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Editorial

dear
readers
As many of you will have noticed, we have been including more and more topics that go beyond “just”
bioplastics incorporating everything plastic related under the renewable carbon umbrella. In this issue, we
have a couple of very interesting points of view regarding advanced recycling and chemical recycling in

and diligent in their evaluation. As of now many chemical recycling facilities do not actually go the
“plastic to plastic” route but rather a “plastic to fuel” route, which begs the question of whether they are
even better than simple incineration. In the best-case scenario, they are merely an “in-between step”
that may be necessary to scale these technologies – in the worst case they are simply greenwashing
environmentally unsustainable practices. Many (but not all) are very energy-intensive technologies –
this means that for them to have a shot at being an actual solution these facilities need to be run with
green energy. While the current war in Ukraine is hopefully a long overdue wake-up call for many
governments to switch to renewable energy (and materials) faster only time will tell if these transitions
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actual sustainability and while I am personally very hopeful for these technologies, we need to be careful
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particular. There are many new promising technologies in development that range differently on their

will be undertaken (in time, or at all). UK citizens had a very unkind, and certainly unfunny, “April’s fool”
as energy prices increased by over 50 %. While I am writing this just before going to Munich for our
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7th PLA World Congress (see p.12) people are going on the streets in Rotterdam (the Netherlands) to

of Shell’s “double talk” on climate. “They (Shell) are not winding down on oil and gas, but planning to

ISSN 1862-5258

safety consultant working with Shell for over a decade, openly cut all ties with the oil giant because
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gaining more and more traction, and rightly so. In times where people like Caroline Dennett, a senior
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rebel against the fossil industry. Groups like Extinction Rebellion that are organizing these protests are

ies

explore and extract much more”, after reading statements like this it is no wonder that people feel
the need to put pressure on their governments to finally do something – even if that means putting your own
health and bodies on the line.
I hope that we, as bioplastics MAGAZINE, are doing our part by bringing you the latest developments of the
industry, this time with focus on Beauty & Healthcare and Injection Moulding, and by facilitating conversations
and discussions on these relevant topics as we will have done (by the time this issue goes into print) at the
7th PLA World Congress. In this issue, we have two Basics articles, one about starch and another about the

biocompatibility of PHA.
We have the technologies and the know-how to significantly influence the future of our planet, while the
plastics industry cannot fight this battle alone, we do have a part to play and if you are in a position of power
I urge you to leverage it to bring the change we so desperately need. Have the courage to speak up to the

Follow us on twitter!

www.twitter.com/bioplasticsmag

system, worst case scenario break ties in “mic drop manner” like Caroline Dennett, or take it to the streets
like the folks of Extinction Rebellion. Time is not our ally on this one.
I remain stoically optimistic, but we cannot be naïve – chemical recycling might be a solution, it might be
a false hope – in any case, we need to push forward. Push biobased and biodegradable alternatives, push
recycling technology – the old and the new – push CCU innovations.
I hope that despite all the uncertainties we are facing you still manage to enjoy reading this issue of
bioplastics MAGAZINE. Let’s remain optimistic, but not naïve, let’s bring change – be it in corporate boardrooms
or on the streets – if not us, who else?

Like us on Facebook!

www.facebook.com/bioplasticsmagazine
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SABIC (Riyadh, Saudi Arabia) recently announced
a collaboration with Mattel (El Segundo, CA, USA)
to incorporate certified renewable polymers from
Sabics TRUCIRCLE™ program across Mattel’s
products offering. The first Mattel toy products to
enter the market in 2022 using certified renewable
Sabic® PP (polypropylene) polymers will be from
MEGA and Matchbox, with more to follow.
Heading the initiative will be MEGA BLOKS
Green Town, the first-ever toy line available at
mass retail to be certified CarbonNeutral. These
new construction playsets, including the Grow &
Protect Farm and the Build & Learn Eco House,
embrace the sustainable material choice and help
teach kids green behaviours. From the Matchbox
brand, all Action Driver playsets and the Matchbox
Recycling Trucks contain SABIC materials, which
supports the brand’s Driving Toward a Better
Future initiative, to make all Matchbox die-cast
cars, playsets, and packaging with 100 % recycled,
recyclable, or biobased plastic materials by 2030,
in line with Mattel’s corporate goal.
Mattel is the first company in the toys
market to work with Sabic in a mass balance
approach designed to return second-generation
renewable feedstock into high-quality new plastic
applications. The partnership directly supports
Mattel’s goal to achieve 100 % recycled, recyclable,
or biobased plastic materials in its products and
packaging by 2030 and is an important step forward
in their transition towards a circular economy. AT

Trinseo (Berwyn, PA, USA) recently announced the launch of
a more sustainable version of its established MAGNUM™ ABS
resins for automotive applications.
During polymerization, fossil-based polymers are combined
with renewable raw materials according to a mass balance
process, resulting in Magnum Bio ABS resins with up to 80 % bioattributed content, based on the ISCC Mass Balance approach.
Trinseo strives to use second-generation waste such as used
kitchen oil and residue from the pulp industry that do not compete
with the food chain and are consistent with a sustainable food
future. Because the renewable raw materials become identical
in chemical composition to their fossil-based counterparts
during feedstock cracking, segregation during manufacturing
is unnecessary. The material is structurally and functionally
the same as its fossil-based counterpart and can be used with
existing tooling and equipment under the same processing
conditions, meaning there is no need for requalification, all while
offering a significantly lower CO2 footprint.
“The launch of Magnum Bio ABS further extends our
portfolio of sustainably-advantaged materials dedicated to the
automotive industry”, said Frank Schumann, Global Marketing
Manager, Automotive, Trinseo. “Following the successful
market introduction of our PULSE™ GX ECO Series, PC/ABS
with recycled content, we are excited to provide our automotive
customers with more solutions that help them achieve their
sustainability targets”.
Recently, Trinseo launched the Sustainability Business &
Services (SBS) unit led by Francesca Reverberi, SVP & Chief
Sustainability Officer. The new unit is focused on collaborating
with all other business units, leveraging technologies,
supporting sustainability-related initiatives, and ensuring their
2030 Sustainability Goals will be achieved. MT
www.trinseo.com

Global Warming Potential
(kg CO2eq per kga)

www.sabic.com | https://corporate.mattel.com
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Here’s a look at our most popular online content of the past two months.
The story that got the most clicks from the visitors to bioplasticsmagazine.com was:
tinyurl.com/news-20220329

Certified OK Biodegradable Marine
(29 March 2022)

Tianan Biologic’s (Ningbo, China) Enmat Y1000P PHBV has been certified
OK Biodegradable Marine by TÜV Austria. Coming two months after the
OK Compost Home certification, by TÜV Austria as well, this welcome
news makes Y1000P PHBV a truly sustainable and biodegradable material
solution.
bioplastics MAGAZINE [03/22] Vol. 17
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Carbios enzymatic
recycling technology
Carbios (Saint-Beauzire, France) recently announced
the validation of the 3rd and final technical step of the CEPET research project, co-funded by ADEME (France’s
Environment and Energy Management Agency), for
which Carbios is the lead partner alongside its academic
partner Toulouse White Biotechnology (Toulouse,
France).
This achievement confirms, once again, the full
potential and breadth of Carbios' enzymatic recycling
process, C-ZYME™. This breakthrough innovation
makes it possible to produce a wide variety of products
of equivalent quality to those of petro-sourced origin
from any PET waste, including textiles.

The first white PET fibre recycled
enzymatically from coloured textile waste
Worldwide, around 90 million tonnes of PET are
produced each year, more than 2/3 of which are used to
manufacture fibres. However, only 13 % of textile waste
is currently recycled, mainly for downcycling, i.e. for
lower quality applications (such as padding, insulators,
or rags). By successfully manufacturing at pilot scale a
white PET fibre that is 100 % enzymatically recycled from
coloured textile waste, Carbios is paving the way for the
circular economy in the textile industry. C-ZYME is now
on the doorstep of industrialization and will soon enable
the biggest brands to move closer to their sustainability
goals.

Textile waste that can also be used to
manufacture food contact packaging
In November 2020, Carbios had already produced the
first transparent bottles from textile waste. These 100 %
recycled PET bottles have now passed the food contact
validation tests. This is an important step that paves the
way for the use of a new waste source for the production
of biorecycled PET food packaging.
Separate collection of textile waste soon to be
mandatory in Europe from 1 January 2025 the separate
collection of textile waste, which is already in place in
some countries, will be mandatory for all EU Member
States (European Directive 2018/851 on waste). Carbios’
process will be one of the solutions that will enable this
waste to be sustainably recovered and included in a truly
circular economy model. These technological validations
were carried out as part of the CE-PET research project,
co-funded by ADEME. In particular, the project aimed to
develop Carbios' enzymatic PET recycling process on
textile waste. The C-ZYME technology is complementary
to thermomechanical recycling and will make it possible
to process plastic and textile waste deposits that are
currently not or poorly recovered. For the validation of
this stage of the project, Carbios received EUR 827,200
(EUR 206,800 in grants and EUR 620,400 in repayable
advances). AT
www.carbios.com/en

Biobased epicerol
Technip Energies (Nanterre, France) announced that
OCIKUMHO, a joint venture between OCIM (Kuching,
Malaysia) and Kumho P&B Chemicals (Seoul, South
Korea) has signed a license agreement for a 100,000
tonnes/a EPICEROL® plant for the production of
epichlorohydrin (ECH) from glycerine.
ECH is a compound mainly used to produce epoxy resins.
Its main applications serve the clean energy market,
such as wind, solar, tidal, and electricity transmission,
providing corrosion protection coatings. It is also used in
the industrial, automotive, and packaging industries and
as composites in the aerospace industry.
Using a biobased raw material, Ocikumho’s unit will
be integrated into a new processing complex using
electricity made by hydropower, in Sarawak, Malaysia to
serve the growing ECH market. Ocikumho will be the first
to manufacture epichlorohydrin in Malaysia.
Bhaskar Patel, Senior Vice President Sustainable Fuels,
Chemicals and Circularity, commented: “Epicerol offers
a cost-effective process with a reduced carbon footprint
compared to traditional propylene-based ECH. This
breakthrough technology produces no wastewater, fewer
emissions, effluents, and harmful by-products, making
it one of the most environmentally friendly processes
possible”.AT
www.technipenergies.com

Electrochemical
conversion of CO2

Avantium (Amsterdam, the Netherlands), announced
that it has been awarded a EUR 3 million grant by the EU
Horizon Europe programme for its participation in the
4-year research and development programme WaterProof.
This programme aims to demonstrate the value
of electrochemical conversion of carbon dioxide
(CO2) into high-value chemicals and products.
Avantium is a frontrunner in developing and
commercialising innovative technologies for the production
of chemicals and materials based on sustainable carbon
feedstocks, i.e. carbon from plants or carbon from the air
(CO2). One of Avantium’s innovative technology platforms
is called Volta Technology and uses electrochemistry to
convert CO2to high-value products and chemical building
blocks such as formic acid, oxalic acid, and glycolic acid. The
latter two are key building blocks for polyesters and other
materials, allowing the production of CO2-negative plastics.
The WaterProof programme aims to demonstrate
the full value chain of a closed carbon cycle. Under
this programme, Avantium will convert CO2, from
wastewater purification and waste incineration into
formic acid using its proprietary catalytic electrochemistry
platform. This formic acid can then be used to make new
consumer products. This project will demonstrate that
competitive and profitable business opportunities can
be created by turning CO2 into value-added products. AT
www.avantium.com
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EPBP endorses PET/PEF packaging in PET bottle
recycling stream
Avantium (Amsterdam, the Netherlands), announced that the European PET Bottle Platform (EPBP) has awarded an interim
endorsement to Avantium, allowing the recycling of multilayer PET/PEF packaging in the European bottle recycling market.
PEF can be used, amongst others, in multilayer PET (polyethylene terephthalate) bottles as a barrier material, replacing
existing barrier materials such as nylon. Due to the excellent barrier properties of PEF (the ability to withstand gas permeability
through the bottle), this leads to a full polyester (PET and PEF) product design for beverages such as carbonated drinks, juices,
or beer. The replacement by PEF of other barrier materials, such as nylon, furthermore leads to improved recyclability of the
multilayer PET bottle.
In accordance with the EPBP protocol, an independent third party (PTI Europe Sarl) conducted an evaluation to determine
the effect of multilayer PET bottles containing 10 % PEF on the PET recycling stream. The results have demonstrated that the
PET/PEF multilayer bottles have no negative impact on haze and other properties of the resulting rPET products at a market
penetration of 5 %, also taking potential local accumulation into account. Based on the assessment’s outcome, EPBP has
awarded an interim endorsement to Avantium’s PEF resin.
Dirk De Cuyper, CEO of Resilux (Wetteren, Belgium), is pleased with this interim endorsement. Resilux, an international
rigid plastic packaging supplier, signed a conditional offtake agreement for PEF with Avantium in 2021. “This endorsement of
EPBP is an important milestone for the market introduction of PEF. We believe that PEF as a barrier material will significantly
improve the circularity of high-barrier bottles for carbonated and/or perishable beverages. The results leading to this interim
endorsement show the potential of combining the PEF performance in PET product
designs. We look forward to teaming up with our customers to further close the
loop for PET recycling”.
The interim endorsement applies for a period that will expire on 30 June 2025.
This interim period allows Avantium to collect data from the recycling market at
scale, once Avantium’s commercial plant is operational, expected in 2024. If the
data is in line with its guidelines, EPBP will convert the endorsement to a full
endorsement. The full text of the EPBP interim endorsement is published on the
EPBP website. MT
www.epbp.org | www.avantium.com | www.resilux.com

Renewable MEG technology
Braskem (Triunfo, Brazil), and Sojitz (Tokyo, Japan), have
signed an agreement to establish a joint venture which will
produce and market bioMEG (monoethylene glycol) and
bioMPG (monopropylene glycol). Subject to the conclusion
of technology development in 2022, the business plan
includes the construction of three industrial units, with the
startup of the first plant in 2025, taking advantage of market
opportunities and feedstock availability. With the agreement
signed, the establishment of the joint venture has been
submitted to antitrust authorities for approval.
The joint venture will combine Braskem's expertise in the
industrial production and sale of chemicals and plastics made
from renewable sources with Sojitz's strong presence in Asia,
a region that concentrates 80 % of the global MEG market and
where its consumption registered the highest growth.
"We are pooling the efforts, expertise, and investments of
the two companies that are references in their respective
segments to create a global leader in bioMEG that can meet
the strong market demand for sustainable and renewable
products", said Gustavo Sergi, Renewable Chemicals &
Specialties Officer at Braskem. "The partnership between
Braskem and Sojitz marks the advance of technology developed on a demonstration-scale with Danish company

8

bioplastics MAGAZINE [03/22] Vol. 17

Haldor Topsoe (Lyngby, Denmark) – to the commercial
production phase with a clear combination of competencies
and resources for scaling up," he added.
"We are pleased to have the partnership with Braskem.
We promote this sustainable material to various industries
globally with our strong and wide-ranged market networks",
said Manabu Endo, General Manager of Basic Chemicals
Dept. at Sojitz. He added, "This is a huge progress towards
our ambition to realize 100 % Biomass PET together with our
project to produce bio paraxylene, another raw material of
PET, partnering with Japanese partners".
MEG is the raw material for the production of polyethylene
terephthalate (PET), which has numerous applications and is
an essential input in sectors such as textiles and packaging,
especially beverage bottles. Currently, it is produced mainly
from fossil-based raw materials such as naphtha, gas or coal,
and its global market stands at around USD 25 billion. On the
other hand, monopropylene glycol (MPG) is a product that
has a wide range of applications from unsaturated polyester
resins (UPR), commonly used in the construction sector, to
cosmetics. MT
www.braskem.com | www.sojitz.com
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At the World‘s biggest trade show on plastics and rubber: K‘2022 in
Düsseldorf, Germany, bioplastics will certainly play an important role
again. On three days during the show bioplastics MAGAZINE will host
a Bioplastics Business Breakfast: From 8am to 12pm the delegates
will enjoy highclass presentations and unique networking opportunity.
Venue: CCD Ost, Messe Düsseldorf
The trade fair opens at 10 am.
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Events

Renewable Materials Conference
Review

T

he unique “Renewable Materials Conference 2022”,
10–12 May in Cologne (Germany), attracted over 400
participants who came to see the latest developments in
bio- and CO2-based chemicals, plastics, and other materials
as well as advanced recycling technologies in search of nonfossil solutions. 60 speakers and 25 exhibitors from leading
companies presented their innovative products and strategies.
Over 400 questions were posted by the participants for 14
panel discussions, which were ranked by 1600 likes.
The first day of the Conference started strong, kicking off
with Avantium (Amsterdam, the Netherlands), showing that
they are anything but a one-trick PEF pony with a lot more to
offer. One of them is electrochemical CO2 reduction to formic
acid, oxalic acid, and glycolic acid, which are planned to be
used for CO2 based plastics in a later stage, among other
things.
One very interesting statement came from Peep Pitk from
Fibenol (Tallinn, Estonia) while promoting their own industrial
scale-up and wood to sugar transformation he said that “we
cannot replace all fossil feedstocks with biomass – biomass
is limited”. A statement that in itself seemed to legitimize the
very conference it was made on, promoting a wider range of
solutions that go beyond just going green and one-fits-all
silver bullet solutions.
After the lunch break Paul Bremer, a perhaps rather
unusual presenter at such a conference – showed the results
of rheingold’s (Cologne, Germany) psychology-based market
research about the image the chemical industry has with
end consumers – sinner or saviour. The gist of it was that big
chemical companies should not try to paint themselves as
grand saviours to climate change problems without admitting
that they aren’t without sin in matters of pollution. The best
course of action seems to be to meet consumers at eye level
showing them developments that fit into everyday life and
thus give the consumers a sense of agency. It is, of course,
easier to simply blame the chemical industry than to accept
that they are an essential part of contemporary society – and
therefore will have to play an important part in the solutions
that are desperately needed.
The rest of the day seemed to follow similar lines of thought
– there are already a lot of projects being done and investments
are made, however, this won’t be enough by itself. There is a
lack of supply chains for a lot of materials that can already
be recycled by new technologies, and so far, legislation hasn’t
done enough to promote and enable these options. Or as
Jens Hamprecht from BASF (Ludwigshafen, Germany) quite
astutely stated, “dumping is not made expensive by the
legislator – so it appears to be an easy solution”.
In all of this, one other point became once again quite clear,
communication of what is possible is more important than ever,
these new technologies are not a threat to classical recycling,
but rather complementary to the systems already in place
(which nonetheless need to be improved as well). However,
this is a complicated problem and people like easy solutions
(like simply banning plastic cups or straws), but as Lars
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Börger from Neste pointed out, “communication is important,
but more often than not, when you make it (the whole climate
crisis shebang) easy (to understand) you also make it wrong”.
And as if to prove the point, even at a conference with the
focus on materials we found a piece of wrong/misleading
communication. The packaging of a give-away gift at one of the
exhibition booths claimed the following: “This bag is made of
renewable raw materials. This enables environmental-friendly
disposal and 100 % composting”. While both statements of
biobased origin and compostability may be true – correlation
is not causation, one does not necessarily cause (enable) the
other! Moreover, the necessary environment for the “100 %
composting” remains unclear. It is painfully obvious, that
communication remains one of the biggest challenges of the
industry.
During the second day of the conference participants
had to make some potentially tough decisions as the event
split into two – one with a more general focus on renewable
materials, including topics such as chemical building blocks,
technology, and markets – and a second parallel block of
presentations with a focus on fine chemicals. Both included
interesting topics and panel discussions with sometimes
rather provocative questions such as “Do we need more
‘new plastics’, or should we rather make the existing ones
renewable?” that Thomas Farmer from the University of York
(UK) was asked after his presentation on new materials made
by enzymatic polycondensation that could potentially replace
PBAT or PBAF (his answer was that it might be smarter
to look at both). Or why SABIC is working on upcycling
technology that would transform single-use PET bottles
into PBT when there are already (comparatively) robust PET
recycling systems in place; and how renewable materials
fit into Saudi Arabia’s broader political strategy framework
that seems to shift from fossil-based fuels to fossil-based
materials. The last block combined the two parallel sessions
again with the Renewable Materials of the year 2022
award. This year’s winner was Twelve Benefit Corporation
(USA) for their Electrochemical CO2 Transformation
to Chemicals and Materials (for more details see
https://tinyurl.com/RMC-Award22).
Overall, a day full of many topics and opinions, and lots
of room for discussion which were probably continued in
more detail during one of the breaks or at the end of the day,
accompanied by a Kölsch (local beer) or two.
The last day offered insights into everything the novainstitute has to offer, covering every inch of the industry.
Followed by insights into brand owners’ positions (LEGO and
Henkel) and policy including a representative of the European
Commission.
The last day closed with a closer look at biodegradation.
Andreas Künkel of BASF explained the basics of
biodegradation while Miriam Weber of HYDRA addressed
the topic of biodegradable plastics in the open sea The last
session included a presentation on unidirectionally biofibre reinforced thermoplastic tapes to produce so-called

Events

By: Alex Thielen

organo-sheets. These semi-finished sheets can be
thermoformed and subsequently be back injected on an
injection moulding machine. So, sophisticated composite
parts can be manufactured with natural fibres such as
hemp and thermoplastic matrices such as PP but also
biobased resins such as PLA.
Overall, a very interesting and engaging event, and for
some the first in-person conference they had attended
in a long time. Considering that the conference season
is in full swing, with conferences on similar topics
every other week, the Renewable Materials Conference
demonstrated how important it is to look at all available
options to tackle both climate change and the plastic
waste problem. And the number of participants in
combination with vibrant discussions and a, in general,
very good reception underlines the need for such events
that demonstrate the interconnectedness of the different
parts of the industry (or rather industries) and facilitate
cooperation throughout the value chain. While I am far
from being an optimist in the face of these challenges
that go far beyond the plastics industry, I come home with
a little bit more hope after a conference such as this one
– we may just make it, but it won’t be easy.
https://renewable-materials.eu
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Everything PLA
Conference review
The 7th PLA World Congress, organized by bioplastics
was held in Munich on the 24th and 25th of
May with overall over 90 participants (42 in the room
and 45 online). The hybrid event brought together players
from all parts of the industry and after the long Coronacaused in-person conference break did feel at times like
a class reunion of the industry, with many old and wellknown as well as new faces coming together to talk and
discuss everything PLA.
MAGAZINE,

Trying to summarise 25 presentations and seven Q&A
sessions ranging from very technical and scientific topics
to passionate and politically focused calls to action is no
easy feat. The first day of the two-day conference had
many noteworthy presentations and fruitful discussions,
kicking off with a keynote speech by Remy Jongboom from
Biotec (Emmerich, Germany) where he talked about the
fossil addiction of our society, pointing to the painfully
obvious that the status quo needs to change (see also bM
02/22). One of these changes might lie in chemical
recycling and Francois de Bie (TotalEnergy Corbion,
Gorinchem, the Netherlands) was the first to talk about
the recyclability of PLA and how it is inherently more
suitable for chemical recycling then conventional fossilbased plastics (see also p.32).
Another thing that is inherently more suitable is
having a representative of the industry on the cover of
bioplastics MAGAZINE – Allegra Muscatello from Taghleef
(S. Giorgio di Nogaro, Italy). Next to looking great on the
front page and introducing the PLA materials Taghleef
has to offer she also pointed out some of the drawbacks
of PLA, which to a large degree are on the legislative side,
including a lack of infrastructure but also education and
communication about biodegradable materials.
And while this conference focussed on PLA, somehow
a presentation about PHA managed to sneak in – not
without reason. Hugo Vuurens from CJ Bio (Seoul,
Korea) gave a quick intro into PHAs (pointing out that
technically PLA, as a matter of fact, is a PHA too) before
going into more detail about what makes CJs PHA
special – amorphous PHA. Compounding even small
amounts of amorphous PHA with PLA improve the
biodegradability of the overall material – an issue often
associated with PLA (the need of industrial composting
that is).
The first day ended strongly with a highly anticipated
presentation of Ramani Narayan (Michigan State
University, East Lansing, MI, USA), who talked about the
science behind biodegradability and (home)composting
– while also addressing the doubts some of the previous
presentations raised about the value of biodegradability and
compostability of PLA. Ramani had a couple of take home
messages: everybody in (industrial and home) composting
is talking about temperature, but temperature is not
arbitrary – temperature is caused by the microbial process,
it decreases and increases due to the microbial metabolism
– an exothermic process. Therefore, a drop in temperature
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in a composting process simply means that there is not
enough carbon “to chew on” for the microbes. He points
out that it makes little sense to test the compostability
of material at a certain fixed temperature because the
process itself raises the temperature – composting is a
continuous process with raising and falling temperatures,
which depends on the amount of carbon available and
the types of bacteria (mesophiles and thermophiles)
that are active. The standard temperature for homecomposting is around 20°C which is at the lower end
of bacterial activity (where is just starts but is far from
really kicking off), while 58°C (industrial composting
standard) is the temperature with the highest bacterial
activity. So, standards for home-composting should
relate to the actual bacterial metabolism and the heat
generated by the process instead of arbitrarily fixing a
temperature. He went into more detail how this relates
to the conversion of polymers, however, this would be
worth a whole article in this magazine on its own.
The first block of day two was packed with interesting
presentations through the bench, Patrick Gerritsen
(Bio4Pac, Nordhorn, Germany) made a charismatic call
to action saying that “the problem with PLA” is not the
material, it is the traditional (fossil focused) system. To
be able to compete against or within this system there
needs to be a change of mind in customers, producers,
and governments. Capacity needs to increase, much
more than it already is as capacity of traditional plastics
is also growing, outperforming that of PLA. Regulations
and legislations need to actually promote biobased and
compostable alternatives, and as pointed out recycling
is also a more than realistic option for PLA – the goals
of EU plastic pact will be impossible to reach if this does
not happen. Patrick said that, “although we know that
some of these targets will never be reached we still
continue with this lie, and we (the PLA industry) needs
to compete with lies. What we do as an industry is for
the future, it’s not for now. It’s either change or die.”
The solutions lie in taxing non-recyclable materials,
proper waste regulation that accept proven compostable
materials, force waste processors to accept PLA (to in
later steps make recycling of PLA a viable option) – open
up the system, if bioplastics and PLA in particular are
not accepted the set goals will never be reached.
Patrick was followed by Karin Molenveld (Wageningen
University & Research, Wageningen, the Netherlands)
who made quick work of the myth that PLA is detrimental
to PET recycling. She said that claims of recyclers are on
the one hand unfounded as there is not nearly enough
PLA in the market to have examples of detrimental
influences, and that the PLA that is in the market has
small chance of even ending up in the PET recycling
stream. Her research showed that PLA contamination of
up to 8 % would not have any effect on the functionality of

recycled PET, a number so high PLA producer wished they
even had the capacity to cause it if all their material would
end in the wrong recycling stream.
The first block ended with Ari Rosling from Arctic
Biomaterials (Tampere, Finland) showing of biodegradable
glass fibre PLA compounds, where the glass fibre actually
improved the biodegradation of the PLA materials, giving
it higher heat resistance that are suitable for extrusion,
injection moulding, and pultrusion.
In the second block Lien Van Schueren and Willem
Uyttendaele from Centexbel (Gent, Belgium) looked at PLA
in fabrics including the coating and printing of fully biobased
clothing and later on two presentations from different
Fraunhofer institutes (ICT and IAP) did a kind of tag team
introduction into stereocomplex PLA materials.
The last block started with the last in-person
presentation by Zsolt Bodnar (Filaticum, Miskolc, Hungary)
who introduced his 3D printing filaments and PLA foams.
Zsolt enthusiastically promoted collaborations with other
companies that are interested in his materials saying that
people should just ask for material to try for their application
– trial and error always beats theoretical considerations
and that he and his company would help tweak the material
to reach the desired attributes. PLA filaments are easy to
modify with additives Zsolt said, “it is somewhat my dream
to design polymers to customers requirements and we have
already done it a couple of times”.
The block ended with Shilpa Manjure of NaturTec (Circle
Pines, MN, USA) who talked about the importance of
taking the shelf life of materials into account especially in
consideration with adding PLA regrind to a material. Shelf
life does decrease with additional regrind so one should
consider both data from accelerated aging (which her
research looked at) and real-life data in combination with
the performance criteria for the application. This will help
make accurate predictions of shelf life of a given product
using PLA containing recycled content.
This was, of course, only a fraction of the topics, themes,
and insights present at the 7th PLA World Congress, luckily
it is still possible to view the recorded videos of all the
presentations and Q&A sessions online simply contact
mt@bioplasticsmagazine.com for more details.
www.pla-world-congress.com
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Even biomass has an
expiration date
Renewable biomass is one of the key clean energy resources
that will help manifest a low-carbon future. However, the
process of developing viable and sustainable biobased fuels,
chemicals, and products from biomass suffers from similar
limitations to stored produce – they decay and expire.
Lynn Wendt, senior scientist at Idaho National Laboratory
(Idaho Falls, ID, USA), has dedicated much of her research
toward addressing biomass decay challenges. She pioneered
the development of high-moisture lignocellulosic biomass
– like switchgrass, corn stover, and miscanthus – and
microalgae storage and handling systems. These systems
not only stabilize biomass by delaying its decomposition
but also by increasing its value in downstream conversion,
making it easier to break down the biomass cell walls.

A loaf of bread, a quart of milk, and a vat of
microalgae… will eventually expire
Fuel for the human body is typically grown or raised on the
farm or in a garden and then stored, either as a dry good or in
a refrigerator or freezer. While it’s stored, food can spoil. The
same can be said for the biomass used to develop biofuels
and bioproducts. After harvest, biomass is stored until it can
be processed, and it has a shelf life, subject to the same
natural decomposition methods.
Like many of the foods we regularly enjoy, biomass and
microalgae are best used when fresh or well preserved.
Physiological and physiochemical processes, like internal
heat generation and decomposition, degrade biobased
materials after harvest and collection. The root of the problem
is microbial respiration occurring within harvested materials,
breaking down large molecules which are converted to
carbon dioxide and lost to the atmosphere. These processes
can rot or shrink the biomass materials and can even in very
rare cases cause spontaneous combustion.

Using science to control rot and decay
Wendt’s course of research and discovery on valueadded biomass storage systems began in 2007 as she
worked to define an approach to preserve high-moisture
corn harvest remnants (e.g. corn stover) from uncontrolled
decomposition. These efforts began her quest to understand
the critical factors to carbon retention during storage and
the use of microbial fermentative by-products (e.g. CO2 and
methane), anoxic environments (i.e. without oxygen), and
other approaches to stabilize biomass storage systems and
add value.
The laboratory and field studies that Wendt organized
defined both the practical considerations for biomass
stabilization [1] and the economic [2] and environmental
value proposition for this approach. It was while researching
corn stover that Wendt expanded her research scope to
include microalgae. Her goal was to manage its moisture
and stability challenges. Microalgae have a high potential to
remove atmospheric carbon as well as to be used for biofuels
and bioproducts development.
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Microalgae: Not your average pond scum
The microalgae moisture and stability challenges stem
from inherently metabolically active conditions due to
the combination of actively growing microalgae cells and
the diverse bacterial community associated with outdoor
cultivation ponds. If left to their own accord in high moisture
environments post-harvest, microalgae can lose nearly
half their value in one month. During their research on
microalgae, Wendt and her team identified conditions that
shifted microbial communities within microalgae storage
ecosystems for preservation and production of value-added
metabolic products for downstream conversion [3], namely
lactic and succinic acids.

Corn to algae to corn: The path to value-added
biomass storage is not linear
Applying lessons learned from her studies on post-harvest
microalgae as value-added chemical producers [4], Wendt
then applied the principle of value-added storage back to
corn stover biomass, which ultimately spurred one of her
fundamental scientific achievements: developing valueadded storage systems for corn stover.
Wendt’s team embarked on a pathway to reduce the
barriers responsible for biomass recalcitrance, or the
resistance of plant cell walls to breakdown by enzymes and
microbes.
Focusing her research at the cellular level, Wendt began
by observing the natural biomass recalcitrance within corn
stover cell wall layers and tissues. She studied how these
factors could be shifted during long-term high moisture
storage so that the plant’s cell walls break down more
easily. The alkali is sprayed onto freshly harvested corn
stover, which is then compacted to remove oxygen and
then stored so that alkali reacts with other elements in the
corn stover to further the breakdown of the biomass. The
culmination of this work involved detailing the fundamental
connections and characterization of alkali-assisted storage
to the downstream processing and reactivity of corn stover.
Alkali added to the corn stover is a method to remove lignin,
a compound in the cell walls of plants that makes them
rigid and woody. Facilitating lignin removal during longterm storage and before further downstream processing,
offers a more elegant, innovative, and cost-effective biomass
feedstock processing method [5].
Alkali storage for corn stover helps create a more costeffective biomass feedstock processing method. Image
courtesy of Idaho National Laboratory
Securing the nation’s supply chains from uncontrolled
loss in biomass storage is critical to increased production of
decarbonized, sustainable biofuels and products. Through
her scientific innovation and team leadership, Wendt is
bridging the gap between fundamental and applied sciences
and exploring an approach critical for commercialization of
sustainable bioenergy. AT

Feedstock
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This is a depiction of the feedstock
logistics supply chain for wet storage.
Image courtesy of Idaho National
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Not your average SOS
How to prevent algae crop collapse

N

ational laboratories discover the tell-tale signs of
algae distress to target effective treatments and
mitigate crop collapse.

Algae are an exciting renewable feedstock for the future
of sustainable fuels and products. Yet lurking in or around
every algae pond are pests – grazers and predators that
have the potential to devastate the algae crop. Algae ponds
have the potential to crash or be overtaken quickly because
of these pests, turning from a healthy, vibrant green to
sickly brown and dead in a matter of hours to days. This
rapid deterioration poses significant challenges for the
scale-up of algae production in the future.
However, what if there was technology to monitor and
predict these pond crashes before they happen, giving
pond operators time to deploy the right countermeasures?
Researchers at the Sandia and Lawrence Livermore
National Laboratories (SNL and LLNL, Albuquerque, NM
and Livermore, CA, USA respectively) are doing just that.
Sandia scientist Todd Lane leads a collaboration between
SNL and LLNL that has developed a rapid, cost-effective
method to monitor chemical signals – called volatile organic
compounds (VOCs) – that algae emit when under stress.
In a recent study in the journal Metabolites, the team
describes how they tested whether their monitoring
tool could distinguish between different types of algae
stresses. Biotic stress occurs because of damage done by
an organism while abiotic stress is caused by non-living
impacts on a specific environment.

More than Mayday: Algae’s customized distress
calls
In their study, funded through DOE’s Genomic Science
program within the Office of Biological and Environmental
Research, the team used the algae strain Microchloropsis
gaditana and subjected it to either grazing by a rotifer (a tiny
animal predator that eats algae) or a series of freeze/thaw
cycles. In this way, they were comparing biotic with abiotic
stress.
Their discovery was promising and novel – algae being
eaten by grazers put out different chemical signals than the
algae that were frozen and thawed. Interestingly, there were
also some chemical signals produced during both types
of stress, suggesting that algae produce general stress
signals alongside signals specific to a particular stressor.
The group identified and reported on the specific VOCs
that the algae emitted. These compounds can be used as
chemical signatures to detect and diagnose early signs of
stress in algal cultures with the goal of delivering targeted
and effective treatments prior to a catastrophic culture
crash.
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During a pond crash, algae rapidly turn from green and healthy
to brown and sickly. Pictured here are example ponds (healthy
and sickly) from the Algae Raceway Testbed at Sandia National
Laboratories. Photo courtesy of Sandia National Laboratories

Carolyn Fisher and Kristen Reese are co-first authors
on the paper. Fisher was a postdoc at SNL when the
work was carried out and is now a staff member at LLNL.
Reese was a graduate student at LLNL when the work was
carried out and is now a postdoc at the U.S. Food and Drug
Administration.
“The efforts of our work to develop early diagnostic
markers of a pond crash, specifically VOC biomarkers from
abiotic- and biotic-wounded algae, have great potential to
increase the yield of algae-derived compounds, with the
target of reducing prices of manufacturing biofuel and
bioproduct production precursors”, Reese stated.

Bacteria bodyguards bully potential algae
grazers
Alongside their work on algae monitoring, Lane and
his team are simultaneously working on techniques to
help algae crops resist being eaten. Rotifers and fungi
are common grazers and parasites that can lead to
rapid algal pond crashes. The team identified a bacterial
community that can be grown alongside an algal species,
Microchloropsis salina, that protects it from grazing by the
rotifer Brachionus plicatilis.
In a newly funded project, Lane and his team are extending
their work to a series of relevant fungal pathogens. Their
goal is to identify bacterial communities that can protect
algae from fungal infection. Taken together, Lane and his
team are using funding from BETO to advance the field of
algae crop protection, which is critical to scale up algae for
cost-effective biofuel and bioproduct production.
To learn more about algae crop protection, see BETO’s
recently published Barriers to Scale: Algae Crop Protection
Workshop Summary Report. AT
https://www.energy.gov/eere/bioenergy/articles/barriers-scale-algaecrop-protection-workshop-summary-report
https://www.mdpi.com/2218-1989/11/10/707/htm

Solvay (Brussels, Belgium), a global leader in naturallyderived beauty polymers, expands its range of biodegradable
guar-based solutions, introduced in December 2021, with
two additional thickening and conditioning polymers for
beauty care. The two new ingredients, Jaguar® NAT SGI and
Jaguar Excel, will enable beauty brands to address stringent
global regulations and growing consumer expectations for
more responsible and sustainable beauty products.
“Until recently, the availability of biodegradable functional
polymers in the market has been limited”, explains JeanGuy Le-Helloco, Home & Personal Care Vice-President
at Solvay. “Our biodegradable Jaguar ingredients offer
formulators a range of sustainable game-changers to
create a wider choice of responsible hair and skincare
products”.
Next to developing the new biodegradable Jaguar
ingredients, Solvay experts created the Beauty Biodeg
Score chart based on the OECD (Organisation for Economic
Cooperation and Development) guidelines ranging
from A to D. The two new ingredients Jaguar NAT SGI, a
readily biodegradable thickening polymer (score A), and
Jaguar Excel, an inherently ultimately biodegradable
conditioning polymer (score B), meet the toughest criteria
for biodegradability (Following the OECD 301 F and OECD
302 B guidelines). They complement Jaguar HP-8 COS SGI
for thickening and Jaguar C500 STD for conditioning, both

rated score B. Typical applications include shampoos, hair
treatments, hair conditioners, styling gels, body washes,
and powder-to-liquid cleansers.
“By assigning a biodegradability score to our products,
we help external stakeholders appreciate the swift progress
Solvay is making in the development of biodegradable and
sustainable products with full and transparent traceability”,
says Galder Cristobal, Home and Personal Care Research
& Innovation Director at Solvay. “We have entered a new
phase of innovation with new polymer technologies and
are investing in advanced biodegradation testing for nextgeneration beauty ingredients. Our new biodegradable
Jaguar ingredients are just the beginning”.

Beauty & Healthcare

New biodegradable guar-based
polymers for beauty care

The guar beans used to produce the Jaguar polymers
are a natural and renewable resource, partially sourced
through Solvay’s Sustainable Guar Initiative (SGI) program
in Rajasthan, India. The SGI program is designed to
implement best farming practices, conserve groundwater,
improve local quality of life and empower women farmers
while securing high-quality guar supplies.
Solvay’s commitment to sustainable beauty is at the
essence of Beauty for the Planet, an initiative aimed at
delivering sustainable beauty ingredients that work for
consumers and the environment through innovation and
partnerships with customers. AT
www.solvay.com
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Beauty & Healthcare

Zero Compromise? Beautiful.

I

n the beauty industry, consumers treat packaging as an
extension of the product itself. Bottles, jars, tubes, and
compacts must look and feel as luxurious as the products
they hold. A growing number of consumers search for
beauty that runs more than skin deep – in the form of
products that are made and packaged with sustainability in
mind.

The consumer perspective
As of 2019, more than half (54 %) of sustainably-minded
U.S. consumers said they were much more likely to
purchase colour cosmetics from brands offering recyclable
or recycled content packaging [1].
This desire for sustainably packaged cosmetics has not
abated with the global pandemic. Findings from a 2021
Eastman (Kingsport, TN, USA) global consumer survey
suggest that it has grown even stronger, with 67 % of
global skincare consumers indicating they would purchase
products more often from brands that use recyclable or
recycled content packaging [2].
There’s a catch, though. Eastman’s research also
indicates that compromising on design, clarity and quality
of packaging can reduce consumers’ likelihood to purchase
skincare products with recyclable packaging by half [2]. So
consumers want recycled content and recyclability, but that
desire does not detract from their high expectations for
aesthetics.

No more compromise
Exceptional clarity, brilliant colour and lustre, and
worry-free durability are marks of luxury in beauty
packaging. Molecularly recycled materials can meet these
high standards while providing the luxury experience
consumers expect. Traditionally recycled plastics often
suffer from challenges in aesthetics such as poor colour
or transparency. They look cloudy or limit brands to thin,
flimsy, or simply shaped packaging.
“At Eastman, we believe sustainability shouldn’t require
a compromise. This is a primary reason we have embraced
material-to-material molecular recycling technologies”,
said Tara Cary, segment market manager for cosmetic
packaging at Eastman.
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These technologies create value from waste by using
hard-to-recycle waste plastic, instead of fossil fuels, as
feedstock. Molecular recycling breaks down this waste
plastic into its molecular building blocks, and these basic
components are then used to produce new materials
which are identical in structure to those traditionally
manufactured from fossil fuels. The resulting products
look and feel just like the traditional materials that beauty
brands use, with no decrease in aesthetics or performance.
Best of all, they generate significant sustainability
benefits – not only diverting plastic waste from landfills
and reducing reliance on fossil fuels but also, in the case
of Eastman’s technologies, reducing greenhouse gas
emissions associated with producing new plastic material
when compared with traditional manufacturing processes.
Switching to new materials often results in disruptive and
expensive manufacturing changes, such as retooling and
requalification. However, products made with molecular
recycling – since they are structurally identical to their virgin
counterparts – offer drop-in solutions which are compatible
with existing moulds. They can therefore be adopted quickly
and inexpensively, allowing brands to make rapid progress
towards their sustainability goals.

Brand impact
Beauty industry leaders are already introducing molecular
recycled content into their packaging. Amorepacific (Seoul,
South Korea), Clio Cosmetics Seoul (South Korea), and
LVMH Perfumes & Cosmetics (Paris, France) are just a few
examples of the companies now using materials like Cristal
Renew to advance their packaging sustainability without
compromising performance. As more players in the beauty
industry embrace materials made with molecular recycled
content, we can all create a greater positive impact on our
planet. AT
[1] Eastman U.S. Sustainable Leader Consumer Community, 2019, Color
Cosmetic Survey
[2] Eastman 2021 Global Skincare Study

www.eastman.com

Award-winning new upcycling solution
for the cosmetics industry

S

ustainability is one of the hottest topics in beauty
today. But how can the sector move beyond
packaging to innovate with new concepts, product
formulations, and materials to win over the eco consumer?

New megatrends in cosmetics

Four properties are crucial for cosmetics applications of
Hydal PHA:
1. Particle size.
2. Particle shape.

 Waterless Cosmetics – water is a fundamental
ingredient in cosmetics, with some formulations
consisting of up to 90 % of water.

4. Molecular weight.

 Less is more – eco-friendly minimalist.

Hydal PHA concept and benefits
Hydal PHA concept brings solutions for those megatrends.
Hydal PHA is an upcycling ingredient and biopolymer
produced biotechnologically from two biosources – used
natural oils or waste from beer production. The specific
form of the biopolymer is P3HB. This biopolymer is
biocompatible, non-toxic, and fully biodegradable (it is
the reference material for biodegradability in the new
microplastics regulation).
And our biopolymer was also awarded as Gold Green
Ingredient 2022 during In-cosmetics global event in Paris.
Hydal PHA is a new type of cosmetics ingredient and is
unique because:
1. The manufacturing process – is a biotechnological
process based on Green Chemistry and Zero Waste
Manufacturing.
2. Feedstock – the feedstock for biotechnology is the afteruse product. This makes it possible to replace primary
sources with secondary raw materials.
3. Raw material – the biotechnology output is a biopolymer
with unique generic properties (biocompatibility,
biodegradability, non-toxic) and unique properties as a
cosmetic ingredient with broad application potential.

By Lenka Mynářová, Aneta Pospíšilová
NAFIGATE Corporation, a.s.
Prague, Czech Republic

Unique Hydal PHA properties for cosmetics
application

Innovation is the only right and possible tool. And
innovations have to meet the new global megatrends:

 Upcycled ingredients – going full circle.

By:

Beauty & Healthcare

PHA for cosmetics

3. Modification (chemical, biological, physical).
It is necessary to develop a mix of properties for each
application. The raw material is suitable only for a limited
number of applications.
Hydal PHA is a new cosmetic ingredient that:
1. replaces microplastics and complies with all
requirements for their regulation;
2. replaces existing ingredients that do not meet
sustainability requirements or have potential safety risks
(e.g. TiO2);
3. creates the basis for new compositions such as a
polymeric matrix;
4. it is an active ingredient in selected products – e.g.
sorbent in deodorants;
5. it is an ingredient for coating/encapsulation;
6. it is a booster of UV protection;
7. it has great application potential in the field of wound
healing/dressing.

Conclusion
Upcycled ingredients are a new trend. They are starting
a new era in the cosmetics industry. The rapid onset of this
trend will be further accelerated by eco-scoring. That is one
of the reasons why NAFIGATE created the new EcoScore
Beauty Consortium. Its main goal is to prepare for this time.
www.nafigate.com

4. Environmental impact – 1 kg of biopolymer saves 6 kg
CO2 eq. And all measured impact categories have a
positive environmental impact due to avoided sources.
5. Biodegradability – P3HB is a reference material for
biodegradability and is thus unique in its properties.
6. Biocompatibility – the monomer is a part of human
metabolism, and the polymer has excellent potential in
biomedical and cosmetic applications.
As for the three megatrends, Hydal PHA fulfils two of
them:
 It is the ingredient for the waterless formulation.
 It is upcycled ingredient with positive environmental
impacts in LCA.
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It’s not just what’s on
the inside that counts

Mari Saario
Sustainability Director of Sulapac
Helsinki, Finland

Sustainable packaging materials provide strategic value
Setting the new material standard

Consumers have truly sustainable options at last

The growing awareness of unintended consequences of
conventional plastics has forced key players of the beauty
industry to reevaluate materials they use, e.g. by replacing
fossil-based plastics with renewable, more sustainable
alternatives. Recycling and reusing alone can’t tackle the
problems caused by rising plastics production volumes.
In addition to the threats to climate and biodiversity,
microplastics have entered our food chain to such a
degree that we eat the equivalent of a credit card (5g),
every week [1].

Most importantly, once there are truly eco-friendly products in the
market, consumers have options to choose from. Eco-conscious
brands focusing on natural and clean beauty were among the first to
turn to sustainable packaging solutions. They have also been a keyway
for independent, emerging luxury brands to make a statement about
their mission and values. Now, the trend is beginning to expand to
mainstream and luxury brands. At the beginning of this year, an
important milestone was seen when the house of CHANEL (London,
UK) launched N°1 de CHANEL. Its eco-design packaging includes
sustainable Sulapac material (see bM 06/21).

Yet, the challenge with cosmetics packaging has been
the demanding technical requirements. Around 90 % of
the cosmetics market consists of water-based emulsions,
but there has been no suitable packaging material that
biodegrades without leaving permanent microplastics
behind, until last year, when Sulapac launched a barrier
solution for them [2]. Furthermore, this material doesn’t
compromise aesthetics, a must for the beauty industry.
In fact, the Sulapac materials’ unique look and feel are
even considered a competitive advantage that makes
packaging stand out. They are made of wood chips from
industrial side-streams and responsibly sourced plantbased binders. The texture of the composites reveals
these fibres embedded within them. They can be seen,
for example, on the packaging of Ulé, a new conscious
beauty brand by Shiseido (Tokyo, Japan – see also our
news 13.05.22). All Ulé products have lids made with
Sulapac materials, and they have utilized the Sulapac
barrier innovation. This launch marks the largest product
range to date using Sulapac’s solutions.

Value of being a forerunner

Efficient transition towards a plastic waste-free
future
The collaboration between Ulé, Shiseido and Sulapac
moved very fast from initial discussions to packaging
development and testing, and final approval for the spring
launch. In the cosmetics industry, the development of
new products and their packaging is often an endeavour
that can take several years. Finally, there are novel dropin solution materials, like Sulapac, that enable efficient,
eco-friendly packaging development. New packaging
can be achieved even within a year.

Novel packaging materials enable a holistic approach to
sustainability, and brands understand that it’s not just what’s
on the inside that counts. For example, most companies have
ambitious goals to reduce their carbon footprint. In addition to
helping to combat the plastic waste problem, they can keep their
carbon cycle in balance by using renewable materials instead of
just compensating emissions. As trees and plants grow, the main
components of renewable materials like Sulapac, they absorb
CO2from the atmosphere via photosynthesis. When Sulapac
biodegrades into CO2, water, and biomass, its carbon cycle stays
in balance with nature – while fossil-based plastics only add more
CO2 to the atmosphere.
A publicly available third-party certified study demonstrates
Sulapac’s low carbon footprint. This recent LCA showed that the
carbon footprint of Sulapac materials is a lot more sustainable
than conventional plastics. And even in case of incineration with
energy recovery, Sulapac material does not cause hazardous
emissions or remnants in ashes, which are possible to recycle
as nutrients or filler materials. Carbon capture and power-to-x
solutions producing renewable fuels are future possibilities, which
also serve carbon-neutral recovery of novel bio-based materials.
In conclusion, sustainable materials help brands to position
themselves as a forerunner in sustainability and innovation.
[1] https://wwf.panda.org/wwf_news/?348337/Revealed-plastic-ingestion-bypeople-could-be-equating-to-a-credit-card-a-week
[2] https://www.sulapac.com/blog/the-first-water-based-cosmetics-packagingthat-biodegrades/
www.sulapac.com

(cradle-to-gate – incl. biogenic carbon)

(cradle-to-grave – incineration)

Sulapac Universal is 0,09 kgCO2eq./kg

Sulapac Universal is 1,8 kgCO2eq

Sulapac Premium 0,21 kgCO2eq./kg

Sulapac Premium 2,0 kgCO2eq./kg

HDPE 1,70 kgCO2eq./kg data by Plastics Europe

HDPE 4,8–4,9 kgCO2eq./kg

HDPE 1,80 kgCO2eq./kg data by GPCA

PP 4,7–5,0 kgCO2eq./kg

PP 1,95 kgCO2eq./kg data by Plastics Europe
PP 1,63 kgCO2eq./kg data by GPCA
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The rise of a new advanced bio-circular medical
polymer for metal replacement

F

rench advanced materials leader Arkema has just
launched a new biobased and recyclable medical
polymer poised to disrupt the surgical tools market

With its new glass fibre reinforced Rilsan® MED GF
Polyamide 11, Arkema offers the medical market an
advanced polymer that can finally meet all the requirements
of surgical tool producers such as:








Biocompatibility
As high performing as metal
Easy to process
Allowing for a perfect finish
High resistance to chemical agents
Biobased
Recyclable

Sustainable raw materials for a sustainable
polymer

indicator Bleach H2O2 IPA Phenol QAC Ether Detergent DMSO
Rilsan
MED GF
PA11

Castor beans originate mainly in India. They do not
compete directly with the food chain. They are grown only in
the poorest soils; they do not cause deforestation and their
irrigation benefits from the natural monsoon phenomena. It
is a profitable crop. To strengthen its commitment to more
sustainable castor farming, Arkema has launched with
its partners the PRAGATI initiative, designed to help the
Indian farmers improve their agricultural practices, water
management, and enabling better health and safety while
respecting human rights.

An advanced polymer offering best in class
performances for metal replacement
Formulated with a high content of glass fibres, this new
Rilsan MED GF PA 11 displays a tensile modulus of 19 GPa,
making it a perfect fit to replace metal for the production of
highly demanding surgical tools.
Compared to reinforced polyacrylamide (PARA), used
for the manufacture of surgical tools, Rilsan MED GF
PA 11 requires lower mould temperatures and injection
pressures. Those properties helped early adopters to switch
materials extremely easily and to decrease their cycle times
significantly whilst maintaining component integrity.
Furthermore, this new Rilsan MED GF PA 11 exhibits
excellent chemical resistance: Results in Table 1
demonstrate the qualitative performance of chemical
resistance based on surface aspect (the appearance of
cracks) and colouration. Environmental stress cracking

+++ +++

+++

+++ +++

+++

+++

Table 1: Chemical resistance

resistance tests were performed using an elliptical Bergen
Jug, which applied a range of strains to a single bar and
injected plates immersed into the indicated chemical agent
at 23°C for 24 hours.
Table 2 shows also excellent sterilization resistance
opening new doorways and opportunities for the
development of sustainable reusable surgical tools and for
the replacement of petroleum-based polymers.

Arkema’s advanced bio-circular materials have a long,
proven legacy in some of the world’s most demanding
applications. These biobased, recyclable polymers are
derived from Arkema’s flagship amino-11 chemistry, which
in turn, is derived from the oil of the renewable castor bean.
Consequently, the Polyamide 11 used to produce this
material comprises more than 98 % biobased carbon,
according to ASTM 6866. Full Life Cycle Assessment
available on demand.

+++
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PA11 for medical applications

Steam
(100 cycles)

Rilsan
MED GF
PA11

Gamma

121°C
30min
1bar

134°C
12min
1bar

50 KGy

+++

+++

+++

Ethylene
Oxide

E-beam
50 KGy

+++

++

Table 1: Chemical resistance
+++:
++:
o:

Suitable – No change
Suitable – Change in colour but no change in
mechanical performance
Not suitable

Finally, the biocompatibility of this new product has been
successfully assessed according to USP Class VI, ISO
10993-4, ISO 10993-5 and ISO 10993-10 standards.

Endless possibilities for the end-of-life
Mindful of the end-of-life of its products, Arkema has
invested in recycling capabilities, and more specifically
in mechanical recycling capabilities as being the most
environmentally efficient process. Indeed, mechanical
recycling allows decreasing the climate change impact of
its Rilsan Polyamide 11 by roughly 70 % compared to nonrecycled Rilsan Polyamide 11 (kg eq. CO2/kg according to
ISO 14040 standard; 100 % recycled vs. virgin material),
which climate change impact is already more than 40 %
lower than a traditional petroleum-based Polyamide 12.
Arkema has been working with partners to either recycle
those polymers into close loops, to be used again by the
same customer or industry (one example of this is with On
Running, see bM 06/20, 05/21), or in open loops, meaning
by different customers or industries who wish to purchase
post-consumer materials. AT
https://ark.ma/healthcare
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Turning CO2 emissions
into bioplastics:
The cases of succinic and lactic in VIVALDI

E

uropean research project VIVALDI has put together a
multidisciplinary consortium to embrace the circularity
by converting CO2 emissions into bioplastics. Taking
advantage of an innovative biobased value chain, biogenic
CO2 emissions are turned into industrially relevant organic
acids, which can re-enter the production process flowchart
of biorefineries.

The yearly increasing industrial CO2 emissions should not
only be reduced or mitigated but should also be adopted as
a novel feedstock. The need for CO2 valorisation creates a
demand for a novel industrial sector: CO2-based chemicals.
This encourages industries to abandon the conventional
linear structure (i.e. fossil-based reagents are transformed
into products and wastes to be disposed of or treated) and
switch to a circular concept where the wastes (gaseous or
liquid) are transformed into novel sustainable compounds
to be reused in the plant flowchart or to be sold externally.
In the frame of a circular economy, the production of CO2based bioplastics is a promising niche for novel business
models and the market share of bioplastics is foreseen
to increase rapidly [1]. The main factors driving the
development of CO2-based bioplastics are:
1. the distinction from the current fluctuations of fossil fuel
prices,
2. reduction of the carbon footprint,
3. decrease of the production costs and
4. reuse of the local materials and wastes.
However, nowadays a direct production of bioplastics
from CO2 is not techno-economically feasible and the
process requires multiple steps. The most sustainable and
economic alternative is to first reduce CO2 electrochemically
to C1-building blocks (C1BBs) which will then serve as
feedstock for their posterior microbial conversion into
larger molecules with higher added-value [2]. Biobased
products are shown to provide significant GHG savings
(15–66 %), if we assume that they will replace 20 % of their
fossil counterparts in the mid-term future [3]. Hermann et
al. [4] predict a range of GHG savings of 1.5 to 3 tonnes of
CO2 per tonne of selected biobased products, assuming full
substitution of the petrochemical equivalents and based on
world production capacities in the years 1999/2000.
VIVALDI aligns with this new CO2-based industry sector
in the view of making it environmentally and economically
competitive with its current twin, chemical production. The
main objective of VIVALDI is the development, validation,
and assessment of an innovative biobased value-chain for
the conversion of CO2 emissions coming from biobased
industries into added-value organic acids with different
market shares: 3-hydroxypropionic, succinic, itaconic, and
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lactic acid. All of these selected organic acids have a variety
of opportunities either as final products (i.e. replacement of
current fossil-based chemical products) or as monomers
(building blocks for novel biodegradable polymers).

Succinic acid
Succinic acid has been described as one of the top
12 building block chemicals and one of the 10 top
chemicals to be produced from renewable resources
[5,6]. Currently, more than 30 commercially valuable
products can be synthetised from succinic acid in sectors
varying from food (acidulant, flavour and antimicrobial
agent) and pharmaceuticals (excipient) to personal care
(soaps) and chemicals (pesticides, dyes, and lacquers).
Succinic acid could also replace other chemicals such as
maleic anhydride in the production of various chemicals
(e.g. 1,4-butanediol, γ-butyrolactone, tetrahydrofuran,
N-methyl-2-pyrrolidone, 2-pyrrolidone, succinimide, or
succinicesters). The succinic acid consumption increased
from 28,500 tonnes in 2013 to 50,300 tonnes in 2017 and
it is expected to reach 97,000 tonnes by 2024. The succinic
acid market is expected to grow with an annual growth rate
of 6.69 % from 2021 to 2027 [7]. Succinic acid is produced
chemically by catalytic hydrogenation of fossil-based
maleic acid or maleic anhydride. However, the chemical
production possesses several environmental drawbacks
and high economic costs: hydrogenation is energy-intensive
due to the need to produce hydrogen and maleic acid is
derived by hydrolysis of maleic anhydride (which is being
produced by oxidation of benzene or butane) [8]. These
issues can be mitigated by switching to bioproduction
based on the bacterial fermentation of carbohydrates. Until
recently, petrochemical-based succinic acid dominated the
market and up to 2011 biobased succinic acid production
was reported to be less than 5 % of the total production.
However, these trends are changing fast and the market
for biobased succinic acid is growing rapidly. In the case
of companies producing biobased succinic acid, Succinity
(Düsseldorf, Germany) reported a reduction of more than
60 % in GHG emissions and Roquette (Lestrem, France)
reported a reduction of 52 % in CO2 emissions as compared
to petroleum-based succinic acid production.

Lactic acid
Lactic acid has a wide range of applications not only in the
food production sector (preservative and pH adjusting agent)
but also in personal care (moisturising and pH regulating)
and packaging (precursor of propylene glycol). The global
lactic acid market required was 1.220 million tonnes in 2016
and the demand is rising with prospections of it reaching
2 million tonnes in 2025 with annual growth of 16.2 % [9].
From 2021–2028, the lactic acid market is forecast to grow at
a compound annual growth rate of 8 % [10]. The main driver

CCU

By:

By Albert Guisasola (Project coordinator), Mira Sulonen
Universitat Autónoma de Barcelona
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University of Natural Resources and Life Sciences, Vienna
Geert Bruggeman, Nutrition Sciences
Roberto Vallero, Maria Teresa Riolo, Pieter Ravaglia, Novamont

of the predicted large growth rate is the biobased production
of polylactic acid (PLA), which is widely utilised e.g. in food
packaging, mulch films, and rubbish bags. Lactic acid can
be chemically synthesized e.g. by lactonitrile hydrolysis,
base-catalysed degradation of sugars, and oxidation of
propylene glycol [11]. Chemical production of lactic acid,
however, leads to racemic mixtures, which restricts the use
of the products in industries that require high enantiomeric
purity. Fermentation enables stereoselective production
of lactic acid and allows the use of cheap renewables as
substrates, a lower amount of energy consumption and
operation at milder temperatures. Fermentation processes
account for around 80–90 % of the global lactic acid market
[9]. Adom and Dunn (2016) reported lower GHG emissions
(23–90 %) of bio-based ethyl lactate and PLA than with
their respective fossil-derived compounds [12]. Lactic acid
producer Corbion (Amsterdam, the Netherlands) states
that their biobased LA production process has negative CO2
emissions (–0.224 tonnes of CO2 per tonne of LA).
VIVALDI’s approach for the bioproduction of the organic
acids is a yeast-based platform utilising methanol
as the carbon source. Methanol will be produced via
electrochemical reduction of CO2 that has been captured
from emissions from biobased industries. The process thus

integrates the CO2 emissions in the production of addedvalue compounds that can then re-enter the production
process of biomaterials. Methylotrophic yeast Pichia
pastoris (Komagataella phaffii) is capable of oxidising
methanol for energy production and assimilating it as
the sole carbon source for growth and product formation.
Selected gene sequences will be introduced to the genome
of this naturally C1-utilizing yeast to direct its metabolism
towards an optimal production of the desired organic acids.
Synthetic biology technologies are applied to add the missing
enzymes to convert metabolic intermediates into the target
chemicals, as well as transport proteins that enable the
release of the products from the yeast cells. Taking the
bioconversion a step further, VIVALDI will also apply a
synthetic autotrophic yeast strain that directly assimilates
CO2 and converts it into metabolites and biomass [13].
VIVALDI aims at a fast industrial adoption of its
technologies and with this perspective the industrial
partners have a crucial role in valorising the CO2-based
products in the plant flowchart. CO2 streams coming from
biobased industries, such as the fermentation processes
in Novamont (Novara, Italy) – a worldwide leader in the
development and production of biomaterials from renewable
sources biogenic CO2 streams – are converted into bio-
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succinic acid. This will translate into the opportunity
to close the carbon loop of the process and to obtain a
valuable building block that Novamont can integrate into its
production of biodegradable and compostable biomaterials
for application in different sectors (e.g. packaging, biowaste
collection, agriculture) to further enhance the renewable
content of the final biobased products. In this way, the
biogenic CO2 becomes a valuable feedstock, allowing
additional reduction of GHG emissions of the process and
boosting Novamont implementation to become a nearly
zero-waste biorefinery.
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arthworms are a welcome sight for gardeners and farmers
because the wriggling invertebrates recycle nutrients from
soil, making them more accessible to plants. As worms
burrow, they consume almost everything in their path, including
microscopic plastic pollution. Now, researchers reporting in
American Chemical Society’s (ACS – Washington, DC, USA)
Environmental Science & Technology have observed that
earthworms actually prefer soil with some types of microplastics
but digest the polymers differently, which the team suggests
could impact the animals’ health and the ecosystem.

From Science & Research

Earthworm diet
PLA vs. PET

Soil is becoming increasingly contaminated by fragments of
plastic – especially microplastics less than 5 mm wide – that have
broken off of larger plastic waste or have been directly released
from products as small particles. Previously, researchers have
shown that earthworms will ingest these synthetic particles,
even breaking them apart into smaller pieces. But during the
digestion process, animals could potentially be harmed by the
microplastics themselves or by the toxic substances they carry.
Bioplastics, just like traditional plastics, can also fragment
into microscopic particles, but there is limited information on
whether earthworms will also ingest and decompose these
materials. So, Lei Wang and colleagues wanted to compare
the willingness of earthworms to consume soil laced with
microscopic pieces of bioplastic and petroleum-derived plastic,
studying the in vitro digestion and excretion of the particles.
By placing earthworms in chambers with different types of
plastics in certain locations in the soil, the researchers found
that worms preferred soils with biobased polylactic acid (PLA)
particles or petroleum-derived polyethylene terephthalate
(PET) particles but actively avoided some semi-synthetic
plastics. When lactic acid and terephthalic acid, sour-smelling
monomers that makeup PLA and PET, respectively, were spiked
into soil, the worms were also attracted, suggesting that the
animals were drawn in by the odours as potential cues for
food. In another experiment, the researchers put earthworms
in soil mixed with either microscopic PLA or PET particles.
Analysis of the creatures’ excretions showed that their digestive
systems broke down PLA into much smaller fragments than
was observed with PET plastics. The animals also excreted
PLA much more slowly. The researchers say the results show
that earthworms can promote the breakdown of bioplastics,
such as PLA, in soil. They add that more studies are needed to
determine how the slow excretion of PLA fragments affects the
health of these animals and whether the worms are an option to
remove degradable plastics from the environment.
The authors acknowledge funding from a National Key
Research and Development Project of China, the National
Natural Science Foundation of China, the Tianjin Municipal
Science and Technology Bureau, the Ministry of Education
(China) and the Tianjin Research Innovation Project for
Postgraduate Students. AT
https://www.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.est.1c08066
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Current and future raw materials
for renewable polymers

W

hen it comes to plastics production, we are still
crude oil junkies. The European Commission
projects that by 2050, some 20 % of the global
crude oil production could be used to produce plastics,
up from some 5–10 % today. In fact, plastics production is
expected to be the major driver of growth of the crude oil
industry.
As we all know the cost of using fossil crude oil – and
it’s not the price tag on the barrel, but the real cost on our
society and planet – this is a trend we have to stop: we
have to get rid of fossil resources in plastics production.
And renewable polymers are a way to contribute to that
goal. But it’s quite a road that lays ahead of us. In 2019,
the production of polymers from renewable raw materials
amounted to 3.8 million tonnes. What sounds like a lot is
actually just about 1 % of the production of fossil polymers.
The good news is that renewable solutions are on the
rise. More and more companies are joining in, announcing,
and building production capacities. The transformation of
the polymers industry is in progress. In 2021, the European
Commission brought up a potential mandate for sustainable
raw materials in polymers production, mentioning a quota
of 20 % by 2030. Such a goal would of course contribute to
accelerating the shift away from fossil.
Yet, the huge pile of fossil begs the question of the
availability of renewable raw materials. Will we have
sufficient raw materials to supply the vast and increasing
demand for feedstock from the industry?

Looking at the production at Neste, there is currently a
renewables capacity of some 3.3 million tonnes per year.
This will further increase to 4.5 million tonnes in early
2023, and the aim is to grow it further to 5.5 by the end
of 2023. Over the past years, Neste has shifted more and
more to using waste and residues as raw materials, while
also exploring new raw materials and technologies. Neste
believes that this is the right way as the technology is one
thing, the public acceptance of raw materials is another.
In 2021, some 92 % of their renewable raw material
input was waste and residues. These waste and residues
include a wide range of materials used in their renewables
production, including used cooking oil, animal fat waste, or
waste and residues from vegetable oil production.
Sticking to their current raw material pool of waste
and residues, Neste estimates their availability to be
approximately up to 40 million tonnes per year worldwide in
2030. While this figure shows that there is still some room
to grow capacities, it also shows that this pool wouldn’t be
sufficient to cover the hundreds of millions of tonnes in
feedstock demand. It makes it obvious that we need to tap
additional raw material pools. What could these look like?
 Lignocellulose i.e. plant-based biomass from forestry
and agriculture that is largely underutilised or currently
has only lower-value uses. While not a new concept,
the availability of lignocellulosic waste and residues is
immense.
 Novel vegetable oils: Neste is exploring advanced,
sustainable agricultural concepts that do not create
additional demand for agricultural land. The idea is to
not replace existing cultivation or
convert new areas for cultivation
purposes. Instead, concepts
such as “winter cropping” are
used to cultivate additional crops
off-season, or “silvopasture”,
which aims at cultivating crops
on pasture land alongside cattle –
and also the concept of cultivating
crops contributing to regenerative
agricultural concepts.
 Finally, Neste is also looking at
microalgae, among many other
alternatives. The big advantage
of photosynthetic microalgae is
that it can be cultivated wherever
there is water and sunlight –
including in saltwater and land
areas unsuitable for other types
of cultivation.

Selection of (potential) renewable
raw materials for polymers. Source:
Neste
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By Lars Börger
Vice President Strategy and Long-term Development
Neste Renewable Polymers and Chemicals
Espoo, Finland

COMPEO

Besides these fully biobased materials, Neste is also
working on other circular materials to provide a basis for
high-quality feedstock solutions:

Leading compounding technology
for heat- and shear-sensitive plastics

 Neste is exploring various fractions of municipal
solid waste that currently cannot be or are not being
recycled. The waste can consist of almost any discarded
materials and their aim is to utilise these untapped
waste streams. The challenge is finding suitable
sources and locations to create value chains from
waste collection through pre-treatment to refining.
 The technologies that are explored also include Powerto-X (PtX) solutions. The key to these is electrolysis to
produce hydrogen from renewable sources such as
wind or solar power. Combining this hydrogen with
carbon from industrial CO2 emissions via Carbon
Capture and Utilisation (CCU) technologies can produce
fuels and feedstock for polymers alike.
 Another important technology already briefly mentioned
is chemical recycling. This aims at processing
otherwise hard-to-recycle waste plastic into highquality feedstock for new polymers, complementing
existing mechanical recycling technologies. Neste
believes in this technology and has already processed
several hundred tonnes of liquefied waste plastic at
their refinery in Porvoo, Finland, in the course of trial
runs, successfully replacing fossil raw materials.
Unlocking new raw material pools through innovation
will significantly increase the potential for renewable
polymers. It will take time to develop these solutions and
scale up the capacities for processing them, but in the long
run, the pool of raw materials may increase significantly.
They will become indispensable in delivering emissions
reductions and decreasing our dependence on fossil
resources.
What’s important: as nobody can predict the future and
technology developments, we need to be open to all kinds of
technologies and feedstocks that may make a contribution.
And aside from the technologies, we need regulators to
support this approach as they hold the key to ensuring the
eligibility of a broad raw material pool. But if we work together
– on the technology and the regulation side – the future
of renewable polymers can be one of significant volumes
and carbon neutrality, because one thing is certain: we
cannot continue being crude oil junkies and use additional
virgin fossil, neither in chemicals nor in other sectors.
www.neste.com

Uniquely efficient. Incredibly versatile. Amazingly flexible.
With its new COMPEO Kneader series, BUSS continues
to offer continuous compounding solutions that set the
standard for heat- and shear-sensitive applications, in all
industries, including for biopolymers.
•
•
•
•
•

Moderate, uniform shear rates
Extremely low temperature profile
Efficient injection of liquid components
Precise temperature control
High filler loadings

www.busscorp.com
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New amorphous
PHA product line

A

dvanced amorphous PHA technology will
provide plastics manufacturers and consumer
products companies with marine, soil, and home
biodegradable options
CJ BIO, a division of South Korea-based CJ CheilJedang,
has introduced PHACT® Marine Biodegradable Polymers
based on its proprietary polyhydroxyalkanoate (PHA)
technology. Being a part of the solution to change the
trajectory of the plastic pollution challenge and preserving
the planet is the essence of the PHACT brand. PHACT
means PHA + Act and CJ Bio is committed to impactful
action delivering eco-friendly solutions with their extensive
PHA technology platform. The first product of the new line
– PHACT A1000P – is an amorphous PHA (aPHA) being
produced at CJ BIO’s newly commissioned Pasuruan,
Indonesia facility. Currently, this is the only amorphous
PHA on the market. Amorphous PHA is a softer, more
rubbery version of PHA that offers fundamentally different
performance characteristics than the crystalline or semicrystalline forms that currently dominate the PHA market.
For its initial applications, PHACT A1000P will be used as a
modifier to other compostable polymers and biopolymers
to improve functional and processing characteristics,
and for enabling these products to achieve faster rates of
biodegradation or composting.
PHACT is certified biodegradable under industrial
compost, soil (ambient), and marine environments. It is
considered home compostable, meaning that it does not
require specialized equipment or elevated temperatures
to fully degrade. Segments and applications for PHACT are
numerous. The immediate focus will be on flexible and rigid
packaging, which accounts for more than 50 % of singleuse plastics. Other markets include agriculture, organic
waste management, coatings and adhesives, personal care,
and healthcare.
According to Max Senechal, Chief Commercial
Officer of the CJ Biomaterials business, the company is
looking forward to working with plastic resin producers,
compounders, converters, and brand owners across
multiple segments in putting this technology to work to
reduce the impact of plastic waste on the environment. “The
world is ready for fully biodegradable bioplastics solutions.
Our environment needs it, regulatory agencies support it,
and consumers want it”, Senechal said. “Eliminating the
harm that petroleum-based plastic waste causes to people’s
health and the environment is a project that thousands and
thousands of people are working on around the world today.
It is something that we can accomplish through working
together and the intelligent application of technology. At CJ
BIO, we’re excited for the opportunity to introduce people to
PHACT and to helping them meet their sustainability goals
of a lower carbon footprint and a favourable end-of-life
scenario”, he added.

Biobased and readily biodegradable
The raw materials for PHACT are sugars sourced from
plants like sugar cane, tapioca, corn, and cellulosic biomass.
CJ BIO can increase PHA content in microorganisms
from about 5 % default accumulation up to 85 % through
fermentation via engineered microbial strains. The
company employs advanced downstream technology for the
extraction of PHA components and for the manufacture of
specific products.
These PHA products can be compounded and processed
using conventional plastics processing equipment. They can
also be used as modifiers to other polymers or biopolymers
to increase biobased content, accelerate biodegradation
and improve functional properties of resins and finished
products.
One promising application is accelerating the rate of
composting of the biopolymer polylactic acid (PLA) which
has seen significant growth as a biobased material in a
broad range of finished product applications. Blending
amorphous PHA in PLA leads to significant improvements
in mechanical properties, such as toughness and ductility,
while maintaining clarity.

Developing the applications of tomorrow
According to Raj Krishnaswamy, Vice President Product &
Applications Development, CJ BIO is investing substantially
in applications capability – both personnel and facilities – to
help potential innovation partners develop next-generation
solutions. “The applications for this technology are almost
unlimited. Whether you’re talking about single-use food and
beverage packaging, paper coatings, personal care, drug
delivery systems, or medical devices – each solution needs
to be developed in collaboration with value chain partners
and with performance and cost in mind”, Krishnaswamy
said. “What all of these applications have in common is the
need for a truly biodegradable solution, and with CJ BIO
PHA technology, we believe we can get there”, he added. AT
www.cjbio.net
Degradation Level

Marine

scPHA + aPHA

Soil

Home

Industrial

PLA

Brittle
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Flax instead of glass fibres for lightweight solutions
In 2020 Flaxco® (Roeselare, Belgium) approached
EconCore (Leuven, Belgium) suggesting a combination of
thermoplastic honeycomb technology with Flaxco’s flax
fibre technology. The polypropylene honeycomb material
produced by EconCore offers a high-performance-toweight ratio along with efficient energy absorption.
This is achieved through the materials synonymous
honeycomb shaped hollow cells which support sandwich
sheets to provide levels of high rigidity with minimal weight.
Pioneering the use of flax with honeycomb technology,
the partnership sees Flaxco’s flax fabric composite skins
combined with EconCore polypropylene core to produce
sandwich panels.
In order to generate a high level of stiffness, sandwich
cores require surface layers, like the neatly woven layers
that Flaxco have the means to create. Once created the
panels can be thermoformed thanks to their thermoplastic
properties. This is typically done by means of short cycle
compression moulding.
Achieving a product with well-balanced characteristics,
required pre-pregs of 0.5–1mm thickness to be used.
By optimising flax technology with the polypropylene
honeycomb core Flaxco is able to achieve much higher
levels of rigidity. The table below describes the bending
performance of a sandwich panel with flax composite skins.
Flax fibres are a 100 % natural fibres that produce lower
CO2 levels than competitor materials including glass and
carbon fibres, an increasingly important element within the
automotive industry. Furthermore, research and testing are
already underway for the material to find its place within the
sports industry.
With high levels of cost-efficiency compared to more
conventional materials, the new Flaxco composite is
expected to be the material of choice in a number of
applications, especially those requiring dimensional
stability. The new material aims to not only be used in new
markets and applications but also replace non-sustainable
materials already in use.

Materials

Flax for honeycomb panel
Jochen Pflug, EconCore CEO added: “For new product
developments sustainable materials have become a key
requirement. Within the automotive industry, in particular,
suppliers seek sustainable materials which lower their CO2
footprint”.
Pflug continued: “Flaxco’s natural flax fibre polypropylene
composites are an ideal combination with our polypropylene
honeycomb cores to achieve a sustainable material that
retains high levels of performance. The production costs
of thick monolithic laminates are high because many
layers need to be combined, our honeycombs increase the
stiffness and strength but require only a minimal amount of
material in two thin surface layers”.
One factor that has greatly benefitted the partnership
between Flaxco and EconCore is the locations of their
facilities. With both EconCore and Flaxco being based in
Belgium, allowing for a local supply chain. Throughout
both the design and manufacturing stages the advantages
of this proved its advantages with regular stable deliveries
and less transport being required, essential when one crisis
after the other affects the transportation chains, from the
Coronavirus pandemic to the recent raw material shortages.
Ludwig
Ryckebosch,
Innovation
and
Business
Development Manager at Flaxco said: “It was a match
made in heaven. EconCore’s polypropylene honeycomb has
been incredibly easy to work with. Its lightweight properties
meant that it was the perfect choice to combine with our
technology to develop flax fibre composite material”.
The flax composite material is expected to have
commercial applications across many industries,
especially automotive interiors and computer casings. With
sustainability being a key focus for companies across the
globe, this all-new flax composite’s ability to be recycled
without compromising on performance will play its role in
reducing carbon emissions. AT
https://econcore.com/en | https://flaxco.be
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Ingevity’s Capa thermoplastic technology
is certified OK biodegradable MARINE
Ingevity Corporation (North Charleston, SC, USA) recently announced its Capa® thermoplastic grades obtained the OK
biodegradable MARINE certification by TÜV Austria Bureau of Inspection and Certification (Vienna, Austria). OK biodegradable
MARINE confirms Capa thermoplastics fully biodegrade in a marine environment within four weeks, prohibiting the formation
of persistent microplastics and enabling a safer marine ecosystem than traditional plastics made with alternative chemistries.
Used in applications including bags, films, consumer packaging, and utensils, Ingevity’s portfolio of Capa thermoplastics
becomes one of few bioplastics certified as OK biodegradable MARINE, a distinction requiring materials to achieve complete
biodegradation in seawater environments, where much lower temperatures make biodegradability more challenging than land
composting conditions. Products tested must biodegrade within twelve weeks to achieve certification. By fully biodegrading
within four weeks, Capa’s certified products enable customers to address marine biodegradability requirements while reducing
the impact on the marine ecosystem.
“Marine waste is one of the most widespread pollution problems facing the world’s waterways”, said Steve Hulme, senior
vice president, Performance Chemicals, and president, Engineered Polymers. “We support the global imperative to advance
recycling efforts for plastic, and, for our part, offer solutions that help plastics biodegrade quickly and completely, whether they
be composted, landfilled or, unfortunately, make their way into our oceans”.
Additional certifications verifying the environmental benefits of Capa bioplastics include GreenPla (Japan), Seedling and TÜV
Austria OK compost HOME and OK compost INDUSTRIAL. AT
www.ingevity.com

UBCO researchers use plastination
to strengthen bamboo fibres
UBC Okanagan (Kelowna, Canada) researchers have
adapted a technique – originally designed to embalm human
remains – to strengthen the properties of biocomposites and
make them stronger.
With the innovation of new materials and green composites,
it is easy to overlook materials like bamboo and other natural
fibres, explains UBCO Professor of Mechanical Engineering
Abbas Milani. These fibres are now used in many applications
such as clothing, the automotive industry, packaging, and
construction.
His research team has now found a way not only to
strengthen these fibres but reduce their tendency to degrade
over time, making them even more environmentally friendly.
Bamboo is one of the world’s most harvested and used
natural fibres with more than 30-million tonnes produced
annually. However, its natural fibres can absorb water, and
degrade and weaken over time due to moisture uptake and
weathering.
Using a process called plastination to dehydrate the
bamboo, the research team then use it as a reinforcement
with other fibres and materials. Then they cure it into a new
high-performance hybrid biocomposite.
First developed by Gunther von Hagens in 1977, plastination
has been extensively used for the long-term preservation of
animal, human, and fungal remains, and now has found its
way to advanced materials applications. Plastination ensures
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durability of the composite material for both short- and longterm use, says Daanvir Dhir, the report’s co-author and recent
UBC Okanagan graduate.
“The plastinated-bamboo composite was mixed with glass
and polymer fibres to create a material that is lighter and yet
more durable than comparable composites”, says Dhir. “This
work is unique as there are no earlier studies investigating
the use of such plastinated natural fibres in synthetic fibre
reinforced polymer composites”.
Dhir says this new durable hybrid bamboo/woven glass
fibre/polypropylene composite, treated with the plastination
technique has a promising future.
Supported by industrial partner NetZero Enterprises
(Solana Beach, CA, USA), the research shows that adding
only a small amount of plastinated materials to the bamboo
can increase the impact absorption capacity of the composite
– without losing its elastic properties. This also lowers the
material’s degradation rate.
More work needs to be done on the optimization of this
process as Dhir says plastination is currently time-consuming.
But he notes the benefit of discovering the right composition
of plastinated natural fibres will result in a sizable reduction
of non-degradable waste in many industries, with a lower
environmental footprint.
The research appeared in the Journal Composite Structures. MT
https://ok.ubc.ca | www.netzero.enterprises
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Recycling

Innovative Recycling Solutions
for Thermoset Plastics

P

reScouter, a Chicago-based (USA) research
intelligence company, has compiled a new Intelligence
Brief that looks at the potential impact of recycling
thermosets on reducing fossil-based plastic waste and
highlights some examples of current options for recycling
these materials along with some that are close to being
fully developed.

1. Rebonding (mechanical recycling) – Moulding and
adding a binder to hold it together. Applications include
carpet padding, flooring, athletic mats, cushioning,
packaging, and acoustical materials

Currently, only 10–18 % of all plastics are recycled, in
part because not all types of plastic are easy to process.
As explained in the brief, plastic materials are generally
classified according to their chemical compositions as
either thermoplastics, such as polyethylene terephthalate
(PET), or thermosets, which consist of the major
resin classes of isocyanates, unsaturated polyesters,
formaldehydes, epoxies, and alkyds. These resins are widely
used as strong, lightweight materials; but the presence of
covalent intermolecular cross-links that makes thermoset
materials so attractive is precisely what makes them so
difficult to recycle as they cvannot be molten anymore like
thermoplastics.

3. Glycolysis (chemical recycling)

After outlining the current routes of thermoset recycling,
the brief goes on to provide technology overviews of 9
commercially available thermoset material recycling
solutions. Companies profiled include several major
chemical companies such as Dow Polyurethanes (Midland,
MI, USA), BASF (Ludwigshafen, Germany), and Covestro
AG (Leverkusen, Germany). The technologies profiled
are categorized into polyurethane foam solutions, epoxy
composite solutions, and other difficult to recycle plastic
solutions. As we already reported on Dow’s Renuva process
earlier this year (bM 01/22) it was not considered in the
selection for PU recycling solutions.
The Intelligence Brief concludes with an exclusive
interview with Sudhin Datta, consultant on polymers and
retired Senior Research Associate at ExxonMobil Chemical
(Houston, TX, United States).
bioplastic MAGAZINE selected three examples of the report
(one of each category) as well as some insights from Sudhin
Datta.

Polyurethane foam recycling

2. Regrinding (mechanical recycling) – Grinding and
blending with polyol. Applications in seating materials

4. Energy recovery – Recommended when recycling is not
technically or economically feasible
Solution: N/A
Input material: Polyurethane flexible foam from used
mattresses
Output material: Polyols
Steps: Glycolysis (chemical recycling): Reaction with diols at
temperatures greater than 200ºC
Efficiency: N/A
Advantages: Reduces the carbon footprint
Disadvantages: Currently at pilot scale
Additional information: Covestro’s products include
isocyanates and polyols for cellular foams, thermoplastic
polyurethane and polycarbonate pellets, and polyurethanebased additives used in the formulation of coatings and
adhesives.
Covestro polyurethane was used in the 2014 official FIFA
World Cup football.
Covestro is taking part in the EU-funded PUReSmart
together with eight other partners, the project is planned to
finish at the end of this year.
As part of the PUReSmart research project, Covestro
has, in collaboration with Recticel (Brussels, Belgium) and
Redwave (a division of Wolfgang Binder GmbH, Eggersdorf bei
Graz, Austria), also developed an intelligent sorting solution
for separating the different polyurethane foams from postconsumer mattresses.

Epoxy recycling

Polyurethane recycling tests (Source: Covestro)

Covestro has a pilot plant for flexible foam recycling at
its Leverkusen, Germany, site. Polyurethane flexible foam
recycling/recovery can be done in a few ways:
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Schematic depicting curing of epoxy resin systems
(non-recyclable vs recyclable) (Source: Dubey et al., 2020)

Recycling
Recyclamine is a technology platform that uses novel
polyamine curing agents that contain specifically engineered
cleavage points at cross-linking sites, which convert
thermosetting epoxies into recyclable thermoplastics under a
specific set of conditions. It was developed by the Aditya Birla
Group (Mumbai, India) in partnership with Cobra International
(Chon Buri, Thailand) for manufacturing surfboards that can
be recycled.

Results: The chemical structure of this new resin type
makes it possible to efficiently separate the resin from the
other components at the end of the blade’s working life.
This mild process protects the properties of the materials
in the blade, in contrast to other existing ways of recycling
conventional wind turbine blades. The materials can then
be reused in new applications after separation.

Output material: Recyclable thermoplastic and recovered
fibres

Additional information: Wind turbine blades have been
produced using epoxy systems. With Recyclamine, the
blades are recyclable, as are the fibres and epoxy, closing
the loop and allowing for a circular economy. This helps
solve the difficult issue of disposal of the blades, making
the wind turbines truly 100 % recyclable, as well as
creating value through the reuse of recovered materials.

Steps: The matrix composed of epoxy resin and Recyclamine
hardeners in polymer composites can be cleaved by
solvolysis under specific conditions (not disclosed).

In the vehicle industry, thermoset composite structural
elements like the doors, chassis, and panels can have
improved end-of-life characteristics with Recyclamine.

Efficiency: N/A

Recyclamine was developed by Connora Technologies
(Hayward, CA, USA), and Aditya Birla acquired the product
and technology rights. This technology is protected by
patent number US20130245204A1.

Solution: Recyclamine
Input material: Epoxy thermoset composites (carbon fibre,
glass fibre)

Advantages: Maintains or exceeds the process and
performance characteristics of epoxy matrix used in
composites. Recovered fibres are in near virgin form, with
nominally reduced mechanical strength.

All plastics – Difficult to recycle solutions

Disadvantages: Recycling process steps are not disclosed.
Case study
The first industrial-scale implementation of Recyclamine
was performed by Siemens Gamesa Renewable Energy
(Hamburg, Germany), and commercial operations are
expected to commence in 2022.
Companies: Siemens Gamesa Renewable Energy
Location: German North Sea
Input material: A mixture of resin and materials including
balsa wood, glass fibre, and carbon fibre
Output material: A combination of materials (balsa wood,
glass and carbon fibre) cast together with resin to form a
strong and flexible lightweight structure
Objective: Recyclable wind turbine blade
Methods: Heating the material in a mildly acidic solution

Obtained products after plastic recycling through HydroPRS
process (Source: Bioenergy International.)

The Hydrothermal Plastic Recycling System (HydroPRS)
is a process developed by Mura Technology (London, UK)
that utilizes the Cat-HTR technology, which employs
supercritical water, heat, and pressure to convert waste
plastics into valuable chemicals and oil. This chemical
recycling process targets plastics deemed unrecyclable.
Solution: HydroPRS
Input material: All kinds of end-of-life plastics
Output material: Naphtha, distillate gas oil, heavy gas oil,
heavy wax residue
Steps: 1) Waste plastic cleaned and shredded; 2) Melting
and pressurization; 3) Mix with steam; 4) Heat; 5) CatHTR reactor; 6) Depressurize; 7) Product separation; 8)
Product storage.

The first six 81-metre long recyclable blades (Source: FT)
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Efficiency: Over 85 % of the mass of plastic converted to
hydrocarbon product

 Silicones are recycled because silicone monomers are
very expensive.

Advantages: High conversion efficiency, the technology
is scalable, controllable reaction, process flexibility, and
does not generate toxic products.

Other materials face more economic barriers, such as
Teflon and PVC:

Disadvantages: Does not mention specifically thermoset
materials
Case study
ReNew ELP is the first commercial-scale HydroPRS site,
already under construction, with an annual capacity of
80,000 tonnes on completion.
Companies: ReNew ELP
Location: Teesside, North East England
Input material: End-of-life plastic
Output material: Naphtha, distillate gas oil, heavy gas oil,
heavy wax residue

 Thermal recycling turns Teflon and PVC into dark
intractable solids while releasing toxic acid gases which
damage the equipment.
 Teflon recycling is hampered because typically it is
present in small quantities by weight and recovering and
recycling is economically unjustifiable.
 Typical PVC pipes for city water are composed of filled
PVCs. So whatever recycling process should first remove
the filler, which is a toxic waste that corresponds to
around 40 % of the volume.
The recycling processes are usually not disclosed by
the companies, but they can be understood based on their
chemistries:

Polyurethanes

Objective: Recycle all kinds of plastics
Methods: N/A
Results: N/A
Additional information:
HydroPRS process breaks down the long-chain
hydrocarbons and donates hydrogen to produce shorterchain, stable hydrocarbon products for sale to the
petrochemical industry for use in the production of new
plastic and other materials.
The use of supercritical water provides an organic solvent,
a source of hydrogen to complete the broken chemical
chains, a means of rapid heating, avoiding excessive
temperatures that would lead to excessive cracking, and a
scalable process.

Chemical structure of polyurethanes

Polyurethanes are soaked, and then a glycolysis process
is carried out by heating up ethylene glycol (at around
280°C) for about four or five hours and breaking the big
molecules down to smaller molecules, which can be
distilled and recovered. It is claimed a 95 % efficiency of
whatever output material as free monomers. The process
is fairly well understood.

Epoxies

This helps to create a circular economy for plastic by
diverting those materials that cannot be recycled via
traditional means away from landfills and incineration
and into recycling, thus reducing unnecessary single-use
plastics and reducing carbon emissions.

Additional insight taken from the interview with
Sudhin Datta
The most important classical thermosets that are
recyclable are polyurethanes, epoxies, and silicones.
Additionally, there are materials which behave like
thermosets in the recycling process, such as PVC, Teflon,
and PEX, cross-linked polyethylene.

Chemical structure of the
epoxide group, a reactive
functional group present
in all epoxy resins.

Silicones
Silicones are recycled in a
similar way to polyurethanes, but
the molecules are broken down to
polydimethylsiloxane (PDMS).

The three classical thermosets are recycled for different
purposes:
 Polyurethanes are recycled because there is a very
large volume in the world in the low-density form.
There is inherent value in the materials that come out
of polyurethane recycling, and the process only takes a
couple of hours. It is not being done in North America
and Western Europe, as the companies in such regions
would much rather export that waste polyurethane foam
to lower cost countries in Asia.
 Epoxies have inherently no value, but reinforced epoxies
are recycled for carbon fibre recovery, which are 10 times
more expensive than the epoxy itself.

34

bioplastics MAGAZINE [03/22] Vol. 17

Reinforced epoxies are recycled
via alcoholysis, or there is typically
a catalyzed degradation of the
process. The epoxies come off
and the catalyst is washed off, so
the carbon fibres are recovered.
The chemistry is well understood,
but there is some work to be done
to understand the catalyst.

Chemical structure of
silicones (PDMS)

The full report is available from the website.

AT

www.prescouter.com/inquiry/recycling-of-thermoset-materials/

By
Floris Buijzen, Senior Product Market Manager
Gerrit Gobius du Sart, Corporate Scientist
TotalEnergies Corbion, Gorinchem, the Netherlands

Recycling

Not all plastics are
recycled equally

T

otalEnergies Corbion has launched the world’s first
commercially available chemically recycled bioplastics
product. The Luminy® recycled PLA grades boast the
same properties, characteristics, and regulatory approvals
as virgin Luminy PLA, and are partially made from postindustrial and post-consumer PLA waste. TotalEnergies
Corbion is already receiving and depolymerizing reprocessed
PLA waste, which is then purified and polymerized back into
commercially available Luminy rPLA.
Of the total estimated 8.3 billion tonnes of historic plastic
production, only 9 % of the plastic waste (or 0.6 billion tonnes)
have been recycled, or about 7 % of all plastics produced [1].
Clearly, the plastics industry is facing a major challenge to
realize high recycling rates for all plastics, and bioplastics
are no exception to that conclusion.
Industrial composting is a well-established end-of-life
option for PLA and is preferred for applications like tea bags
and coffee capsules, allowing diversion of organic waste
from landfill. In addition to its already established end-of-life
options, different recycling strategies should be explored and
advanced also for polylactic acid or PLA.
Over the last years, TotalEnergies Corbion has been working
on the different parts of the recycling value chain, from
collection, sorting, and cleaning to reprocessing and reuse.
Over the last years, numerous closed-loop applications have
ensured enough volume to capture the value in recycled yet
biogenic carbon on a commercial scale. In such applications,
PLA is used in well-controlled environments, is collected
after use, cleaned, and finally, chemically recycled. Through
this process, biogenic carbon content is kept in the value
cycle and reduces the need for biomass in the production
process of PLA.
Working in close cooperation with the recycling industry,
PLA converters and reprocessors, such new PLA feed streams
now enable production of increased volumes of commercially
available Luminy rPLA at TotalEnergies Corbion’s Thai plant
(with an overall PLA production capacity of 75,000 tonnes/a).
The company is still working on increasing the availability of
recycling volumes and welcomes new partners across the
recycling value chain. For the European market, chemical
recycling capacity is foreseen in the planned second facility
in Grandpuits, France.
Currently, Luminy PLA with a recycled content of 20 % is
now offered to the market, using a mix of post-industrial and
post-consumer PLA feed.
Where possible, TotalEnergies Corbion is a strong
supporter of mechanical recycling of PLA, but for certain
applications, notably those requiring food contact approval,
mechanical recycling, whilst arguably most favourable
from an LCA standpoint, poses a number of challenges. To

overcome the purity requirements for food contact articles,
chemical recycling of PLA was developed and upscaled
successfully.
Contrary to traditional polyolefins like polypropylene,
chemical recycling of PLA is much less energy-intensive,
yet more selective. As they are not easily depolymerized,
pyrolysis of fossil thermoplastics typically requires high
energy inputs, high temperatures and produces complex,
non-selective mixtures of products [2]. Regarding process
selectivity, pyrolysis and cracking are reported to yield at
most 19–24 % ethylene and 12–16 % propylene in addition to
other chemicals and fuels [3].
PLA on the other hand is selectively broken down by different
chemical recycling routes, including depolymerization,
esterification, and hydrolysis to lactic acid [4]. These
processes are highly selective and give numerous options
to valorise PLA waste. Simply looking at the difference in
necessary heat while comparing, for example, hydrolysis
(possible at relatively mild temperatures) with classical
pyrolysis (ranging from 300–900°C), it becomes obvious that
these technologies are a far cry from each other in matters
of energy consumption. Chemical recycling as such breaks
PLA down to its basic building blocks lactide or lactic acid,
which can then be transformed into PLA at virgin quality.
One could therefore argue that chemical recycling of PLA is
a more sustainable process than chemical recycling of some
traditional polymers requiring pyrolysis.
TotalEnergies Corbion has completed food contact,
compostability, and biobased content certifications for its
Luminy rPLA offering. A third-party certification of recycled
content will be available as of June 2022 as well.
An LCA study of Luminy rPLA with 20 % post-industrial
and post-consumer waste is being conducted and will be
published shortly. The goal remains to significantly increase
volumes of mechanical and chemical recycling of PLA and to
facilitate the transition to a truly circular economy.
[1] KPMG (2019) To ban or not to ban. Available at: https://assets.kpmg/
content/dam/kpmg/uk/pdf/2019/06/to-ban-or-not-to-ban-v6.pdf (Accessed:
May 45h, 2022)
[2] J.-P. Lange, Managing Plastic Waste: Sorting, Recycling, Disposal, and
Product Redesign, ACS Sustainable Chem. Eng. 2021, 9, 15722
[3] Eunomia, Chemical Recycling: State of Play 2020, Petrochemicals
Europe Market Overview 2021
[4] R. Narayan, W.-M. Wu, C.S. Criddle, Lactide Production from Thermal
Depolymerization of PLA with applications to Production of PLA or other
bioproducts, US2013023674
www.totalenergies-corbion.com
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Advanced recycling technologies
developing at a fast pace

A

dvanced recycling technologies are developing at
a fast pace, with new players constantly appearing
on the market, from start-ups to giants and
everything in between – new plants are being built, new
capacities are being achieved, and new partnerships are
established. Due to these developments, it is difficult to
keep track of everything. The report “Mapping of advanced
recycling technologies for plastics waste” aims to clear up
this jungle of information providing a structured, in-depth
overview and insight. It has an exclusive focus on profiling
available technologies and providers of advanced recycling
including the addition of new technologies and updated/
revised profiles.

Advanced recycling technologies to complement
mechanical recycling
Besides conventional mechanical recycling and in the
context of discussions on the improvement of recycling
rates, a wide spectrum of advanced recycling technologies
is moving into focus.
Mechanical recycling has clear limits, its further
development will therefore continue to increase in
importance in parallel with new advanced technologies.
Contaminations are not removed in the process, which is
why mechanically recycled plastics are often not approved
for food contact. Concerns about contaminants and health
issues in recycled products are justified, especially in cases
where the human body is exposed to the material. These
concerns can therefore not be solved with mechanical
recycling alone. The usable raw materials represent an
even greater limitation. In the cases of mixed plastic waste
or even mixed waste of various plastics and organic waste,
mechanical recycling is not possible, or only partially with
considerable effort of pre-treatment. These waste streams,
therefore, mainly end up in landfill or incineration instead
of further processing them into a feedstock for other
products. This is why advanced recycling technologies will
play a crucial role.
Overall, 103 advanced recycling technologies were
identified that are available on the market today or will soon
be. The majority of identified technologies are located in
Europe including first and foremost the Netherlands and
Germany, followed by North America, Asia, and Australia.
This report also features the first identified post-processing
and upgrading technology providers which will also play a
key role in the conversion of secondary valuable materials
into chemicals, materials, and fuels. Different technologies
in various scales are covered including pyrolysis,
solvolysis, gasification, dissolution, and enzymolysis. All
technologies and corresponding companies which include
start-ups, SMEs, and large enterprises are presented
comprehensively. The technical details, the suitability of
available technologies for specific polymers and waste
fractions, as well as the implementation of already existing
pilot, demonstration or even (semi) commercial plants
are described. Furthermore, all developments including
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partnerships and joint ventures of the last years have been
systematically classified and described.

A closer look into the technologies and their
providers
Depending on the technology various products can be
obtained which can be reintroduced into the cycle at various
positions in the value chain of plastics (Figure 1). Different
capacities can be reached whereby the largest capacities
are currently achieved only via thermochemical methods
using gasification or pyrolysis (Figure 2).
With pyrolysis, a thermochemical recycling process is
available that converts or depolymerises mixed plastic
wastes (mainly polyolefins) and biomass into liquids, solids,
and gases in presence of heat and absence of oxygen.
Obtained products can be for instance different fractions
of liquids including oils, diesel, naphtha, and monomers as
well as syngas, char, and waxes. Depending on the obtained
products new polymers can be produced from these
renewable feedstocks. The majority of the 62 identified
technology providers are located in Europe followed by
North America, Asia, and Australia. With 25 companies
most providers are small enterprises followed by micro/
start-up-, medium- and large enterprises such as Blue Alp
(Eindhoven, the Netherlands), Demont (Millesimo, Italy),
INEOS Styrolution (Frankfurt, Germany), Neste (Espoo,
Finland), Österreichische Mineralölverwaltung (OMV)
(Vienna, Austria), Repsol (Madrid, Spain), Unipetrol (Prague,
Czech Republic), VTT (Espoo, Finland), and Chevron Phillips
(The Woodlands, TX, USA). With 40,000 tonnes per annum,
the second-largest capacity can be reached with pyrolysis.
The solvent-based solvolysis is a chemical process based
on depolymerisation which can be realised with different
solvents. The process breaks down polymers (mainly
PET) into their building units (e.g. monomers, dimers,
oligomers). After breakdown, the building units need to be
cleaned from the other plastic components (e.g. additives,
pigments, fillers, non-targeted polymers). After cleaning,
the building units need to be polymerised to synthesise
new polymers. In contrast to pyrolysis, fewer solvolysis
technology providers are on the market also offering
smaller capacities of up to 10,800 tonnes per annum. Of
22 identified solvolysis technology providers the majority
are located in Europe followed by North America and
Asia. With eight companies the majority of providers are
mainly small enterprises followed by large-, medium-, and
micro/start-up enterprises. Among the large enterprises,
there are Aquafil (Arco, Trentino, Italy), Eastman Chemical
Company (Kingsport, TN, USA), IFP Energies Nouvelles
(IFPEN) (Rueil-Malmaison, France), International Business
Machines Corporation (IBM) (Armonk, NY, USA), DuPont
Teijin Films (Tokyo, Japan), and Dow (Midland, MI, USA).
Gasification represents another thermochemical process
that is capable of converting mixed plastics wastes and
biomass in presence of heat and oxygen into syngas and
CO2. Currently, the largest capacities of up to 100,000
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Enzymolysis represents a technology
based on biochemical processes
utilising different kinds of biocatalysts to
depolymerise a polymer into its building
units. Being in early development the
technology is available only at labscale. Currently, only one enzymolysis
technology provider was identified which
is a small enterprise located in Europe.
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Figure 1: Full spectrum of available recycling technologies
divided by their basic working principles. (Source: nova
Institute, available at www.renewable-carbon.eu/graphics)
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Dissolution is a solvent-based
technology that is based on physical
processes. Targeted polymers from
mixed plastic wastes can be dissolved
in a suitable solvent while the chemical
structure of the polymer remains
intact. Other plastic components
(e.g. additives, pigments, fillers, nontargeted polymers) are not dissolved and
can be cleaned from the dissolved target
polymer. After cleaning an anti-solvent
is added to initiate the precipitation of
the target polymer. After the process
the polymer can directly be obtained, in
contrast to solvolysis, no polymerisation
step is needed. Currently, a maximum
capacity of 8,000 tonnes per annum
can be reached. The majority of the
eight identified dissolution technology
providers are located in Europe followed
by Asia and North America. With four
companies the majority of providers
are mainly small enterprises followed
by micro/start-up-, medium-, and a
large enterprise which was represented
by Shuye Environmental Technology
(Shantou, China).
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tonnes per annum are achieved. The
majority of the ten identified gasification
technology providers are located in
North America followed by Europe.
With four companies each, the majority
of providers are mainly small- and
medium- enterprises. Eastman was the
only identified large enterprise.
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Figure 2: Overview of identified providers (blue bars) and
maximum capacity (orange lines) depending on the technology.
(Source: nova Institute)
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The material development was carried out in close
consultation with partners from the E&E industry.
Application-related requirements were defined with regard
to important material characteristics such as Glow Wire
Ignition Temperature (GWIT), Charpy Impact Strength and
Heat Deflection Temperature (HDT). Here, the special
focus was on fulfilling the combination of properties. PLA
materials with increased flame retardancy or increased
impact strength are known from past research. Adjustment
of heat resistance via modification of crystallinity is
already part of commercially available material solutions.
The challenge is that the properties affect each other.
For example, a material made of PLA without functional
additives or blending partners can pass the UL94 flame
retardancy test with the best result V0. If functional additives
to increase the impact strength are added, however, this test
cannot be passed. To achieve a desired impact strength,
blend partners or performance additives can change
the morphology of the PLA, especially in the amorphous
regions. If high heat resistance is required at the same
time, crystalline phases with a high degree of order must
be present; accordingly, for PLA-based materials, heat
resistance and impact strength are opposed.
By studying the impact of different additives and
processing conditions alone and in combination with each
other, the project partners have found formulations of PLAbased blend systems that meet the requirements regarding
flame resistance, heat deflection temperature, and impact
strength in several combinations. At the beginning of the
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Figure 1: Top: notched impact strength as a function of flameretardant content for an unmodified compound. Bottom: heat
deflection temperature and crystallinity as a function of flameretardant content.
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In a research project funded by the German Federal
Ministry of Food and Agriculture, the Fraunhofer Institute
for Environmental, Safety, and Energy Technology UMSICHT
(Oberhausen, Germany), together with Evonik Operations
(Essen, Germany), the Institute for Plastics Processing
at RWTH Aachen (IKV) (Aachen, Germany) and FKuR
(Willich, Germany), was able to develop formulations with
simultaneously improved impact strength, heat resistance,
and flame retardancy. Additionally, processing parameters
to reach an economic manufacturing process via injection
moulding were revealed.

project, the impact of the different additives was investigated
separately. The resulting typical behaviour can be seen in
Figure 1 (top), which shows the notched impact strength
as a function of the flame-retardant content. Because the
flame-retardant is a solid component, it lowers the impact
resistance by providing weak points for crack propagation.
On the other hand, the lower graph of Figure 1 depicts that
the heat deflection temperature not only depends on the
crystallinity. The HDT remains at a constant level at higher
contents of the flame-retardants, although the crystallinity
declines. Additionally, the two different impact modifiers
used, affect this behaviour differently. One of them leads to
a higher heat deflection temperature than the other, while
the crystallinities are more or less the same. This led to
the conclusion that detailed investigations are necessary
to understand the underlying concepts of the dependency
of the final material properties on the combination of the
different additives.

Notched Impact Strength [kJ/m²]

In technically demanding applications and markets, such
as electronics products, transportation, or the construction
sector, bioplastics have so far hardly been represented to
any significant extent. There are many reasons for this,
ranging from insufficient economic competitiveness to
inadequate properties for technical products. However,
the material properties play an important role in the
market success for technical applications. For example,
plastics for technical products usually have to meet a large
number of requirements, such as high heat resistance, high
toughness, and low flammability. Bioplastics like polylactic
acid (PLA) can hardly comply with these specifications.
Despite intensive research and development in recent
years, PLA still does not have a marketable property profile
for technical injection moulding products.

Heat Deflection Temperature [°C]

Injection moulding

PLA in technical applications

Automotive

By:
Alexander Piontek, Research Associate
Philip Mörbitz, Group Manager Polymer Rechnology
Fraunhofer UMSICHT
Oberhausen,Germany

In addition to the effects of the formulation, the influence
of the processing conditions on the material properties was
investigated in detail. The project partners found a solution
to overcome the contradiction of high crystallinity combined
with high impact toughness and/or high heat deflection
temperature. The solution was accomplished by combining
both – additives and processing conditions – in a special
way. It was shown that it is possible to tune the material
properties by adjusting cooling times and rates during
the injection moulding process adapted to the different
formulations. The final compounds contain suitable
additives, which enhance crystallinity, as well as others that
influence impact strength or flame resistance. It was thus
possible to obtain materials that meet at least two of the
requirements simultaneously. The schematic diagram in
Figure 2 depicts the material properties with regard to the
chosen requirements.
Impact Strength

Target
Compound 1
Compound 2
Compound 3
PLA
GWIT

REGIS
TER
NOW!

HDT

Figure 2: Qualitative representation of the property range
achieved in the project.

The developed material composition has successfully
proven its applicability under industrial conditions. Different
components were produced via injection moulding. It was
shown, that even small delicate parts for electronic devices
like the exemplary switch casing shown in Figure 3 can be
produced. All demonstration parts show excellent haptic
and optic properties and are UV weldable. In conclusion, the
consortium was able to develop material compositions for
technical applications with high PLA content and desired
properties for manufacturing technical products.
Fig 3: Iinjection moulded
component of the
developed material
(white part, produced at
Georg Schlegel GmbH &
Co. KG)
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Korea delivers ecofriendly fishing net
filaments to the US
The Ministry of Oceans and Fisheries of the Republic
of Korea announced that a Korean company exports biodegradable fishing nets to the US by means of technology
transfer. The biodegradable fishing net production
technology was developed to reduce environmental
issues caused by ghost fishing and protect the marine
ecosystem.
The National Institute of Fisheries Science, an
organization under the umbrella of the Ministry, developed
patented technology for high-quality biodegradable
fishing nets and transferred the technology to ANKOR
Bioplastics, a Korean (Wonju-si) materials manufacturer,
in 2020 to help export the technology overseas. At the
request of buyers that sell fishing lines in the US, ANKOR
produced biodegradable fishing net filaments and started
to export them beginning in January 2022.
The fishing nets exported to the US buyers have the
same strength and flexibility compared to existing fishing
lines and are decomposed into water and carbon dioxide
by microorganisms after a certain amount of time in the
ocean.
The exported fishing nets are expected to be widely
used for both freshwater and saltwater fishing purposes.
The products are now sold in offline and online stores,
including on Amazon.
Choi Yong-Seok, the director-general for fishery
resources at the Ministry, said, “the export signifies the
worldwide recognition of Korea’s leading technology in
biodegradable fishing net production that helps protect
the marine environment”. He added that, “the Ministry
will beef up promotion of biodegradable fishing nets and
stress their excellence and necessity through seminars
and international patent applications. The Ministry will
also increase support for Korean exporters in this field. MT
https://www.mof.go.kr
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Plant-derived
high-index lens
Mitsui Chemicals (Tokyo, Japan) recently launched its
newest product, MR-160DG™. Boasting a refractive index of
1.60, MR-160DG™ is being added to Mitsui Chemicals’ Do
Green™ series of plant-derived high-index lens materials.
MR-160DG has received Biomass Mark certification from
the Japan Organics Recycling Association (JORA), which
will make this new offering the world’s first optical lens
material to be sold with Biomass Mark certification and a
refractive index of 1.60.
Making use of an unparalleled material known as
thiourethane resin, Mitsui Chemicals’ MR™ series exhibits
characteristics not found in conventional resins. The
series is rated highly as an optical lens brand of its own
that underpins the superb quality of the world’s top brand
optical lenses, and is used in many such lenses throughout
the world.
Built upon the exceptional optical performance of MR™,
the Do Green™ series is thin and light, safe and resistant
to breakage; has lasting appeal, and provides a clear view.
Following on from the ultrahigh-index product here is Do
Green MR-174™ and its refractive index of 1.74, the new
offering from Mitsui Chemicals comes as a mass-market
product with a refractive index of 1.60.
Mitsui Chemicals declared in November 2020 that it will
endeavour to achieve carbon neutrality by 2050. To this end,
Mitsui Chemicals is pursuing a carbon-neutral strategy
based on the two-pronged approach of reducing the
Mitsui Chemicals Group’s Scope 1 and 2 greenhouse gas
emissions while also maximizing the ability of the Group’s
products to reduce greenhouse gas emissions.
Based on this strategy, Mitsui Chemicals’ Vision Care
Materials Business aims to flesh out its lineup of Do
Green™ products so as to meet various customer needs and
provide solutions to social issues, ultimately contributing to
a circular society in harmony with the environment. MT
https://jp.mitsuichemicals.com/en/service/product/dogreen.htm

Good natured Products (Vancouver, Canada), announced on March 30 that ForageGirl, a brand of Norcliff Farms (Port
Colborne, ON, Canada) and North America’s largest producer of fiddleheads, will be shipping this year’s harvest in new customdesigned, BPI-certified compostable packaging supplied by good natured®.
ForageGirl Fiddleheads is on a mission to supply fresh, sustainably foraged, fiddleheads to plates throughout Canada and the
United States. These vegetables are foraged by hand in New Brunswick, Quebec, and Ontario – and then delivered in as few as
30 hours to major grocers, including Sobeys, Metro, Safeway, and Loblaws.
Established in 1973, ForageGirl Fiddleheads is a second-generation family-run business that aims to transition 100 % of
its packaging to plant-based by 2023. Collaborating to create a custom good natured clamshell package helped ForageGirl
Fiddleheads retire their previous tray and plastic wrap, which did not match with their long-term sustainability goals or
maximize protection of their delicate product. “Nature is the foundation that supports our lives, and it is our responsibility to
take care of it”, says ForageGirl Fiddleheads President Brittany Maranger. “We recognize the importance of doing our part.
We appreciate the incredibly nourishing food we have right in our backyard and are committed to being sustainable in every
stage of delivering our hand-foraged, preservative-free wild fiddleheads. We steer clear
of tractors and industrial equipment to reduce our carbon footprint and we’re excited
to extend that focus through to our new good natured packaging, which is sourced and
produced locally in North America”.

Application News

Sustainable clamshells

Good natured CEO Paul Antoniadis commented, “Our North American focused
manufacturing model is flexible and scalable, allowing us to offer packaging solutions to
local businesses of all sizes who are looking to switch to plant-based. Our BPI-certified
compostable packaging helps our customers reduce their overall transportation
footprint, as well as provide more reliable and timely availability of products in the
current climate of supply chain disruptions. It’s been an absolute pleasure working with
a leader in sustainable foraging and farming practices, like ForageGirl Fiddleheads, to
design and deliver customized good natured plant-based packaging”. MT
www.goodnaturedproducts.com | www.foragegirl.com

Wood-based bioplastic storage box
Industrial customers can now easily make
an environmentally conscious choice for their
storage areas by choosing Treston BiOX.
As an industry first, Treston (Newbury, UK)
launches sustainable wood-based bioplastic
bins for industrial use.
The carbon-neutral material for Treston
BiOX bins is over 90 % wood-based
renewable material, residue from pulp
production process, and cellulose fibres from
sustainably managed forests. The quality, as well as the look and feel, remains the same as with traditional plastic bins.
“I am excited we are driving the change and can offer new carbon-neutral material options for our customers”, says Esa
Siljander, CEO of Treston. “Treston has always stood for high-quality, long-lasting workstation solutions that naturally reduce the
need to use our planet’s resources. For decades, we have also paid attention to our manufacturing processes and, for example,
the heat from the plastics manufacturing process is recovered to heat the plant premises”, continues Siljander.
Treston first brings to the market the ‘forest green’ shelf bins, followed by other kinds of storage bins and solutions later in the
autumn.
The material for Treston BiOX bins comes from UPM (Lahti, Finland). The material for the transparent label shields and crossdividers comes from the innovative Finnish start-up Woodly (Helsinki, Finland). For both companies, the joint development work
with Treston marks a first in creating wood-based plastic products for industrial use.
“Our unique Woodly® material is a perfect match for Treston’s high-quality and globally used bins. Our collaboration with Treston
and the use of Woodly material in the BiOX bins will ensure a great look and feel for these biobased products and comparability
to traditional plastic options. We could not be more excited about our work together with Treston”, comments Jaakko Kaminen,
CEO of Woodly. MT
www.treston.com | www.upmformi.com | https://woodly.com
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Hemp-based composite
for wind turbine blades

H

emp is the second-fastest-growing plant on earth. With
over 40 % of Canada’s hemp production happening in
Alberta, it’s a well-known and valuable cash crop to
prairie farmers – and now even waste hemp fibre will be used
at industrial scale making hemp a dual- use cultivar.
Hemp could revolutionize clean energy, address
deforestation in Central America, cut emissions, and reduce
waste. Hemp-based composite materials turn out to be
perfect for one application: Wind turbine blades.
Wind turbine blades are usually made from balsa wood,
this has led to deforestation in Ecuador where it is a native
species. Plantations now account for 60 % of supply but
quality is falling, prices are rising, and manufacturers are
seeking viable alternatives.
Balsa is fast-growing but doesn’t grow quickly enough on
balsa plantations to extract whole logs large enough to cut
long boards. Manufacturers have resorted to glueing together
crosscut squares from trunks of trees to form stress skin
panels. This development has added considerable cost to
manufacturing balsa dimensional sheets and crosscut balsa
planks lack the strength of old growth balsa.
Because there is less balsa wood, some companies are
turning to thermoplastics as a substitute like PET foam,
but they are also more expensive than balsa, generate
significantly more greenhouse gas emissions and do not
offer the same compressive strength.
INCA Renewable Technologies (Kelowna, BC, Canada)
aims to change that with BioBalsa – it is cost-competitive
with balsa and can achieve superior performance due to its
higher compressive strength, moisture and fire resistance.
INCA BioBalsa is more sustainable at every stage of its
lifecycle compared to balsa, PET, or PVC.
The product will be manufactured at a state-of-the-art
19,000 m² fibre processing and composites manufacturing
facility to be built in Vegreville (AB, Canada).
Working with partners and local farmers, they will take
hemp biomass left over from protein production and turn
it into high-value dimensioned fibre and cellulose, creating
hemp-based composite panel products such as INCA
BioPanels, BioPlastics, PrePregs, and of course, BioBalsa.
“When ramped to capacity, INCA’s operation will purchase
54,000 tonnes of biomass per year generated from farmers
growing hemp for plant-based protein. We will process this
renewable resource into highly refined fibre. The short fibre
will be transformed into INCA BioBalsa. The long fibre will
be sent via rail to our second factory in Bristol (IN, USA)

where we will manufacture BioPanels for the RV industry,
PrePregs for the automotive industry and BioPlastics for
the consumer products industry. Our commercialization
partners include Winnebago (Forest City, IA, USA )and Toyota
(Toyota, Japan)”, said David Saltman, Chairman and CEO,
INCA Renewtech.
An independent lifecycle report conducted by GreenStep
Solutions (Kelowna, BC, Canada), demonstrated that INCA’s
hemp-based BioBalsa is far more sustainable than balsa
wood. One cubic metre of BioBalsa sequesters 260 kg
of CO2. While growing, hemp sequesters 3–6 tonnes of
CO2e per hectare, and during the manufacturing process,
BioBalsa generates 107 % less greenhouse gas emissions
and reduces waste generation by 93 % versus cutting
and milling balsa wood. It generates 164 % fewer carbon
emissions than PET, 99.56 % less waste production, and 93 %
less water consumption.
“The lifecycle report we conducted for INCA Renewtech
took into account the environmental impacts of extraction,
production, resource use, and end-of-life disposal. Our
report concluded that all of the INCA products assessed,
dramatically reduced carbon emissions and environmental
impacts, when compared to competitive products made of
petroleum, wood, or fibreglass”, says Angela Nagy, President
& CEO, GreenStep Solutions.
INCA’s customers are interested in the performance
characteristics of the company’s hemp-based biocomposites
and also in the ESG features. Not only do the bio-composites
sequester carbon, but they can also be remanufactured
back into new products at the end of their useful lifecycle.
In addition, INCA’s factories will be energy efficient and
generate zero waste, air or water pollution, and all of the
company’s employees will be shareholders. AT
www.incarenewtech.com

INCA
BioFiber™

8-15 tonnes of CO2 absorbed per hectare

INCA
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107 %
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emissions
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more water
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Recycling

Designing for recycling
of the future
The issue is familiar and pressing – currently, only 9 %
of plastic waste is recycled globally, the rest ending up in
landfills, in incinerators (thus generating pollution), or in
the environment. People want solutions. Multiple processes
that fall under the umbrella of chemical recycling (also
sometimes referred to as advanced recycling, chemical
conversion, molecular conversion, or conversion
technologies) have been proposed as solutions to recycle
more plastic, but unfortunately a basic problem is that
many of these technologies are currently used as pathways
to turn plastics into fuels – and this is not recycling. True
recycling returns materials to the manufacturing cycle; it
doesn’t destroy them under the guise of producing energy
(which so far, is still the status quo for chemical recycling).
And there is another fundamental problem with applying any
of these technologies to current plastics: toxic chemicals in
= toxic chemicals out.
Plastics, whether they are derived from fossil fuel or
biobased feedstock, can contain hundreds of toxic additives
such as plasticizers, stabilizers, flame retardants, and
pigments, and may contain toxic monomers [1]. These
substances pose health and environmental threats over the
life cycle of the material, from production to use to disposal
or recycling. Neither mechanical recycling nor chemical
recycling can effectively deal with these toxic chemicals –
they may be incorporated into the recycled product itself
[2], or concentrated in hazardous waste if separated from
the desired monomers or polymers. Chemical recycling
facilities in the USA utilizing pyrolysis or solvent purification
generate large quantities of hazardous waste [3].
It is important to move away from circulating the most
toxic chemicals on the market, and intentionally design
materials and chemicals to be safe from the start, with
their end of life in mind. The European Union Chemicals
Strategy for Sustainability published in 2020 works towards
this goal by encouraging innovation for safe and sustainable
chemicals coupled with better protections for human
health and the environment through regulation [4]. Because
(most) bioplastics are not derived from fossil fuels, there is
significant potential for these biobased materials to be an
important part of the sustainable and non-toxic materials
cycles envisioned by the EU Strategy, if materials can start
to evolve today to meet what is needed for tomorrow. Three
of the Strategy’s key elements that are particularly relevant
to recycling considerations are:
1. getting rid of the most hazardous materials,
2. encouraging chemicals that are safe and sustainable by
design, and
3. creating nontoxic materials cycles.
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Getting rid of the most hazardous materials
The EU Strategy calls for banning the most harmful
chemicals from use in consumer products – those
that cause cancer, gene mutations, disruptions to the
reproductive or endocrine system, or are persistent
and bioaccumulative. Many chemicals currently used
in plastics and bioplastics would meet this criterion,
including per-and poly-fluorinated alkyl substances
(PFAS), halogenated flame retardants, heavy metals,
and many more. If manufacturers removed these types
of hazardous chemicals from materials, there would be
far less concern for toxic contamination or re-circulation
in recycling.

Safe and sustainable by design
While removing known toxic chemicals is critical,
this alone is not enough. Where a function is needed, it
is also key to replace known toxic chemicals with safer
chemicals, not chemicals that are inadequately tested
or of unknown toxicity (i.e. a “regrettable substitution”).
The EU Strategy promotes a safe-and-sustainable-bydesign approach to chemicals that “focuses on providing
a function (or service), while avoiding volumes and
chemical properties that may be harmful to human health
or the environment”. Manufacturers should use green
chemistry principles to guide chemicals development
and selection as a priority in product design from the
outset, on equal footing with cost and functionality. This
includes designing for the end-of-life, which should feed
into a materials manufacturing cycle, instead of disposal
(including both landfill and waste-to-energy processes).

Nontoxic materials cycles
Overall, current plastic product design prioritizes
functionality in the use phase, with little to no
consideration for the end-of-life. This disconnect is a
major contributor to the plastic waste crisis. Designing
for a non-toxic materials cycle means that both the
recycling process and the recycled materials are free
from hazardous chemicals. Chemical recycling today
falls short on both these measures and is most often
not true recycling. But emerging molecular technologies
have the potential to deliver in this regard, such as
enzymatic depolymerization of biobased polymers used
to feed building blocks back into polymer production,
performing true recycling [5]. These types of reactions
generally do not need high heat or toxic solvents and do
not generate hazardous by-products. If applied within
a cycle of safer, sustainable materials without toxic
additives or components, such technologies could be a
part of the recycling of the future.

Recycling

By
Veena Singla, Senior Scientist
Tessa Wardle, Environmental Health Intern
Natural Resources Defense Council
San Francisco, CA, USA

Conclusion
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These three elements from the EU Strategy point the
way towards designing materials today for a healthier,
more sustainable future where both hazardous chemicals
and waste are minimized, and products are safely recycled
as part of a circular economy. Companies that integrate
these elements into their business strategies will be wellpositioned to take advantage of related economic incentives
and get ahead of regulations. The plastic pollution crisis
is solvable, and recycling technologies (including certain
forms of advanced recycling) are a part of the solution –
but only when applied to materials that do not contain
hazardous chemicals, that are safe and sustainable by
design, and that feed into nontoxic materials cycles.
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Opinion

What’s in a name? – Definitions

I

t is generally known that one should not ask people for the
definition of a word or term when they have a business interest
in the outcome. After all, turkeys don’t vote for Christmas.

One should also distinguish between what it is and
what it does when making definitions of words and never
combine these matters in just one description. It leads to a
lot of confusion when one does.
Words like plastic or biodegradation, and several others
have one thing in common: ask ten people for the definition
and you get at least eight different answers. Even from
academics, there are many different answers, although one
expects they would be fully familiar with the matter.

And believe it or not, but many people say that polymer is
just another word for plastic.
All this does not contribute to much clarity about plastic
let alone to explain the benefits of such materials. It also
makes it impossible for legislators to come up with a proper
legal text in their efforts to ban plastic waste since any text
only leads to infinite discussions on definitions rather than
tackling the real problem.

So, what can be done about these definitions?
Before going into that, one should consider some common
practices of how we sometimes contradict ourselves:
The English Dictionary of Oxford Languages describes
plastic as: “A synthetic material made from a wide range
of organic polymers, such as polyethylene, PVC, nylon etc.,
that can be moulded into shape while soft, and then set into
a rigid or slightly elastic form”.
On the other hand, Merriam-Webster describes plastic
as: “Any of numerous organic synthetic or processed
materials that are mostly thermoplastic or thermosetting
polymers of high molecular weight and that can be made
into objects, films or filaments”.
There should be no surprise that people are confused
when reading these two definitions, which are not based
on a systematic scientific approach, but more on a general
understanding or impression of materials that are around
in society.
If one uses the definition of “plastic” from the English
Dictionary the term “micro-plastic” immediately becomes
an impossibility, something like a “square circle”, since
several studies have demonstrated that “micro-plastic”
consists for about 40 % of thermoset materials from
coatings, paints, and rubber tires, while the other 60 %
comes from thermoplastic materials. Of course, most
contain different types of additives as well.
Although
Merriam-Webster
rightfully
includes
thermoplastics and thermoset materials in its definition,
it should replace the term “molecular weight” with
“molecular mass”, and it should also allow for substances
of low molecular mass being present in thermoplastic as
well as in thermoset “plastics”.
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IUPAC (International Union of Pure and Applied
Chemistry) uses a different approach to the definitions and
comes with a somewhat surprising recommendation for
the word plastic although allowing for both, thermoplastic
and thermoset materials: “Generic term used in the case
of polymeric material that may contain other substances to
improve performance and/or reduce costs”.
At the same time, IUPAC makes two interesting notes:
Note 1: The use of this term instead of polymer is a source
of confusion and thus is not recommended.
Note 2: This term is used in polymer engineering for
materials often compounded that can be processed
by flow.
So, if the word plastic already creates so much confusion,
how on earth are we ever going to have a good common
understanding of words like bioplastic or microplastic?
It’s good to take a step-by-step approach before going
into that by addressing a number of definitions:
Molecule:
“The smallest identifiable unit into which a pure substance
can be divided and still retain the composition and chemical
properties of that substance”.
Monomer:

“A molecule that can be chemically bonded to identical
molecules to form a macromolecule”.
Macromolecule:

“Molecule of relative high molar mass, the structure of
which essentially comprises the multiple repetitions of
units derived, actually or conceptually, from molecules of
relative low molar mass”.
This definition of macromolecule indicates that it can be
derived directly from monomers by a chemical reaction
(actually) or that the repeating units in a macromolecule
can be formed in a different way, like by enzymatically
controlled biochemical conversions of fatty acids or sugars
for instance (conceptually).
In the first case, we talk about thermal or chemo-catalytic
conversion of monomers to macromolecules, like PE, PP,
PVC, PET, PLA, PBAT, PBS, etc. In the second case, the
macromolecules are usually made by bacteria or yeasts in
and by nature, like polysaccharides, polypeptides, natural
polyhydroxyalkanoates (PHAs), lignin, cellulose, etc.
Polymer:

“Substance composed of macromolecules”.
In this case, a polymer consists of a large number of
macromolecules, which is always the case in thermoplastic
material, or a large number of macromolecules that are
crosslinked to form a polymeric network which is called a
thermoset material.

Basics

By:
Jan Ravenstijn
Biomaterials Consulting
Meerssen, the Netherlands

The crosslinking in thermoset materials can be
due to the nature of the monomer(s) used to make
the polymer or can be achieved by adding so-called
crosslinking agents to the polymer, depending on
the thermoset material of choice.

Bruno DeWilde (OWS): “In the case of polymers,
biodegradation is the mineralization of polymeric
substances to minerals and biomass through microorganisms. So the products of biodegradation results in
CO2, H2O, humus, and biomass”.

Of course, many people then use a definition of plastic
by saying that plastics consist of a combination of one
or more polymers plus one or more additives. But if one
follows this thinking, bearing in mind the abovementioned
definitions of macromolecule and polymer, one can safely
say that paper is plastic, since depending on the type of
paper, it always contains cellulose and additives, but could
also include lignin and even some synthetic polymer like
PE.

Although the definitions use different words they pretty
much describe what it is in the same way, albeit that
perhaps a few points need to be added for clarification:

Note:

Not only the word plastic is causing a lot of confusion
depending on the definition that people chose to use,
because it fits them best. The word bioplastic is even
worse since too many people believe that all bioplastics
biodegrade (we know better of course), but some of us
also use a definition combining what it is with what it does,
whilst adding to the belief that all bioplastics biodegrade.
Perhaps one should refrain from using the term bioplastic
by following the IUPAC Note 1 under its definition of plastic.
Most people say that polymers are made by
polymerization. Although the general understanding is
that polymerization is done thermally or chemo-catalytic
in a large chemical plant, some proposed legislative texts
even use the phrase “polymerization in nature”. And it is
very clear that the current definitions are not all consistent
with each other:
Polymerization:
Cambridge dictionary: “a chemical reaction in which
many small molecules join to make a polymer”.
Of course, this reaction does not make a polymer,
instead, it makes a macromolecule.
Merriam-Webster dictionary: 1) “a chemical reaction
in which two or more molecules combine to form larger
molecules that contain repeating structural units”.
2) “reduplication of parts in an organism”.
Indeed, the macromolecules made in and by nature fit
with the second description here.
Finally, the definition of biodegradation:
Biodegradation:
OECD: “Biodegradation is the process by which organic
substances are decomposed by micro-organisms into
simpler substances such as carbon dioxide, water, and
ammonia”.
Medical Dictionary: “The breakdown of any material (e.g.
an organic chemical), to a simpler nontoxic form, usually
understood to be by bacterial action”.

 Disintegration of a polymer is not the same as
biodegradation, since this usually leads to other
molecules than those mentioned in the OWS or OECD
definition. Complete biodegradation usually has to
follow the disintegration of a part.
 So-called oxo-biodegradation makes use of chemical
additives to mainly cause disintegration resulting in
many different chemical moieties ending up in the
environment.
 Claiming biodegradability is not a very wise thing to do.
After all, man is biodegradable but most people hope to
last 100 years before that happens.
 When claiming biodegradability, one should be very
specific about the nature of the subject (geometry,
construction material) and the biodegradation
conditions (humidity, acidity, type of micro-organisms,
temperature, aerobic/anaerobic). Usually, wood (50 %
lignin) and several types of paper (low percentage
lignin) biodegrade well in compost or soil, but not in
freshwater, marine, or landfill, because lignin needs
fungi for biodegradation, and these are not present in
those environments.
 Biodegradable polymers are no solution for littering,
so should never be promoted as such. However, if they
accidentally or on purpose end up in the environment
it would be best that they fully biodegrade in every
thinkable environment.
It can be concluded that global unanimous acceptance
of definitions from the examples mentioned in this article
could be very hard to come by because environmental,
legislative, and industrial parties often have a desired
outcome regarding those definitions. However, if the world
wants to do something about challenges like the plastic
soup, perhaps the focus should not be on using the right
definitions (i.e. what it is), but on what we need to change
in order to meet our target, like get rid of the plastic soup”
(i.e. what it does).
The best way to accomplish this is to use materials that
appear in, and that are made by nature. After all, also
nature makes many different macromolecular materials
that can be used as polymers for many construction
applications.
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The biocompatibility of
polyhydroxyalkanoates (PHA)

P

olyhydroxyalkanoates (PHA) is a family of microbial
linear polyesters, biosynthesized using multiple species
of bacteria including Cupriavidus, Pseudomonas,
Alcaligenes, Halomonas, Bacillus and Aeromonas et al
[1]*. Since the first PHA- poly(3-hydroxybutyrate) (PHB) was
discovered more than 100 years ago, more than 150 monomers
have been found to form a variety of PHAs [2]. In combination
with their biodegradability, biocompatibility, and adjustable
physicochemical properties, PHA has been explored for bulk
and high-value consumables applications in packaging,
agricultural, textiles, and medical industries [1].
One of the major areas of PHA applications is biomedical
materials and devices. Significant biocompatibility of a
material for biomedical applications is a prerequisite for
transplantation in humans or animals [3]. However, before
materials such as PHA can be incorporated into new and
existing biomedical devices, the toxicity and biocompatibility
of PHA need to be thoroughly investigated. For this purpose,
biocompatibility will be defined as ‘‘the ability of a material
to perform with an appropriate host response in a specific
situation’’ [4]. In other words, the biocompatibility of PHA
means that it does not have any adverse effect on cells or a
living organism. In fact, many studies have been presented
with a summary of the excellent biocompatibility of various
available PHA materials in vitro and in vivo [5, 6, 7] (Figure 1).
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Figure 1. The biocompatibility of PHA has been
well studied in vitro and in vivo

As the first discovered PHA, the good biocompatibility
of PHB has been confirmed by some studies in multiple
application fields [8, 9]. In one study, Castellano et al. showed
that PHB-based fibres allowed maximum cell adhesion
and growth of mesenchymal stem cells, cardiomyocytes,
and cardiac fibroblasts [10]. Subsequently, the secondgeneration of commercialized PHA, poly(3-hydroxybutyrateco-3-hydroxyvalerate) (PHBV) similar to PHB with good
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biocompatibility was found with a similar biocompatibility
performance.
Its
biocompatibility,
biodegradability,
environmental sustainability, processing versatility, and
mechanical properties make them unique scaffold polymer
candidates for supporting the cell viability and proliferation of
human osteoblast-like cells (MG-63), murine fibroblast cells
(NIH-3T3), Mouse calvaria derived preosteoclasts cell line
(MC3T3-E1), and primary hepatocyte [11, 12, 13, 14]. Poly(3hydroxybutyrate-co-3-hydroxyhexanoate) (PHBHHx) was
also reported to be a promising biodegradable polyester with
better biodegradability and mechanical properties compared
with other well-established PHA family members, PHB and
PHBV, which makes it more suitable as a scaffold matrix
in tissue engineering and drug delivery [15]. PHBHHx has
excellent biocompatibility with a variety of cell types, including
bone marrow mesenchymal stem cells, osteoblasts, articular
cartilage-derived chondrocytes, fibroblasts, neural stem
cells and so on [16, 17, 18, 19, 20, 21, 22].
The
Copolymer
of
3-hydroxybutyrate
and
4-hydroxybutyrate (P34HB) overcomes brittleness and
narrow processing window of PHB to show an elongation
to break from 45 % to 100 % [23]. The favourable surface
physicochemical properties, including hydrophilicity,
polarity, and surface free energy, that are determined by its
high crystallization behaviour, have attracted great interest
in using P34HB as degradable implant materials or as a
carrier for the long-acting and controlled release of active
biomolecules [24, 25]. Furthermore, P34HB demonstrates
excellent biocompatibility in cytotoxicity and hemolysis
tests as drug coatings and showed better drug release
control than commercial drug-eluting stents, indicating
that P34HB is more suitable for a latent coating polymer of
coronary stents [26].
The U.S. company Tepha (Lexington, MA) successfully
developed poly-4-hydroxybutyrate (P4HB) for suture
application [27]. As the first PHA-based medical
device approved by The United States Food and Drug
Administration (FDA), P4HB came to the market in 2007
[28]. This biomaterial has shown excellent biocompatibility
passing a series of tests including cytotoxicity, irritation and
sensitization, systemic toxicity, genotoxicity, subchronic and
chronic implantation, and hemolysis [28]. Since then, P4HB
have been used in a wide variety of medical fields such as
hernia repair, tendon and ligament repair, bone and cartilage
regeneration, cardiovascular tissue repair, and nerve
tissue repair [28, 29, 30]. For example, as demonstrated
by a biodegradable and biocompatible heart valve scaffold
fabricated from a porous P4HB, the tissue-engineered
cardiovascular constructs can be used for implantation
with an appropriate function for 120 days in lambs [31]. A
summary of the compatibility of four commercially available
PHA is presented in Table 1.
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Scaffold

Type of study

Cells

Results

Reference

PHB

In vitro

Human osteoblast-like
cells (MG-63)

No harmful effect
on cells

[32]*

In vitro

Good biocompatibility,
significantly inducing
angiogenesis and
Mesenchymal stem
modifying M2
cells, cardiomyocytes,
polarization of
and cardiac fibroblasts
macrophages in
myocardial tissue

PHB

1,74
PHBV

In vitro
0,00262

PHBV/PLGA

In vitro

PHBV/PLGA/
hepatocyte growth
factor

In vitro

[10]

0,00
Human osteoblastlike cells (MG-63) and
High biocompatibility
murine fibroblast cells
(NIH-3T3)

[12]

0,00262
Good biocompatibility
Mouse-calvariaand promoting
derived preosteoclasts
differentiation into
cell line (MC3T3-E1)
osteogenic phenotype
Primary hepatocyte

Good biocompatibility

Human bone marrow
Enhanced osteogenic
mesenchymal stem
differentiation
cells

[11, 13]

[14]

[18]

PHBHHx

In vitro

PHBHHx

In vivo

Osteoblasts

Good biocompatibility

[17]

PHB/PHBHHx

In vivo

Human adiposederived stem cells

Excellent
biocompatibility
and prompting
chondrogenic
differentiation

[22]

PHBHHx

In vitro

Human marrow
mesenchymal stem
cells

Significantly
promoting cell
proliferation

[20]

PHBHHx

In vitro

Fibroblasts

Good biocompatibility

[16, 19]

PHBHHx

In vitro /In vivo

Neural stem cells

Promoting NSC
growth and
differentiation

[14, 33]

Satisfactory tarsal
repair

[34]

Good biocompatibility

[35]

PHBHHx

In vivo

/

PHBHHx/PHB

In vitro

Rabbit articular
cartilage

PHBHHx

In vivo

/

PHBHHx/NVPBEZ235

In vitro & In vivo

Prostate cancer cell
line PC3

Rapid functional
recovery for the
disrupted nerves
Excellent antitumor
efficacies

[36]
[37]

mesenchymal stromal cell (hMSCs) attachment and
viability [43]. Moreover, poly(3-hydroxyoctanoate) (P3HO),
another representative MCL PHA, blending or grafting with
other polymers, had good biocompatibility with Chinese
hamster ovary cells, human microvascular endothelial
cells, MC3T3-E1, hMSCs, primary Schwann cell et al [44,
45, 46]. Inspiringly, MCL PHA for a number of biomedical
applications had been consolidated and thus promising
improved biocompatibility [47].
Biosynthetic polymers as medical implants or devices
should come with the ability to disintegrate themselves
into non-hazardous products to prevent inflammatory
responses in vivo, which is another important aspect of
medical applications. Hence, information regarding the
biodegradable products of PHAs is momentous for its
exploitation as a medical biomaterial. The cell growth
promotion effects can be attributed to biological effects of
3-hydroxybutyrate (3HB), the most active monomer of PHA
with nontoxic, and nonimmunogenic responses [37, 48, 49].
It was found that 3HB promoted the maintenance of NSC
stemness by accelerating their cell cycle via the MAPK-Erk
pathway and promoting the expression of the NSC marker
Sox2 [33]. Therefore, the intrinsic biocompatible properties
of PHA make them promising biomaterials in tissue
regeneration applications.
From the above studies, all available PHAs have been
found biocompatible and biodegradable both in vitro and
in vivo, they can support cell and tissue growth with very
limited immunological responses. Therefore, all studies
conducted so far revealed that PHAs are strong candidates
for uses in different medical implant applications.

P34HB

In vitro /In vivo

Mouse adiposederived stem cells

Good biocompatibility,
excellent biosafety
and ability for bone
regeneration and
repair

P34HB/lecithin

In vitro & In vivo

Bone marrow
mesenchymal stem
cells

Promoting
osteogenesis and
regeneration of bone
defects

[38]

P34HB/ graphene
oxide

In vitro & In vivo

Bone marrow
mesenchymal stem
cells

Fast osteogenic
capability

[39]

*: The comlete, comprehensdive list of references can be found at:

P34HB

In vitro

Mouse fibroblast L929 Good biocompatibility

[40]

https://tinyurl.com/Biocompatibility-References

In vitro

Higher alkaline
phosphatase activity
Human adipose
and higher expression
mesenchymal stem
levels of genetic
cells (ADSCs)
markers of osteogenic
differentiation

[41]

P34HB/BMP7

[24, 25]

References:

Table 1. The compatibility of four
commercially available PHA.

At the same time, the rapid development of synthetic biology,
gene editing, metabolic engineering and other technologies
has further expanded the variety and commercial application
prospects of PHA [42]. Same as the above four commercialscale PHA, the biocompatibility of these laboratory-scale
PHA was also investigated preliminarily. For instance,
Naveen et al. used saponified palm kernel oil and its major
free fatty acids as carbon substrates for the production of
an unmodified/raw medium chain length PHA (MCL PHA)
and confirmed that this PHA could support human-derived

By:
Xu Zhang, Guo-Qiang Chen
Key Laboratory of Industrial Biocatalysis, Ministry of Education
Department of Chemical Engineering
Center for Synthetic and Systems Biology
School of Life Sciences
Tsinghua University
Tsinghua-Peking Center of Life Sciences
Beijing, China
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Starch: A pillar of society
Starch is one of the first and most versatile biopolymers
used and was cultivated by mankind already in the very first
settlements. While first being used for food almost exclusively,
starch was one of the pillars of almost every society since
thousands of years.
Although starch-containing crops are the major food source
globally [1], it is also a key ingredient in technical industries
such as in the fields of paper, textile, adhesive, and construction
[2]. The by far youngest field of application of starches is the
field of bioplastics.
Almost 11 million tonnes of starch and derivatives were
produced in Europe in 2020, wheat and corn starch are having
the highest share with 43 % each. The residual 14 % of the
production are based on potato and pea. On the technical
application side, the paper and corrugating industry uses
around 32 % of the produced starch, while the food industry
shows the highest demand, where about 54% of the starch is
employed. [2]
In comparison to these well-established applications, the
use of starch in bioplastics is almost negligible. Looking
specifically at starch blends, the global production capacity
was only 397,000 tonnes in 2021, and the global bioplastics
production of all bioplastics on the market was 2.4 million
tonnes [3].
However, while the bioplastic industry is still in its children´s
shoes, it bears a tremendous potential to help to address many
of the current utmost urgent topics, such as the reduction of
the use of fossil feedstocks, establishing a circular economy,
reduction of persistent litter, and even the improvement of
compost quantity and quality. In this global context, the use
of starch in bioplastic applications can make products more
advantageous against the still predominant conventional
plastic materials.

Types of Starch
Although starch is extensively used in its many varieties,
there is often a lack of understanding of the nature of this very
versatile biopolymer.
There is not only one “starch”, but every starch source
provides starches with a very specific property profile. Starch is
a polymeric sugar that is used by plants as an energy reservoir.
This polymeric sugar has two basic structural motifs: Amylose
and Amylopectin. While Amylopectin forms the amorphous
domains, the helical Amylose forms crystalline domains [4].
The ratio of the occurrence of these structural elements,
the molecular weight of the starch and naturally occurring
modifications are specific to the starch origin and lead to a
variety of properties and, thus, fields of application.
In addition to the naturally occurring starch variants, it can
also be further modified by chemical, enzymatic and physical
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means to influence for example the swelling behaviour,
polarity, and water solubility [5].
With the deep know-how of production, processing,
and modification of starch, AGRANA is serving all relevant
industries and is not only a European but also a global player
in the food and non-food starch using industry.

Thermoplastic starch & starch compounds
Based on that extensive industry experience Agrana
developed the unique thermoplastic starch AMITROPLAST®
and the starch-based compound AGENACOMP®. Both
materials are certified OK Compost Home and make use of
the locally produced, renewable, and GMO-free raw material
starch.
Moreover, these materials are resource-efficient and
avoid losses during the conversion from raw material to
final product, which is usually observed by fermentative or
chemical processes, when CO2 or other by-products occur
during the production process.
Starch can be introduced into most compostable
polyesters, among which PBAT, PLA, PHBV, PBS, or mixtures
thereof belong to the most widely used materials. Because
of the highly polar nature and sensitivity of starch, the right
compatibilizers and suitable processing conditions need to
be found for a successful compounding with the polyester
matrix, which often presents itself as challenging.
While many thermoplastic starches on the market are
offered as starch compounds with a pre-determined matrix
material, the granular Amitroplast-TPS contains already
the necessary compatibilizers and provides the freedom of
choice to compounders with respect to the specific mixture
of biodegradable polyesters.
Agenacomp materials have originally been developed for
blown film applications but have proven to be employable for
other flexible applications as well. Agenacomp compounds
provide a biobased content of up to 50 % which is fully based
on Agrana’s thermoplastic starch know-how.
The fully home compostable Agenacomp materials show
similar properties to PE films in terms of oxygen and moisture
barrier, as well as with respect to mechanical properties.
Moreover, they are well processible in multi-layer setups to
further adjust the properties of the final product.
The primary market for Agenacomp materials is flexible
applications. Like the conventional plastics industry, flexible
packaging holds the largest share of the material demand
and capacities [3].
Examples of flexible packaging containing Agenacomp are
products made by TIPA®.
Tipa manufacturers high-end compostable packaging
for the food and fashion industries. The company is one of

Basics

By Rudi Eswein
Key Account Manager Bioplastics
AGRANA (Vienna, Austria)
Merav Koren
Chief Marketing Officer
TIPA (Hod Hasharon, Israel)

the world’s leading experts in compostable packaging
technology and offers new and innovative compostable
solutions for flexible packaging. Tipa’s expertise in
converting compostable materials allows them to provide
high performing, highly transparent, and fully compostable
flexible film solutions for packaging applications.
Tipa and Agrana contribute towards a greener economy
with compostable packaging in two ways: first, their
compostable packaging serves to shelve and protect packed
goods from damage and spoilage and second, these bags
support the collection of biowaste for composting, where
food waste is captured and biodegrades into nutrient-rich
compost for soil regeneration.

Source: [6]

www.agrana.com | www.tipa-corp.com
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In May 2022,
Rudolf Einsiedel, Vice President
Cordenka Innovations GmbH,
Obernburg am Main, Germany says:
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PLA-Cordenka®, the cellulose fibrereinforced polylactide material for
injection moulding, is an innovation that
makes the collaboration of Fraunhofer
IAP and Cordenka – as reported by
bioplastics MAGAZINE 10 years ago -–
commercially viable.
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1. Raw materials

AGRANA Starch
Bioplastics
Conrathstraße 7
A-3950 Gmuend, Austria
bioplastics.starch@agrana.com
www.agrana.com

Arkema
Advanced Bio-Circular polymers
Rilsan® PA11 & Pebax® Rnew® TPE
WW HQ: Colombes, FRANCE
bio-circular.com
hpp.arkema.com

Simply contact:

Tel.: +49 2161 6884467
suppguide@bioplasticsmagazine.com
Stay permanently listed in the
Suppliers Guide with your company
logo and contact information.

BASF SE
Ludwigshafen, Germany
Tel: +49 621 60-99951
martin.bussmann@basf.com
www.ecovio.com

Tel: +86 351-8689356
Fax: +86 351-8689718
www.jinhuizhaolong.com
ecoworldsales@jinhuigroup.com

Xinjiang Blue Ridge Tunhe
Polyester Co., Ltd.
No. 316, South Beijing Rd. Changji,
Xinjiang, 831100, P.R.China
Tel.: +86 994 22 90 90 9
Mob: +86 187 99 283 100
chenjianhui@lanshantunhe.com
www.lanshantunhe.com
PBAT & PBS resin supplier

Mixcycling Srl
Via dell‘Innovazione, 2
36042 Breganze (VI), Italy
Phone: +39 04451911890
info@mixcycling.it
www.mixcycling.it

For only 6,– EUR per mm, per issue you
can be listed among top suppliers in the
field of bioplastics.

39 mm

For Example:

Polymedia Publisher GmbH
Dammer Str. 112
41066 Mönchengladbach
Germany
Tel.
+49 2161 664864
Fax
+49 2161 631045
info@bioplasticsmagazine.com
www.bioplasticsmagazine.com

Sample Charge:
39mm x 6,00 €
= 234,00 € per entry/per issue

Sample Charge for one year:
6 issues x 234,00 EUR = 1,404.00 €
The entry in our Suppliers Guide is
bookable for one year (6 issues) and extends automatically if it’s not cancelled
three months before expiry.

www.facebook.com
www.issuu.com
www.twitter.com
www.youtube.com
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Gianeco S.r.l.
Via Magenta 57 10128 Torino - Italy
Tel.+390119370420
info@gianeco.com
www.gianeco.com

Xiamen Changsu Industrial Co., Ltd
Tel +86-592-6899303
Mobile:+ 86 185 5920 1506
Email: andy@chang-su.com.cn
1.1 Biobased monomers
1.2 Compounds

Earth Renewable Technologies BR
PTT MCC Biochem Co., Ltd.
Estr. Velha do Barigui 10511, Brazil
info@pttmcc.com / www.pttmcc.com slink@earthrenewable.com
Tel: +66(0) 2 140-3563
www.earthrenewable.com
MCPP Germany GmbH
+49 (0) 211 520 54 662
Julian.Schmeling@mcpp-europe.com
MCPP France SAS
+33 (0)2 51 65 71 43
fabien.resweber@mcpp-europe.com
Trinseo
1000 Chesterbrook Blvd. Suite 300
Berwyn, PA 19312
+1 855 8746736
www.trinseo.com
Microtec Srl
Via Po’, 53/55
30030, Mellaredo di Pianiga (VE),
Italy
Tel.: +39 041 5190621
Fax.: +39 041 5194765
info@microtecsrl.com
www.biocomp.it

BIO-FED
Branch of AKRO-PLASTIC GmbH
BioCampus Cologne
Nattermannallee 1
50829 Cologne, Germany
Tel.: +49 221 88 88 94-00
info@bio-fed.com
www.bio-fed.com

Global Biopolymers Co., Ltd.
Bioplastics compounds
(PLA+starch, PLA+rubber)
194 Lardproa80 yak 14
Wangthonglang, Bangkok
Thailand 10310
info@globalbiopolymers.com
www.globalbiopolymers.com
Tel +66 81 9150446

Kingfa Sci. & Tech. Co., Ltd.
No.33 Kefeng Rd, Sc. City, Guangzhou
Hi-Tech Ind. Development Zone,
Guangdong, P.R. China. 510663
Tel: +86 (0)20 6622 1696
info@ecopond.com.cn
www.kingfa.com

FKuR Kunststoff GmbH
Siemensring 79
D - 47 877 Willich
Tel. +49 2154 9251-0
Tel.: +49 2154 9251-51
sales@fkur.com
www.fkur.com

GRAFE-Group
Waldecker Straße 21,
99444 Blankenhain, Germany
Tel. +49 36459 45 0
www.grafe.com

Green Dot Bioplastics
527 Commercial St Suite 310
Emporia, KS 66801
Tel.: +1 620-273-8919
info@greendotbioplastics.com
www.greendotbioplastics.com

Plásticos Compuestos S.A.
C/ Basters 15
08184 Palau Solità i Plegamans
Barcelona, Spain
Tel. +34 93 863 96 70
info@kompuestos.com
www.kompuestos.com

NUREL Engineering Polymers
Ctra. Barcelona, km 329
50016 Zaragoza, Spain
Tel: +34 976 465 579
inzea@samca.com
www.inzea-biopolymers.com

a brand of

Helian Polymers BV
Bremweg 7
5951 DK Belfeld
The Netherlands
Tel. +31 77 398 09 09
sales@helianpolymers.com
https://pharadox.com

Sukano AG
Chaltenbodenstraße 23
CH-8834 Schindellegi
Tel. +41 44 787 57 77
Fax +41 44 787 57 78
www.sukano.com

bio

Elixance
Elixance
Tel +33 (0) 2 23 10 16 17
UNITED BIOPOLYMERS S.A.
PA du+33
Gohélis,
56250
France
Tel
(0)2
23Elven,
10 16
17 - elixbio@elixbio.com
Parque Industrial e Empresarial
elixbio@elixbio.com/www.elixbio.com da Figueira da Foz
www.elixance.com - www.elixbio.com
Praça das Oliveiras, Lote 126
1.3 PLA

TotalEnergies Corbion bv
Stadhuisplein 70
4203 NS Gorinchem
The Netherlands
Tel.: +31 183 695 695
www.totalenergies-corbion.com
PLA@totalenergies-corbion.com

Zhejiang Hisun Biomaterials Co.,Ltd.
No.97 Waisha Rd, Jiaojiang District,
Taizhou City, Zhejiang Province, China
Tel: +86-576-88827723
pla@hisunpharm.com
www.hisunplas.com

ECO-GEHR PLA-HI®
Biofibre GmbH
Member of Steinl Group
Sonnenring 35
D-84032 Altdorf
Fon: +49 (0)871 308-0
Fax: +49 (0)871 308-183
info@biofibre.de
www.biofibre.de

Natureplast – Biopolynov
11 rue François Arago
14123 IFS
Tel: +33 (0)2 31 83 50 87
www.natureplast.eu

TECNARO GmbH
Bustadt 40
D-74360 Ilsfeld. Germany
Tel: +49 (0)7062/97687-0
www.tecnaro.de

P O L i M E R

GEMA POLIMER A.S.
Ege Serbest Bolgesi, Koru Sk.,
No.12, Gaziemir, Izmir 35410,
Turkey
+90 (232) 251 5041
info@gemapolimer.com
http://www.gemabio.com

- Sheets 2 /3 /4 mm – 1 x 2 m GEHR GmbH
Mannheim / Germany
Tel: +49-621-8789-127
laudenklos@gehr.de
www.gehr.de

1.4 Starch-based bioplastics

BIOTEC
Biologische Naturverpackungen
Werner-Heisenberg-Strasse 32
46446 Emmerich/Germany
Tel.: +49 (0) 2822 – 92510
info@biotec.de
www.biotec.de

Plásticos Compuestos S.A.
C/ Basters 15
08184 Palau Solità i Plegamans
Barcelona, Spain
Tel. +34 93 863 96 70
info@kompuestos.com
www.kompuestos.com

Sunar NP Biopolymers
Turhan Cemat Beriker Bulvarı
Yolgecen Mah. No: 565 01355
Seyhan /Adana,TÜRKIYE
info@sunarnp.com
burc.oker@sunarnp.com.tr
www. sunarnp.com
Tel: +90 (322) 441 01 65

Treffert GmbH & Co. KG
In der Weide 17
55411 Bingen am Rhein; Germany
+49 6721 403 0
www.treffert.eu

3090-451 Figueira da Foz – Portugal
Treffert S.A.S.
Phone: +351 233 403 420
Rue de la Jontière
info@unitedbiopolymers.com
57255 Sainte-Marie-aux-Chênes,
www.unitedbiopolymers.com
France
+33 3 87 31 84 84
1.5 PHA
www.treffert.fr

Suppliers Guide

eli

www.granula.eu
CJ White Bio – PHA Biopolymers
www.cjbio.net
hugo.vuurens@cj.net

Kaneka Belgium N.V.
Nijverheidsstraat 16
2260 Westerlo-Oevel, Belgium
Tel: +32 (0)14 25 78 36
Fax: +32 (0)14 25 78 81
info.biopolymer@kaneka.be

2. Additives/Secondary raw materials

GRAFE-Group
Waldecker Straße 21,
99444 Blankenhain, Germany
Tel. +49 36459 45 0
www.grafe.com
3. Semi-finished products
3.1 Sheets

TianAn Biopolymer
No. 68 Dagang 6th Rd,
Beilun, Ningbo, China, 315800
Tel. +86-57 48 68 62 50 2
Fax +86-57 48 68 77 98 0
enquiry@tianan-enmat.com
www.tianan-enmat.com

Customised Sheet Xtrusion
James Wattstraat 5
7442 DC Nijverdal
The Netherlands
+31 (548) 626 111
info@csx-nijverdal.nl
www.csx-nijverdal.nl

1.6 Masterbatches

4. Bioplastics products

GRAFE-Group
Waldecker Straße 21,
99444 Blankenhain, Germany
Tel. +49 36459 45 0
www.grafe.com

Albrecht Dinkelaker
Polymer- and Product Development
Talstrasse 83
60437 Frankfurt am Main, Germany
Tel.:+49 (0)69 76 89 39 10
info@polyfea2.de
www.caprowax-p.eu

Bio4Pack GmbH
Marie-Curie-Straße 5
48529 Nordhorn, Germany
Tel. +49 (0)5921 818 37 00
info@bio4pack.com
www.bio4pack.com

Plant-based and Compostable PLA Cups and Lids

Great River Plastic Manufacturer
Company Limited
Tel.: +852 95880794
sam@shprema.com
https://eco-greatriver.com/

bioplastics MAGAZINE [03/22] Vol. 17

55

Suppliers Guide

6.2 Degradability Analyzer
Minima Technology Co., Ltd.
Esmy Huang, Vice president
Yunlin, Taiwan(R.O.C)
Mobile: (886) 0-982 829988
Email: esmy@minima-tech.com
Website: www.minima.com
w OEM/ODM (B2B)
w Direct Supply Branding (B2C)
w Total Solution/Turnkey Project

MODA: Biodegradability Analyzer
SAIDA FDS INC.
143-10 Isshiki, Yaizu,
Shizuoka, Japan
Tel:+81-54-624-6155
Fax: +81-54-623-8623
info_fds@saidagroup.jp
www.saidagroup.jp/fds_en/
7. Plant engineering

Naturabiomat
AT: office@naturabiomat.at
DE: office@naturabiomat.de
NO: post@naturabiomat.no
FI: info@naturabiomat.fi
www.naturabiomat.com

EREMA Engineering Recycling Maschinen und Anlagen GmbH
Unterfeldstrasse 3
4052 Ansfelden, AUSTRIA
Phone: +43 (0) 732 / 3190-0
Fax:
+43 (0) 732 / 3190-23
erema@erema.at
www.erema.at

Natur-Tec® - Northern Technologies 9. Services
4201 Woodland Road
Circle Pines, MN 55014 USA
Tel. +1 763.404.8700
Fax +1 763.225.6645
info@natur-tec.com
Osterfelder Str. 3
www.natur-tec.com
46047 Oberhausen
Tel.: +49 (0)208 8598 1227
thomas.wodke@umsicht.fhg.de
www.umsicht.fraunhofer.de
NOVAMONT S.p.A.
Via Fauser , 8
28100 Novara - ITALIA
Fax +39.0321.699.601
Tel. +39.0321.699.611
www.novamont.com6. Equipment
6.1 Machinery & moulds

Buss AG
Hohenrainstrasse 10
4133 Pratteln / Switzerland
Tel.: +41 61 825 66 00
info@busscorp.com
www.busscorp.com

Our new
frame
colours
The familiar blue
frame stands for rather
administrative sections,
such as the table of
contents or the “Dear
readers” on page 3.

Innovation Consulting Harald Kaeb

narocon
Dr. Harald Kaeb
Tel.: +49 30-28096930
kaeb@narocon.de
www.narocon.de

nova-Institut GmbH
Tel.: +49(0)2233-48-14 40
E-Mail: contact@nova-institut.de
www.biobased.eu

Bioplastics Consulting
Tel. +49 2161 664864
info@polymediaconsult.com
10. Institutions
10.1 Associations

BPI - The Biodegradable
Products Institute
331 West 57th Street, Suite 415
New York, NY 10019, USA
Tel. +1-888-274-5646
info@bpiworld.org

European Bioplastics e.V.
Marienstr. 19/20
10117 Berlin, Germany
Tel. +49 30 284 82 350
Fax +49 30 284 84 359
info@european-bioplastics.org
www.european-bioplastics.org
10.2 Universities

Institut für Kunststofftechnik
Universität Stuttgart
Böblinger Straße 70
70199 Stuttgart
Tel +49 711/685-62831
silvia.kliem@ikt.uni-stuttgart.de
www.ikt.uni-stuttgart.de

IfBB – Institute for Bioplastics
and Biocomposites
University of Applied Sciences
and Arts Hanover
Faculty II – Mechanical and
Bioprocess Engineering
Heisterbergallee 12
30453 Hannover, Germany
Tel.: +49 5 11 / 92 96 - 22 69
Fax: +49 5 11 / 92 96 - 99 - 22 69
lisa.mundzeck@hs-hannover.de
www.ifbb-hannover.de/
10.3 Other institutions

GO!PHA
Rick Passenier
Oudebrugsteeg 9
1012JN Amsterdam
The Netherlands
info@gopha.org
www.gopha.org

Green Serendipity
Caroli Buitenhuis
IJburglaan 836
1087 EM Amsterdam
The Netherlands
Tel.: +31 6-24216733
www.greenseredipity.nl

Michigan State University
Dept. of Chem. Eng & Mat. Sc.
Professor Ramani Narayan
East Lansing MI 48824, USA
Tel. +1 517 719 7163
narayan@msu.edu

Bioplastics related topics, i.e.
all topics around biobased
and biodegradable plastics,
come in the familiar
green frame.

All topics related to
Advanced Recycling, such
as chemical recycling
or enzymatic degradation
of mixed waste into building
blocks for new plastics have
this turquoise coloured
frame.

When it comes to plastics
made of any kind of carbon
source associated with
Carbon Capture & Utilisation
we use this frame colour.

If a topic belongs to more
than one group, we use
crosshatched frames.
Ochre/green stands for
Carbon Capture &
Bioplastics, e. g. PHA made
from methane.

Articles covering Recycling
and Bioplastics ...

Recycling & Carbon Capture

We’re sure, you got it!

As you may have already noticed, we are expanding our scope of topics. With the main target in focus – getting away from fossil resources – we are strongly
supporting the idea of Renewable Carbon. So, in addition to our traditional bioplastics topics, about biobased and biodegradable plastics, we also started covering
topics from the fields of Carbon Capture and Utilisation as well as Advanced Recycling.
To better differentiate the different overarching topics in the magazine, we modified our layout.
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You can meet us

2nd Annual Bioplastics Innovation Forum

bioplasticsmagazine.com

09.06. - 10.06.2022 - Praque, Czech Republic
www.interfoam.cn/en

The European Biopolymer Summit
14.06. - 15.06.2022 - London, UK

the next six issues for €179.–1)

https://www.wplgroup.com/aci/event/european-biopolymer-summit/

Packaging Design 4 Sustainability Conference

14.06.2022 - Chemelot Campus, Geleen,The Netherlands
https://design4sustainabilityconference.com

Special offer
for students and
young professionals1,2) € 99.-

Interfoam 2022

Events

Event Calendar

daily updated eventcalendar at
www.bioplasticsmagazine.com

Subscribe
now at

15.06. - 17.06.2022 - Shanghai, China
www.interfoam.cn/en

Plastics for Cleaner Planet - Conference

26.06. - 28.06.2022 - New York City Area, USA

2) aged 35 and below.
Send a scan of your
student card, your ID
or similar proof.

https://innoplastsolutions.com/conference

Bioplastix India

29.07. - 30.07.2022 - Bangalore, India
https://bioplastex.com/

Bioplastics Business Breakfast K‘2022

20 - 21 - 22 Oct. 2022, Düsseldorf, Germany
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edit/ad/
Deadline
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Films/Flexibles/
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Consumer
Electronics

Chemical recycling

K'2022 Review
Subject to changes
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SMART
SOLUTIONS
FOR
EVERYDAY
PRODUCTS

•
•
•
•

Food contact grade
Odourless
Plasticizer free
Home and industrial
compostable

100%
compostable

(according to EN 13432)

WWW.MATERBI.COM

COME TO VISIT US AT

MAY 30 - june 3, 2022
messe mÜnchen
HALL A5 • stand 232

r3_05.2022

EcoComunicazione.it

as kiwifruit peel

