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Monomer recycling towards a sustainable circular economy
of plastics?

A truly sustainable circular economy of plastics needs inno-
vative technological solutions. Monomer recycling for PET
plastic waste, like the revolPET technology, represents a vi-
able alternative to established technologies like mechanical
recycling and pyrolytic processes. The increase in prosperity
in almost all countries, especially those with a thriving tour-
Ism industry, seem inevitably faced with a growing waste
problem. Local and regional efforts are often overwhelmed
and thus, waste is (partially) released into the environment
in an uncontrolled manner. Plastic waste in particular repre-
sents a real threat to the environment. Avoidance or at least
a reduction of littering especially in emerging and developing
countries can be most efficiently achieved through a circular
economy system that offers a fair share of the value creation
for its local contributors.

Challenges in the circular economy

Unlike other regions around the globe, nearly every Europe-
an country has an established waste collection and sorting
infrastructure. In addition to this infrastructure, recycling
measures ensure the return of plastic waste and its recov-
ery, to a large extent. However, a major challenge in the end-
of-life section of the plastics value chain is the realization of
high-quality plastic waste recycling maximising its potential
as a raw material in the resource cycle. Mixed materials are
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commonly downcycled and end up in a qualitative downward
spiral where they finally end up in incineration plants or
landfills and thus, result in the loss of resources.

Mixed plastic packaging with a PET layer accounts for a

high proportion of plastic waste. The establishment of new
recycling methodologies as well as the development of in-
novative technologies for those mixed materials is therefore
necessary. However, this is associated with different chal-
lenges. First, the recovery of specific value components from
waste; second, the economic efficiency of the established or
developed technologies; and, finally, the minimization of the
environmental impacts associated with closing the loop.

The first challenge can be resolved by positive value crea-
tion for currently non-valuable wastes like coloured bottles
or multi-layered packaging. Profitability is often linked to
high recovery quotas of valuable constituents in technically
robust recycling processes as well as through assurance

of a sufficient feedstock. This set-up provides secondary
resources which serve as drop-in substitutes of primary raw
material. All this drastically reduces the necessity to use
fossil resources and leads to the reduction of environmental
impact. To ultimately show an overall environmental benefit,
the recycling technology requires a lower additional raw ma-
terial and energy demand than virgin production. Necessary
materials must be recirculated within or into the process and
used auxiliaries must not pose a high risk to humans or the
environment.
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Innovative monomer recycling: The revolPET technology

The newly developed revolPET technology ' sets a positive
example for tackling the different global challenges in
recycling PET waste. In the revolPET technology, PET is
depolymerized into its monomers, terephthalic acid (TA) and
ethylene glycol (EG). Within the process, other potentially val-
uable components as well as impurities are separated from
the desired monomers. The additional valuable components
are often other plastic materials, like polyolefins found as
components in high graded PET packaging. These so-called
multi-layer packaging or foils are not recyclable with state-
of-the-art technologies and thus, end up in incineration
plants or landfills, dropping out of the circular economy.
Valuable components like polyolefins from multi-layers are
separated through the revolPET process and can be fed into
other appropriate recycling routes. The PET monomers pro-
duced satisfy virgin material quality standards which can be
used to produce new PET packaging.

The revolPET technology keeps the complexity within the
process as low as possible. This technology is based on a
solid-solid reaction in an extruder that uses alkaline hy-
drolysis to selectively depolymerize PET polymers to its
monomers TA and EG. The technology reaches a yield of PET
monomers based on the PET content in the waste stream

of up to 97%. The high yield as well as the continuous op-
erating mode with a reaction time of less than 1 minute are
key success factors to economically and environ-mentally
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cope with recycling challenges. The direct utilization of the
reaction heat released during depolymerization for internal
pre-heating of the feed contributes significantly to the energy
efficiency of the revolPET process.

Sustainability

Huge amounts of raw materials and resources are globally
consumed annually by the private and industrial sectors. A
coverage of the resource demands by either natural or espe-
cially fossil sources is becoming increasingly difficult. There-
fore, the utilization of new secondary raw material sources is
Indispensable to maintain economic performance as well as
standards of living.

The revolPET technology contributes significantly to closing
the gaps in the resource cycle by providing virgin-quality
recycled PET monomers. The development of this process
Is continuously accompanied by ongoing assessments and
analyses with regards to economic efficiency and environ-
mental impact. Already at the current stage of development,
the economic perspective shows that economical operation
Is possible without restrictions. Furthermore, since the early
phase of process and development and design, the minimi-
zation of environmental impact was the focus and is now a
determining success factor, besides the economic aspects.
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The environmental impact caused by the revolPET tech-
nology compared to that of a fossil production route of the
monomers is clearly lower. The production process emits
40% less greenhouse gases than conventional processes
and the impact on the fossil depletion is even 60% lower as
the TA monomer production via the fossil route. These ben-
efits as well as photochemical ozone creation can already be
achieved at the current, early technology development stage
and this will be improved due to scale-up effects, until tech-
nological and commercial readiness is achieved.

The transfer of technology to global plastic waste hot spots,
like Southeast Asia or Western Africa, requires robust tech-
nology. It should be implementable with the least possible
alignment to existing local infrastructures. For sustainable
integration into existing end-of-Llife structures, the involve-
ment of local initiatives (e.g. cooperatives) is mandatory. The
establishment and expansion of further value-adding steps
in the end-of-life section of the plastics value chain creates
Jobs and thus, secures a fair share of the value creation for
local stakeholders. Moreover, it is indispensable to push for
knowledge transfer as well as for the training of local spe-
cialists.
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Future role and potential social impact

To meet the challenges of a fully closed circular economy

from both the local and global perspective, various comple-
mentary technologies are required. As a monomer recycling

technology for PET plastic waste, the revolPET technology
represents a trend-setting alternative to established tech-
nologies of mechanical recycling as well as pyrolytic pro-
cesses. The revolPET technology ensures the preservation
of non-renewable resources by recurrent recycling of PET
to its monomers with up to 60% reduction in environmen-
tal impact as compared to the fossil route associated with
the supplied unit of monomer. Due to the robust technical
implementation and low complexity, the integration of the
revolPET recycling technology in different regions of the
world can be realized quickly and with comparatively low
investment.
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