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1. New chemical recycling processes under development

Introduction
The chemical recycling of polyester waste has got increasing attention during the recent
years accompanied by numerous summarizing publications [1,2,3,] . Startups that published
their ideas and goals a few years ago are now on their way to realization, upscaling and
industry.

- LOOP INDUSTRIES
The first approach to depolymerize PET waste by hydrolysis to produce PTA changed to the
depolymerization by methanolysis to produce DMT [4]. See also US Appl. 20200392067,
20200299481, 20200298219, 20190390035 and 20190256450. Probably the thought caught
on, that the purification of DMT by vacuum distillation is by far easier than the purification of
raw terephthalic acid. LOOP meanwhile announced to run a 180 t/a polyester plant based on
methanolysis using PET waste as input.

- @Gr3n
Gr3n announced to erect together with an undiscovered investor an industry size
demonstration plant in 2021.[5]

- IONIQA and ACENTURE
IONIQA announced erection and startup of an industry demonstration plant with a capacity
of 30 t/d on July 2019 [6] Further information about performance of the plant and product
quality of the produced terephthalic acid are not available.

- GARBO srl
The company GARBO from ltaly is looking back of a long history in recycling. “The core
activity is recycling of the reusable silicon carbide grits and polyol suspending agents from
exhausted slicing slurries used in Silicon wafering operations in solar and semiconductor
industries.” [7] Out of this experience GARBO is developing under the label ChemPET™ an
EU-supported PET recycling process based on glycolysis and five stage purification of the
produced BEHT [8]. Recently PLASTIPAK and GARBO entered an exclusive cooperation to
commercialize the chemical PET recycling process of GARBO [9].
GARBO and PLASTIPA PACKAGING subsidiary PLASTIPAK Italia have entered an exclusive
partnership that will see them produce an estimated 100 t/d, or 36,500 t/a, of chemically
recycled preforms and bottles from post-consumer polyethylene terephthalate (PET) by end
2020/2021[10].

- IBM
IBM researchers have created a new technology called VolCat, a catalytic chemical process
that can turn PET, commonly used in food packaging and polyester clothing, into a
renewable resource. Base of the new process is the application of a volatile basic
depolymerization catalyst described in the US Applications 20160060419, 20150105532 and



20120223270. The scientific research about this kind of depolymerization catalysts is
reaching back to 2012 [11]. The chemistry behind this process is glycolysis by MEG. No public
information is available about the application of this new depolymerization process on pilot
or industry scale.

- EASTMAN
“EASTMAN offers innovative recycling technology for polyesters. ...EASTMAN’s advanced
circular recycling technology breaks down polyester-based products into their polymer
building blocks. These building blocks can then be reintroduced to the production of new
polyester-based polymers, delivering a true circular solution” [12].
The approach of EASTMANSs chemical PET-recycling is probably aiming to the polyester raw
material CHDM which is for instance used in large quantities to produce Eastman’s
amorphous polyester grades PETG and PET bottle grade. Similar to TEIJIN and LOOP the first
step of EASTMAN’s depolymerization is the methanolysis to produce DMT [12]. Based on an
old process from former HUELS/EASTMAN cooperation (DE patent 3843956A1) DMT can be
hydrogenated to produce CHDM.

- SOPREMA
SOPREMA (France) developed the so named SOPRALOOP process which consists of the
combination of mechanical and chemical polyester recycling at an industrial level to recycle
post-consumer complex PET plastic wastes into recycled polyols.
“The objective of SOPRALOOP is to deal with currently non-recycled post-consumer PET
waste (such as opaque and multilayer PET bottles, full sleeved PET bottles or multilayer PET
trays). With this unique industrial solution SOPRALOOP...it is possible to recycle all these
kinds of complex post-consumer PET waste into recycled polyols.... Therefore, SOPRALOOP is
the key solution that allows its users, such as SOPREMNA, to recycle annually 7 000 tons of
non-recycled complex PET, to produce 10 000 tons of recycled polyols...” [13].
The chemistry behind is a specific glycolysis where instead of polyester monomers polyol
building blocks are generated by using PET waste as raw materials. Such kind of process is
described for instance in W02016028837A1 whereas the first publications to this technology
are going back for 20 years to US4873268A or US20080194713A1.

- 1.9IFPEN
AXENS, IFPEN and JEPLAN (France) are joining their forces to commercialize an innovative
process for recycling of polyester waste [14]. Base is the Japanese JEPLAN process where PET
waste is destructed by glycolysis to BEHT which is in a number of process steps purified. The
raw BEHT is finished by high vacuum distillation. JEPLAN published to this process a detailed
and instructive demonstration video [15]. Target of the cooperation between AXENS, IFPEN
and JEPLAN is providing a commercial license to JEPLANSs glycolysis technology until 2023.

- CARBIOS + TECHNIP
CARBIOS and TECHNP (France) are working on an enzymatic hydrolysis of all kind of
polyester waste. “CARBIOS (St-Beauzire, France; www.carbios.fr) and TECHNIPFMC
(Houston; www.technipfmc.com), announced that TECHNIPFMC's operating center in Lyon,
France will be assisting CARBIOS to build a plant that demonstrates CARBIOS’ Enzymatic
Recycling Process.
The technology uses proprietary enzymes to recycle waste PET (polyethylene terephthalate)
plastics into monomers ready for repolymerization into PET with the same technical and
physical properties as virgin PET” [16]. The startup of the demonstration plant is scheduled
for summer 2021 [17].



- AMBERCYCLE
The AMBERCYCLE (USA) polyester recycling process is mainly focused on the use of waste
textiles as input material
Till today there is no patent published and only some rare information about the process is
available. The technology is seemingly using an enzymatic process where polyester is
separated from a cotton/polyester textile by hydrolysis.[18]
AMBERCYCLE is operating a pilot facility in Los Angeles in a 100 kg range.[19]
[https://www.newsindiatimes.com/indian-american-start-up-aims-to-lead-sustainable-
fashion-industry-through-new-chemical-recycling-process/)

- POSEIDON
POSEIDON is working on PET chemical recycling based on glycolysis to produce BEHT. The
process is demonstrated on a pilot line. POSEIDONSs first commercial facility is to be co-
located under a collaboration agreement and off-take agreement with industry leaders
engaged in the manufacture of polyester. [20]

2. Chemical recycling processes in operation

Compared to polyester mechanical recycling the chemical recycling processes in operation of
industry scale are still low in number, in which more of those processes have been
introduced into large-scale industry during the last 5 years.

- TEUIN
TEUIN is active in several projects with a history of more than 10 years. The chemistry behind
is methanolysis of polyester waste to DMT. As next step the DMT could be converted by
transesterification with MEG directly to polyester or the DMT is hydrolyzed to PTA which is
than useful for all kind of final polyester products like bottles, filaments, high tenacity yarn
or film.
Especially in the field of textiles TEUJIN is producing under the brand ECOPET™ a variety of
products like for instance sportswear, uniform, automobile interior materials. Detailed
information about production capacity or market volumes are not public [21]
The TEIJIN methanolysis process is licensed to JIAREN China where meanwhile a production
capacity of > 400 t/d is installed [22].
Further to this TEIJIN is involved in a DUPONT-TEIJIN project called LuxCR where PET waste
film is converted by glycolysis to BEHT [23, 24].

- JIAREN
The company was established in 2012. On the website [22], the
Zhejiang JIAREN presents itself as “the largest chemical method cyclic regenerated fiber
company in the globe”. The enterprise adopts the trademarked Eco Circle chemical cyclic
regenerative system technology owned by Japanese Teijin Company. The process uses
wasted polyester materials such as wasted garments and leftover materials as raw materials
for production and manufactures them into new polyester fibers with high quality, multi-
functions, traceability and eternal cyclicity, through complete
chemical decomposition. The initial output consisted of 25,000 tons per year, the second-
phase project aimed at 160,000 tons of output annually. A business relationship exists with
global companies including ADIDAS, NIKE, KAPPHAL, H&M, DECATHLON, IKEA and WAL-
MART.



In 2016, Zhejiang JIAREN New Materials and Zhejiang Lvyu Environment Protection
announced the building of the country’s largest textile recycling base in the Paojiang New
District. Furthermore, they decided to increase China’s textile waste recycling capacity
within two years to 600,000 tons annually or one-third of all textile waste.

- JEPLAN
JEPLAN integrated the PET recycling facilities PET-Refine Technology and is now producing
about 22 000 t/a r-PET based on its glycolysis process [25, 26].

- PerPETual POLYGENTA
The ReNew process is based on glycolysis of PET bottle waste and subsequent continuous
polycondensation connected to direct spinning of r-PET POY. The capacity of POLYGENTAs
Nashik plant (India) is currently about 12,000 t/a and on the way to further capacity
increase:

- FAR EASTERN NEW CENTURY (FENC)
FENC and COCA COLA announced recently a cooperation in polyester chemical recycling
where polyester waste is hydrolyzed to terephthalic acid which is subsequently purified to
rPTA. Scientific base of the new process is probably the Taiwan Patent 202012351. FENC
which is since years active in mechanical recycling is going now in cooperating with COCA
COLA to a chemical recycling industry process [27, 28]

3. SUMMARY
The significant difference between the mechanical recycling of mainly PET bottle waste and
the chemical recycling which is aiming finally to all kind of polyester waste are
process/investment costs and process complexity or more generally the difference between
manufacturing light industry and heavy industry. Within the first case one is able to generate
a result or profit with an investment between 0,5 and 5 Mio Euro against what the heave
industry investment is between 20 and 200 Mio Euro or even higher. Another hurdle of
chemical recycling is the fact that investments are today still ideology driven and not market
driven. As long as fossil based polyester is competing in a free market with chemical
recycling-based polyester the latter it has no real chance to win. The world would need a
general ruling that the price of a product depends on the carbon source — fossil or recycling-
loop — and all fossil-based products has to pay a recycling-loop-tax which is making fossil
products automatically more expensive than recycling-loop-based products.
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