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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

This International Standard has been developed to assist all plastics industry stakeholders in the development

of

a sustainable global infrastructure for plastics recovery and recycling;

— g sustainable market for recovered plastics materials and their derived manufactured producf
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NOTE 2

This International Standard is intended to provide a valuable resource that is globally relevant, no matter

which particular legislative or regulatory framework for plastics recovery and recycling governs its application. In order to
facilitate adoption of the standard within the contexts of diverse national and regional legislative and regulatory
environments, the following considerations are emphasized:

a)

© 1SO 2008 — All rights reserved

The subject of plastics recovery and recycling, being often presented within the perspective of solid-waste
management, frequently applies terminology, technology, economics and infrastructure that are based on solid-waste
management concepts. These concepts have consequently tended to define the legislative and regulatory
environments referred to above.

Alternative perspectives for plastics recovery and recycling that are more comprehensive than those inherent to the
solid-waste management model are available based on the concepts of integrated resource management (see
Annex B) and sustainable development. Integrated resource management focuses on more extensive systems than
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solid-waste management. It applies life-cycle analysis to achieve better understanding of the resource conservation
and eco-efficiency implications of resource management strategies and policies. In this approach, the management
of both energy and material resources are viewed within an integrated perspective. The concept of sustainable
development, while also applying life-cycle thinking to waste and resource management, is more comprehensive than
integrated resource management in that it requires consideration of the so-called three pillars of sustainable
development, viz. ecological benefit, economic growth and social progress.

NOTE 3  Although the plastics recovery and recycling sector is a relatively new and emerging industry, significant
national and regional efforts have been undertaken to provide legislative and regulatory frameworks applicable to one or
more market sectors. The existence of such legal and regulatory frameworks must be kept in mind by users of this
International Standard. In the interest of ensuring global relevance, an effort has been made to avoid terminology and
definitions that appear to promote one legislative or regulatory framework over another. The intent is that terminology and
definitions inclueed—in—this—trterrational—Standard—embrace—rather—thar—exclude—differing—interpretations—A—specific
example is th¢ question of whether or not a material must be defined as waste before it can be recovered. Thérg is no
universal agrgement on this point and the standard attempts to accommodate a range of current and possible [future
definitions and interpretations of the term “waste”.

Vi © ISO 2008 — All rights reserved
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Plastics — Guidelines for the recovery and recycling of plastics

waste

1 cope
This |nternational Standard provides guidance for the development of standards and specificati
plastics waste recovery, including recycling. The standard establishes the different options for th
plastics waste arising from pre-consumer and post-consumer sources as illustrated diagrarn
Annex A. The standard also establishes the quality requirements that should be considered in al
recoJery process, and provides general recommendations for inclusion in material standards, te
and [product specifications. Consequently, the process stages, requifements, recommen
terminology presented in this International Standard are intended to be ofgeneral applicability.

2 ormative references

The following referenced documents are indispensable for"the application of this documen
refergnces, only the edition cited applies. For undated.‘references, the latest edition of th

docupent (including any amendments) applies.

ISO 472:1999, Plastics — Vocabulary

ISO 14021, Environmental labels and ‘declarations — Self-declared environmental cla
envirbnmental labelling)

ISO 17422, Plastics — Environmental aspects — General guidelines for their inclusion in standar

ASTM D 7209, Standard Guide ;for Waste Reduction, Resource Recovery, and Use of Recycl
Matetials and Products

3 Terms and.definitions

For the purposes of this document, the terms and definitions given in ISO 472 and the following a

31

bns covering
b recovery of
hmatically in
steps of the
st standards
dations and

t. For dated
b referenced

ms (Type ll

s

bd Polymeric

bply.

agglomerate

shredded and/or granulated plastics material in the form of particles which cling together

3.2

baling

process in which plastics waste is compacted and secured as a bundle to facilitate handling,
transportation

3.3
batch
quantity of material regarded as a single unit, and having a unique reference

NOTE Batch is primarily a processing term.

© 1SO 2008 — All rights reserved
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3.4

biodegradation

degradation caused by biological activity, especially by enzymatic action, leading to a significant change in the
chemical structure of a material

[ISO 16929:2002]

3.5

biological recycling
aerobic (composting) or anaerobic (digestion) treatment of biodegradable plastics waste under controlled
conditions using micro-organisms to produce, in the presence of oxygen, stabilized organic residues, carbon
dioxide and water-eor—in—the—absence—ot-oxygen—stabilizederganicresidues—methanre—earbern—dioxide and

water

3.6
collection
logistical progess of moving plastics waste from its source to a place where it can be recovered

3.7
commingled plastics
mixture of materials or products consisting of different types of plastic

NOTE THe term “mixed plastics” is used synonymously.
3.8
contaminant

unwanted supstance or material
NOTE THe term “impurity” is a deprecated synonym of contarminant and should not be used.

3.9

converter
specialized ¢perator capable of shaping plastics(raw material to make a usable semi-finished or finjshed
product

3.10
depolymerization
chemical revgrsion of a polymer to jts monomer(s) or to a polymer of lower relative molecular mass

[1SO 472:1999]
3.1
energy recoyery

production of useful énergy through direct and controlled combustion

NOTE S¢lid-waste incinerators producing hot water, steam and/or electricity are a common form of energy recoyery.

3.12
environmental aspect
element of an organization's activities or products or services that can interact with the environment

[ISO 14001:2004]

3.13

environmental impact

any change to the environment, whether adverse or beneficial, wholly or partially resulting from an
organization's environmental aspects

[ISO 14001:2004]

2 © 1SO 2008 — All rights reserved
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3.14

feedstock recycling

conversion to monomer or production of new raw materials by changing the chemical structure of plastics
waste through cracking, gasification or depolymerization, excluding energy recovery and incineration

NOTE Feedstock recycling and chemical recycling are synonyms.

3.15
flake
plate-like regrind

NOT The shane of rearind depnends both on-the plastics beina nrocessed-and the manner of nrocessi g
L I g L I g .

3.16
fluff
filament-like regrind

NOTH Common usage of the term “fluff’ also includes shredder residue fractions produced in the commercial
recycling of durable goods such as automobiles.

3.17
homegenizing
procgssing to improve the degree to which a constituent and/or property is uniformly distributed [throughout a
quantity of plastics material

[EN 14899:2005]
3.18

Iandlill
wast¢ disposal site for the deposit of waste on to orinto land under controlled or regulated conditipns

3.19
lot
definjte quantity of some commodity manufactured or produced under conditions that are presumed uniform

[ISO @72:1999]
NOTH Lot is primarily a commercial term.

3.20
matefrial recovery
matefial-processing.operations including mechanical recycling, feedstock (chemical) recycling|and organic
recydling, but excluding energy recovery

3.21
mecguanical recycling
procgssing of plastics waste into secondary raw material or products without significantly ¢hanging the
chemical structure of the material

NOTE Plastics secondary raw material is a synonym of recyclate.
3.22
micronizing

process by which a plastics material is ground into a fine powder

3.23

organic recycling

controlled microbiological treatment of biodegradable plastics waste under aerobic or anaerobic conditions

NOTE The term “biological recycling” is used synonymously.

© 1SO 2008 — All rights reserved 3
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3.24

post-consumer

descriptive term covering material, generated by the end-users of products, that has fulfilled its intended
purpose or can no longer be used (including material returned from within the distribution chain)

NOTE The term “post-use” is sometimes used synonymously.

3.25
pre-consumer
descriptive term covering material diverted during a manufacturing process

NOTE 1 This term excludes re-utilized material, such as rework, regrind or scrap that has been generated in a given
process and ig capable of being reclaimed within that same process.

NOTE 2  THe term “post-industrial material” is sometimes used synonymously.

3.26
purge material
material resiiting from the passing of polymer through plastics processing equipment.for the purpogse of
cleaning the lequipment, or when changing from one polymer to another, or when changing from one colgur or
grade of polymer to another

3.27
recovered rlaterial
plastics mate¢rial that has been separated, diverted or removed from the solid-waste stream in order fo be

recycled or used to substitute virgin raw materials

NOTE S¢ge ISO 14021.

3.28
recovery
processing of plastics waste material for the original purpose or for other purposes, including energy recovery

3.29
recyclate
plastics matdrial resulting from the recycling.of plastics waste

NOTE1  THe terms “plastics secondary\.raw material”’, “recycled plastics” and “regenerate” are sometimes| used
synonymously

NOTE 2 Ag soon as the used plastics material has been treated in such a way that it is ready to replace a|virgin
product, matefial or substance in ‘@production process, it loses its characteristics as waste.

3.30

recycling
processing ¢f plastics waste materials for the original purpose or for other purposes, excluding epergy
recovery

3.31
regrind
shredded and/or granulated recovered plastics material in the form of free-flowing material

NOTE The term “regrind” is frequently used to describe plastics material in the form of scrap generated in a plastics

processing operation and re-used in-house. This term is also used to describe fine plastics powder used as filler in the
recovery of plastics.

3.32
re-use
use of a product more than once in its original form

NOTE In view of the fact that a re-used product has not been discarded, re-use does not constitute a recovery option.

4 © 1SO 2008 — All rights reserved
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shredding
any mechanical process by which plastics waste is fragmented into irregular pieces of any dimension or shape

NOTE Shredding usually signifies the tearing or cutting of materials that cannot be crushed by
methods applicable to brittle materials, as typically carried out in a hammer mill.

3.34

waste
any material or object which the holder discards, or intends to discard, or is required to discard

4 $ources
4.1 | General
Plast|cs material for recovery may be obtained from various sources, including the following:
4.2 | Pre-consumer sources of materials
a) [Plastics producers:
+ off-grade materials.
b) FPlastics processors:
+— processing purge material and scrap;
+ scrap products, parts and semi-finished products.
c) Others:
+ industrial and commercial prfoducts made of, or containing, plastics, including pal
containers.
4.3 | Post-consumer sources of materials
a) Disposables:
+ personal goods;
+ packaging films and containers.
NOTH Such disposables may be recovered by sorted municipal collection systems or by spec
incenfive_systems involving cash deposits on containers or by any other organized/unorganized individu

individuals_for economic benefits

b)

fragmentation

ckaging and

fic consumer-
al or group of

Durable goods:

— domestic appliances;

— electronic equipment;

— transportation equipment;
— construction products;

— industrial equipment.

© 1SO 2008 — All rights reserved
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NOTE

End-of-life products such as electronic equipment or automobiles may be returned by the consumer to

specialized operators for recovery. Similarly, during building demolition operations, plastics materials and products may be

segregated an

d recovered.

5 Recovery

5.1

General

Selection of the appropriate recovery option will depend on many factors, such as the quality, quantity and
availability of the plastics waste, the availability and capability of existing technologies and equipment, and the

relevant recovery targets in terms of material or energy content requirements. Relevant selection-c

include the
Annex A). Ad

NOTE C
transformation
materials, fue
standardized

considered to
has been geng

5.2 Mater

5.21

Material rec
feedstock or

5.2.2 MecH

5.2.21
The mechan

which may ¢
process:

For plas
aggloms

For reinf

NOTE 1 In
the need for a

Gengdral

Séquence of operations

relative costs, competitiveness and environmental performance of the available options
cess to markets for recovered materials or energy is an important consideration.

ncepts and definitions of recovery are continually evolving. The basic principle of rfécovery lies
of an input (waste) into an output (product). Recovery is considered to be complete” when secd
s or products have been manufactured, or energy has been generated, in accordance with consg
Criteria. Plastics recyclate with specified properties (secondary raw material) is (@ product, and recoy
be accomplished when this product has been produced and has become comimercially available, or ¢
brated (see Annex A and Annex B).

al recovery

pvery of plastics waste encompasses three distinct recycling routes: mechanical recy
chemical recycling, and biological or organic recyeling.

anical recycling

ical recycling option generally, comprises the following sequence of unit operations, sor

rating — extruding/compounding — pelletizing
orced plasties? collection — identification — sorting — grinding — washing — separating

practicé; many plastics compounders use plastics recyclates in the form of flake as feedstock, elimi
priot pelletization step.

iteria
(see

n the
ndary
nsus-
ery is
nergy

cling,

ne of

ccur simultaneously, that arecarried out as part of the recyclate preparation and prodyction

tics: collection — .identification — sorting — grinding — washing — drying — separating —

hating

NOTE2 In
sequence of u

NOTE 3

thecase of ground ptastics waste used—as @ secondary Taw mmateriat as aggregate immortar or cemnme
nit operations is: collection — identification — sorting — grinding — product.

“separating process” after washing and drying may not be necessary.

it, the

In some cases where the sorting process is able to group the same type of plastics waste together, the

Plastics waste for mechanical recycling may be offered for sale in the form of bulk waste as collected, or in an
added-value, sorted grade. The wide range of possible forms and compositions of such commercially
available plastics waste highlights the crucial importance of consensus standards covering these materials. As
a general rule, manufacturers and users of plastics materials and derived products are advised to provide
mechanical recyclers with the necessary thermal-stability, reactivity and other data in material safety data
sheets or other appropriate documentation.

© 1SO 2008 — All rights reserved
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5.2.2.2 Pre-treatment

Depending both on the intended application of the recyclate and on the characteristics of the waste stream, a
preparatory step may be used to decontaminate as far as practically possible the collected materials and
products, and to optimize their handling characteristics for shipping, processing and other downstream
operations. In the absence of homogeneous plastics waste consisting of materials of similar grade or type,
material identification, sorting and separation steps become essential, such as in specialized sorting centres
for household packaging or end-of-life electrical and electronic equipment. Wherever possible, these pre-
selective operational steps should be carried out prior to any downstream mixing (commingling) with other
waste streams. In some cases, particularly affecting post-consumer sources, attainment of this objective will
require automated separation and sorting unit operations. In the absence of such automatic process control,
precise-identiication-ofthe-seurces-ofthe A

for ease of disassembly and material identification as well as for minimization of variety in the types of plast{c used in their
manufacture. Such criteria may evolve as a function of the future development and implementation,of techn|cal options for

Varigus in-line analytical methods using techniques such as infrared analysis’ and trace-element tracking are
available for the identification of specific types of plastic and associated additives, thus permitting their
efficignt downstream separation and segregation.

NOTEH In some cases, identification codes, moulded into or printed'én to plastics parts or products (sqge ISO 1043-1,
ISO 1043-2, 1SO 1043-3, 1ISO 1043-4 and I1SO 11469 in the Bibliography), will also provide a means|of separating
materjals, by type of plastic, at any point in the process, including the post-consumer stage, during manugl or automatic
sorting at the collection facility, and during disassembly of durablé goods. In addition, other methods are| often used to
identify specific types of plastic, for example by the part shape or geometry, or acoustically by impadt noise, or by
comblstion odour and copper wire corrosion test procedures:

b) $eparation and sorting

Plast|cs separation and sorting operations; which are generally required in all material recoverny processes,
may pe carried out manually or automatically using appropriate means of identification. The more accurate
and efficient the means of identification, sorting and separation, the better is the quality of the recovered
product obtained. Depending on spegific circumstances, a compaction process such as crushing or baling, or
a siz¢ reduction process such as grinding or shredding, may be necessary to ensure easier handling.

Due fo the fact that manual sorting can give rise to a number of workplace environment problemg, which may
be chemical or microbiological in nature, it is not recommended. Ergonomic problems due to rgpetitive work
and stereotyped movéements are also a risk. If manual sorting cannot be avoided, the workplace shall be
designed to minimize\such problems.

NOTH 1 Pre<consumer products can generally be sorted by type of plastic, in order to permit their| re-use in the
production process. Re-use of post-consumer products is generally rendered more complex as a fesult of their
contamination by adventitious heterogeneous plastics waste.

NOTE2—Seme—post-consumer—materials—may—censistefthe—samebasie—plastic—econtaining—fractions! with different
material properties such as in the case of PE-HD bottles having different melt flow rates, densities or colours. This may
lead, as output of the next regenerating step, to recyclates with distinct, controlled levels of physical characteristics. In
some cases, it may not be practically or commercially viable to achieve the desired levels of separation or cleanliness,
with the result that the output consists of recyclates suited only for applications with lower requirements, as in the case of
certain commingled plastics. Standards for the characterization of recyclates may be efficient tools for assessing the fit

with the requirements of market outlets.

NOTE 3  Recycling of reinforced plastics may be carried out in some cases without separating the polymeric matrix
from fibre reinforcements (e.g. as in raw materials for the manufacture of cement).

When sufficiently efficient separation, as required for the desired property profile of the recyclate, is not

feasible at this preparatory process stage, appropriate preliminary operations should be conducted at the next
regenerating step.

© 1SO 2008 — All rights reserved 7
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5.2.2.3 Recyclate production process

The commercial production of plastics recyclate comprises various unit operations, including the separation of
materials, efficient removal of contaminants by washing or other methods, drying where appropriate, handling,
constitution of lots, storage, packaging and shipment. In addition, other processes, such as grinding,
additional sorting, homogenizing, extruding, pelletizing, micronizing or dissolution in solvent, may be
necessary in order to regenerate the plastics material.

Recyclates are usually conditioned as agglomerate or regrind in the form of fluff, flake, chips, pellets or
powder. Addition of modifiers or stabilizers may also be carried out in order to enhance the value of recyclates
for subsequent use.

NOTE All separated contaminants, such as those entrained in waste water, should be taken into accourt and
handled propgrly during these preparatory steps.

5.2.3 Feedptock or chemical recycling

Using varioug processes, well-known within the petrochemical industry, it is possible to cenvert some plzstics
into their bagic monomeric chemical constituents or into hydrocarbon fractions. Thesé ¢hemicals can thén be
used either gs polymerization feedstock or in other chemical processes.

NOTE 1  THe depolymerization technique has already been demonstrated, e.g. for PET obtained from post-consumer
packaging soyrces such as collected commingled plastic bottles where the PET is sorted and subsequently depolymgrized,
generating mgnomer feedstock for polymerization and the subsequent manufactdre of products such as bottles and fibres.
In the case of|some acrylic polymers, such as methyl methacrylate, monomer:gbtained by depolymerization also prgvides
feedstock for gommercial polymerization processes.

NOTE 2  Syitable plastics wastes, as well as their derivative hydrocarbon fractions, have been used as reducing dgents
in blast furnacgs and can be used in metal-smelting operations.

5.2.4 Biolggical or organic recycling

Biodegradatipn is a viable option for the treatment of certain types of plastics waste in what is referred|to as
organic or Mbiological recycling. Such plastics ymay be treated by aerobic or anaerobic decompdsition
processes, after collection and separation of non-biodegradable contaminants. There is generally no nged to
separate bioflegradable contaminants such-as foodstuffs or vegetable matter residues from plastics that|meet
the biodegrddability and compostability./requirements of standards such as I1SO 17088, ASTM D 6400,
ASTM D 6868 or EN 13432 (see the“Bibliography). In the context of mechanical recycling, however,|such
plastics may|themselves constitute.contaminants if they are likely to be subject to thermal degradation and
decompositign at the prevailing-reeycling operating temperatures.

Alo
Ol0

Energy recoyery is<a>Viable option for consideration with plastics materials in the same way as the |other

wastes in s
requirement

stems such as municipal solid-waste incinerators operating in compliance with regulatory

Oof—t¢ ons—anc—a a TOoTapIe€xXa PDIES 0 eI gV TeCOoOVveryY:

NOTE Since most plastics waste is hydrocarbon in nature, it possesses an inherently high calorific value. Because of
this, the final utilization of the recovered plastics stream as a fuel can be very effective, provided that adequate attention is
given to the control of factors such as combustion by-products. This is demonstrated by the successful application of this
recovery option in industrial processes and systems for steam generation, in electricity co-generation as well as in lime
and cement kilns.

8 © 1SO 2008 — All rights reserved
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6 Quality requirements

6.1 General

Selection of any one of the available recycling options should be based on compliance with the following
requirements:

a) the need to minimize adverse environmental impact;

b) prior demonstration of sustainable commercial viability;

c) secure access to viable systems for collection and quality control.

NOTH A suitable traceability system for the target market may be set up based on appropriate-standlards from the
ISO 9000 and ISO 14000 series. If relevant, provisions of 1ISO 14021 concerning self-declaréd -environmental claims
shouldl also be met.

6.2 | Contamination
Contaminants in recyclates may be polymeric in nature (e.g. the inclusion of different polymers ¢r of different
gradgs and compounds of the same polymer) or non-polymeric (e.g. thé_presence in the original polymers of
variopis functional additives, reinforcements or fillers such as are. defined in 1SO 1043-2, 190 1043-3 or
ISO 1043-4). They may also be undefined as in the case of¢adventitious contaminants sugh as labels,
closures, metal inserts, dirt and residual contents of plastics containers or packaging.

NOTH Relevant information about composition, additives{’,colorants, fillers and reinforcing matefials are also
sumnjarized in the material designation standards of ISO/TC 64

Excepsive levels of contamination may degradethe quality of recyclates to the extent of rendering the
recojered materials useless because of problems such as deterioration of their physicgl properties,
incompatibility and unacceptability of odour.

Contamination levels may be minimizedby'a number of means, including the following:
— ¢lear identification and efficient.sorting of materials and products;

— ¢areful handling in the collection, separation and sorting phases;

— ¢ffective separation’and washing processes;

— the use of meltfiltering or other filtering systems, where appropriate.

NOTE In_some cases, contaminants, if present in airborne dust for example, may necessitate spgcial treatment
during recovViery operations in order to ensure observance of industrial health and safety requirements.

6.3 Yistualand-aesthetic-aspects

In most cases, provided adequate controls and good manufacturing practices are employed, visual and
aesthetic properties such as colour, transparency and cleanliness should not be a problem when dealing with
recyclate generated from industrial sources of pre-consumer material.

In the case of recovered material obtained from post-consumer sources, however, visual and aesthetic
aspects often present major difficulties, especially when the recovered materials or products consist of a wide
variety of containers and disposables from diverse sources and applications. Consequently, even if effective
separation is accomplished, efficient sorting of the various streams on the basis of colour or other
characteristics may be problematical.
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6.4 Properties of recyclates

The properties of plastics recyclate may be affected by previous exposure to a wide variety of service
environments as well as by other factors such as the presence of contaminants, and chemical or structural
changes occurring during processing and recycling.

Application of proper sorting techniques, minimization of contaminant levels as well as the observance of
appropriate recovery practices will minimize adverse effects on the properties of the recyclate. This may be
monitored by conducting tests appropriate to the requirements of the intended application.

Specific material properties of plastics recyclates may be enhanced by the addition of property-modifying
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Schematic diagram of some plastics recovery options
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