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WE MAKE FOOD STAND OUT

The design guide's content is also supported by
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Introduction to the design guide
Packaging for private consumption serves two primary
functions: Protecting a product during transport from the
producer to the consumer and providing important product
information for the consumer. Once a consumer has finished
using the product in the packaging, the packaging has no
value to the consumer and is disposed of.

optimisation through the value chain that we will be able to
achieve a circular economy for the plastic packaging we use
in Denmark.

Plastic packaging must not end up as worthless waste in the
consumer’s waste bin, it must be designed, to a greater
extent, in a way that allows it to remain a valuable resource,
where either the packaging or the material’s properties and
value are retained in a circular cycle.

This design guide is the result of collaboration across
multiple links in the value chain and other stakeholders.

This design guide is intended to provide an overview of the
considerations and decisions that influence the development
of recycling and reuse practices for plastic packaging for
private consumers.

Recommendations for the future handling of Denmark's
plas-tic in consumer waste can be found at Plast.dk.

The working group behind the design guide's preparation and
creation has been established in the Netværk for cirkulær
plastemballage (Network for Circular Plastic Packaging) on
behalf of the Danish Plastics Federation. The working group
consists of representatives from the partner companies and
organisations listed on page 4.

In conjunction with a change in a package design, it is
essential that we ensure improved collection, sorting and
processing of the plastic waste in Denmark. It is only through
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How to use this design guide
Designing packaging involves many different actors. These
include designers, packaging manufacturers, advertising
agencies and the manufacturer of the product the packaging
is intended for. The decision-making steps which each of
these actors are involved in vary, and this has an impact on
the design process.
For this reason, this design guide is put together in multiple
levels, with each level representing different choices in the
design process. Regardless of where you are in the design
process and what choices you have control over, you can use
this design guide to:
gain a greater understanding of what considerations lie
behind the choices others have made in the design
process that you are participating in.
make informed choices during the design process.

Vision
The vision and interpretive framework of the design guide
– delimitations, the global context and purposes and possibilities of the packaging.

Business model selection
Description of decisions to be made before
making packaging choice. Here there is a special focus on
REUSE and RECYCLING.

Material Selection
Insight into the properties of different types of plastic and
the possibilities for circular recycling.

Choice of design
Schematic overview and concrete examples
of packaging designs and options for
circular recycling.

This guide will not point to a single solution, but is intended
to help the reader make an informed choice where both small
and large steps in development are appropriate.
Packaging designers and purchasers: Start with the section
“Choice of a business model” on page 14. The business model
choice will determine the types of packaging and the material
used to make the packaging.
Packaging manufacturers and their customers: Start with the
“Choice of Business Model” section on page 14, then go to
the material-specific sections starting on page 32.

Abbreviations:
B2B: Sales between businesses.

OM: Overall Migration (total migration of substances from
the plastic to the food product).

B2C: Sales from a business to consumers.
EPS: Expanded Polystyrene.

OM2: Test conditions (10d/40°C) for total migration under
long-term storage and room temperature.

Hydrolysis: A process where a molecule reacts with water
and breaks into smaller molecules.

OM7: Test conditions(2h/175°C) for total migration at high
temperatures with fat-containing foods.

IPA: Isophthalic Acid (affects the crystallization rate and thus
the clarity.)

SML: Specific Migration Limit (limit value for the migration of
specific substances from plastic to a food product).

IV: Intrinsic Viscosity (term for the molecular chain lengths in
the plastic.)

NIR: Near Infrared.
MIR: Mid Infrared.

NIAS: Non-intentionally added substances. These substances can originate from, e.g., petrol in a plastic bottle, labelling/
adhesive attached to the packaging or reaction products from
the plastic manufacturing process itself.
6

rPP, rPE and r-PET: Recycled PP, PE og PET.

Definitions and concepts
Circular Economy - Danish Environmental Protection
Agency’s definition:
“A circular economy involves either the recycling of materials
or, even better, waste prevention through the development
of products that can, e.g., be repaired or upgraded. It is also
about creating innovative business models, where consumers
can return products for repair or upgrade. Or, these products
can be leased rather than sold in order to get the most out of
the products and the resources they consume.”
Source: The Danish Environmental Protection Agency

Recycling - the Danish Environmental Protection
Agency’s definition:
“Any recovery operation where waste materials are reprocessed into products, materials or substances, whether these
are used for their original purpose or for other purposes.
This includes reprocessing of organic material but does not
include the energy utilization and reprocessing for materials
intended for use as fuel or in backfilling operations.” That is
to say, recycling is about reusing the material contained in
the waste.
Source: The Danish Environmental Protection Agency

with applicable EU legislation that establishes rules and
requirements for the materials. Commission Regulation (EC
No. 1935/2004 establishes general rules for all food packaging materials as do the specific rules in Commission Regulation (EU No. 10/2011).
As it pertains to the recycling of food packaging, Commission
Regulation (EC No. 282/2008 establishes special rules to
prevent recycled plastic food packaging from contaminating
packaged foods). Refer to the figure on circular and spiral
recycling on pages 28-29.

Non-food packaging:
Non-food packaging must comply with the REACH regulation
and other relevant product legislation, depending on what
the packaging will be used to protect. For example, there are
certain requirements for product safety that apply to packaging for personal care and washing/cleaning products that
can be found in the EU Cosmetics Regulation and Detergents
Regulation. In addition to these regulations, there is a need
for contaminant-free packaging for products marked with
The Blue Label (Asthma-Allergy label), where there is zero
tolerance for the slightest contamination with allergens.

Circular recycling:
Circular recycling describes a condition where a product can
be recycled as raw material for the same type of product, for
example, a meat tray that is recycled into a new meat tray.
The circular recycling principle is presented on page 28.

Spiral recycling:
Spiral recycling describes a condition where a product can be
recycled into a new product, for example, a meat tray that is
recycled into non-food packaging. When a package cannot
be recycled 1:1, its specific properties are downgraded and
it leaves the circular cycle, after which the material can be
recycled according to the spiral recycling principle. This principle is used in the design guide rather than up/downcycling
and should make the recycling process easy to understand.
The spiral recycling principle is presented on page 29.

PACKAGING:
Packaging is a collective term for products that are used for
packaging, storage, protection and transport of goods.

De facto standards:
In order to preserve the existing materials’ properties and
therefore the value of the material, the design guide works
according to the concept of “de facto standards”. It is a form
of regimentation of a plastic type, so that the plastic
recycling stream becomes stronger and more uniform in
these properties. However, there are differences in whether
an actual de facto standard can be used for individual plastic
types.
The de facto standard for PET (page 48) can be purchased as
a raw material and has existed for a number of years, e.g., for
PET bottles. The design guide also defines frameworks for the
properties of recycled PP and PE (page 37).

Monomaterial:

A monomaterial is defined as a material consisting of a single
type of material.

Food packaging:
Food packaging consists of materials specifically intended for
contact with food products. Food packaging must comply
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Selection and exclusions in the design guide
The design guide focuses on the packaging that ends up in
the consumers’ hands and is either reused or sent for recycling, and thus, most often ends up in Denmark’s consumer
waste.
The section on recycling is based on how the collection,
sort-ing and processing of consumer waste currently
functions in Denmark. There may be other optimal design
and material choices for packaging intended for reuse or
recycling if these materials end up in loops other than
consumer waste.
In addition to this design guide for reuse and recycling, a
document has been prepared with policy recommendations
for handling plastics in consumer waste in Denmark in the
future so that we can make the best use of these resources.
These recommendations can be found at Plast.dk.

place for recycling - e.g., as a food contact material, where
applicable legislation sets high demands on the contents of
the packaging in order to guarantee food safety.
This design guide focuses on the three largest plastic packaging streams that end up in consumer waste, as this is the
best approach in terms of economy and quality for the
optimisation of the existing plastic streams.
There is a focus on the plastic types PP, PET and PE, as these
types make up more than 90% of the plastic in the consumer waste. Other types of plastic can easily be reused and
recycled, e.g., EPS, for which good examples already exist in
Denmark.
The design guide will be updated as technology develops
and new innovation changes the possibilities for design,
material selection, sorting and recycling.

The recommendations in this design guide are rooted in a
vision that recycled plastic will be safe to use at as high a
level possible based on the rules and evaluations that are in

Scope: Biobased and biodegradable plastics
This design guide will not provide additional information on biobased and biodegradable plastics other than the information provided in this section, as the focus
of the design guide is reuse and recycling in general.

Biodegradable plastics, in practice, seldom degrade fully in
nature and therefore must NOT end up in the natural environment.
Biodegradable plastics must be collected and degraded in
industrial plants that are designed for this purpose. However,
there are differences in the types of plants where municipal
compost is sent to in Denmark. Not all biodegradable
plastics are sent to biogas plants where they are potentially
degraded, therefore, much of this plastic is sorted for
incineration.
If biodegradable plastic ends up being collected with “regular” plastic for recycling, it will often be sorted out as a
residual product in the sorting process then sent for incineration. Biodegradable plastic cannot be recycled with other
recyclable plastics, since biodegradable plastic cannot be
recycled and reused in new plastic products.
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In Denmark, biodegradable plastic should only be used for
packaging IF it is ensured that it will end up in an industrial
composting plant or dry biogas plant where it can be degraded rather than sorted out. Biodegradable bags are used for
handling biowaste when biowaste is sent to a plant that can
handle it.
Biobased plastics offer advantages and disadvantages. The
relevant parameters are agricultural land use, carbon footprint, pesticides and water use. The plastic’s environmental
and climate impact depends on the calculation method used
and the source of the biomass.
Biobased PP, PET and PE plastics can easily be recycled with
fossil-based PP, PET and PE plastics and can therefore be
included in mechanical recycling.

Biodegradable plastics

Biobased plastic

This plastic type can be made from biomass, oil/gas or
a mixture of these and cannot be recycled together with
other plastics. Biodegradable plastic can be broken down
by microorganisms (bacteria or fungi) into water, biomass,
CO2 and/or methane.

Many plastic types can be made from biomass. Biobased
plastics are typically made from, e.g., sugar beet, sugar
cane, corn and/or cellulose. Biobased plastics can also be
made from agricultural residues, but this is currently only
done to a very limited extent. Biobased plastics can be
recycled and reused alongside traditional plastic of the
same type.

Bioplastics and biodegradable plastics
Biobased

Bioplastics from bioresources:
Green PE, PP (5 %)
PET (22 %)
PA (3,5 %)
PTT
PUR (41 %)
PEF (0 %)
Other (5 %)

Bioplastics from
bioresources
and biodegradable: PLA
(5 %)
PHA, PHBV (2 %)
PBS (3 %) PBAT (2.5 %)
Starch-based (10 %)
Other (1 %)

Biodegradable

Indestructibility
Synthetic polymers:

Synthetic,
biodegradable
polymers:

PE, PP, PET

PBAT, PCL, PGA

Fossil origin

Figure: Bioplastics and biodegradable plastics. The percentages indicate the share of global bioplastics production of 4.2 million
tonnes in 2015 according to European bioplastics, Nova-Institute 2016. By comparison, 322 million tonnes of polymer was produced globally in 2015. Biodegradability includes compostability, as tested according to EN 14995:2006 Plastics. Evaluation of
compostability. Test scheme and specifications.
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Vision for the design guide
The design guide's vision is to strengthen the market for recycling of plastic
packaging and to make Denmark a global leader in circular recycling and the reuse of
plastic packaging .

Plastic waste must be viewed and treated as a valuable
resource rather than a useless waste material. The goal is to
keep plastic out of the natural environment and away from
the incinerators. To a greater extent, plastic packaging must

be recycled or designed so it can remain in the resource loop
as long as possible and can be recycled in a cost-effective
way - both for the benefit of the environment and for the
Danish plastics recycling market.

In order to succeed, we will need to be ambitious and adopt a long-term
vision. This is a major transition and it will take place gradually over a
number of years. In order to establish objectives in this effort, the design
guide highlights the following dogmas:
The quality of the packaging streams for both food and non-food packaging
must be strengthened and made more uniform so that the recycled raw
material becomes the focus of design, sorting and recycling.
The plastic's properties must be retained in the recycling process in order to
maintain market value and to maintain usability.
This design guide shall serve to open opportunities for innovation - not restrict
them.
Users of this design guide shall be able to make an informed choice when
selecting a business model and packaging and shall be aware of the impact
these choices have on the recycling possibilities for the packaging.
Design alone cannot enhance quality; sorting must also be improved so that
clear, black and mixed colour plastics are properly sorted at the sorting plants,
and a distinction must be able to be made between food and non-food
packaging.
The vision for circular plastic packaging in Denmark has been defined, and this
vision points to the enormous potential and increased options. If we are to realise
this potential, close collaboration and targeted political action will be required to
create a solid framework for sorting and processing waste from plastic packaging in
Denmark.
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Key global agendas form
the framework for the design guide
The purpose and vision of the design guide is based on key global agendas. The
guide's recommendations should therefore be seen in the context of these agendas
as well as the EU plastics strategy and extended producer responsibility for packaging.
The four central objectives are to:

Prevent food waste. The main purpose of food
packaging is to protect its contents so that food
waste is prevented and shelf life is extended.
Barrier and sealing properties are essential
for the prevention of food waste in
the process between the producer
and the consumer. The design
of the packaging must not
have a negative effect on
the food product's shelf
life.

Minimise the global climate
and resource footprint from the manufacture and use of plastic packaging. The planet
has limited resources that must be used with care
and consideration for future generations, and CO2
emissions must be minimised. We must therefore
minimise resource consumption to the fullest
extent possible by ensuring we reuse and recycle
the resources used in the production of plastic
packaging.

Ensure high food safety. It is essential to maintain
a focus on non-intended substances and their
impact on options for reuse and recycling of, e.g.,
food contact materials.

Minimise the risks of plastic waste in the natural
environment. Each and every year, a tremendous
amount of plastic ends up in the world's forests,
lakes, rivers and oceans. There is therefore a need
for robust, worldwide collection and processing
systems for plastic waste which ensure that
plastic packaging does not end up as a part of
nature’s cycles.

The key global agendas are defined in the UN’s 17 Sustainable Development Goals. Increasing reuse and recycling of
plastic packaging plays a central role in the achievement of several of these goals, which are based precisely on the
fact that integrated efforts are needed to achieve sustainable results. However, the design guide's recommendations
are primarily based on the targets for Sustainable Development Goal 12: Ensuring sustainable consumption and
production patterns and the targets for Sustainable Development Goal 14: To preserve and ensure the sustainable use
of the world's oceans and its resources. Read more at sustainabledevelopment.un.org
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EU Plastics Strategy
The EU Plastics Strategy aims to support the transition to circular
economies in the plastics industry by, e.g., strengthening the
market for plastics recycling while addressing the challenges of
plastics in the oceans and natural environment.
The strategy is based on the following vision:
By 2030, it must be possible to either reuse or recycle all plastic packaging
marketed within the EU in a cost-effective way.
Recycling rates for plastic packaging waste must be at the same level as for
other packaging materials, e.g., paper and paperboard/cardboard.
Thanks to improved separate collection and investment in innovation, skills
and the upscaling of capacity, export of poorly sorted plastic waste has been
phased out. Recycled plastics have become an increasingly valuable raw material for industries - both in the EU and the rest of the world.
As part of its Plastics Strategy, the EU launched a voluntary pledging campaign
to encourage companies to commit to demanding more recycled plastic. An
important prerequisite for the viability of such a pledge is that it is possible to
buy sufficient quantities of recycled plastic at the quality level needed. Several
contributors have said that this is a challenge.

The extended producer
responsibility for packaging
establishes the following
requirements
The extended producer responsibility for packaging and packaging waste must be introduced in all EU countries by December
31st, 2024. This will impact the entire value chain in Denmark,
from production of packaging and products to waste handling.
By the end of 2024, all EU countries shall have implemented an extended producer responsibility for all types of packaging.
There must be incentives for ecodesign built in to the payment structure so that
those who choose to put packaging on the market that is difficult to recycle
end up paying for this recycling and vice versa.
Denmark has set a recycling target of 50% for plastic packaging by 2025 and
55% by 2030. We currently recycle less than 30% of all plastic packaging in
Denmark (the European Commission adopted new calculation methods in June
2019, which have not yet been implemented).
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Choice of business model
In this section, we present the questions and considerations you need to address before
continuing to the packaging design process itself. This section reviews the concepts
refuse, reuse and recycle to clarify the possibilities for reducing material consumption.

Before making a decision on packaging, consider: What is the right
business model for your product from a holistic point of view?
What is the purpose of the packaging, i.e. what is the job
the packaging needs to do and is the packaging necessary?
Protection of the product
Protection of contents (migration safety)
Consumer safety/shelf-life/product safety

Where will the package ultimately end up after being
used?
Collected consumer plastic - recycling
Special collection - return systems (reuse
or recycling)

Once you have answered the above questions, you need to consider the concepts - refuse,
reuse, recycle - and evaluate whether it is possible to reduce material consumption for all
three concepts.

Reduce
Refuse
The product is delivered to the consumer without the
use of packaging.

Reduce material consumption at the individual packaging level or one of the other packing occasions.
Consider whether your sales packaging can also be used
as, e.g., transport packaging.

Reuse
Reuse of the packaging in the same form.
A return system must be introduced so that the packaging is returned to the supplier after use.

Recycle
Recycling of packaging as raw material for new products, and as much as possible, as new packaging for the
same purpose.

Optimise product volume and design so packaging consumption and shipping can be optimised as well.
Designs intended to reduce material consumption must
not prevent reuse/recycling or increase food waste.
Use recycled materials to the fullest extent possible.

Material Selection
Do you want to use plastic, or do you want to use alternative materials, such as cardboard,
metal or glass? In making this choice, it is important to take into account the environmental
impact your packaging choice will have on, e.g., food waste, reuse/recycling options, transport,
carbon footprint, waste in the natural environment/oceans and water consumption.

Waste and emptying of packaging
When designing the packaging, consider that it must be easy for the consumer to empty the
package of its contents under normal use so that food and product waste, and thus the environmental impact related to these, is reduced. This part of the design process is important,
since a substantial portion of the total product and food waste occurs when the product/food
is in the possession of the consumer.
The emptying properties of the packaging can affect the way the consumer handles the used
packaging. When packaging is easy to empty, the use of water resources for cleaning the
package is reduced before the packaging is returned for recycling. The consumer is more likely to
return the packaging for recycling if it is easy to clean and is not considered to be waste.
14
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Reuse of packaging
Reusing means that the packaging is not changed in form
or structure but is simply reused as it is - usually after being
washed.
The purpose of the following section is to describe how
business models for reuse can be applied along with the considerations needed for the respective business models. The section
will help you make an informed decision regarding
your design for reusable packaging.

Considerations when choosing reuse as a business model:
Concept clarification - is it packaging or a product?
If the “container” is sold as a part of the consumer product with the content
included, it must by definition be designated as packaging (and thus subject
to the EU Packaging Directive).
If the “container” is sold separately, with no contents, it must be designated
as a product.

There are different forms of reuse of packaging
Is the packaging returned in a 100 % closed return
system?

How?

Is it a B2B or B2C circuit?
Will the packaging be reused by the consumer?

Purpose of package reuse
Reused for the primary/original purpose.
Reused for the secondary/new purpose.
Quality assurance
Requirements relating to food safety and hygiene must be considered.
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If you choose a reuse model, you must ensure that it does not create an environmental impact that exceeds the total environmental and climate impact of for
example recyclable packaging. This can occur, e.g., through the use of water and soap
to wash packaging before it can be reused, or when it comes to logistics.
The environmental impact is generally defined and weighted differently in different
situations and organisations. Many parameters come into play, and it often depends on
who performs the calculation of the environmental impact and what method is used.

Industriel genbrug

Genanvendelse

Industrial reuse

Recycling

Design

Preperation of
recycled packaging

Recycling as new raw materials at the
same stage in the quality hierarchy

Enviornmental
impact
Sorting

Design

Enviornmental
impact
Use of packaging

Sorting

Collection

Use of packaging

Collection

The figure illustrates that consideration must be given to the environmental and climate impact of reusing a product
x number of times + the original production of the product in relation to the environmental and climate costs of recycling the
product several times. The environmental and climate costs for reuse must be less than those for recycling.

It is important to design the reusable packaging so that it can also be recycled
when it can no longer be reused.
In addition, an evaluation of whether the product will be placed on the market
inside or outside Denmark will be an important factor, since waste management practices differ significantly across different countries.
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Design parameters for
reuse listed in order of
priority

Reusable packaging must, to the fullest extent possible, be designed in
parallel with the development of the product/business concept.
The reusable packaging must ensure the quality of the product and the
shelf-life.
The reusable packaging must be as easy as possible for the consumer to
return and be supported by a take back scheme.

In terms of its design (complexity) and durability, the reusable packaging
must be easy to wash and prepare - remember to engage in dialogue with
the owners of cleaning and preparation plants before design.
The design and material consumption must be optimised in terms of the
lifespan of the reusable packaging and its environmental impact.
Supply Chain Management - The return system must be optimised in relation to logistics.
The reusable packaging must be able to be recycled in relation to the circular recycling principle, once it can no longer be reused (page 28).

The reusable packaging must be able to be recycled in relation to the spiral recycling principle, once it can no longer be reused (page 29).
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Case-example of reusable packaging
This section presents a number of examples of reusable plastic packaging
in practice. The examples are for inspiration and show only a selection of
all the many available examples.

Case 1

Reusable shipping packaging
RePack is reusable shipping packaging with its own take back
system used by online stores across the globe. A product is
delivered in RePack packaging with a prepaid shipping label
included, and the customer sends the RePack packaging back
to a central quality control and redistribution centre. Each
RePack has its own unique barcode, which ensures that a
customer can be linked to a specific
shipment and can be rewarded when the packaging is returned. RePack packaging is designed to
last for 20 cycles.
Read more here: www.originalrepack.com

Case 2

Reuse of takeaway cups
CupClub is a reusable cup concept with its own take back
system. CupClub delivers to businesses, restaurants, festivals,
etc., where a closed take back system has been implemented.
The used CupClub cups are placed
back in CupClub boxes that are
picked up and cleaned before reuse.
Read more here: www.cupclub.com
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Case 3

Reuse of transport packaging
The reuse of transport packaging as plastic crates for milk,
bread or beer and soft drinks has been common for many
years and is the predominant solution in the industry.
Once the crates are no longer usable, they are sent for recycling and new crates are produced. The image shows transport
packaging from Arla Foods and Lantmännen Schulstad A/S
that can be reused many times before it breaks and is sent,
e.g., to Schoeller Plast A/S or other companies that granulate
the transport packaging and turn it into new milk/bread crates.

Case 4

Reusable meal boxes
The company RetNemt Måltidskasser aims to reuse as many EPS boxes as possible to protect the
environment and climate. The boxes are returned
to RetNemt Måltidskasser, where they are sorted,
washed and heat treated, after which they are
ready to be sent back out to customers as meal
boxes.
The EPS boxes that can no longer be used are
compacted and recycled for use in insulation primarily floor insulation.
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Case 5

Reusable fast food packaging
TYME is a fast food company in New York that delivers fast
food meals to your door in reusable packaging with its own
take back system. TYME rewards customers for the return
of the packaging by offering 1 dollar off the customer's next
purchase.

Read more here: www.tymefood.com

Case 6

Circular shopping platform
LOOP is a circular e-commerce platform developed by the
recycling company TerraCycle. TerraCycle partners with companies like P&G and Unilever to develop reusable packaging,
which the company takes back with transport packaging and
reuses several times. Both the transport packaging and the
actual packaging are delivered and taken back at the door.
Read more here: www.loopstore.com.
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RECYCLE - Recycling of packaging
If you selected a model where your packaging is not suitable
for reuse but will instead need to be recycled after use, it is
important that your packaging is designed in such a way that
the plastic retains its properties and quality in the recycling
process. It is also important to know the types of recycling
and sorting your product will go through so you set an appropriate level of ambition for your design based on these
factors.

Collection
of plastic

Production of
new packaging or
other
products

Once consumers use packaging, they throw it in the consumer
waste. In a number of municipalities, it is possible to sort the
plastic separately. It is then transported for sorting to at least
one plant, and plastic is often sorted several times. The
plastic is then sent for recycling. Mechanical recycling is the
most widely used recycling method (read more on page 23).
In the last step in the process, the material is used to produce
new packaging or other products.

Plastic
sorting

New plastic
- granulate
through flakes
or extrusion

Granulation,
washing and
drying

Illustration of the process

Examples of plastic sorting
When plastic is disposed of in consumer waste, it initially
goes through a local rough sort, where the entire packaging is
sorted out as plastic waste. This is done either through
consumer sorting or rough sorting after collection, where
metal, glass and other materials are sorted out.
The plastic can then go through polymer sorting, either as
whole packaging or after shredding. This can be, for example,
the plastic types PP, PE and PET.

able to be NIR scanned. This means that black packaging
must be discarded unless there is a solution for sorting black
packaging at the local rough sorting plant.
The individual polymer types (PET is the example used here)
are sorted by colour and sent for recycling, where they are
shredded and flake-sorted. Foreign polymers from subcomponents are removed and coloured flakes are sorted. The
flakes are washed and prepared for remelting, filtering and
decontamination.

In order to use polymer sorting, the entire packaging must be

The example used is PET, but the process can also be used for PE, PP and other plastic types.

Mixed plastic

PET clear

Mixed plastic
Local sorting of
whole packaging

Mixed plastic

Local polymer
sorting of whole
packaging

PET
PET

Recycler
Recycler

PET colored

PET

PET PET black
Black plastic

Other metal,
glas etc.
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PE, PP and other plastic types

Producer

Manufac-

Three approaches to plastic recycling
This design guide focuses on design for recycling through mechanical recycling,
since this is the primary recycling technology used in the EU today.
There are three primary approaches to recycling plastic waste:

1

Mechanical recycling
– the most commonly used method for plastic recycling.

2

Biological recycling
– a developing market.

3

Chemical recycling
– a developing market.

Plastic waste is sorted mechanically using a scanner (e.g., NIR, MIR) float-sink
equipment or other equipment (e.g., ballistic separator, film separation, electrostatic separation). The plastic is then washed and remelted. Challenge: Material
loss.

Only suitable for biodegradable plastics. The plastic is degraded by bacteria, enzymes or other means into basic chemical building blocks, which are then re-introduced into the biological loop. Therefore, it is important that input material does
not contain any substances that are harmful to the biological loop. Challenge:
Creating cohesion between the biodegradable plastic (the individual plastic type)
and the receiving plants.

Here, plastic is degraded through thermochemical processes, solvents or other
means into basic chemical building blocks, which can then be used as base materials for new products (e.g., new plastic, oil, fuel for transport). Chemical recycling is
seen as a complement to mechanical recycling - not a substitute. Challenge: High
energy consumption.

Selected plastic sorting technologies for mechanical recycling
NIR sorting: Sorts by polymer type, but cannot recognize
black. Some NIR scanners can sort all dark items, including black, from a stream that is dark overall.
MIR sorting: Sorts black plastic but the plastic must be
washed and broken into flakes.
Electrostatic separation: Sorts into polymer types using
electrostatic charges.
Float-sink separation: Separates plastic in water based
on the plastic types’ different density. The technology is
not particularly suitable for separating plastic types that
have very similar densities (e.g., PP and PE).

Neural network (machine learning): Software that uses
cameras to recognize certain items in a mixed plastic
waste stream (e.g., bottles, trays and buckets). As of yet,
this technology is not widely used in the industry, but it is
under development.
Magnetic density sorting: Separates mixed material
streams in one process step through density separation
with magnets and magnetic fluids.
Gravimetric sorting: Weight analysis, a series of analysis
methods where the measurement principle is the determination of mass.
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Plastic types in consumer waste
In order to successfully improve the quality of consumer plastic waste, we will need to
improve the plastic streams that are currently the largest. In order to create good opportunities for recycling, we need large, uniform quantities of high-quality plastic waste.
Ikke emballage

Andet 5 %

The composition
of the
plastic
waste from consumer waste
(andre
emner
i plast)
Emballage
4 % of Copenhagen and
in the Municipality
the Municipality of
til fødevarer
Emballage til
Randers is given. These examples show
that
the largest waste
80
%
ikke-fødevarer
streams
in Randers consist of PET and PE/HDPE, while PP
16
%
represents a large portion of the plastic waste stream in the
Municipality of Copenhagen. Therefore, packaging made from
these three types of plastic has the best opportunities for
recycling.

2 % the Municipality of Randers
different ways. The figures PS
from
show what is actually sorted at the respective plant in
Randers, while the figures from the Municipality of Copenhagen show what is actuallyLDPE
in the waste stream in CopenPET
10 %
hagen.
28 %

The two examples are not given to be compared directly. The
data used in the two examples was generated in a number of

Within the Municipality of31Copenhagen,
hard and soft
%
plastic is collected in the same container. The collected
HDPE

Waste sorting at Randers Waste Terminal is described below
the charts on this page.
PP

24 %

The Municipality of Randers

Example of the composition and distribution of plastic waste from collected consumer waste
Non-packaging
Emballage
Ikke emballage
(other plastic items)
til fødevarer
(andre emner i plast)
Food-packaging
52 %
4%
18 %
80 %

Non-food
packaging
16 %

Mixed
fraction
57 %

PET
21 %

HDPE
22 %
Emballage til
ikke-fødevarer
30 %

Many different polymers are present in the
stream, of which PET and PE (HDPE) make up
about 40% of the total amount.

Packaging makes up over 95 % of the
total amount of plastic, of which 80 % is
food packaging.

Example of the distribution by polymer types
in the plastic waste from collected consumer plastic

fraktion of food packaging and
Examples
57 %
non-food packaging in plastic waste
PET
from collected consumer plastic
21 %

(Source: Randers Waste terminal, November 2019).

Blandet

(Source: Randers Waste terminal, November 2019).

The two charts are based on an account of the 179,280 kg. of collected consumer plastic in the
Municipality of Randers, which is sorted at Randers Waste Terminal. The distribution of plastic
HDPE
types is based on weight.
The municipality of Randers collects hard plastic
together with glass and metal. At the sorting plant at
Randers Waste Terminal, sorting is semi-automated and
iron, metal, mixed glass and waste are mechanically
sorted. The sorting staff sorts the hard plastic into 3
fractions.
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22 %

Pure fractions of HDPE/PE and PET are separated. The
remaining plastic is sorted into a mixed fraction consisting of a contaminated hard plastic containing
several different plastic types and composite plastics.
Thus far, this fraction has not been able to be offloaded
and has therefore been in storage since 2013.

waste is reloaded and baled. The plastic waste bales are
Ikke emballage
continuously
to the sorting plant with the
(andre emnertransported
i plast)
Emballage
4%
contract
to sort and dispose
of the municipality's plastic
til
fødevarer
Emballage til
80polymers
%
are sorted out, e.g.,
ikke-fødevarerwaste. Here, the different
16 %
PET, PP, HDPE and PE film along with mixed polymers for
recycling. At the same time, the portion of the plastic
waste that does not consist of plastic (e.g., sorting errors,
dirt and metal) is discarded. All sorted plastic types are
recycled to the fullest extent possible.

in smaller amounts inAndet
Danish
consumer waste. Therefore,
5%

PS 2 % not economically or qualitatively viable
recycling is currently
for these plastics.
LDPEair and can be recycled if it is collected
EPS contains 98%
PET
10 %
28 is
% quite different from
and sorted out from other plastics. EPS
other plastic types and is therefore easy to identify and sort.
Once EPS is sorted out, it can be delivered to a recycling
centre where it can be compacted and recycled into new
products. There is currently an effort to expand this solution.
PP
31 %

Other plastic types can also be recycled, but they occur

HDPE
24 %

The Municipality of Copenhagen

Example of the composition and distribution of plastic waste from collected consumer waste

PS 2 %
Blandet
fraktion
57 %

LDPE
10 %

PP
31 %

Other 5 %

Non-packaging
(other plastic items)
18 %

Food-packaging
52 %

PET
28 %

PET
21 %

HDPE
22 %

HDPE
24 %

Non-food
packaging
30 %

Many different polymers are present in the
stream, of which PET and PE (LDPE and HDPE)
make up over 90 % of the total amount.
Emballage

Packaging makes up about 82 % of the
total amount of plastic, of which 52 % is
food packaging.

by polymer types
in the plastic waste from collected consumer plastic

Examples of food packaging and
non-food packaging in plastic waste
from collected consumer plastic

Ikke emballage
(andre emner i plast)
18 % of the distribution
Example

til fødevarer
52 %

(Source: The Municipality of Copenhagen, based on data-from a Ph.d
study from DTU by Marie Kampmann Eriksen)

(Source: The Municipality of Copenhagen based on datafrom a Ph.d
study from DTU by Marie Kampmann Eriksen)

The two charts are based on an account of the 2400 kg. of collected consumer plastic in the
Municipality of Copenhagen in 2017. The distribution of plastic types is based on weight.

The two charts show an account of the waste composition/plastic
fraction sorted at the Municipality of
Emballage til
ikke-fødevarer
Copenhagen’s
test plant at ARC (Amager Resource Centre)
30 %
in 2017 in connection with a Ph.D. study. At the test
plant, the plastic was sorted under NIR scanners into the

fractions PET, PE, PP and PS. Data from the Ph.d. study
only included hard plastic, therefore, the Municipality
of Copenhagen’s own figures on the proportion of soft
plastic are included below.
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Market outlets for PP, PE and PET
under the current sorting system in Denmark
In terms of weight, more than half of all plastic in consumer
waste is food packaging. Therefore, it is basically impossible
to conceive of circular economies for plastics if we do not
find solutions that allow food packaging to be recycled into
new food packaging that complies with applicable
legislation for food contact recycled plastics.
In this context, the polymer type PET is incredibly important, as it is the only polymer type that can be mechanically
recycled into food-safe plastic from a mixed waste fraction
(cf. EFSA Journal 2011;9(7): 2184 and Commission Regulation
282:2008).
This is due to two factors: First, all PET raw materials in the
EU are produced in accordance with 10/2011 - both for food
and non-food products.
Second, the polymerization process for PET - unlike, e.g.,
PE and PP - is reversible, which means that it is possible to

1

purify and reuse PET at virgin quality levels (cf. A Circular
Economy for Plastics, pp. 142-143), (page 48 in this guide).
However, the European Food Safety Authority (EFSA) has assessed that, when recycling PET for food packaging, in total,
no more than 5% of the PET can be from non-food-contact
uses. This is to avoid non-intentionally added substances
(NIAS) in the recycled packaging and the packaged foods and
to ensure compliance with Commission Regulation
282/20081.
The challenge is that there is an incredibly low demand in the
EU for mixed PET from consumer waste that is not used
exclusively for food products. Right now, it is the polymer
fraction that is the most difficult to offload. The lack of demand is due to the fact that there is a large amount of mixed
PET from consumer collection activities across Europe that is
not recycled for food packaging, which accounts for the
highest consumption of PET.

	Commission Regulation (EC) No. 282/2008 on recycled plastic materials and articles intended for food contact applications. Application
describing the recycling process, Evaluated by EFSA, Approved by the European Commission and must be included in the Community list in
Commission Regulation 282/2008 The input plastic must primarily come from FCM - e.g. max 5% non-FCM. Reducing Contamination
(Load Test) Quality of input plastic and recycled plastic must be documented.
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And this is because the quality of the sorted PET resources
that are currently available is not high enough, as it involves
too much uncertainty.
On the other hand, there is a great demand for recycled PET
used for food packaging. This material is in demand both for
the production of food packaging and for many other nonfood products while many manufacturers view recycled
plastic materials which have been in contact with food as a
quality stamp for recycled plastic.
In 2019, non-food PET packaging accounted for 6% of the
total amount of plastic waste collected from consumer in
the Municipality of Copenhagen In order for mixed PET to
be recycled for food packaging, it must be documented that
at least 95% of the input material consists of PET food
packaging (cf. EFSA Journal 2011;9(7):2184 and Commission
Regulation 282:2008). Due to the large amount of non-food
PET packaging in the waste stream, this can only be insured
if there is a check done for the plastic input and an
additional

sort of the PET packaging into food packaging and non-food
packaging. There are currently no systems available on the
market to do this, but work is underway to develop these
systems. Therefore, sorting plants across Europe end up with
a mixed PET fraction with a very low value.
PP and PE can be recycled for use in many new product
types and packaging as long as it is sorted out of other
consumer waste, possibly into soft and hard plastic. The
market for recycled PP and PE is well established, therefore,
this is one of the areas where consumer waste is easiest to
offload and subsequently use in various types of non-food
products.
However, if PP and PE are used in food contact applications
again, according to the legislative requirements for food
contact plastic, this will require that a closed system is
developed around the packaging. New purification
technologies and/or recycling technologies will also be
needed, which is something that is currently being worked
on within the EU.
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Recycling principles
Before you start designing the recyclable packaging, you need
to determine what type of plastic is best for your product as
well as your level of ambition in relation to the packaging
you will design. There are different legislative requirements
for several packaging types, and this means that the business
model you choose will depend on the plastic type and the
functional requirements of the packaging.
There are two different approaches to recycling:

1

You manufacture a product that can be recycled as
raw material for the same type of product - circular.
Example: food packaging (meat tray) is recycled into
food packaging, non-food packaging (shampoo bottle)
is recycled into non-food packaging.

2

You manufacture a product that can be recycled
into another type of product - spiral. Example: food
packaging (salad container) turns into non-food
packaging (paint bucket).

The circular recycling principle

Materials

Design and
production

Sorting

Use

Collection

Recycled material may be used in the packaging, and
be used as recycled material in the same type of product.
It must be possible to sort the packaging correctly.
The packaging must not affect other recycled materials with non-intentionally
added substances (see more on page 34).
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The spiral recycling principle
When a material cannot be recycled 1:1, its specific properties
are downgraded and it leaves the circular cycle, after which
the material can be recycled according to the spiral recycling
principle.

With this loss in quality, the material goes from certain specific properties to more general properties that can be used in
other types of products.

Food or non-food cycle

Non-food cycle

Non-food cycle

Loss of proporties

For example, use in food packaging requires that the plastic
complies with applicable chemical food safety legislation and
applicable hygiene requirements. Therefore, it is very difficult
to use recycled plastic in new food packaging if it has previously been used for non-food applications.

Loss of proporties

Waste
to energy

Certain packaging types that are not intended for food, such
as cosmetics and personal care packaging, also have requirements for quality and migration.
This design guide is based on the following principles for
packaging design.

.

“We must clean up after ourselves”

“Freedom to innovate”

Packaging must be able to be recycled and used 100% as
raw material for the exact same packaging type.

“Holistic design”

This design guide suggests that all packaging should be
permitted on the condition that the design does not
compromise food safety or product safety and the plastic's
physical properties in the next cycle.

The total packaging solution must never compromise food
safety or product safety in the recycling process.

“Holistic approach to recycling”

“Consider other recycling streams”
The design must take into account other recycling streams.
The design must address the risk of errors in detection
and thus the potential contamination of other recycling
streams.

Every link in the value chain must be taken into account
with respect to design and recycling so that no recommendations are provided that deteriorate opportunities for
recycling at other links in the chain.
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Decision stairs
During the decision steps, the questions and considerations that should be taken
into account when designing recyclable plastic packaging are gathered.

The decision stairs goes through the various decision steps
that need to be considered in the process of designing
recyclable plastic packaging. The decision stairs is based on
the business model and packaging type you have selected,
and it guides you on the way to material selection in relation
to the possibilities for recycling the packaging. The decision
steps have been created based on applicable legislation for
the recycling of plastics for food packaging.
Under applicable legislation for food contact materials,
mechanical recycling processes can only recycle PET for food
contact. However, use of recycled PET for food packaging
requires that a max 5% of the PET has been used in nonfood applications. This ensures that contamination through
unwanted substances is minimal.
Based on the current sorting practices in Denmark, this
means that the amount of PET used for food packaging in
Danish consumer waste streams should be kept at a
maximum level, and the amount of non-food PET packaging
should be kept
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under 5%, which complies with the legislative requirements
for food contact plastic materials. However, this is not
considered to be a stable long-term solution, since a number
of non-food products, such as oleaginous personal care and
cosmetics products need plastic types such as PET that have
the necessary barrier properties. Technically, PET from nonfood applications can be remade into PET for non-food
applications, if it is in a separate waste stream, which
becomes a priority.
As we look into the future, we therefore see a call for PET
packaging from consumer waste to be able to be sorted at
plants as food packaging and as other packaging (non-food),
respectively. This will make it possible for PET trays, containers, cups and lids to be transformed into new food packaging
and included in the circular economy.
Go to pages 24 - 25 for examples of the distribution of
plastic types in the consumer waste from 2 municipalities.

Decision stairs

1

Determine what purpose the packaging will
serve in relation to the product being packaged
Is there any special legislation that must be considered for
the product - e.g., will the packaging make contact with
the food product or comply with Ecolabel requirements?
Are there special requirements for the properties of the
packaging - e.g., a requirement to extend shelf life barrier
properties or other?

2

Evaluate recycling possibilities in relation to
the function of the packaging.
For more detail, refer to the section on circular and spiral recycling principles
on pages 28-29.
Design for a separate recycling collection system
Design for circular recycling for consumer waste
Design for spiral recycling for consumer waste

3

Consider the design principles for recycling

For more detail, refer to the section on the principles for packaging recycling on page 29.
We must clean up after ourselves
Holistic design
Think about others
”Freedom to innovate
Holistic approach to recycling

4

Material evaluation based on applicable regulatory requirements
and Danish waste collection and sorting in 2019
PP and PE can:
Be recycled circularly from nonfood to non-food from consumer
waste
Be recycled spirally from food and
non-food to non-food from
consumer waste
Be recycled in a fully closed loop,
from food to food, if it has not
made its way to consumers

PET can:
Be recycled circularly from food
to food from consumer waste, if
the 5% limit is not exceeded (see
further details on page 30
Be recycled circularly from food to
food in closed systems
Be recycled circularly from nonfood to non-food in a closed
system
Be recycled circularly from nonfood to non-food in a separate
non-food stream, if it is in a
separate waste stream which
becomes a priority in consumer
waste in the future

EPS can:
Be recycled circularly from nonfood to non-food, if it is collected
separately - e.g., in existing
collection schemes for EPS at
recycling centres
Be recycled spirally from food to
non-food, if it is collected separately - e.g., in existing collection
schemes at recycling centres
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Choice of material
This section will review the criteria and requirements for recycling plastic for food
packag-ing, evaluation of food safety and evaluation of packaging for cosmetics and
personal care products. Additionally, the design principles for PP, PE, PET packaging and
flexible films are reviewed for packaging that ends up in consumer waste.

You will find design principles and examples of PP, PE and PET
packaging, as these three materials amount to about 90% of
the volume of collected material from consumer waste in
Denmark. There is also a section on flexible films, which can
also consist of the plastic types above.
EPS contains 98% air and can be recycled if it is collected
and sorted out from other plastics. EPS is quite different from
other plastic types and is therefore easy to identify and sort.

Once EPS is sorted out, it can be delivered to a recycling
centre where it can be compacted and recycled into new
products. There is currently an effort to expand this solution.
When selecting the material you will use to design your
packaging, it is important that you review the “Choice of
business model” section on page 16. Based on the choice of
business model, you will be able to make a qualified
material choice based on the context and level of ambition.

Packaging requirements in product legislation
In general, packaging must comply with the requirements that
may be in place for contamination of the products, including product legislation and requirements in the EU Packaging
Directive on heavy metals in packaging.
This design guide places a special focus on requirements imposed for food contact packaging. This is partly due to the fact
that food contact packaging accounts for the largest portion of
Danish plastic packaging (pages 24-25).
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This focus is also due to the fact that food contact packaging
is subject to the strictest and most clearly stipulated requirements in the packaging industry. Therefore, many in the industry use these requirements as a type of standard, even if the
packaging is intended for use in non-food applications - e.g.,
packaging for cosmetics or packaging for products bearing the
Blue Label (Asthma-Allergy label)
Consequently, packaging for contact with food often becomes
a form of quality standard which is in great demand.

Criteria for recycling plastics for use in food packaging
The key global agendas described in the introduction to this
design guide all play an essential role in relation to recycling
plastic food packaging. It is of the utmost importance that
we prevent food waste, ensure a high level of food safety in
recycled packaging, minimise the risk of plastic littering and
reduce the use of plastics while we work towards circular or
spiral recycling.

Delivering on all four criteria simultaneously presents a challenge - especially preserving food safety in packaging when
producing packaging in a circular plastic recycling system. The
sustainable production and recycling of food packaging in a
circular economy requires a holistic evaluation that incorporates all four criteria described below:

Reduce the use of plastics and work to create a circular or spiral recycling system
The recycling of plastics must contribute to a sustainable
and competitive circular economy that reduces the consumption of resources and CO2 emissions as well as other
environmental impact.
When designing food packaging, the emphasis must be on
using as little plastic as possible without compromising in
the area of food waste, and as much as possible, designing
the packaging in a way that makes it possible to recycle

the material in a circular or spiral recycling system.
Clear plastics and monoplastics are the most suitable,
but lightweight multilayer materials, for example, may be
necessary to account for the prevention of food waste. It
is essential that the minimization of material amounts and
optimization of the design are not done at the expense of
the food product’s shelf life.

Ensure high food safety
Food contact packaging must not release chemical
substances in amounts that may be hazardous to human
health and the packaging must comply with applicable EU
regulations.

Non-Intended Added Substances (NIAS) are avoided in the
next cycle of the recycling system. One way to do this is
to choose stable materials and avoid, e.g., certain types of
adhesives, papers and printing ink residues in the
materials that will be recycled for food packaging.

It is important that chemical food safety is ensured and

Prevent food waste
The purpose of food packaging is to protect the food it
holds throughout its journey, from the producer to the
consumer, and to provide as long a shelf life as possible to
prevent food waste. Therefore, the plastic's barrier properties are essential.

The minimisation of food waste must always be the top
priority, since, of all resources used, the vast majority of
resources are used for food production in comparison to
resources used in packaging.

Minimise the risks of plastic waste in the natural environment
Each and every year, a tremendous amount of plastic ends
up in the world's forests, lakes, rivers and oceans. There is
therefore a need for robust, worldwide collection and pro-

cessing systems for plastic waste which ensure that
plastic packaging does not end up in the natural
environment, where it does not belong.
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Evaluation of food safety for recycled packaging
Plastic material has a variety of good properties and
is available in many types. When recycling food packaging
plastic, it is important to ensure that there is no migration
of unwanted substances from the plastic to the food. If the
package that will be recycled contains print, adhesive or
paper, the plastic can be contaminated with unwanted
sub-stances (NIAS), which can migrate into the food.

The manufacturer is responsible for ensuring the plastic is
safe for food contact. In this respect, the packaging manufacturer must indicate by labelling to indicate whether a given
packaging is only suitable for certain conditions with regard
to, e.g., food type(s), temperature and duration of use. This
also applies to packaging made from recycled plastic.

As a packaging manufacturer, it is therefore appropriate to consider:

1

Does the recycled plastic consist of materials that comply with the requirements in Commission Regulation (EU) No 10/2011 and the EU's Positive List
of Food Contact Substances.

2

Does the recycled plastic consist of components that meet the requirements
for duration of use/temperature in the original packaging form, but will not
be able to meet the requirements for duration of use/ temperature in the
new packaging?

3

Is the packaging manufactured in accordance with the Positive List of Food
Contact Substances in Commission Regulation (EU) No 10/2011 but was
used as packaging for a non-food product, and this non-food product has
released substances into the plastic that will pose a health risk when the
plastic is recycled into food packaging?

4

Is the packaging manufactured and used as food packaging but reused by the
consumer in a completely different manner, e.g., as a water bottle used for
storing substances such as turpentine, which has contaminated the plastic
with unwanted substances?

In relation to Point 4 above, the European Food Safety
Authority (EFSA) has established a number of requirements
for the decontamination and evaluation of recycled plastic
used for food packaging. Manufacturers of recycled plastic
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intended for food contact packaging shall perform appropriate testing to demonstrate that the recycled plastic does not
contain any unwanted substances that can pose a health risk
when used as food packaging.

Evaluation of packaging for cosmetic and personal care products
Packaging used for cosmetics and personal care products
must comply with legislation for the two product types.
Legislation
for cosmetics (REGULATION (EC) No. 1223/2009 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 30 November 2009 on cosmetic products) stipulates, for example:

Article 3
Safety: A cosmetic product made available on the market
shall be safe for human health when used under normal or
reasonably foreseeable conditions of use.

Article 17
Traces of prohibited substances: The non-intended
presence of a small quantity of a prohibited substance,
stemming from impurities of natural or synthetic ingredients, the manufacturing process, storage, migration from
packaging, which is technically unavoidable in good manufacturing practice, shall be permitted provided that such
presence is in conformity with Article 3.

1

In practice, this regulation means that either a toxicological
evaluation can be done that evaluates the safety of a given
packaging or food contact material can be used.
Additionally, many product types may have packaging requirements through special labelling programmes, such as the
The Blue Label (Asthma-Allergy label) or the Nordic Ecolabel
(swan). These requirements should be checked in relation to
the specific use of the packaging.
In practice, this means that food contact plastic is often demanded, since this is regarded as a form of quality standard.
However, there are also other ways to ensure compliance
with legislative requirements for non-food packaging. Alternative methods may be a supplier’s declaration or testing
which are described, e.g., in the trade association Cosmetics
Europe's guidelines for the use of recycled plastic in packaging1.

Guidance on information exchange on cosmetic packaging materials along the value chain in
the context of the EU cosmetics regulation EC 1223/2009.
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Package design in PP and PE
PP and PE material properties
PP and PE can be used for a wide range of products and
packaging, since the material can be optimised relatively
easily both in the manufacturing process and the products’
properties. Therefore, polyolefins (PP and PE) are currently
some of the most widely used plastics in a broad range of
products, from food contact materials and building materials
to applications in the automotive and toy industries.
When designing PP and PE packaging, the business model
and plastic recycling principles must be considered during the
design phase. Therefore, you need to consider what products
the packaging material will be used for when it is no longer
used for packaging. Read more about the design principles for
recycling on pages 28 -29.

Material properties of PP and PE in relation to
recycling
PP and PE used in packaging can be recycled into many new
products if it is properly sorted and cleaned. However, it is
not yet possible to get recycled PP and PE from food packaging to be used in food packaging again, unless the respective
products are collected in a closed return system.
The challenge in obtaining suitable polyolefins (PP and PE)
from a circular recycling system for use in food packaging to
food packaging is unwanted chemicals (NIAS. In contrast to
PET, PP and PE have a very open structure that can easily be
contaminated with chemical substances from, e.g., decorative
colourants, adhesive residues and chemicals from previous
package content.
The packaging for many detergent and chemical products
sold in supermarkets is made from polyolefins, therefore,
plastic collected from consumer waste contains a large
amount of PP and PE packaging, which may be contaminated
with chemicals from these products. Therefore, it is much
more difficult, maybe even impossible, to obtain an appropriate level of food safety for recycling PP and PE into food
packaging, using the currently available sorting and cleaning
technologies in mechanical recycling.

1
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It is not considered possible to obtain an adequate level of
food safety through the mechanical recycling of PP and PE
from consumer waste because:
The PP and PE materials have a very open structure,
making it easy for unknown substances to migrate into
the plastic materials.
PP and PE are often used as packaging for non-food applications, resulting in contamination of the total PP and
PE recycling stream.
PP and PE for non-food packaging are often optimised
with additives not appropriate for food use.
There are currently no final risk assessments from the food
regulatory authorities on the degree of contamination of
collected PP and PE in relation to the potential for recycling in food applications.
As for PET, there is currently no opinion from EFSA with
general criteria for evaluating PP and PE recycling for food
contact, but EFSA's principles for risk assessment of PET and
the low toxicological limit for exposure to unknown chemical substances in the recycled packaging are also considered
applicable to other types of plastics1.
However, the above conditions do not mean that this design
guide recommends excluding PP and PE from food applications; on the contrary, this design guide recommends that
the material is selected based on the primary purpose of the
application and acknowledges that PP and PE, as a food
contact material, can be recycled in a spiral context.
In contrast to PET, recycled PP and PE have a wide range of
applications in a wide variety of non-food products, where
regulatory requirements established for material properties
are not as high. This applies, e.g., to non-food packaging,
furniture, transport packaging, roadside reflectors, paint
buckets, insulating materials, etc.

EFSA, 2015: Scientific opinion on the safety assessment of the processes ‘Biffa Polymers’ and ‘CLRrHDPE’ used to recycle
high-density polyethylene bottles for use as food contact materials. EFSA Journal 2015; 13(2):4016.

De facto standards for PP and PE
Due to the wide distribution and diverse application areas
of PP and PE - and thus the large variation in properties
of PP and PE collected from consumer waste - it is very
difficult to define a de facto standard. The design guide assumes that by defining a de facto standard for PP and PE,
collected PP and PE will become more uniform over time

and will thus create higher value for those who use the
standard.
Based on the above, this design guide therefore defines a
very broad de facto standard based on data for collected
and recycled consumer PP and PE from existing plants.
This is defined as:

PP Regranulate 500-S
Properties

Norminal Value

Norm

Density

0,92 g/cm3

EN ISO 5990

MFR: 230/2,16

11,5 g/10 min.

EN ISO 1133

Tensile Stress, Yield

25 MPa

EN ISO 527

Elongation, Yield

10%

EN ISO 527

Tensile Stress, Break

20 MPa

EN ISO 527

Elongation, Break

20%

EN ISO 527

Flexural Modulus

1100 MPa

EN ISO 527

Charpy Impact, 23 C

85 kJ/ m

2

EN ISO 179

Charpy Impact, Notched, 23 C

5,8 kJ/m2

EN ISO 179

Charpy Impact, Notched, -20 C

2,2 kJ/m2

EN ISO 179

The above figures are nominal values only.
Tests relating to the application are always necessary

PE-HD Regranulat 200-S
Properties

Norminal Value

Norm

Density

0,95 g/cm3

EN ISO 1183-1A

MFR 190/2,16

0,4 g/10 min.

EN ISO 1133

MFR 190/5

1,7 g/10 min.

EN ISO 1133

Tensile Stress, Yield

22 MPa

EN ISO 527

Elongation, Yield

12%

EN ISO 527

Tensile Stress, Break

13 MPa

EN ISO 527

Elongation, Break

60%

EN ISO 527

Flexural Modulus

890 MPa

EN ISO 527

Charpy Impact, 23 C

n. b.

EN ISO 179

Charpy Impact, Notched, 23 C

16 kJ/m2

Charpy Impact, Notched, -20 C

5,4 kJ/m

Hardness of Surface Shore D

58

EN ISO 179
2

EN ISO 179
EN ISO 868

The above figures are nominal values only.
Tests relating to the application are always necessary
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Design considerations for recyclable PP packaging
When PP packaging is to be designed for recycling, there are a number of factors
that will affect the final design recommendations. The following sections will review
the issues that should be taken into account when designing the various elements
of the packaging.

PP
Materials
(main components)

Facts

Considerations

For sorting to be effective, PP must be
able to be recognized by the sorting system, which can either be based on NIR
technology, gravimetric sorting or a combination of the two. At present, there is
no clear sorting strategy in Denmark. It
is unclear if there will be a focus on NIR,
gravimetric or both.

The density must be under 1 g/cm3. I.e.,
no chalk or other mineral fillers that
increase density may be added.

• NIR technology: Requires that the
plastic is optically detectable.
• Gravimetric sorting: The method sorts
out both PP and PE. Therefore, a
second electrostatic sorting of PP and
PE is required. Gravimetric sorting
is highly effective for the collected
PP plastic waste, as all packaging is
sorted.

The melt flow can be adjusted in reprocessing to the desired recycling process.
SiOx and AlOx should be used as barriers
in relation to the properties of the rPP.
The PE content can be up to 30 % in rPP.
EVOH contaminates PE/rPP but is generally acceptable in amounts up to 1 %
and, in certain cases, in amounts up to
5 %.

The quality of rPP depends on how
effectively it is cleaned of other materials
- including how much PE is mixed with
the rPP.
Recycled PP typically has poorer mechanical properties in comparison to new
raw material.
Fore some food applications, PP packaging needs to be upgraded with an oxygen
barrier. Barrier layers used include MXD6
(nylon), EVOH, SiOx and AlOx.
SiOx and AlOx are applied in thin layers
so they do not affect the quality of the
rPP.
It is not possible to separate the individual layers in a plastic laminate using
mechanical recycling.
Continued on next page
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PP

Facts

Considerations

Colors

The value for rPP in light colours or
transparent is the highest, since there
are a number of uses for clear plastic in
the next cycle, but all colours are currently being recycled.

In order to get a lightly coloured fraction
for recycling, PP flakes must be sorted
into dark and light colours respectively
using a camera-based technique.

Without colour sorting, rPP has a grey
colour that can only be used in products
with a darker colour.
NIR sorting is a widely used plastic
sorting technology that utilises the fact
that different types of plastic reflect light
back differently. However, the problem
with the technology is that many current
NIR techniques cannot recognize black
plastic containing carbon black colour
pigment.

Clear plastics should be chosen whenever possible so that rPP can retain the
highest potential for its areas of use and
the highest value for as long as possible.
If colouration is a necessary step,
NIR-detectable colours should be chosen so that the plastic can be sorted for
recycling.
Ensure that there is a black plastic value
chain in the market when choosing black.

The use of carbon black colour pigment
is the best way to colour the rPP fraction,
but this requires that recycling processes
are in place that accept black plastic.

Closures/coverings
(lids, top film, sealing
film, caps)

In rPP, some contamination with PE is
acceptable without compromising the
material's properties. The PE content can
be up to 30 % in rPP.

Packaging should be designed so that
elements of the packaging are made with
PP and PE.

Combinations with other materials
should be avoided.

If the packaging elements are produced
using materials other than PP and PE,
these elements must be able to be separated from the container upon disposal.

Seal liners using PP and PE film are
preferable. If an aluminium or PET seal
liner is used and cannot be completely
peeled off before disposal, this portion
of the main packaging will be useless for
recycling.

If gravimetric sorting will be used, it
is sufficient that the elements of the
packaging are separated by mechanical
shredding (grinding into flakes).
Aluminium and PET laminate liners must
be designed in such a way that they
can be removed in one piece and no
residue from the liner remains on the PP
packaging.

Continued on next page
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PP
Direct print on
main components

Facts

Considerations

Using the current sorting and purification
methods, PP can only be recycled into
non-food packaging and materials.

Since rPP can only be used for non-food
applications, printing ink residues are
acceptable.

Direct printing affects the colour and
value of the recycled PP, but not the
possibility to recycle the material.

Labels, sleeves and
covers (decoration)

Labels consist of adhesive, primary material and printing inks. Labels play a crucial role in communicating the contents
of the package to the end consumer.

Direct printing, PP In-Mold-Label film
and self-adhesive PP and PE labels with
decoration are permitted.

In order to use NIR technology, a max
60 % of the surface may be covered by
paper or paperboard.
Labels should be made with PP or PE.

Using the current sorting and purification methods, PP can only be recycled
into non-food packaging and materials.
Printed labels made with PP can therefore be included in recycling.
Labels made with PET, PVC, paper and
cardboard are not compatible with
PP and compromise the quality of
rPP. Sleeves and covers are decorative
elements that are applied through heat
shrinking or wrapping around the packaging.
Paper labels that cover a wide area can
lead to sorting errors.
Plastic sleeves and covers do not generally have an impact on an automatic
sorting system.

Adhesive-free decorations using materials other than PP should be easy to
remove by the end user without leaving
any residue. The packaging information
should encourage consumers to remove
all decorative elements completely before recycling.
Labels made with materials other than
PP and PE must be able to be washed off
in water.
The adhesive and label must release from
the container and the adhesive residue is
washed away.
PVC labels must not be used.
Packaging with decorative elements must
be tested for sorting errors before being
placed on the market.

PP packaging with PP label

Example of design for
recycling in PP packaging
Here we provide two examples of PP
packaging that are designed to be
recyclable: a PP bottle with a PE label and
a PP food pack-age with a PP label.

PP bottle with PE label
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Design recommendations
for recyclable PP packaging

Recyclable
Clarity

Most likely
recyclable

Transparent and light colours
are best, but all dyes can be
recycled

Carbon black only if NIR
sorting is used

Main component
(container, bucket,
tray, bottle, film)

Materials
Barriers

Non-recyclable

Fillers that provide a density
over 1 g/cm3
EVOH of more than 1 % of
material thickness

EVOH of more than 5 % of material thickness

Closures without
print (top film, lid,
sealings)

PE and PP plastic laminates

Parts of the main component
that do not adhere to PP, aluminium, paper or other

Parts of the main component
that adhere to PP, aluminium,
paper or other

Closures with print
(top film, lid,
sealings)

PE and PP plastic laminates

Parts of the main component
that do not adhere to PP, aluminium, paper or other

Parts of the main component
that adhere to PP, aluminium,
paper or other than PP

Caps and lids

Monoplastic without mineral
fill PP and PE are recommended

All other materials not separated from the packaging through
coarse shredding/grinding

Direct print on
main components

Direct print and In-Mold-Label
in PP

IML, other than PP, that does
not wash off in cold water

Labels (adhesive, primary
material and printing inks)

PP and PE self-adhesive labels

Parts of the main component
that do not adhere to PP,
alu-minium, paper or other
than PP

Labels made with PET, paper
or cardboard that cannot
be washed off in cold water.
Labels that block NIR sorting.
PVC labels

Adhesive-free decorative
materials
(stretch sleeves, shrink
sleeves, stretch labels and
paperboard wraps)

Decorative element that can be
sorted after shredding

Covering surfaces that block
NIR sorting

PVC

Emptying

The packaging is naturally
empty after use, can be washed
in cold water

Difficult to empty and cannot
be washed in cold water

Cannot be emptied or washed

Combination of materials
with respect to the packaging solution

PE components

All other materials not separated from the packaging through
coarse shredding/grinding

Other(inserts, pads, etc.)

Monoplastic without mineral
fill that can be easily separated or distinguished by the
consumer

All other materials not separated from the packaging through
coarse shredding/grinding

Elements

AlOx and SiOx coating. MXD6
with compatibilizer

Additives
(scavengers,
anti-fog, antislip
and similar)

Decorative element that is
removed by the end user
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Examples of design considerations
PP cup

Aluminium liner seal, PET cover
If the consumer does not pull off the aluminium liner completely before discarding
the packaging, the area of the cup to which the aluminium sealer adheres will be
unsuitable for sorting and recycling in several types of plants. The determinations
that have been made for the product are marked in the table.

Recyclable

Main component
(container, bucket,
tray, bottle, film)

Clarity

Carbon black only if NIR
sorting is used

Transparent and light colourants are best, but all dyes can
be recycled

Materials
Barriers

Non-recyclable

Fillers that provide a density
over 1 g/cm3
AlOx and SiOx coating. MXD6
with compatibilizer

EVOH of more than 1 % of
material thickness

EVOH of more than 5 % of
material thickness.

Closures without
print (top film, lid,
sealings)

PE and PP plastic laminates

Parts of the main component
that do not adhere to PP, aluminium, paper or other

Parts of the main component
that adhere to PP, aluminium,
paper or other

Closures with print
(top film, lid,
sealings)

PE and PP plastic laminates

Parts of the main component
that do not adhere to t PP,
aluminium, paper or other

Parts of the main component
that adhere to PP, aluminium,
paper or other

Caps and lids

Monoplastic without mineral
fillers PP and PE are
recommended

All other materials not separated from the packaging through
coarse shredding/grinding

Direct print on
main components

Direct print and In-Mold-Label
in PP

IML, other than PP, that does
not wash off in cold water

Labels (adhesive, primary
material and printing inks)

PP and PE self-adhesive labels

Parts of the main component
that do not adhere to PP,
alu-minium, paper or other
than PP

Labels made with PET, paper
or cardboard that cannot
be washed off in cold water.
Labels that block NIR sorting.
PVC labels

Adhesive-free decorative
materials (stretch sleeves,
shrink sleeves, stretch labels
and paperboard wraps)

Decoration that can be sorted
after shredding

Covering surfaces that block
NIR sorting

PVC

Emptying

The packaging is naturally
empty after use, can be washed
in cold water

Difficult to empty and cannot
be washed in cold water

Cannot be emptied or washed

Combination of materials
with respect to the packaging solution

PE components

All other materials not separated from the packaging through
coarse shredding/grinding

Other(inserts, pads, etc.)

Monoplastic without mineral
fill that can be easily separated
or distinguished by the consumer

All other materials not separated from the packaging through
coarse shredding/grinding

Elements
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Most likely
recyclable

Additives (scavengers, anti-fog, antislip and similar)

Decoration that is removed by
the end user

Design considerations for recyclable PE packaging
When PE packaging is to be designed for recycling, there are a number of factors
that will affect the final design recommendations. The following sections will review
the issues that should be taken into account when designing the various elements
of the packaging.

PE
Materials
(main components)

Facts

Considerations

For sorting to be effective, PE must be
able to be recognized by the sorting system, which can either be based on NIR
technology, gravimetric sorting or a combination of the two. At present, there is
no clear sorting strategy in Denmark. It
is unclear if there will be a focus on NIR,
gravimetric or both.

It is possible to define something of a de
facto standard for rPE with the properties that should be sought after in the
production of rPE in order to ensure the
delivery of a well-defined raw material
with the highest possible value.

Gravimetric sorting sorts out both PP and
PE. Therefore, a second electrostatic
sorting of PP and PE is required
Gravimetric sorting results in high
utilisation of the collected PE plastic
waste, as all packaging is sorted.

The PP content should be < 1 %.
The density must be under 1 g/cm3. I.e.,
no chalk or other mineral fillers that
increase density may be added.
SiOx and AlOx should be used as barriers
in relation to the properties of the rPE.

PE degrades each time it is melted and
processed into packaging material. Recycled PE typically has poorer mechanical
properties than new raw material.
The quality of rPP depends on how
effectively it is cleaned of other materials– including how much PP is mixed
with the rPE.
For some food applications, PE
packaging needs to be upgraded with an
oxygen barrier. Barrier layers used
include MXD6 (nylon), EVOH, SiOx and
AlOx.
EVOH contaminates PE/rPP but is generally acceptable in amounts up to 1 %
and, in certain cases, in up to 5 %.
SiOx and AlOx are applied in thin layers
so they do not affect the quality of the
rPE.
It is not possible to separate the individual layers in a plastic laminate.
Continued on next page
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PE
Colourants

Facts

Considerations

The value for rPE in light colours or
transparent is the highest, since there are
a number of uses for clear plastic in the
next cycle, but all colours are currently
being recycled.

Clear plastic types should be chosen
whenever possible so that the rPE can
retain the highest potential for its areas
of use and the highest value for as long
as possible.

NIR sorting is a widely used plastic
sorting technology that utilises the fact
that different types of plastic reflect light
back differently. However, the problem
with the technology is that many current
NIR techniques cannot recognize black
plastic containing carbon black colour
pigment.

If colouration is a necessary step,
NIR-detectable colours should be chosen so that the plastic can be sorted for
recycling.
Ensure that there is a black plastic value
chain in the market when choosing black.

The use of carbon black colour pigment
is the best way to colour the rPE fraction
but this requires that recycling processes
are in place that accept black plastic.

Closures/coverings
(lids, top film, sealing
film, caps)

Closures are a necessary element of the
packaging solution as a whole and are
important for ensuring personal safety
and the protection of the product as well
as the shelf life of the packaged product.
In order to create the best barrier and
sealing properties, closures are most often designed as a multilayer, multi-material solution.
Closures can be made with print.

Packaging should be optimally designed
so that closures/elements are made with
PE. PE film sealants do not need to be
completely removed before recycling.
If materials other than PE are used, closures/elements must be easy to separate
from the container without leaving any
residues before the disposal/recycling of
the container.
Aluminium and PET liners/closures must
be designed in such a way that they
can be removed in one piece and no
residue from the liner remains on the PE
packaging.
If a closure is made using multilayer
mate-rials and cannot be removed by
the end user, closures must be made in
such a way that they do not lead to
detection errors in the recycling stream
for the packaging.
Since rPE is only recycled for non-food
packaging, residual printing inks are not
an issue in terms of unwanted substances and food safety. However, direct
printing affects the colour/clarity of rPE
and therefore the value of the rPE end
product.
Continued on next page
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PE
Direct print on
main components

Facts

Considerations

As PE (from mechanical recycling) is only
recycled for non-food packaging, printing
ink residues on the packaging from direct
printing are acceptable.

Direct printing does not affect the recycling options for PE.

If the printing inks do not dissolve during
the washing process, they compromise
the quality of the recycled PE.

Labels, sleeves and
covers (decoration)

Labels consist of adhesive, primary material and printing inks.
Labels play a crucial role in communicating the contents of the package to the
end consumer.
The label's material may present the
risk of contamination of the PE recycling
stream.
Sleeves and covers are decorative
elements that are applied through heat
shrinking or wrapping around the packaging.
Paper labels that cover a wide area can
lead to detection errors.
Plastic sleeves and covers do not generally have an impact on an automatic
sorting system.

Example of design for
recycling in PE packaging

Direct printing affects the value of the
rPE end product, and as such, prints
should be avoided on the packaging.

NIR technology requires that the plastic
is optically detectable. I.e., a max 60 %
of the surface may be covered by paper
or paperboard.
PE In-Mold-Label film and self-adhesive
PE labels with decorative elements are
acceptable and can be included in the PE
return stream with the packaging.
Adhesive-free decorations using materials other than PE should be easy to
remove by the end user without leaving
any residue.
The packaging information should
encourage consumers to remove all
decorative elements completely before
recycling.
Labels that cannot be removed from the
packaging deteriorate the quality of the
rPE. This applies in particular to labels
for PET, paper and paperboard, which are
incompatible with PE and deteriorate the
quality of the rPE. Therefore, these types
of labels must be removable from the
packaging, e.g., by washing in water. The
adhesive and label must be able to be
completely released from the container
so the adhesive residue is washed away.

HDPE bottle with PP label

Here we provide two examples of PE
packaging which are designed to be
recyclable: An HDPE bottle with a PE label
and a HDPE bottle with a PP label.
HDPE bottle with PE label
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Design recommendations
for recyclable PE packaging

Recyclable

Main component
(container, bucket,
tray, bottle, film)

Clarity

Transparent and light colourants are best, but all dyes can
be recycled

Carbon black if only NIR sorting
is used

Materials
Barriers

Non-recyclable

Fillers that provide a density
over 1 g/cm3
AlOx and SiOx coating. MXD6
with compatibilizer

EVOH of more than 1 % of
material thickness

EVOH of more than 5 % of
material thickness

Closures without
print (top film, lid,
sealings)

PE and PP plastic laminates

Parts of the main component
that do not adhere to PE, aluminium, paper or other

Parts of the main component
that adhere to PE, aluminium,
paper or other

Closures with print
(top film, lid,
sealings)

PE and PP plastic laminates

Parts of the main component
that do not adhere to PE, aluminium, paper or other

Parts of the main component
that adhere to PE, aluminium,
paper or other

Caps and lids

Monoplastic without mineral
fillers PP and PE are
recommended

All other materials not separated from the packaging through
coarse shredding/grinding

Direct print on main components

Direct print and In-Mold-Label
in PE

IML, other than PE, that does
not wash off in cold water

Labels
(adhesive, primary material
and printing inks)

PE self-adhesive labels

Parts of the main component
that do not adhere to PE, aluminium, paper or other than PE

Labels made with PET, paper
or cardboard that cannot
be washed off in cold water.
Labels that block NIR sorting.
PVC labels

Adhesive-free decorative
materials
(stretch sleeves, shrink
sleeves, stretch labels and
paperboard wraps)

Decoration that can be sorted
after shredding

Covering surfaces that block
NIR sorting before rough
shredding

PVC

Emptying

The packaging is naturally
empty after use, can be washed
in cold water

Difficult to empty and cannot
be washed in cold water

Cannot be emptied or washed

Combination of materials
with respect to the packaging solution

PP components

All other materials not separated from the packaging through
coarse shredding/grinding

Other(inserts, pads, etc.)

Monoplastic without mineral
fill that can be easily separated
or distinguished by the consumer

All other materials not separated from the packaging through
coarse shredding/grinding

Elements
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Most likely
recyclable

Additives(scavengers, anti-fog, antislip and similar)

Decoration that is removed by
the end user

Examples of design considerations
PE label - PP lid
The HDPE bottle itself is recyclable. The PP lid goes with the bottle for recycling. The
label is made with PE and cannot be washed off in cold water. The PE label therefore
becomes part of the packaging/plastic and must be recycled with the bottle. The
determinations that have been made for this product are marked in the table.

Recyclable

Main component
(container, bucket,
tray, bottle, film)

Clarity

Most likely
recyclable

Transparent and light colourants are best, but all dyes can
be recycled

Carbon black if only NIR sorting
is used

Materials
Barriers

Non-recyclable

Fillers that provide a density
over 1 g/cm3
EVOH of more than 1 % of
material thickness

EVOH of more than 5 % of material thickness

Closures without
print (top film, lid,
sealings)

PE and PP plastic laminates

Parts of the main component
that do not adhere to PE, aluminium, paper or other

Parts of the main component
that adhere to PE, aluminium,
paper or other

Closures with print
(top film, lid,
sealings)

PE and PP plastic laminates

Parts of the main component
that do not adhere to PE, aluminium, paper or other

Parts of the main component
that adhere to PE, aluminium,
paper or other

Caps and lids

Monoplastic without
mineral fillersPP and PE are
recommended

All other materials not separated from the packaging through
coarse shredding/grinding

Direct print on main components

Direct print and In-Mold-Label
in PE

IML, other than PE, that does
not wash off in cold water

Labels (adhesive, primary
material and printing inks)

PE self-adhesive labels

Parts of the main component
that do not adhere to PE, aluminium, paper or other than PE

Labels made with PET, paper
or cardboard that cannot
be washed off in cold water.
Labels that block NIR sorting.
PVC labels

Adhesive-free decorative
materials
(stretch sleeves, shrink
sleeves, stretch labels and
paperboard wraps)

Decoration that can be sorted
after shredding

Covering surfaces that block
NIR sorting before rough
shredding

PVC

Emptying

The packaging is naturally
empty after use, can be washed
in cold water

Difficult to empty and cannot
be washed in cold water

Cannot be emptied or washed

Combination of materials
with respect to the packaging solution

PP components

All other materials not separated from the packaging through
coarse shredding/grinding

Other(inserts, pads, etc.)

Monoplastic without mineral
fill that can be easily separated or distinguished by the
consumer

All other materials not separated from the packaging through
coarse shredding/grinding

Elements

AlOx and SiOx coating. MXD6
with compatibilizer

Additives (scavengers, anti-fog,
antislip and similar)

Decoration that is removed by
the end user
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Package design in PET
PET material properties
PET is a polymer that has excellent properties in its pure form, and there is no need
for additives. PET has a level of strength and stiffness that allows it to withstand
high pressure and impact. PET has good gas barrier properties and can be made
with heat-resistant properties.

Material properties of PET as it relates to recycling
During the melting phase, degradation occurs for all types of plastic. In contrast
to the polyolefins, where the thermal degradation rate is high at normal process
temperatures, PET degradation is primarily hydrolysis, while a very small proportion is
due to thermal degradation at processing temperatures. However, due to hydrolysis,
the degradation process is reversible, therefore, PET is a particularly suitable material
choice from a recyclability perspective. PET can be recycled a nearly infinite number
of times as PET is regenerated.
PET’s areas of use can be divided into 4 main groups:
Injection moulding and blow moulding (for bottles and other containers)
Film production (trays and film)
Strapping
Textiles
Strapping and textiles are relatively easy to separate within the recycling stream.

De facto standards for PET
Bottles represent 75% of all PET collected. Therefore, it makes sense to define the quality of collected
bottles as the “de facto standard” for PET.
Copolymer PET with an IPA content of 1.7%. (IPA = Iso Phthalic Acid)
IV value in the range of 0.67-0.75
Overall migration compliance corresponding to OM2 for all types of food products
Specific migration compliance (SML) at 10d/40°C for all types of food products.
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Design considerations for recyclable PET packaging
When PET packaging is to be designed for recycling, there are a number of factors
that will affect the final design recommendations. The following sections will review
the issues that should be taken into account when designing the various elements
of the packaging.

PET
Materials
(main components)

Facts

Considerations

PET is a very well defined material,
however, its natural tackiness requires
some type of surface treatment. Widely
used solutions are silicone coatings or
antiblock additives.

PET is a relatively “forgiving” material,
and mixing “modified” PET does not
present a problem in terms of recycling.
Materials such as PETg, (PET with higher
IPA content) and cPET can be included in
the recycling process, but they must not
compromise the quality and clarity of the
clear stream.

The sealing properties of PET are often
improved through lamination with PE,
which results in a multilayer material
that is difficult to recycle.
The sealing properties can also be
improved in the A layer by using an
A-B-A structure, e.g., PETG-APET-APET
or through an A layer with higher IPA
content.
Crystallised PET (CPET) can also be
used in applications that require higher
temperatures (oven applications). PET is
crystallized to a certain extent for these
types of applications and usually modified to improve its impact strength.
As of now, there is not enough rPET
in the market to meet 100% of the
demand. There is therefore always a
need to add virgin raw material into the
circular PET cycle.

When recycling the plastic in the application, it is important to determine
which stream the application will end
up in when it is recycled. In such cases,
it is important to consider what effect
the plastic will have on the clarity of the
clear stream as well as the risk for detection errors and failures when the plastic
is recycled.
The purification processes for recycled
PET are effective and well-established.
This guide recommends that an extra
degree of security is added whenever
possible. This may be the addition of a
functional barrier made with virgin PET,
additives that meet a higher level than
the de facto standard or similar.
Monomaterials must be used in clear
fractions and are preferable in opaque/
coloured streams.
Example: Clear PET/PE contaminates
the clear stream, while opaque/coloured PET/PE does not contaminate the
coloured stream. Detection errors should
be considered for all cases. Multimaterials should generally be avoided.

Continued on next page
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PET
Colouration

Facts

Considerations

Clear plastic materials offer the widest range of application areas in the
following cycle, but at the same time,
clear plastic materials place the highest
demands on the recycling process.

When clear material is chosen for food
packaging, you need to consider the
associated requirements and considerations for recycling and the circular
economy.

NIR sorting is a widely used plastic
sorting technology that utilises the fact
that different types of plastic reflect light
back differently. However, the problem
is that the technology cannot recognise
black plastic that contains carbon black
colour pigment, as this material absorbs
the light from NIR scanners. This results
in unidentified plastic fractions.

If colouration is necessary, the following
must be considered:
Choose NIR-detectable colours.
Note that different time/temperature
conditions for use apply for recycled
PET in comparison to the original
material, therefore, always choose a
colour masterbatch to suit OM7.

Many opaque applications contain varied
amounts of carbon black, making the
plastics undetectable using NIR technology.

Always consider NIAS in terms of the
following cycle when choosing colour
master batches.

Upon recycling, all coloured materials are
mixed into what is called a jazz fraction.

Black is the most forgiving colour with
respect to the use of recycled material, since carbon black has the highest
covering effect.

It is not possible to cover the colours in
the jazz fraction with a lighter colour,
as the covering effect of light colours is
poor.

Ensure that the black plastic value
chain below exists in the market when
choosing black.

It is assumed that non-bottle recycling
will end up with 3 fractions:
A clear fraction
A mixed colour fraction
(jazz-fraction)
A black fraction
The use of carbon black colour pigment
is the best way to colour the jazz fraction
but this requires a change in the value
chain, which is shown on the next page.

Continued on next page
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The value chain
The figure illustrates the change in the value chain that is needed when using carbon black
pigment, which is currently the best way to colour the jazz fraction

Clear or mixed
colored bales

Black fraction
sorted out before
NIR scan

PET
Closures/coverings
(lids, top film, sealing
film, caps)

Polymer sorting

Color sorting

Black bales

Wash

Wash

Polymer sorting

Facts

Considerations

Closures are needed for the packaging
solution in its entirety. The package
closure and barrier are important for
shelf life.

Closures should be able to be easily
removed by the end user without leaving
residues.

Sealing films can also contain prints.
In order to create the best barrier and
sealing properties, closures are most often designed as a multilayer, multi-material solution.
Multimaterials are difficult to separate
and can lead to detection errors during
sorting. This will create difficulties during
reprocessing and affect the quality of the
finished product.
NIAS from the multimaterial and printing
ink present the biggest problems for the
recycling flow of the packaging.
Caps and lids are generally removed via
flake sorting after the packaging is shredded. Flake sorting is typically done using
NIR technology.

The packaging information should encourage consumers to remove all closures
completely before recycling.
If a closure cannot be removed by the
end user, the closure must be made in
such a way that it does not lead to detection errors in the recycling stream for
the packaging:
The best solution is to avoid using
print. If you wish to use print, you
must ensure that the printing inks do
not result in NIAS and remain on the
closure.
Design closures so they can be removed as early as possible preferably by the consumer.
Design caps so that they are NIR-detectable.
Continued on next page
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PET
Direct print on
main components

Facts

Considerations

Printing ink is undesirable in the recycling
stream for the packaging under all circumstances.

Direct printing on main components is
not recommended.

If the printing inks dissolve during the
washing process, there is a potential
risk that the the recycling stream will be
contaminated via the water.
If the printing inks do not dissolve during
the washing process, they present a potential NIAS risk in the next cycle.
If the printing inks do not dissolve during
the washing process, they compromise
the clarity of the clear stream.
Continued on next page
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PET

Facts

Considerations

Labels, sleeves and
covers (decoration)

Labels consist of adhesive, primary material and printing inks.

Decorative elements should be able
to be easily removed by the end user
without leaving residues in an automated
process.

Labels play a crucial role in communicating the contents of the package to the
end consumer.
Printing inks present a potential NIAS
risk in the next cycle and may affect the
clarity of a clear recycling stream.
Adhesives present a potential NIAS risk in
the next cycle and may affect the clarity
of a clear recycling stream.
The label's material may present the risk
of contamination of the recycling stream.
Sleeves and covers are decorative
elements that are applied through heat
shrinking or wrapping around the packaging.
Paper labels that cover a wide area can
lead to detection errors.

Other

The packaging information should
encourage consumers to remove all
decorative elements completely before
recycling.
Printing inks should be designed so that
they adhere to the label and do not dissolve in water during the pre-wash and
washing.
Adhesives should be designed so that
they adhere to the label and do not dissolve in water during the pre-wash and
washing.
Since labels are an undesirable component in the recycling stream, they should
be designed so that they can be removed
from the packaging itself as early as
possible in the recycling process.

Plastic sleeves and covers do not generally have an impact on an automatic
sorting system.

This can be done in the following ways:

“Other” here refers to anything else that
can be added to the packaging that is
not explicitly mentioned in this design
guide (absorbent pads, inserts, etc.).

Any “other” material should be designed
so that it does not contaminate the recycling stream for the food packaging.

Whatever these materials may be, please
follow the principles in this design guide.

The label is attached to the film lid
and removed with the film lid by the
end user
Labels are removed during pre-wash
(Fresh water <60°C)
Labels are removed during the washing
process (sodium hydroxide max 85°C)
Labels are attached without adhesive,
e.g., covers and shrink sleeves
Decorative elements can be made
using any material, however, these
should never be made using PET as
this material complicates flake sorting
and can result in printing inks and NIAS
in the recycling process
Packaging with decorative elements is
tested for sorting errors before being
placed on the market

The best way to ensure this does not
happen is to remove any “other” material as early as possible in the recycling
process.
The inclusion of “other” material should
not lead to detection error.
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Example considerations for the design of CLEAR
PET packaging for food products – recyclable
Complies with
de facto standard

Unsuitable in relation
to the de facto standard

Negative impact on
de facto standard
and clarity

Once a container has processed
through the entire circular
economy, the Delta B value
from the 1st to the 2nd cycle
must not be higher than 0.4

Once a container has processed
through the entire circular
economy, the Delta B value
from the 1st to the 2nd cycle
must not be higher than 0.8

Once a container has processed
through the entire circular
economy, the Delta B value
from the 1st to the 2nd is higher than 0.8

Materials

Monomaterial in accordance
with the de facto standard

Multimaterials that do not
have an impact on food safety
or the physical properties for
the de facto standard in the
next cycle (i.e. PETG-APETAPET)

Biodegradable monomaterials. Multimaterials that cause
sorting errors or have a direct
impact on either food safety or
the physical properties for the
de facto standard in the next
cycle (i.e. PET/PE)

Barriers

None

PA (Nylon), EVOH

Additives (scavengers, anti-fog,
antislip and similar)

The solution must not affect
the de facto standard and not
create NIAS

Solutions with a risk for NIAS
and detection errors

Closures without
print (top film, lid,
sealings)

Easily removed by end user
or easily removed early in the
recycling process

Removed later in the recycling
process (washing process)

Negatively impacts the de facto
standard or clarity or leads to
NIAS

Closures with print
(top film, lid,
sealings)

None or must be easy to
remove without leaving residue
on the main components

Removed later in the recycling
process (washing process) and
does not lead to NIAS in either
the recycled product or wash
water

Negatively impacts the de facto
standard or clarity or leads to
NIAS

Closure with
caps and lids

Elements that cannot be sorted
through float-sink separation
or NIR scanning after rough
shredding, which does not
result in contamination of the
material stream

Elements

Main component (container,
bucket, tray, bottle, film)

Clarity
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Components that consist of
materials that cannot be flake
separated through NIR, which
results in contamination of
the material stream

Direct print on main components

None

Printing that does not lead to
NIAS after the washing process

Extensive colour printing on
the packaging and print that
results in NIAS

Labels (adhesive, primary
material and printing inks)

Labels that are removed in the
wash step and do not result in
NIAS via the water

> 60 % Covering surfaces that
block NIR sorting before rough
shredding

Labels that cannot be removed
and result in NIAS via the water
or result in detection error

Adhesive-free decorative
materials (stretch sleeves,
shrink sleeves, stretch labels
and paperboard wraps)

Decorative element that can be
sorted after shredding

> 60 % Covering surfaces that
block NIR sorting before rough
shredding

Leads to the risk of NIAS via
the wash water

Emptying

The packaging is naturally
empty after use

Can be emptied with some
difficulty

Cannot be emptied without the
use of tools

Combination of materials
with respect to the packaging solution

Clear PET is used in the design
of the packaging solution

The packaging solution consists
of materials that can easily
be separated in the recycling
process and do not result in
contamination of the material
flow

The packaging solution consists
of materials that cannot be
separated in the recycling process, which result in contamination of the material stream

Other(inserts, pads, etc.)

Must be fully removable
without leaving a trace and not
resulting in NIAS. "Other" items
must not compromise the de
facto standard

Decorative element that is
removed by the end user

Coloured film that is not sorted
out in NIR sorting

“Other” items that cannot be
removed and results in NIAS
and compromises the de facto
standard or clarity

Example considerations for the design of COLOURED
PET packaging for food products – recyclable
Complies with
de facto standard
Colouration

Colours that can pass OM7
testing and do not result in
NIAS during OM7

Unsuitable in relation
to the de facto standard
Colours that can pass OM2
testing and do not result in
NIAS during OM2

Colours that cannot meet OM2
conditions.

Multi-materials that do not
have an impact on food safety
or physical properties for the
de facto standard in the next
cycle (i.e. PETG-APET-APET)

Biodegradable monomaterials. Multimaterials that cause
sorting errors or have a direct
impact on either food safety
or the physical properties for
the de facto standard in the
next cycle

Main component (container,
bucket, tray, bottle, film)

Colours that can be recognised
by NIR technology

Elements

Negative impact on de
facto standard
and clarity

Colours with carbon black, unless an existing technology can
recognize the colour, or there is
an established value chain for
black plastic

Materials

Monomaterial in accordance
with the de facto standard

Barriers

None

PA (Nylon), EVOH

Additives (scavengers, anti-fog,
antislip and similar)

The solution must not affect
the de facto standard and not
create NIAS

Solutions with a risk for NIAS
and detection errors

Closures without
print (top film, lid,
sealings)

Easily removed by end user
or easily removed early in the
recycling process

Removed later in the recycling
process (washing process)

Impacts the de facto standard
or leads to NIAS

Closures with print
(top film, lids,
sealings)

None or must be easy to
remove without leaving residue
on the main component

Removed later in the recycling
process (washing process) and
does not lead to NIAS in either
the recycled product or wash
water

Negatively impacts the de facto
standard or clarity or leads to
NIAS

Closure with
caps and lids

Elements that cannot be sorted
through float-sink separation
or NIR scanning after rough
shredding, which does not
result in contamination of the
material stream

Direct print on main components

None

Labels (adhesive, primary
material and printing inks)

Labels that are removed in the
wash step and do not result in
NIAS via the water

Adhesive-free decorative
materials (stretch sleeves,
shrink sleeves, stretch labels
and paperboard wraps)

Decoration that can be
NIR-sorted after shredding

Emptying

Components that consist of
materials that cannot be flake
separated through NIR, which
results in contamination of
the material stream
Printing that does not lead to
NIAS after the washing process

Printing that leads to NIAS

Labels that cannot be removed
and result in NIAS via the water
or result in detection error
> 60 % Covering surfaces that
block NIR sorting before rough
shredding

Leads to the risk of NIAS via
the wash water

The packaging is naturally
empty after use

Can be emptied with some
difficulty

Cannot be emptied without the
use of tools

Combination of materials
with respect to the packaging solution

The same material is used
in the design of packaging
solution

The packaging solution consists
of materials that can easily
be separated in the recycling
process and do not result in
contamination of the material
flow

The packaging solution consists
of materials that cannot be
separated in the recycling process, which result in contamination of the material stream

Other (inserts, pads, etc.)

Must be fully removable
without leaving a trace and not
resulting in NIAS. "Other" items
must not compromise the de
facto standard

Decoration that is removed by
the end user

Coloured film that is not sorted
out in NIR sorting

“Other” items that cannot be
removed and results in NIAS
and compromise the de facto
standard
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Examples of design considerations
PET grape tray with PE lid
Here is an example of clear PET packaging that has been designed for recycling: a rPET
tray with a PE lid, which is separated in the recycling process. Previously, the packaging
was made of two different types of plastic that were welded together compromising
recyclability.

Unsuitable in relation
to the de facto standard

Negative impact on
de facto standard
and clarity

Once a container has processed through the entire
circular economy, the Delta
B value from the 1st to the
2nd cycle must not be higher
than 0.4

Once a container has processed
through the entire circular
economy, the Delta B value
from the 1st to the 2nd cycle
must not be higher than 0.8

Once a container has processed
through the entire circular
economy, the Delta B value
from the 1st to the 2nd is higher than 0.8

Materials

Monomaterial in accordance
with the de facto standard

Multimaterials that do not
have an impact on food safety
or the physical properties for
the de facto standard in the
next cycle (i.e. PETG-APETAPET)

Biodegradable monomaterials. Multimaterials that cause
sorting errors or have a direct
impact on either food safety or
the physical properties for the
de facto standard in the next
cycle (i.e. PET/PE)

Barriers

None

PA (Nylon), EVOH

Additives (scavengers, anti-fog,
antislip and similar)

The solution must not affect
the de facto standard and not
create NIAS

Solutions with a risk for NIAS
and detection errors

Closures without
print (top film, lid,
sealings)

Easily removed by end user
or easily removed early in the
recycling process

Removed later in the recycling
process (washing process)

Negatively impacts the de facto
standard or clarity or leads to
NIAS

Closures with print
(top film, lid,
sealings)

None or must be easy to
remove without leaving residue
on the main components

Removed later in the recycling
process (washing process) and
does not lead to NIAS in either
the recycled product or wash
water

Negatively impacts the de facto
standard or clarity or leads to
NIAS

Closure with
caps and lids

Elements that cannot be sorted
through float-sink separation
or NIR scanning after rough
shredding, which does not
result in contamination of the
material stream

Complies with
de facto standard

Elements

Main component (container,
bucket, tray, bottle, film)

Clarity
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Components that consist of
materials that cannot be flake
separated through NIR, which
results in contamination of
the material stream

Direct print on main components

None

Printing that does not lead to
NIAS after the washing process

Extensive colour printing on
the packaging and print that
results in NIAS

Labels (adhesive, primary
material and printing inks)

Labels that are removed in the
wash step and do not result in
NIAS via the water

> 60 % Covering surfaces that
block NIR sorting before rough
shredding

Labels that cannot be removed
and result in NIAS via the water
or result in detection error

Adhesive-free decorative
materials (stretch sleeves,
shrink sleeves, stretch labels
and paperboard wraps)

Decorative element that can be
sorted after shredding

> 60 % Covering surfaces that
block NIR sorting before rough
shredding

Leads to the risk of NIAS via
the wash water

Emptying

The packaging is naturally
empty after use

Can be emptied with some
difficulty

Cannot be emptied without the
use of tools

Combination of materials
with respect to the packaging solution

Clear PET is used in the design
of the packaging solution

The packaging solution consists
of materials that can easily
be separated in the recycling
process and do not result in
contamination of the material
flow

The packaging solution consists
of materials that cannot be
separated in the recycling process, which result in contamination of the material stream

Other(inserts, pads, etc.)

Must be fully removable
without leaving a trace and not
resulting in NIAS. "Other" items
must not compromise the de
facto standard

Decorative element that is
removed by the end user

Coloured film that is not sorted
out in NIR sorting

“Other” items that cannot be
removed and results in NIAS
and compromises the de facto
standard or clarity

Examples of design considerations
PET meat tray with PE film
Here is an example of coloured PET packaging: a PET meat tray,
which is designed for recycling.

Complies with
de facto standard
Colourant

Colours that can pass OM7
testing and do not result in
NIAS during OM7

Unsuitable in relation
to the de facto standard
Colours that can pass OM2
testing and do not result in
NIAS during OM2

Colours that cannot meet OM2
conditions.

Multi-materials that do not
have an impact on food safety
or physical properties for the
de facto standard in the next
cycle (i.e. PETG-APET-APET)

Biodegradable monomaterials. Multimaterials that cause
sorting errors or have a direct
impact on either food safety
or the physical properties for
the de facto standard in the
next cycle

Main component (container,
bucket, tray, bottle, film)

Colours that can be recognised
by NIR technology

Elements

Negative impact on de
facto standard
and clarity

Colours with carbon black, unless an existing technology can
recognize the colour, or there is
an established value chain for
black plastic

Materials

Monomaterial in accordance
with the de facto standard

Barriers

None

PA (Nylon), EVOH

Additives (scavengers, anti-fog,
antislip and similar)

The solution must not affect
the de facto standard and not
create NIAS

Solutions with a risk for NIAS
and detection errors

Closures without
print (top film, lid,
sealings)

Easily removed by end user
or easily removed early in the
recycling process

Removed later in the recycling
process (washing process)

Impacts the de facto standard
or leads to NIAS

Closures with print
(top film, lids,
sealings)

None or must be easy to
remove without leaving residue
on the main component

Removed later in the recycling
process (washing process) and
does not lead to NIAS in either
the recycled product or wash
water

Negatively impacts the de facto
standard or clarity or leads to
NIAS

Closure with
caps and lids

Elements that cannot be sorted
through float-sink separation
or NIR scanning after rough
shredding, which does not
result in contamination of the
material stream

Direct print on main components

None

Labels (adhesive, primary
material and printing inks)

Labels that are removed in the
wash step and do not result in
NIAS via the water

Adhesive-free decorative
materials (stretch sleeves,
shrink sleeves, stretch labels
and paperboard wraps)

Decoration that can be
NIR-sorted after shredding

Emptying

Components that consist of
materials that cannot be flake
separated through NIR, which
results in contamination of
the material stream
Printing that does not lead to
NIAS after the washing process

Printing that leads to NIAS

Labels that cannot be removed
and result in NIAS via the water
or result in detection error
> 60 % Covering surfaces that
block NIR sorting before rough
shredding

Leads to the risk of NIAS via
the wash water

The packaging is naturally
empty after use

Can be emptied with some
difficulty

Cannot be emptied without the
use of tools

Combination of materials
with respect to the packaging solution

The same material is used
in the design of packaging
solution

The packaging solution consists
of materials that can easily
be separated in the recycling
process and do not result in
contamination of the material
flow

The packaging solution consists
of materials that cannot be
separated in the recycling process, which result in contamination of the material stream

Other (inserts, pads, etc.)

Must be fully removable
without leaving a trace and not
resulting in NIAS. "Other" items
must not compromise the de
facto standard

Decorative element that is
removed by the end user

Coloured film that is not sorted
out in NIR sorting

“Other” items that cannot be
removed and results in NIAS
and compromise the de facto
standard
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Packaging design
in flexible films
In this section we review the material properties of flexible films and describe how the
material properties function in relation to recycling. The section presents a case example
of a cooperation on redesigning a packaging inflexible film for coffee in order to make it
recyclable.

Material properties for flexible films
Flexible films, laminates, multilayer materials and soft plastics
are all names used for the same type of packaging material
used for both food and non-food packaging.
Flexible films usually include multiple layers, often made from
different materials. The composite material creates the
properties needed for the product. The material properties are
adapted for the packing process.
Many different materials are used in the production of flexible films, e.g., PP, PE, PET, and PA. These individual materials
may, in turn, have a variety of built-in coatings/additives that
provide a range of barrier and food preserving properties.
The composite of different materials ensures that the packaging is tight and has a high strength.
The material provides a good protection from the environment and during the transport of the foodstuff.
Flexible films has the advantage that the material consumption is very low compared to other types of packaging. By
using different materials and thicknesses, they can be adapted to the individual food item. This ensures maximum shelflife and minimises food waste. The specific composition of
the flexible packaging can also be beneficial for the development and ripening processes of the foodstuff.
When designing flexible film packaging,the business model
and plastic recycling principles must be considered during the
design phase. Therefore, you need to consider what products
the packaging material will be used for when it is no longer
used for packaging. Read more about the design principles for
recycling in the section Recycling Principles on page 28.

while a smaller portion (<10 %) consists of PP films and
laminated multilayer films (Source: The Municipality of
Copenhagen). Flexible multilayer films are harder to recycle
than monomaterials. Therefore, monomaterials are preferred
whenever they are possible to use without compromising
food safety/shelf life.
Since flexible films, regardless of whether they are monomaterials or multilayer materials, cannot be recycled for food
packaging, they must be designed for recycling into other
products. Some flexible films can provide a higher value than
others.
Given that after the films are sorted from hard plastic, they
are sorted further into at least two fractions.
The fraction that will have the highest value may contain
PP and PE composites (density <1 g/cm3)
The remains will be mixed with all plastic types (density
>1 g/cm3)
The PP/PE fraction can be sorted out using gravimetric sorting, provided that the density is under 1 g/cm3. I.e., no chalk
or anything that increases density can be added.
The remaining films (e.g., PA/PE and PET/PE), which have a
non-polyolefin composition (PE/PP), should have a density
greater than 1 so that they do not contaminate the polyolefin
stream after gravimetric sorting.
Specific barrier properties may be required for different types
of packaging for oxygen, water, light, aroma or other. A variety of different barrier layers can be used here, such as EVOH,
SiOx, AlOx, PVdC, Acrylic or metallisation.
EVOH is generally acceptable up to 5 %.

Material properties of flexible films in relation to
recycling
Flexible films are at first sorted from collected consumer
waste. The films can be recycled, but they have poor properties as a total fraction and therefore often end up at the bottom of the recycling spiral.
Flexible films currently account for approximately 10-11 % of
the collected consumer plastic in Copenhagen. Of this
amount, PE films account for the vast majority (>90 %),
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SiOx, AlOx, Acrylic and metallisation can be applied in thin
layers that do not have an effect on the recycling process.
PVdC is not desirable.
Flexible multilayer films contain both printing ink and adhesive. The recycling value for lighter colours is highest but all
colours are recyclable. Recycled materials made from flexible
films will generally be dyed grey or black.

Example considerations for the design of recyclable flexible films

Most likely
recyclable

Recyclable
Materials

Barrier

Non-recyclable

PE, PP or PE/PP > 90 % of the
total material

Multilayer materials with PET,
PA, aluminium, paper

Density < 1g/cm3

Density> 1g/cm3

PVOH, SiOx, AIOx, Acrylic
metallisation < 5 %

EVOH < 5 %

PVdC
EVOH > 5 % of total weight

EVOH < 2 %

Adhesive/glue

<5%

< 10 %

Print/decoration

Light colours

All colours

Dyeing

None

Light colours

> 10 %

Example cooperation on redesigning a coffee film packaging
The primary purpose of a coffee film is to protect the coffee,
including the aroma, and to ensure as long a shelf life as
possible. This also includes a requirement for tight seals. This
can present a challenge as a great deal of coffee dust is
generated during packaging. Therefore it is important that the
foil is antistatic to avoid coffee dust in the sealings.

After the redesign, the coffee film has the following structure:
16 µm OPP spec. tr. / 60 PE tr.
The film now consists of only two layers with the following
functions:

1

16 µm OPP spec. tr.: the outer film, the printing layer
- but the needed barrier has now been moved to this
film, which is still transparent, along with the sealing
layers

Before the redesign the coffee film had the following structure: 20 µm OPP tr. / 12 µm PET metallised/ 50 µm PE tr.

2

60 µm PE tr.: same function as before - but now the
antistatic effect is built into the layer

In short the three layers have the following functions:

By changingthe coffee bag’s design the film is now recyclable.

1
2

The film is able to be recycled, as
the 2 materials are compatible
(PP/PE). The design consists of
2 layers instead of 3 layers, and
a total of 6 µm in thickness has
been “saved”.

Secondly the film needs to run as efficiently as possible on
the packaging machine taking the problems of coffee dust
into consideration.

3

20 µm OPP tr.: the outer layer, the printing and the
sealing layer.
12 µm PET metallised: the barrier layer ensuring that
the coffee packaging can reach the required shelf life.
It also gives the packaging design antistatic properties
ensuring that coffee dust does not end up in the
sealings.
50 µm PE tr.: foil ensuring that the bag can be tightly
sealed.

The most important thing in this
case is that the that the film’s
barrier properties/durability
have not been compromised nor
has the packing speed of the
machine. Only the light barrier
properties have changed, since
the film is now transparent.
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This design guide was developed by a working group established by the
Netværk for cirkulær plastemballage (Network for circular plastic
packaging), which is operated by the trade association, the Danish Plastics
Federation. The working group consisted of representative from:

WE MAKE FOOD STAND OUT

The design guide's content is also supported by

