


Chemical Plastics Recycling

Chemical plastics recycling can be used to describe any
technology that utilises processes or chemical agents that

directly affect the chemistry of the polymers within plastics’.

It breaks down long hydrocarbon chains in plastics into
shorter hydrocarbon fractions or into monomers using
chemical, thermal, catalytic or purification processes.
Purification is a slightly different method as it uses solvents
for removing additives from the polymers. Some authors
consider purification to be outside of the scope of chemical
recycling, as traditionally, these technologies only covered
pyrolysis, gasification and some forms of depolymerisation.
However, purification has been included in this overview for
completeness.

The output from all types of chemical recycling process is
the creation of a new substance from waste plastic that can
be used as a raw material for the re-manufacturing of
plastics and other products. It complements the mechanical
recycling process by enabling the further extraction of value
from the polymers that have exhausted their economic
potential for mechanical processing.
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Mechanical recycling cannot effectively separate additives
from polymers and cannot separate any non-intentionally
added substances that have entered the plastic waste
during use or reprocessing3.

Both mechanical and chemical recycling can therefore be
complementary processes, as when plastic waste is
contaminated and or mixed, it cannot always be
effectively processed by mechanical recycling methods,
which is currently the only large-scale recycling
technology available. Mechanical recycling is effective by
tackling primarily homogeneous plastic waste such as
plastic bottles. However, when it comes to recycling
plastic waste that is hard to recycle, there is a risk that it
could end up in incinerators in the UK or overseas with
the resultant detrimental carbon emissions. Therefore, in
this instance chemical recycling may become a highly
effective solution for keeping the materials in circulation.

1,2. https://www.bpf.co.uk/plastipedia/chemical-recycling-101.aspx
3. https://chemtrust.org/wp-content/uploads/Chemical-Recycling-
Eunomia.pdf




Types ot Chemical
Recycling
Technologies

There are a range of different chemical recycling
technologies, e.g. pyrolysis, gasification, hydro-
cracking, purification and depolymerisation.

These processes fall under the following three key

technology categories: chemical depolymerisation;
thermal depolymerisation, and; solvent purification
which are explored below.

4. https://worldplasticscouncil.org/resource/chemical-recycling-
plastics-circular-
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Key Concerns

Some of the key concerns surrounding chemical depolymerisation centre
around waste treatment, energy and contamination. The chemical
depolymerisation process requires homogeneous waste streams as an input.
Therefore, this requires extensive pretreatment and sorting technologies for
non-homogenous waste streams which are the most common. In addition,
some of the chemical reactions require catalysts to increase the speed of the
chemical process, and the quantities of the chemical reagents used within this
procedure are not fully understood. There is also a lack of clarity regarding
overall energy input requirements associated with current technologies. It is
thought that the process requires extremely high energy inputs which could
be a limiting environmental and commercial factor. Contamination is also a
concerning issue, there is generally a lack of understanding around the level
of contamination that current technologies can manage and how
contaminants are dealt with following purification. Finally, there is limited
published information provided for hazardous inputs or byproducts that
might be found within the system. Therefore, it's full application and
limitations cannot be fully confirmed.? sl



Example Technologies

It is important to note that the chemical depolymerisation process is only
possible for particular types of plastic, some examples include polyethene,
terephthalate and polyurethane.

Glycolysis, hydrolysis, and methanolysis are all depolymerisation pathways
that have demonstrated success at a pilot plant level or larger.3

Glycolysis is the most advanced in terms of demonstrating commercial
viability on a larger scale. Other forms of depolymerisation including
aminolysis and ammonolysis, have been tested at laboratory
demonstration level, however there is currently no evidence of progress
beyond this small scale.?

There are a wide range of technologies currently being explored to

commercialise® the chemical depolymerisation process, however a lack of
information regarding potential yields at plant level are a barrier to
successful commercialisation.

8. Miao, Y., von Jouanne, A., & Yokochi, A. (2021). Current
technologies in depolymerization process and the road
ahead. Polymers, 13(3), 449

9. QMRE unveils the UK's first plastic waste-2-oil system
https://www.gmre.ltd/gmre-introduces-first-vixla-plastic-
waste-to-oil-system-to-uk/
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Gasification typically occurs at high temperatures (700 - 1500°C), converting
plastics into a gaseous mixture of carbon dioxide, carbon monoxide,
hydrogen, methane, water and other light hydrocarbons, collectively known
as synthesis gas (syngas).'> While some of these feedstocks can in principle
be utilised to reproduce plastic, this would require significant subsequent
processing stages to convert the raw syngas products into new materials. It
is perhaps for this reason that there is little demonstrated evidence of this
depolymerisation technology as a mechanism to remanufacture plastics.3
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Example Technologies

Thermal depolymerisation has received significant attention in recent times,
however, so far it has been unable to achieve commercial viability in the long
term at an industrial scale. This is primarily due to the trade-offs between energy
inputs and the quality of the outputs generated by the system.3 It can be noted
that there are pilot and commercial scale plants in operation producing chemical
feedstocks. The outputs from these plants result in products for plastics
manufacturing (e.g. monomers) or for other chemicals, however, it is often in
tandem with the production of fuels in order to make the process economically
viable in the current market. The long-term economic viability of thermal
depolymerisation, will ultimately be dependent on whether the demand for
these recycled feedstocks can balance the energy and purification costs required
to produce them.'3 In view of this, the technology in its current format is more
likely to be used to produce simpler chemical feedstocks such as ethanol for
fuel.
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A further type of depolymerisation is enzymatic depolymerisation.
This technology allows for mixed, low quality and contaminated
plastics to be recycled without them becoming degraded. In
particular, Polyethylene Terephthalate (PET) is the main target
material for this type of depolymerisation, as generally, degradation
of this type of plastic would occur through mechanical processes and
in thermal depolymerisation. Biological processes (enzymatic), work
by placing plastic waste in a bioreactor with specific enzymes, for
example, PETase and MHETase.' These enzymes bind to the PET

polymers and monomers to break down the long PET polymer chains.

Once monomers and constituents are separated out, they can be
used and re-polymerized to create high quality plastics and other
petrochemical products.’>
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Some of the key benefits of this process is that it requires
much less energy than other forms of depolymerisation and
can also extend the life of plastics, potentially producing virgin
quality recycled plastic outputs and materials. However, in
some cases heat may be required as a pre- treatment step to
prepare mixed plastic waste for this reaction. In some cases,
this can increase emissions associated with the process and
therefore have a negative impact on the environment.
Although PET is the most common source of plastic for this
type of reaction, companies and research groups are looking at
other materials for commercialising this technology i.e.
Polyethylene furanoate (PEF), Polyethylene (PE) and
Polyurethane (PU) amongst other polymers.'®

16. Jeswani, H., Kruger, C., Russ, M., Horlacher, M., Antony, F., Hann, S., & Azapagic, A.
(2021). Life cycle environmental impacts of chemical recycling via pyrolysis of mixed
plastic waste in comparison with mechanical recycling and energy recovery. Science of
the Total Environment, 769, 144483
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https://emag.directindustry.com/2024/08/26/enzymatic-recycling-powers-the-circular-plastic-economy/
https://www.cleantech.com/enzymatic-depolymerization-and-recycling-using-enzymes-to-convert-linear-waste-streams-into-circular-supply-chains/
https://www.cleantech.com/enzymatic-depolymerization-and-recycling-using-enzymes-to-convert-linear-waste-streams-into-circular-supply-chains/

17. Please note that some authors consider purificg
scope of chemical recycling. It has been mcluded
.b

18. Cnppa M., De Wilde, B., Koopmans, R., e
research and innovation to inform policy a
19. Hahladakis, J. N., Velis, C. A., Weber, R
additives present in plastics: Migration,

and recycling. Journal of hazardous mate
20. Zhao, Y. B., Lv, X. D., & Ni, H. G. (2018).
Chemosphere, 209, 707-720

Once the purification process is complete, the polymer is extracted from the
solution and goes through a process of filtration, washing and drying. This
technology is particularly effective because it is dependent on solubility. In
respect to this, it can theoretically be applied to any type of polymer provided
that a suitable solvent can be found. However, when implementing this
technology on a commercial scale, its success is predominantly dependent on the
homogeneity of the waste stream, the associated solvent and the energy inputs
inquired required to ensure effective purification. Effective purification relies on
understanding the exact composition of waste, including both the plastic
component and contaminants within the waste input. However, there is a
significant lack of clarity regarding the impurities that are commonly occurring. If
all types of polymer contained within plastic waste are known, as well as the full
range of contaminants, the process could be used to purify multi material waste
streams, provided that sufficient solvent selection was achieved.? Theoretically
this could avoid the costs associated with segregated collection and advanced
sorting infrastructure required to separate specific polymer types.
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Example Technologies

Solvent purification is a chemical recycling technique that is yet to reach
commercial scale. However, there are some examples of companies that are
working towards, or have already reached the pilot plant stage. There have
been some examples concentrating on chemically recycling polystyrene foam
and PET/cotton blend fabrics.?> The key purification technologies are currently
aiming at Poly Propylene (PP), Low Density Polyethylene (LDPE) and
Polyetylene (PE) film/ flexibles, focusing on a bleaching/purification process.
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Key Benetits of Chemical Recycling

One of the most important benefits of chemical
recycling is that it serves as an alternative to landfill and
incineration, it is particularly useful for hard to recycle
plastic products such as films, multilayered and
laminated plastics.?®

Another potential key benefit is that it facilitates the
supply of potentially high-quality raw materials back
into the plastic supply chain. Most mechanical
processing of plastic waste can produce secondary raw
materials or products without significantly altering the
material chemical structure, whereas chemical recycling
breaks down plastics into valuable secondary raw
materials.

These recycled raw materials can then be used to
produce new chemicals and plastics with the same
quality as those made from virgin materials without
reliance on primary fossil resources.

26. https://www.bpf.co.uk/plastipedia/chemical-recycling-

In addition, the process could give a new value to plastic
waste that is otherwise unused. For example, around 30
million tonnes of plastic waste is collected every year in
Europe and around 85% of this is still incinerated or sent
to landfill. As this is a significant waste of valuable
resource, and in the context of incineration, adds
damaging CO, emissions to the atmosphere, chemical
recycling could help with regenerating contaminated and
or mixed plastic waste that cannot be recycled through
mechanical means.

In addition, and as an added benefit, there is potential for
chemical recycling to address and separate legacy
chemicals and substances of high concern, 27 substances
that have serious and irreversible effects on human
health (SVHCs) that can be present in end-of-life plastics
after multiple years of use.?®

101.aspx#:~:text=Chemical%20recycling%20serves%20as%20an%20alternative%20to%20landfill,virgin-

quality%20raw%20materials%20to%20the%20plastics%20supply%20chain

27. Wagner, S. and Schlummer, M., 2020. Legacy additives in a circular economy of plastics: Current dilemma, policy analysis, and emerging

countermeasures. Resources, Conservation and Recycling, 158, p.104800

28. https://cefic.org/a-solution-provider-for-sustainability/chemical-recycling-making-plastics-circular/top-questions-about-chemical-

recycling/
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Conclusion

To conclude, chemical recycling has some significant benefits that
can act as a complementary method to enhance recycling outputs
overall, when used in conjunction with mechanical recycling and
reuse initiatives.

However, this method of recycling, in the technology areas covered
currently lacks evidence of success, commercial viability, and an
understanding of environmental concerns which could be present
from all process types.

It is, however, important to consider chemical recycling as a
potential solution, particularly with HMRC's recent approval of
chemical recycling as an acceptable method for producing recycled
plastics under plastic packaging tax.

Further research and evidence are required in order to make this a
commercial, viable process and work towards a circular system
whereby more plastic can be recycled and utilised repeatedly.
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Together, we stand for a world beyond waste.
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