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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Resource use optimization, resource savings, environmental impacts’ minimization are among priorities
in a perspective of sustainable development. These priorities apply also to the packaging sector. Since
many years, this latter has developed initiatives in these directions, working on the packaging design
aspects as well as on the organization of the logistic chain, on setting up recovery and recycling schemes
or on the development of used packaging recovery or recycling technologies.

For various reasons, 1nc1ud1ng the diversity of natlonal or regional contexts, some confusion arose from

e e e e ers could
rely on clear and unanlmously agreed upon deflmtlons of the terms used and of the respectlve benefits
of the various recovery/recycling options.

ISQ/TC 122/SC 4 is developing standards on the optimization of the packaging system (ISO 18602), on
refise (ISO 18603), on material recycling (ISO 18604), on energy recovery (ISO_.18605) and ¢n organic
re¢ycling (ISO 18606).1SO 18601 will define the general requirements for the usé-of these ISO ftandards
in the field of packaging and the environment.

Thiis Technical Report is an attempt to clarify some ideas relating to the©oncept of “Chemical Recovery”,
to jput it in the perspective of the other recovery options and to help4ocal stakeholders to identify the
lodally most appropriate treatment option, on the basis of a commadn understanding of the tefms and of
th¢ basic requirements specific to each recovery technology. In this‘Technical Report, the metHodologies
of themical recovery of used packaging are described.

© IS0 2013 - All rights reserved v
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Packaging and the environment — Processes for
chemical recovery

1
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Scope
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foqus of this Technical Report is for used packaging, although the processes described axé n
forlused packaging and can be used for recovery of other materials of same type. Processes fo
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materials, or the direct substitution of natural resouréces by using used packaging. These recovered che

be

2

ght be interpreted in two different ways:

hydrogen by gasification, to recover coke, oil and gasses by cokefaction;

for example, flakes of used plastic packaging may use in{blast furnace in the place of
reducing agent.

hmples and key characteristics of chemical recovery, ptiocesses are given in Annexes A to E

TE For the purpose of this Technical Report; “Chémical recovery” means the production of
ntical to or differing from, the starting raw materials that were used for the production of the

used as such, or as reactants in further chemical’syntheses; directly ‘in situ’ or in another producti

Normative references

overy of used packaging are applicable for plastic packaging or biomass-based, packagi

cling. The
bt specific
" chemical
Ing, which

processes to recover valuable chemical substances by chemical treatment of used pacKaging, for
example, to recover monomers of polyethylene terephthalate (PET) ¥~ hydrolysis, glycolysis or
methanolysis, to recover oil by catalytic reaction or pyrolysis, to recover valuable gas¢s such as

processestodirectly substitute used packagingfornaturalresqurces withoutchemical pretreatment,

coke as a

chemicals,
packaging
micals can
n process.

Thie following documents, in whelé or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. Fof undated
references, the latest edition of the referenced document (including any amendments) applied.

ISQ 21067, Packaging —£ Vocabulary

ISQ 18601, Packaging and the environment — General requirements for the use of ISO standards fn the field
of packaging and, the environment

3 | Terms'and definitions

For the*purposes of this document, the terms and definitions given in ISO 21067, ISO 18601, and the
fol Uwiug app]y.

3.1

monomer recovery
processes to recover monomers such as by decomposition of used packaging

Note 1 to entry: The industrial processes are established to recover monomers to produce polyethylene
terephthalate (PET) such as dimethyl-terephthalate (DMT), bis-hydroxyethyl-terephthalate (BHET) and ethylene
glycol (EG) by chemical decomposition of PET. The processes to recover monomers from the following polymers
are at the development stage for polymers such as; polycarbonate (PC), polyamide (PA), polystyrene (PS) and poly
lactic acid (PLA) polymer.

©lI
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3.2
oil recovery
processes to recover oil from used packaging such as by decomposition with or without catalyst

3.3

gas recovery

processes to recover gases useful for chemical industries as their raw materials (hydrogen and carbon
mono-oxide) such as by carbonization and partial burning of used packaging

3.4
reductio ngnhl‘ inblast furnaces

product groviding carbon and hydrogen to replace coke with used packaging in blast furnacés,for
steel production

Note 1 to eptry: In the conventional steel production processes, coke is used as a reduction agent.

3.5
raw matdrial for coke manufacturing
product t¢ partially replace coal with used packaging for raw material of coke furnaces to produce cqke

4 Inventory of relevant existing documents
Various options of chemical recovery are also addressed in some standardization documents, for example
— IS0 15270:2008, Plastics — Guidelines for the recovery and.recycling of plastics waste

— IS0 18601, Packaging and the environment — General requirements for the use of ISO standardq in
the field of packaging and the environment

— IS0 18604, Packaging and the environment — Material recycling
— IS0 21067, Packaging — Vocabulary

5 Identification of further packdging-specific needs related to chemical recovery

The primg objective of this TechnicalReport is specific for used packaging. In order to meet the needg of
the markdt, the used packaging fraction ending up in a chemical recovery process is in many cases uded
in combinption with other materialfractions of the same type. Therefore the processes described in this
Technical|Report are in practise-not restricted to used packaging.

Each recgvery option dias’its own specifications, e.g. number of materials, maximum levels| of
contamingition, etc. Certain materials may be incompatible with some chemical recovery processes)In
cases of slgnificant-amount of such materials being included, pre-treatment to remove these should|be
introduced to avoidthose problems.

Chemical recovery is included as material recycling as an option. If used packaging, i.e. source material,
is collected in mono-material route, the used packaging is feasible for mechanical recycling. In the case
of PET bottles, however, chemical recovery by monomer recovery is also feasible to obtain high grade
PET resin. In the case of expanded polystyrene (PS), some parts of source material can be recycled by
mechanical recycling, and the other parts, i.e. contaminated material, are generally used as source of
chemical recovery. If used packaging, i.e. source material, is collected in commingled material route,
such material can be used as sources of chemical recovery other than monomer recovery. These recovery
options possess wide acceptability of source material, commingled or contaminated, if only it does not
impede the operation of facilities.

2 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=504bab9883ccd5a925f45dd7c32fe0de

ISO/TR 16218:2013(E)

An example of assessment checklist is given in Annex F.

NOTE Plastic materials are most suitable for these processes. However, if there is no obstacle on the operation
of facilities, biomass-based materials such as wood, paper and fibre can be incorporated into the process.

© IS0 2013 - All rights reserved 3
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Annex A
(informative)

Examples of monomer recovery of PET

A.1 Mageriat

Any PET product, including bottles, film, fibre and fabrics, can be used for the monomer recovery| of
PET. Used|PET bottles are a candidate of starting material for the process. Used PET bottles aré sorted
before processing.

A.2 De¢omposition processes
In industifial processes, PET bottles are shredded, washed, and dried to produce PET flakes as showrn in

Figure A.1 and prior to being decomposed in a second step. The contaminants are usually removed at
the flaking operation.

shredding chemical
PET bottle washing PET flakes o
. decomposition
drying

Figure A.1 — Pre-treatment (flake production)

Two decomposition processes have been established, namely glycolysis and methanolysis, as shown in
Figure A.4 and Figure A.3, respectively.

PET
flakes Decolouration
Depolymerization BHET Crystallization Purified
Filtration BHEAT
Ethylene Molecular distillation

lycol

PET

resin

Polymerization
Ethylene
glycol

Figure A.2 — Glycolysis process

In glycolysis, the mixture of PET flakes and ethylene glycol is heated up to decompose PET. Bis-
hydroxyethyl-terephthalate (BHET) is recovered by this process. The recovered BHET is de-coloured,
crystallized, filtered, and then molecular distilled to obtain pure BHET. The pure BHET is directly
employed to polymerize PET resin. Ethylene glycol is recovered from the polymerization process.

4 © IS0 2013 - All rights reserved
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Decolouration Purified
DMT Crystallization

DMT
Filtration
Depolymerization ¢_k_$
Ethylene

glycol

PET flakes

Methanol

TPA Methanol

A

PET resin

Polymerization BHET
Ethylene

Glycol |(a—

Figure A.3 — Methanolysis process

In [methanolysis, the mixture of PET flakes and methanol is heated sup_to decompose PET. Di-methyl-
teflephthalate (DMT) is recovered by this process. The recovered"\DMT is de-coloured, crystallized,
filjered to obtain pure DMT. The pure DMT is converted into pure terephthalic acid (TPA) and methanol.
Thijis TPA is converted into BHET by addition of ethylene glycol; which is employed to polymerize PET
regin. Ethylene glycol is recovered from the polymerizationpracess.

© IS0 2013 - All rights reserved 5
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Annex B
(informative)

An example of oil recovery

Any orgarlic materials including plastics and biomass-based materials can be used for oil recoyéry. Uded
is a candidate of starting material for the process, if only it is collected/sorted. Gommingled

the de-HCl|extruder, biomass-based materials such as wood, paper and fibre are incorporated into the process.

B.2 Prqgcess

Oilrecovefry is a process to recover high quality oil (hydro-carbon oil) fromused packaging by treatment
at high temperatures (under inert conditions) with or without catdlysts. There are several processes
running i Japan. A typical process is shown in Figure B.1.

Recovered
HCl

Gas incineration

™ Gas
HCl recover

Pretreatment by
de-HCl extruder

Usdd packaging
(Soyrce material)

Heating i ; .
s ‘Agglomerate cating In Prod.uct High quallty
pyrolysis drum cooling oil

1

Residue —C Energy )
recovery

Figure B.1 — A typical process of oil recovery system

The used [packaging’is, at first, introduced into an extruder to remove chlorine. By incineration of the
generated gas; HCl is recovered for recycling. The heat generated by incineration is utilized in the process.
The plasticmelt extruded from the extruder is introduced into a pyrolysis drum to decompose polymers.
The prod ctsarecootedtoobtain high qua‘lity oit-whereas gascomponentsare nret scd withthe—gas
generated from the extruder. The residue in the pyrolysis drum called char is utilized for energy recovery.

B.3 Use

The recovered high quality oil can be used in the place of heavy oil, as either chemical feedstock or fuel.
NOTE1 Note that the oil recovery process can be less efficient than other recovery processes. In the process,
a portion of the used packaging is consumed to supply energy for the process. Thus, all of the used packaging is

never recovered as oil. The priority of oil recovery is set lower than the priority for more efficient processes.

NOTE 2  The decomposed gas and oil are utilized as fuel or chemical raw material.
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Annex C
(informative)

An example of gas recovery

2013(E)

Anly organic materials including plastics and biomass-based materials can be used for gas.recoyery. Used
pafkaging is a candidate of starting material for the process, if only it is collected/serted. Commingled
anfl slightly contaminated used packaging can apply for this process.
C.2 Process
In industrial processes, hydrogen has been obtained by cracking natutal gas or petroleum. By the gas
re¢overy from used packaging, these resources are replaced by the uised packaging. A typical process is
sh¢own in Figure C.1.
Steam
Conditioning in
Gas high temp.furnace Gas (Hz, CO)
Used packaging Gasification in
(Source material) low temp.furnace Heat Utilizatio
Residue e
Incineration
02
Figure C.1 — A typical process of gas recovery system
Uspd packaging is\gasified in a low temperature furnace under inert condition. The char [is burned
using oxygen t6supply energy for the process. The effluent gases are then treated with steanm in a high
temperaturefyrnace to produce valuable gases (hydrogen, carbon mono-oxide, etc.) for the rawjmaterials
in fhemicakindustries. The slag of the residue incineration is utilized to recover rare metals, dtc.
C.BAlse

The gases recovered are useful as a feedstock to manufacture ammonia and organic chemicals.
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Annex D
(informative)

An example of reduction agent in blast furnaces

D.1 Ma
Any orga
agent in b
collected

D.2 Prc

In the co
processes

erial

hic materials including plastics and biomass-based materials can be used for reduct

sorted. Commingled and slightly contaminated used packaging can apply for this process.

)CESS

hventional steel production processes, coke is used as a reductien agent. The industy

Incineration
Absorption
Washing
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pvC
sorting

ed packaging
urce material)

De-chlorination

Figur

The used
Kkiln with
The solid
plastics),
steel prod
furnace g

Y Y

: Power
. Solid | i Blast furnace gas i
Shre(.idl.ng Blast furnace
Classifyihg

e D.1 — A typical process to use used packaging as reduction agent in blast furnace

packaging is sorted to remove PVC and other contaminants. PVC sorted is treated in a rotg
roke to remove-chlorine. The gases generated in the rotary kiln are incinerated to recover H

he used-packaging is shredded and classified to use for reducing agent in blast furnaces
uction:A part of the source materials introduced into blast furnaces is converted into bl
s, which is utilized for power generation.

last furnaces. Used packaging is a candidate of starting material for the processyif.only it i

are established to replace coke to used packaging. A typical process’is shown in Figure D.1.

on

ial

Iry
ClL

(coke and~char) is utilized as a reducing agent in blast furnaces. After sorting out PVC (other

for
hst
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