 
computing power grows, new algorithms and methods will emerge in the future (Tarun, Sreelakshmi and 
Peeyush,2019)

• Application of bloockchain to streamline recycling: Blockchain can make the information required by plastics 
producers accessible when sorting is combined with multi-sensor-driven artificial intelligence and when a large 
share of supply chain stakeholders are willing to collaborate. For example, Radical Innovations Group has developed 
a blockchain platform with smart contracts containing validated data on waste source, type, color, quantity, origin, 
and sorting process.

• Filter bags for machine washing: geared toward reducing microplastics released into wastewater (e.g. Guppy friend 
washing bags)

Waste management and prevention strategies - Additional technological innovations
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• Systems for autonomous removal of plastic waste from rivers and seas: several solutions have been developed by 
Ocean Cleanup, a non-profit organization.

• New models of product management: Loop innovative company that proposes to create closed-loop packaging 
supply chains by transferring ownership of the packaging from the customer to the manufacturer (collaborations 
with Burger King, McDonald's, Carrefour, etc.). Fustellificio Vicentino, manufacturers of fully customized packaging 
designed to be reusable with a second purpose: "Controversial is the first delivery box conceived, designed and 
manufactured to be reassembled upside down and thus become a new splendid container."

Waste management and prevention strategies - Additional technological innovations

The expendability of what has been seen so far at the level of economy of scale is strongly related to the 
environmental context in which the technological solution is developed.

Innovation is only part of what is needed for the sustainable transition of a plastics economy; a set of regulatory 
policies is needed to identify priorities in technology development and to provide the appropriate incentives for 

entrepreneurs.
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Waste management and prevention strategies - Barriers

LACK OF QUALITY 

STANDARDS

Upcycling practices for plastics are not widespread, downcycling practices remain prevalent.

A market for recycled plastics will only develop if certain levels of purity of recycled material are 

guaranteed.

Regulations must be developed which have to define what is considered waste and when it ceases to be 

waste and can be handled as secondary raw material.

FOOD&BEVERAGE 

APPLICATIONS

Reluctance to use recycled plastic because of:

• Possible concerns due to contaminated plastic composition;

• Possible issues related to the appearance or odors of the packaging;

INFORMATION 

ENHANCEMENT ALONG 

THE SUPPLY CHAIN

Information must be available simply and clearly (a recycler cannot test every plastic for suspected 

contaminants), each sector has specific needs (packaging, construction, automotive, etc.).

An additional challenge is to identify information delivery systems and how to collect this information 

and monitor it in a continuous flow.

N.B. The addition of elements for tracking plastics can itself become an element of contamination. 

(e.g., chemical)

Source: Environment European Agency – Preventing plastic waste in Europe (2019)
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Waste management and prevention strategies - EU regulations

Source: EEA – Preventing plastic waste in Europe (2019)

EUROPEAN WASTE REGULATIONS
Most of the prevention measures 
established by countries deal with:

• Quantitative prevention (150)
• Decrease the impact on the 

environment or human health (14)
• Reduce the presence of hazardous 

substances (5)

It is clear that countries see waste 
reduction, in terms of volumes 

generated, as the most important 
aspect.
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Management and prevention systems and policies - Main initiatives at the European 
level

In addition to leading 
important stakeholder 

meetings they periodically 
issue reports containing 

guidelines for the European 
and Global markets.

Source: Politics and the plastic crisis: A review throughout the plastic life cycle, Nielsen (2019)
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Microplastics are defined as:

Any plastic or polymer matrix particle (not soluble 
in water), with regular or irregular shape, within a 
size range of 1 micrometer to 5 millimeters in 
diameter.

Nanoplastics vary in size range of 1 nm to 1000 
nm in diameter, exhibit colloidal behaviors*.

Microplastics - What are they?

* Colloidal behavior: midway between solution and dispersion, they are 
heterogeneous, turbid systems with irregular vapor tensions and osmotic pressure 
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Microplastics - Emission Sources.

MP emission sources can be divided into two broad categories:

• Primary sources: produce direct input into the environment, sources 
are varied (Cosmetics, pharmaceutical carriers, industrial pellets, 
blasting processes) there are currently no studies correlating the 
magnitude of emissions to the source category of MPs.

• Secondary sources: generate input to the environment due to the 
disintegration of initially intact plastic material, with the main 
influencing factor being exposure to weathering (e.g., landfills)
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Through estimates made on the basis of: consumption, income and populousness the IUCN (2017)] report carried 
out an analysis of what are the losses of the main types of microplastics, here specifically defined as primary sources 
of input:

Microplastics - Magnitude of emissions from different sources.

• Optimistic - 1.8 Mtons/year
• Central – 3.2 Mtons/year
• Pessimistic – 5.0 Mtons/year

• Optimistic – 0.8 Mtons/year
• Central – 1.5 Mtons/year
• Pessimistic – 2.5 Mtons/year

LOSSES RELEASE INTO THE SEAS
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• The major contributors to the direct release of microplastics into the environment are tire abrasion during driving 
and abrasion of synthetic fabrics during washing. Also relevant are diffusive losses during the use/maintenance of 
clothing.

• In high-income countries with adequate waste management, the release of primary microplastics equals or 
exceeds the releases of poorly managed plastic waste.  The situation is reversed in low-income countries.

• Leakage and releases from primary sources are expected to increase in the coming decades due to high 
population and rising living standards (wealth) unless action is taken to limit leakage rates. As waste management 
practices are improved worldwide, the percentage contribution of primary microplastics in less developed countries 
is likely to increase.

Microplastics - Magnitude of emissions from different sources.
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Microplastics - In the natural environment

The presence of microplastics is strongly influenced by the context; the only way to trace the prevalent sources 
involves establishing the chemical composition of the samples analyzed to determine their scope accordingly.

Percentage distribution in the 
streets of Chennai (India). Main polymers in free water:

1. Polyamide (PA) – 24.8%%
2. Polyethylene (PE)-24%
3. Polypropylene (PP) – 17.1%
4. Polyvinil fluoride (PVF)  -

11.7%
5. Polyvinyl chloride (PVC) –

8.3%
6. Polystyrene (PS) – 3.1%
7. Altro – 11.0%

Depending on the 
context, the prevailing 
forms are fragments 

and fibers!

Percentage distribution in free water – Natural reserve
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Water treatment plants serve as both a 
barrier and an entry point for 
microplastics into the environmental 
cycle; an estimated 25% of microplastics 
in the oceans come from sewage 
treatment plants.

The most common types of polymers 
detected in plants are:
-PES up to 90% total
-PA up to 53% total
-PE up to 17% total
-PP e PS for the remaining percentages

Microplastics - Filtering Technologies.
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Microplastics - Efficiency industrial filtration technologies.
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Efficacia % delle tecnologie di filtraggio meccaniche • The Ultrafiltration process despite 
its low overall efficiency was 
extremely effective in removing 
PE.

• Dynamic membrane technology is 
inexpensive and easy to 
implement.

• Membrane filtration processes 
show the highest efficiencies 
(UF,RSF,DF,GAC). Of all, sand 
filtration is probably the most 
practical and simple.
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Microplastics - Efficiency industrial filtration technologies.
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Efficacia % dei trattamenti biologici

• Biological treatment methods can be 
applied to remove MPs significantly 
from different environmental 
conditions.

• MBR and CW (constructed wetlands) 
processes have shown the best 
effectiveness. Although the 
conventional activated sludge process 
has also achieved similar rates its 
application is limited.

• Aerobic and anaerobic digestion can 
only be applied efficiently for 
biodegradable MPs.
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Microplastics - Efficiency industrial filtration technologies.
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Efficacia % dei trattamenti chimici

• Chemical treatment methods are 
applied to improve the removal 
efficiency of MPs in sewage treatment 
plants. 

• Unfortunately, none of these treatment 
strategies can remove MP from sludge 
and contaminated wastewater without 
other physical or biological treatment 
strategies.

• In addition, some secondary sludge 
produced in some methods such as 
coagulation, Electrocoagulation or sol-
gel agglomeration require further 
treatment.
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• For what concerns the remaining percentage (with tertiary filtration treatment), 70% are between 20 and 100um, 
28% are between 100 and 300 um, and the remaining 2% within 500um (smaller plastics may not have been 
detected in the studies reviewed)

• The prevalent post-filtering MPs in WWTPs are PES and PE (up to 100%), which are also the prevalent input 
plastics.

• The predominant forms in waste water are fibers (6-72%), fragments (11-48%), microspheres ( 0-24%)

• MP shapes, generally, do not significantly impact filtering technologies.

• Coloration is strongly influenced by the upstream source of analysis, mainly black/brown, transparent/opaque, blue

• Current industrial filtration technologies have efficiencies of up to 95/99%.

Microplastics-Filtering Technologies and Considerations.
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• In the domestic setting, significant fiber input is 
generated in waste water, up to 1054mg/kg in the worst 
cases.

• Several parameters influence microfiber production, the 
most important appearing to be the amount of water 
used for washing.

• Water temperature does not seem to influence 
microfiber production.

• Typically, a garment releases in the first wash between 
124-460 mg/kg of fibers (about 1900 microfibers), until it 
reaches a plateau of 20 mg/kg after about 10 washes, 
unless it is subjected to wear and tear during use.

Microplastics - Washing machine emissions
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Microplastics - Washing machine emissions & Soap

Washed under domestic conditions, with two liquid 
and one powder detergent, the powder results are 
even underestimated (trapped fibers).
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In order to carry out an initial characterization of the MPs, we wanted to go and verify the behavior of 
the entire filtration system.

Therefore, it was desired to observe:

Microplastics – First in-depth characterization of a washing machine emission

1. Amount of MP in the water feeding the washing machine (tap);
2. Amount of MP in the water leaving the washing machine after an empty wash;
3. Amount of MP in the water leaving the washing machine, after washing a known piece of 

fabric: of the fabric are known weight per m2, size and material (PET);
4. Quantities of MP contained in the wash water (3), after filtration to 60 µm;
5. Quantities of MP contained in the water leaving the washing machine, after washing a 

known piece of fabric, with 200 ml soap powder;
6. Amount of MP contained in the wash water (5), after 60 µm filtration;
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Microplastics – First in-depth characterization of a washing machine emission
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Microplastics – First in-depth characterization of a washing machine emission

The samples were analyzed by pyrolysis, 
following complete filtration (with a 0.3 µm 
quartz filter) of the sampling water (1 L)

Pyrolysis is a technique that exploits the 
decomposition of materials (achieved by 
heat), generating gaseous compounds. These 
compounds are analyzed by mass 
spectrography to calculate the amount of 
starting material.

The analyses were developed at the 
Rimini technopole, in collaboration 
with Prof. Ivano Vassura
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Tap water

Microplastics – First in-depth characterization of a washing machine emission

• Sampling of 1 liter
• Quartz filtration 0.3 µm
• Quartz filter pyrolysis

0 µg/L

Empty machine wash, no cloth or soap

• Sampling of 1 liter
• Quartz filtration 0.3 µm
• Quartz filter pyrolysis

It may be considered as "pure" water

2 µg/L

Residue present inside the washing 
machine
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Soap-free washing

Microplastics – First in-depth characterization of a washing machine emission

• Sampling of 1 liter
• Quartz filtration 0.3 µm
• Quantity determined by 

weighing (too many MPs for 
pyrolysis)

2,2 mg/L

Soap-free washing filtered at 60 µm 

• Sampling of 1 liter
• Quartz filtration 0.3 µm
• Quartz filter pyrolysis

This is an extremely significant amount 
considering the 50 L of the wash.

0,4 mg/L

Filtration at 60 µm removes 80% of 
microplastics 
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Washing the cloth WITH SOAP

Microplastics – First in-depth characterization of a washing machine emission

• Sampling of 1 liter
• Quartz filtration 0.3 µm

Unable to perform 
filtration at 0.3 µm -

amount of MP too high

Washing the cloth with soap - filtered to 60 µm 

• Sampling of 1 liter
• Quartz filtration 0.3 µm
• Quartz filter pyrolysis

2,5 mg/L

x
I have more post filtration's 

MP than in washing 
without soap
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Microplastiche – Wahing machine summary results

A B C D E

Amount of PET

A Tap water 0 μg/L Pyrolysis

B Empty machine wash circa 2 μg/L Pyrolysis

C
Soap-free wash test

60μm filtrate
circa 0,4 mg/L Pyrolysis

D Soap-free washing test circa 2,2 mg/L Weighing

E
Wash test with filtered soap 

60μm
circa 2,5 mg/L Pyrolysis

Considering that the wash discards about 50 L of 
water:
• Soap-free washing of a ( 70x137 cm) cloth 

emits approximately 110 mg of MP 
• With soap - impossible to perform 

characterization

Further characterizations are required for better 
understanding of the behavior of the filter 

system.

In the case of water-only washing, the 60 μm
filter reduces the amount of MP by 80%.
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Microplastics - domestic filtration technologies

• To date, no additional washing 
machine filtration products have 
been released to the market with 
noteworthy results.

• Some studies that have come out 
present the same products with 
significantly different % of 
effectiveness, indicating that the 
characterization methodology 
and survey parameters have yet 
to be clearly and unambiguously 
established (e.g., Planet Care in 
some studies is at 64%, De Falco, 
2021)
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Recycling and reuse of polymeric materials - The recycling process

Recycling is only possible if the supply chain exists and is known to work by 
packaging designers

Source: CONAI - Linee guida per la facilitazione delle attività di riciclo degli imballaggi in materiale plastico (2018) materiale plastico
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Recycling and reuse of polymeric materials - The recycling process

Since this is the stage that can 
affect the whole process, 
municipalities, agencies and 
institutions have been informing 
citizens of some best practices for 
years, such as:
• empty containers of any 

residual product contents as 
much as possible;

• minimize the volume of 
containers such as bottles and 
flasks to increase the amount 
of packaging relative to the 
volume occupied.

MACRO-PHASES OF THE PROCESS:

• Removal of bulky objects obstructing the 
operation of facilities;

• Unpacking and tearing of bags to free the 
individual packages they contain;

• Screening, with removal of impurities and 
small items that cannot be sorted;

• Separation into two distinct streams: two-
dimensional (flexible) packaging and three-
dimensional (rigid) packaging;

• Separation with optical or infrared detectors 
(detectors) by material and then by color;

• Manual control.

THE DESIGNER SHOULD NOT 
TAKE THE CONSUMER'S 

COOPERATION FOR GRANTED

THE DESIGNER MUST MAKE 
DESIGN CHOICES THAT 

PROMOTE THE PROCESS

Source: CONAI - Linee guida per la facilitazione delle attività di riciclo degli imballaggi in materiale plastico (2018) materiale plastico
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Recycling and reuse of polymeric materials - The recycling process

MACRO-PHASES OF THE PROCESS:

• Metal detector
• Grinding
• Washing
• If washing with detergent 

rinsing
• Separation by flotation
• Actual recycling

Source: CONAI - Linee guida per la facilitazione delle attività di riciclo degli

imballaggi in materiale plastic (2018)le plastico
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Source: A European strategy for plastic in a circular economy (2018)

Recycling and reuse of polymeric materials - A focus on Packaging

Although it is estimated that more than 80% of all product-related environmental impacts are determined 
during the design phase of the product itself, there is currently no agreed definition of design for recycling.

➢ The proper design of a packaging cannot be separated from the knowledge of how it will be used, but also 
from all the processes it will undergo from production to disposal and recycling.

➢ Most packaging consists of a main "body" (e.g., the PET bottle), and auxiliar "components" necessary to 
enable the packaging to perform its many functions (e.g., the cap, label, glues and inks that are applied to 
the body).

➢ In the current recycling supply chain, all applied "components" follow the flow of the "body," so several 
processes are needed to separate them from each other.

Source: CONAI - Linee guida per la facilitazione delle attività di riciclo degli imballaggi in materiale plastico (2018) 
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Recycling and reuse of polymeric materials - Design for recyclability

PACKAGING BODY
• Facilitate emptying from residual contents
• Make the level of contents visible
• Make packaging that has the smoothest possible interior surfaces

COLOUR
• Minimize the use of color, favoring non-pigmented polymer
• Avoid direct printing on non-pigmented plastic
• Evaluate the use of labels or sleeves in place of direct pigmentation

SUPERFICIAL 
TREATMENTS

• Use surface treatments only when strictly necessary to ensure a property that 
cannot be achieved with other solutions

• If necessary, use water-soluble treatments
• If necessary, use treatments only on part of the surface and with reduced 

thickness
• Use single-material packaging instead of multilayer or poly-layer packaging
• Materials with different densities should be preferred if necessary to use 

multilayer packaging

Source: CONAI - Linee guida per la facilitazione delle attività di riciclo degli imballaggi in materiale plastico (2018) materiale plastico
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Recycling and reuse of polymeric materials - Design for recyclability

Analyzing the relationship between the body and its components means evaluating the relationship 
between the main packaging - which determines its recycling flow - and the elements that make up the 
closure system, labels, and anything else that is not necessarily made of the same material as the body.

COMPONENTS

• Make the components and materials other than the main weigh less than 20% overall;
• Make the components completely and spontaneously separable from the body;
• Make the density of the components-if made of a different polymer than the body of 

the packaging and if conferred together with it;
• Use components that only partially cover the packaging body (which is not the case 

with opaque sleeves);
• Use the same color for components as the main body if they are made of the same 

material (packaging could also be selected by color);
• Do not have metal elements and if they are present, invite/force them to be 

separated during collection.

Source: CONAI - Linee guida per la facilitazione delle attività di riciclo degli imballaggi in materiale plastico (2018) materiale plastico
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Recycling and reuse of polymeric materials - Design for recyclability

COMPONENTS

• Use closure systems, handles, and spouts of the same material as the 
main body or of compatible and preferably non-pigmented materials;

• Use components that are completely separable from the body if of 
different material or if they occupy large areas;

• Use non-metallic closure systems;
• Choose closure and accessibility systems that can be automatically and 

easily conferred, by the user, separately from the main body if of 
different material.

• Use labels/sleeves of the same material as the body or with different 
density;

• Make labels and sleeves completely detachable from the body without 
leaving residue;

• Minimize the use of decorative/protective finishes (e.g., lacquer, 
varnish);

• Use water-soluble glues that will stick to the label or sleeve;
• Do not use water-soluble colors.

Source: CONAI - Linee guida per la facilitazione delle attività di riciclo degli imballaggi in materiale plastico (2018) materiale plastico
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Recycling and reuse of polymeric materials - Eco Design

Eco Design aims to minimize the environmental impact of the product at all stages of its life.

Source: EEA- Guidelines for leadership in Corporate Plastic Accounting (2020)

Source: Round Table - ECO DESIGN OF PLASTIC PACKAGING (2019)
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Recycling and reuse of polymeric materials - Eco Design

Eco Design aims to minimize the environmental impact of the product at all stages of its life.

Design for 
optimised 

resource use

• Reuse solutions
• Use less material
• Use recycled material
• Use material from 

biological sources
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Recycling and reuse of polymeric materials - Eco Design

Eco Design aims to minimize the environmental impact of the product at all stages of its life.

Design for 
sustainable 

sourcing

• Sourcing from 
responsible suppliers

• Use of organically 
sourced materials 
extracted from 
sustainable crops

Rifornirsi di materiali basati su 
fonti Bio e sostenibili significa 

preservare la produttività 
dell'ecosistema senza 

compromettere le sue capacità 
per le generazioni future.
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Recycling and reuse of polymeric materials - Eco Design

Eco Design aims to minimize the environmental impact of the product at all stages of its life.

Environmentally 
sound use

• Careful product design to prevent the 
formation of small plastic debris that can 
be easily lost in the environment;

• Providing simple guidance to the consumer 
regarding proper end-of-life product 
handling practice;

• Possibility of re-sealing the product;
• Easy product portioning and complete 

emptying.
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Design for 
Sustainability

Recycling and reuse of polymeric materials - Design for sustainability

Eco-design
Design for 
recyclability

Design as a function of:
• Reuse solutions;

• Use less material;

• Use recycled material;

• Use material from organic sources;

• Sourcing from responsible suppliers;

• Use of organically sourced materials extracted from sustainable 
cultivation;

• Careful product design to prevent the formation of small plastic 
debris that can be easily lost in the environment;

• Providing simple guidance to the consumer regarding proper end-
of-life product management practice;

• Possibility of resealing the product;

• Easy product portioning and complete emptying.

Design as a function of:
• Product body

• Color

• Surface treatments

• Components
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Recycling and reuse of polymeric materials - UNI-EN standards of reference

CR 13695-1:2000 Requirements for measuring and verifying the 4 heavy metals in packaging

EN 13427:2004
Requirements for the use of European standards in the area of packaging and 
packaging waste

UNI EN 13428:2005 Essential requirements for the manufacture and composition of packaging

UNI EN 13429:2005 Essential requirements for the reusability of a package

UNI EN 13430:2005
Essential requirements for the recoverability of packaging in the form of 
material recycling

UNI EN 13431:2005
Essential requirements for the recoverability of packaging in the form of 
energy recovery

UNI EN 13432:2002
Essential requirements for recoverability of packaging in the form of compost 
and biodegradation.

2018/850/UE Landfilling of waste and facilitation of recycling and recovery

2018/851/UE Extended producer responsibility, waste and packaging management

2018/852/UE Long-term targets for EU waste management and directions for investment

D.Lgs 152/2006
Promotion of the quality levels of human life, to be achieved through the 
preservation and improvement of the conditions of the environment and the 
prudent and rational utilization of natural resources

Source: CONAI - Linee guida per la facilitazione delle attività di riciclo degli imballaggi in materiale plastico (2018) materiale plastico
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Indicators - Monitoring and reporting

Overall impact 
and material 

losses

Impact 
mitigation 
activities

Leadership 
Communications

Use of plastic

End of life

Material losses

Activities outside the value 
chain

Activities within the value chain

Total circular plastic

Net Zero plastic leakage

+ =

Source: Guidelines for Leadership in Corporate Plastic Accounting (2020) 
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Indicators - Monitoring and reporting

• Basic indicators
• Measured in [Kg/year]
• Data owned by the company
• Can be considered the equivalent 

of the footprint "

• Optional indicators
• Include both qualitative and 

quantitative metrics
• Need LCA and LCIA approaches to 

be quantified

• Currently difficult to 
measure

Source: Guidelines for Leadership in Corporate Plastic Accounting (2020) 
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The Plastic Footprint concept should 
contain within it:

Indicators – Plastic Footprint

1. The amount of plastic used within the 

system

2. The amount of plastic emitted into the 

environment during the production, 

transport, use, or end-of-life of the 

product

3. The direct or indirect human health 

impacts generated by the pollutants 

emitted (or plastics lost) into the 

environment

Source: Guidelines for Leadership in Corporate Plastic Accounting (2020) 

Philipp Morris' proposal to track progress on 
sustainability of plastics adopted:

•Plastic footprint: which indicates the 
amount of plastic in the products they market 
placed on the market each year
•Plastic litter footprint: which measures how 
much of the plastic placed on the market 
later becomes waste
•Plastic litter density: which measures the 
density of waste collected on the ground 
related to products placed on the market

Source: https://www.pmi.com/sustainability/protecting-the-environment/littering-prevention) 
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Indicators - The Philipp Morris Internal Monitoring

STRATEGIC KPI

OPERATIONAL KPIs
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