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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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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;
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b sustainable market for recovered plastics materials and their derived manufactured product

he reduction of plastics waste and in support of the objectives of sustainable developmen
Id be given on a product life-cycle basis to

jeneral reduction of material and energy resource use;
specific optimization of the use of plastics raw materials.

ns involving the beneficial re-use of plastics products and the intedgration of plastics recove

selection of methodologies and processes for the managément of plastics waste availab
umer sources and end-of-life products may be approached, using various strategies, all of V
e a preliminary analysis of the available recovery options! In general, plastics recovery tech
vided into two classes:

material recovery (mechanical recycling, chemical or feedstock recycling, and biologica
recycling);

energy recovery in the form of heat, steam,-or electricity generation using plastics waste as s
brimary fossil fuel resources.

ne optimal recovery option depends on many prevailing circumstances, life-cycle analysi
ed to decide, depending on':the type and composition of the plastics waste, which
onmentally more favourablé™and sustainable. In the case of commingled or composite pla

ention and minimization both of the volume of waste and of its potentially adverse environm
escribed in 1ISO 47422, The potential occurrence of regulated substances in plastics w3
Cular attention.

E 1 Efficient and discriminatory collection procedures are essential if the operational objective i
mers or.other feedstocks. For mechanical recycling, and indeed all plastics recovery operations, p
oring @nd control procedures are required. These procedures should include the establishment of spec
fications covering recovered plastics, including, where appropriate, rules for traceability and a
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gy recovery and some feedstock recycling processes often represent the optimal choic¢. Moreover,
plastics waste may be managed utilizing a hierarchical framework comprising life-cycle s

rategies for
ental impact
ste requires

5 recovery of
roper process
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5sessment  of
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rmity.

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)

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

© 1SO 2008 — All rights reserved
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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 in f f f - —differt i TOTTS: ecific
example is the question of whether or not a material must be defined as waste before it can be recovered. Thére|is no
universal agr¢ement on this point and the standard attempts to accommodate a range of current and possible future
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
This

plas

plasg

Scope
International Standard provides guidance for the development of standards and specificati

cs waste arising from pre-consumer and post-consumer sources as illustrated diagran

Anngx A. The standard also establishes the quality requirements that should be conSidered in all

reco
and
term

2

The

ery process, and provides general recommendations for inclusion in material standards, te
product specifications. Consequently, the process stages, requirements, recommen
nology presented in this International Standard are intended to be of. general applicability.

Normative references

references, only the edition cited applies. For undated<references, the latest edition of the
document (including any amendments) applies.

ISO

ISO

172:1999, Plastics — Vocabulary

14021, Environmental labels and -declarations — Self-declared environmental clai

envilonmental labelling)

ISO

AST

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

M D 7209, Standard Guide for Waste Reduction, Resource Recovery, and Use of Recycle

Matarials and Products

3

Fort

31

Ferms and.-definitions

following referenced documents are indispensable for-the application of this document.

bns covering

cs waste recovery, including recycling. The standard establishes the different options for the recovery of

nmatically in
steps of the
st standards
Hations and

For dated

referenced

ms (Type ll

IS

d Polymeric

he purposes'of this document, the terms and definitions given in ISO 472 and the following apply.

agglpmerate

shre

3.2

dded and/or granulated plastics material in the Torm of particles which cling together

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

3.3

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

NOTE Batch is primarily a processing term.
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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 T ; iti i i ; ; joxidg and
water

3.6
collection
logistical process 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 sybstance or material

NOTE The term “impurity” is a deprecated synonym of contamifiant and should not be used.

3.9

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

3.10
depolymerization
chemical reVlersion of a polymer to its‘'monomer(s) or to a polymer of lower relative molecular mass

[1SO 472:1999]
3.1
energy recqvery

production of useful energy through direct and controlled combustion

NOTE Splid-waste incinerators producing hot water, steam and/or electricity are a common form of energy recovery.

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

NOT Common usage of the term “fluff’ also includes shredder residue fractions” produced in the commercial
recydling of durable goods such as automobiles.

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

[EN §4899:2005]

3.18
landfill
waste disposal site for the deposit of waste on to arlifito land under controlled or regulated conditipns

3.19
lot
definjite quantity of some commodity manuifactured or produced under conditions that are presumed uniform

[1ISO}472:1999]
NOTIEE Lot is primarily a commercial term.

3.20
matgrial recovery
matdrial-processing_eperations including mechanical recycling, feedstock (chemical) recycling |and organic
recy¢ling, but excluding energy recovery

3.21
mechanical recycling
procgssing of plastics waste into secondary raw material or products without significantly ghanging 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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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

3.25

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

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

NOTE 1

NOTE2 T
3.26

purge mate
material res
cleaning the
grade of poly

3.27
recovered n
plastics mat
recycled or (

NOTE S

3.28
recovery
processing @

3.29
recyclate
plastics mat

NOTE 1

NOTE 2 A
product, mate

3.30
recycling
processing
recovery

Thi

]

synonymously.

e term “post-industrial material” is sometimes used synonymously.

rial

Llting from the passing of polymer through plastics processing equipment for the purpo
equipment, or when changing from one polymer to another, or when changing from one colg
mer to another

haterial
brial that has been separated, diverted or removed from the Solid-waste stream in order {
sed to substitute virgin raw materials

pe 1ISO 14021.

f plastics waste material for the original purpose or for other purposes, including energy reco

rial resulting from the recycling of, plastics waste

e terms “plastics secondary. raw material”’, “recycled plastics” and “regenerate” are sometimes

5 soon as the used plastics material has been treated in such a way that it is ready to replace a
Fial or substance in@-production process, it loses its characteristics as waste.

Df plastics”waste materials for the original purpose or for other purposes, excluding er

te of
ur or

o be

ery

used

virgin

ergy

3.31
regrind
shredded an

NOTE

d/or granulated recovered plastics material in the form of free-flowing material

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.
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3.33
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 fragmentation

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 BSources

4.1 | General

Plasfics material for recovery may be obtained from various sources, including the{fellowing:

4.2 | Pre-consumer sources of materials

a) Plastics producers:

1+— off-grade materials.

b) Plastics processors:

1+— processing purge material and scrap;

1+— scrap products, parts and semi-finished products.

c) Pthers:

containers.

4.3 | Post-consumer sources of materials
a) Disposables:
1+— personal goods;

1+— packaging films and containers.

NOTIEE Such disposables may be recovered by sorted municipal collection systems or by speci
incentive_systems involving cash deposits on containers or by any other organized/unorganized individu

individuals for economic benefits.

1+ industrial and commercial products made of, or containing, plastics, including pa

ckaging and

fic consumer-
bl or group of

b) 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 and 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 recpvery targets in terms of material or energy content requirements. Relevant selectionccrjteria
include the [relative costs, competitiveness and environmental performance of the available options |(see
Annex A). Agcess to markets for recovered materials or energy is an important consideration.

NOTE Cpncepts and definitions of recovery are continually evolving. The basic principle of récovery lies in the
of an input (waste) into an output (product). Recovery is considered to be complete when secopdary
materials, fuels or products have been manufactured, or energy has been generated, in accordance with consensus-
standardized [riteria. Plastics recyclate with specified properties (secondary raw material) is(a\product, and recovgry is
considered to|be accomplished when this product has been produced and has become conimercially available, or epergy
has been gengrated (see Annex A and Annex B).

5.2 Material recovery

5.21 General

Material regovery of plastics waste encompasses three distiniet recycling routes: mechanical recy¢ling,
feedstock or|chemical recycling, and biological or organic recygling.

5.2.2 Mechanical recycling

5.221 Sequence of operations
The mechanical recycling option generally comprises the following sequence of unit operations, some of
which may ¢ccur simultaneously, that are*carried out as part of the recyclate preparation and production
process:

For plasgtics: collection — _identification — sorting — grinding — washing — drying — separating —
agglomerating — extruding/compounding — pelletizing

For reinforced plastics: collection — identification — sorting — grinding — washing — separating

NOTE 1 nl practice;-many plastics compounders use plastics recyclates in the form of flake as feedstock, elimifpating
the need for g prior pélletization step.

NOTE 2 In4he e-ofgroundplash e ad econds Fater

a e H asa Faw-rateriala it, the
sequence of unit operations is: collection — identification — sorting — grinding — product.

NOTE 3 In some cases where the sorting process is able to group the same type of plastics waste together, the
“separating process” after washing and drying may not be necessary.

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.

6 © 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,

preC. tohe ato O OU O O PDOTE O cWa ay1oe o oca PDOT1a

NOTE In order to optimize the recovery efficiency of plastics products and component parts, it is desir
for egse of disassembly and material identification as well as for minimization of variety in the types'of.plasti
mandfacture. Such criteria may evolve as a function of the future development and implementation of techni
resoyrce recovery.

a) |dentification

Varigus in-line analytical methods using techniques such as infrared analysis and trace-element
availpble for the identification of specific types of plastic and associated additives, thus pe
efficient downstream separation and segregation.

NOTE In some cases, identification codes, moulded into or printed\on to plastics parts or products (se
1ISO 1043-2, ISO 1043-3, I1ISO 1043-4 and ISO 11469 in the Bibliagraphy), will also provide a means
matefials, by type of plastic, at any point in the process, including“the post-consumer stage, during manug
sorting at the collection facility, and during disassembly of durable goods. In addition, other methods are
identify specific types of plastic, for example by the part shape or geometry, or acoustically by impac
combustion odour and copper wire corrosion test procedures:

b) PBeparation and sorting

Plasiics separation and sorting operations; which are generally required in all material recover
may |be carried out manually or automatically using appropriate means of identification. The m
and Efficient the means of identification, sorting and separation, the better is the quality of th
prodyct obtained. Depending on specific circumstances, a compaction process such as crushing
a sizp reduction process such as grinding or shredding, may be necessary to ensure easier handl

Due o the fact that manual sorting can give rise to a number of workplace environment problems
be chemical or microbialegical in nature, it is not recommended. Ergonomic problems due to re
and stereotyped movements are also a risk. If manual sorting cannot be avoided, the workpl

bble to design
C used in their
cal options for

tracking are
mitting their

e ISO 1043-1,
of separating
| or automatic
often used to
noise, or by

processes,
bre accurate
e recovered
or baling, or

ng.

, which may
petitive work
ace shall be

designed to minimize such problems.

NOTIE 1 Prefconsumer products can generally be sorted by type of plastic, in order to permit their [re-use in the
prodyction precess. Re-use of post-consumer products is generally rendered more complex as a result of their
contgmination-by adventitious heterogeneous plastics waste.

NOTE er 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.
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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 Al t and

handled prop4

| separated contaminants, such as those entrained in waste water, should be taken into aceoun
rly during these preparatory steps.

5.2.3 Feedstock or chemical recycling

stics
n be

s processes, well-known within the petrochemical industry, it is possible to convert some plg
5ic monomeric chemical constituents or into hydrocarbon fractions. Thesé chemicals can the
s polymerization feedstock or in other chemical processes.

Using variol
into their ba
used either ¢
NOTE 1 TJ}
packaging so

e depolymerization technique has already been demonstrated, e.g. for PET obtained from post-cons
rces such as collected commingled plastic bottles where the PET is sorted and subsequently depolyms

umer
rized,

generating m

In the case of

feedstock for

NOTE2 S

in blast furnad

5.2.4 Biolc

Biodegradat
organic or

processes, ¢
separate big

the biodegr

ASTM D 684
plastics may

decompositi

5.3 Ener

nomer feedstock for polymerization and the subsequent manufactdre of products such as bottles and f
some acrylic polymers, such as methyl methacrylate, monomer.ebtained by depolymerization also prg
commercial polymerization processes.

itable plastics wastes, as well as their derivative hydrocarbon fractions, have been used as reducing a
es and can be used in metal-smelting operations.

pgical or organic recycling

on is a viable option for the treatment of certain types of plastics waste in what is referred
biological recycling. Such plastics ;fnay be treated by aerobic or anaerobic decompo
fter collection and separation of-non-biodegradable contaminants. There is generally no ne
degradable contaminants sueh\as foodstuffs or vegetable matter residues from plastics that
hdability and compostability) requirements of standards such as ISO 17088, ASTM D ¢
8 or EN 13432 (see the.Bibliography). In the context of mechanical recycling, however,
themselves constitute_contaminants if they are likely to be subject to thermal degradatior
bn at the prevailingrecycling operating temperatures.

y recovery

bres.
vides

gents

o as
Bition
bd to
meet
400,
such

and

bther
stics
atory

Energy recavery is.a.Viable option for consideration with plastics materials in the same way as the
recovery opfions discussed in this International Standard. The direct combustion or co-combustion of plg
wastes in dystems such as municipal solid-waste incinerators operating in compliance with regul
requirements issi s -

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.
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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) pecure access to viable systems for collection and quality control.

NOTIEE A suitable traceability system for the target market may be set up based on appropriaté standards from the
ISO 9000 and ISO 14000 series. If relevant, provisions of 1ISO 14021 concerning self-declared environmental claims
should also be met.

6.2 | Contamination

Contaminants in recyclates may be polymeric in nature (e.g. the inclusion ef different polymers dr of different
grades and compounds of the same polymer) or non-polymeric (e.g. thé)presence in the originall polymers of
varigus functional additives, reinforcements or fillers such as are<defined in 1SO 1043-2, ISP 1043-3 or
ISO [1043-4). They may also be undefined as in the case of-adventitious contaminants such as labels,
closyres, metal inserts, dirt and residual contents of plastics containers or packaging.

NOT Relevant information about composition, additives;,colorants, fillers and reinforcing matefials are also
summarized in the material designation standards of ISO/TC 61,

Excdgssive levels of contamination may degrade.the quality of recyclates to the extent of rendering the
recoyered materials useless because of problems such as deterioration of their physical properties,
incompatibility and unacceptability of odour.

Contgmination levels may be minimized-by-a number of means, including the following:
— ¢lear identification and efficient'sorting of materials and products;

— gareful handling in the collection, separation and sorting phases;

— gffective separatiorhand washing processes;

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

NOTE In'seme cases, contaminants, if present in airborne dust for example, may necessitate spegial treatment
during recovery operations in order to ensure observance of industrial health and safety requirements.

6.3 LVisual-and-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

additives, in
material spe
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[0ding virgin plastics material. Any compounded additives that are present should be disclos
Cifications as well as in the material safety data sheets required by the relevant local legistatia

ia for acceptance

or the acceptance of recyclate for a specific application are governed by the{requirements ¢
nd by the agreement between the supplier and the user. These may include such informatior

fentification, including the batch numbers of the identified polymer;

additives, fillers, reinforcements and composition, such as the nature and concentratig
hants and the content of identified polymers and recyclates;

ical, physical and chemical properties and packaging reguirements.

e performance-based properties of specified recyclates,Will have to satisfy the requirements of any sq
is requirement is of critical importance in order to promote and develop the use of recycled plastics.

fal standards and product specifications

terial standards (including recyclate.*standards) and product specifications should, whe
based on performance standards and not on design standards that specify material sources
9). Plastics material and preduct specifications and standards should not prohibit the u
an alternative to virgin miaterials, provided that the recyclate meets or exceeds the spe
hterial and end-use performance criteria. In general, plastics material standards and pr¢
5 should not be compfomised to accommodate the use of recyclate. In addition, an adequate
traceability system.Should be in place in order to guarantee the origin, history and q
pf the recyclate,

are developed or revised.
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Schematic diagram of some plastics recovery options
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