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Children know and love it: the Mobby-Dig ride-on digger from BLS. The all-time classic
among ride-on digger is now also available in a bioplastic version. The Bio-Mobby-Dig is
made from the bio-based I'm green™ polyethylene and is in every way equal to its fossil
counterpart in terms of durability and robustness.
The Bio-Mobby-Dig stands up to its promise:
made from renewable raw materials
"made in Germany"
durable and robust
loadable even up to 100 kg

Editorial

dear
readers
Spring is coming, bringing change to nature like every year. While it is still
cold (here in Germany) I can already feel the air buzzing with energy and life.
Spring – the season of change. Last year that change meant that we had to
stay inside, conferences were cancelled or moved online, communication and
networking moved from face-to-face to face-to-screen, many homes and
offices fused together into one. And while many of us are still in some
versions of lockdown I am quietly optimistic that once again, Spring will
bring change.
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That is why we have planned our own events this year, the 2nd PHA
platform World Congress (July 6+7), the bio!TOY (Sep. 7+8), and the
bio!PAC (Nov. 3+4) as hybrid events and hybrid includes actual face-toface meetings. The idea of hybrid events is also
change
welcome
asa or
angewepe
el
and will continue even after Corona is over – which we certainly all want
sooner rather than later.
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However, there are still many uncertainties, but we cannot shy away
from the challenges of today, we need to face them head-on. And I feel
that the content of this issue fits perfectly with that sentiment.
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Next to our segment of Injection Moulding that features many
articles that tackle current challenges head-on we also have a
special article by our friend and supporter Michael Carus with the
uplifting title “Bioeconomy is not alone” outlining future possibilities
or rather necessities for sustainable materials that also fits into the
idea of change. And also, in our Basics segment, we look at the most recent
developments of the Mass Balance approach, which will certainly be one more
driving factor away from fossil to renewable carbon sources.
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And our long-time readers might have noticed that even bioplastics MAGAZINE
itself has recently gone through some changes. We are currently working on a
slight facelift both in our layout as well as in our content. While our main focus
will remain on everything bio in and about plastics, we are broadening our
scope to include more topics from the other areas that fall under Renewable
Carbon. What that exactly means and how it will look is explained on page 56.
However, it is important that with all that change in the air we also hold on
to some things unchanged. For me, one of these things is enjoying a cold beer
in my sunny garden, next to my beautiful wife. And I with the Easter Holidays in
front of us I know I will be able to enjoy these things to my heart’s content –
I hope you have things to enjoy in the sun as well, while staying safe and
healthy.

Follow us on twitter!

www.twitter.com/bioplasticsmag

Like us on Facebook!

www.facebook.com/bioplasticsmagazine

Sincerely yours
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"As part of the BioSupPack project, we will be
processing and testing new types of waste from
food production. We also look for new kinds of
polymer that are suitable for processing into
plastics," said Lenka Mynářová, co-owner of
NAFIGATE Corporation.
The European Commission allocated EUR 8.8
million for the whole project, the Czech participants
of the consortium – Nafigate Corporation and BUT
– received a total of EUR 1.4 million. The consortium
thus becomes the only alliance of companies and
institutions (so-called DEMO project), which will
deal with environmentally friendly packaging with
the support of the European Commission.
Nafigate Corporation is a leading Czech
innovation company focusing on biotechnology and
nanotechnology. The Hydal PHB technology, which
uses various oil wastes to produce bioplastics,
poses the flagship in the area of biotechnology. MT
www.nafigate.com

News

Nafigate, together with 16 partners, won a
European Commission tender under the Horizon
2020 research program. They will be implementing
a new generation of sustainable packaging project,
which is named BioSupPack. The basis for the
project is the know-how of two Czech entities –
Nafigate Corporation a.s., and the Brno University
of Technology (BUT). The multinational company
Unilever and other excellent workplaces in Europe
are also members of the consortium.

Mass Balance
certified styrene
Trinseo (Berwyn, Pennsylvania, USA), a global materials company
and manufacturer of plastics, latex binders, and synthetic rubber
announces that its feedstocks plant in Terneuzen, The Netherlands
received an International Sustainability & Carbon Certification
(ISCC) for its mass balance processes used to validate its biobased
styrene as sustainable. The Terneuzen plant joins three other
Trinseo sites that produce sustainable materials in being certified
– polystyrene at Tessenderlo, Belgium; polycarbonate at Stade,
Germany; and synthetic rubber at Schkopau, Germany.

daily upated news at
www.bioplasticsmagazine.com

New H 2020 demo
project in sustainable
packaging based on
PHA

“Trinseo’s ethylbenzene styrene monomer plant in Terneuzen
received ISCC+ certification in December 2020 and already has
produced its first batch of bio-styrene,” said Nina Karabash,
Global Business Director, Feedstocks. “This is an important step
for our business, as customers are constantly looking for ways
to add renewable raw materials along the value chain to support
sustainability goals.”
Styrene is used to produce resins such as polystyrene (PS),
acrylonitrile butadiene styrene (ABS), styrene-acrylonitrile
(SAN), latex binders, and synthetic rubber, all which Trinseo
manufactures. Trinseo’s ISCC designation at Terneuzen allows the
company to track both bio and recycled feedstocks at the facility and
provide customers with sustainability declarations as evidence of
sustainable content claims.
The percentage of bio content in Trinseo’s styrene can vary based
on the composition of the feedstocks. For example, the first batch
of bio-styrene produced had 75 % bio-content and was made from
100 % bio-benzene blended with ethylene coming from fossil-based
naphtha. Trinseo uses second-generation biowaste ensuring that
the bio-source for the styrene does not compete with food chains.
Biomaterials allow manufacturers to reduce fossil fuel use either
directly or through material reuse, thereby promoting a circular
economy. The mass balance approach is a chain of custody method
to track sustainably advantaged materials through complex value
chains to measure sustainable content in finished goods (See also
article on pp 52).
For Trinseo, mass balance tracking is part of its effort to meet its
2030 Sustainability Goals. These goals include evolving to a materials
portfolio of 40 % sustainably beneficial materials by 2030. AT
www.trinseo.com

Picks & clicks
Most frequently clicked news

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-20210201

Growth rate for biobased polymers
far above overall polymer market growth
(01 February 2021)

A new report compiled by the international biopolymer expert group of the
nova-institute, called the year 2020 a promising year for biobased polymers.
“Sold out PLA in 2019 has led to the installation of increased capacities,
PE and PP made from biobased naphtha are breaking ground and future
expansion for biobased polyamides as well as for ...”
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3D printing with PHA
Bioplastics specialist Helian Polymers (Belfeld , The
Netherlands) announced in February a new partnership
with South Korea based CJ CheilJedang BIO (CJ BIO).
The joint goal of this cooperation is to develop high added
value PHA based and customer specific biopolymer
solutions.
Since 2012 Helian Polymers’ has become one of the
world's leading and most innovative 3D printing filament
producers. Being an independent company since 2015,
colorFabb has always worked closely with Helian
Polymers to develop new materials for FFF / additive
manufacturing.
Now, in 2021, Helian Polymers reinvigorates its focus
on biopolymers. Helian Polymers will develop custom
made and high-value PHA based solutions catered to
specific customer needs. Starting in 2020, R&D has
already begun with partners like CJ BIO to develop a
certifiable fully biodegradable 3D printing filament.
Through its connection with colorFabb 3D, Helian
Polymers is in a unique position to develop innovative
PHA based formulations and bring it to the market with
high priority.
"It is in our DNA to develop truly innovative material
solutions. In a world with growing awareness
about sustainability and the need to take ecological
responsibility we are very excited to announce the
partnership with CJ CheilJedang Bio, presenting a
unique opportunity to start working with their biobased
building blocks, that we regard as enabling cornerstones
for PHA based material solutions," said Ruud Rouleaux,
CEO of Helian Polymers.
Working with CJ BIO's flexible and amorphous PHA
grade enables Helian Polymers to fine tune desired
mechanical properties and overcome well-known
problems with PHA like brittleness and shrinkage (due
to its high crystallinity). This new PHA grade acts as an
enabler which allows Helian Polymers, closely working
with CJ BIO and colorFabb, to launch a portfolio of PHA
based filaments with different properties and high added
value.
Partnering with CJ BIO is a logical step for Helian
Polymers. CJ BIO is the world's leading supplier of
fermentation based bio-products for animal and human
nutrition with 11 manufacturing facilities in six countries.
“We are grateful to Helian Polymers for their
professional effort to developing new biodegradable
3D filaments with CJ BIO’s amorphous PHA. This new
biodegradable polymer has possibility to be used for
diverse applications and Helian Polymers has shown its
reality through practically applicable product to society.
We will continue to expand our partnership to fulfill both
companies’ commitment to circular economy,” added
Kuk-Ki Hong, Team leader of biodegradable business
team in CJ BIO. MT
www.helianpolymers.com

DSM and partners launch
Dyneema coalition
Royal DSM, a global science-based company in Nutrition,
Health, and Sustainable Living, recently announced that
it, along with leading industry partners, has launched a
new coalition, known as CirculariTeam®. The coalition
aims to drive the transition towards renewable bio- and
recycled based resources within its respective industry.
CirculariTeam provides a common platform to share
knowledge, resources, and technological solutions, with
the goal of closing the loop on Dyneema, the world’s
strongest fiber.
The cross-industry coalition consists of parties from
across the value chain that use DSM’s Dyneema, a very
strong UHMWPE fiber, in their products. This matches
DSM’s vision and mission of enabling a circular economy
and keeping materials at their highest value for the
longest possible time. MT
www.dsm.com

China’s bioplastic plans
According to a report published by Nikkei Asia this
February, China plans to drastically increase its production
of biodegradable bioplastics. These developments
seem to be in response to a policy of China’s National
Development and Reform Commission with the aim
to reduce the use of conventional (non-biodegradable)
plastic, in early 2020. The report talks, among others,
about plans of the China BBCA Group to increase their
annual production capabilities of PLA up to 700,000
tonnes by 2023. Nikkei compares this to estimates of the
Fuji Chimera Research Institute in Tokyo, which predicts
a global market growth of PLA up to 370,000 tonnes for
2023 – which is about half the volume BBCA is planning to
produce by themselves, next to around ten other Chinese
companies with similar, albeit less ambitious plans for
their PLA production.
Further biopolymers mentioned are PBAT and PBS,
the report states that around 15 companies are planning
to increase their cumulative annual production of the
polymers by 1.24 million tonnes almost five times their
current capacity (June 2020).
Nikkei suggests that this change of position of the
Chinese government in Beijing will lead to incentives
and subsidies on local government level – similar to past
developments in the fields of wind and solar energy as
well as LCD.
The report further compares the Chinese production
capacities to e.g., Japan, naming companies such as
Mitsubishi Chemical, or Germany's BASF. AT
The full report is available at: https://asia.nikkei.com/Spotlight/
Environment/China-aims-to-go-as-big-in-bioplastics-as-it-did-in-solarpanels
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The Bioplastics Award will be presented
during the 15th European Bioplastics Conference
Nov 30 - Dec 01, 2021, Berlin, Germany

PR E S E N T S
THE FIFTEENTH ANNUAL GLOBAL AWARD FOR
DEVELOPERS, MANUFACTURERS, AND USERS OF
BIOBASED AND/OR BIODEGRADABLE PLASTICS.

Call for proposals
Enter your own product, service, or development,
or nominate your favourite example from
another organisation
Please let us know until August 31st
1. What the product, service, or development is and does
2. Why you think this product, service, or development should win an award
3. What your (or the proposed) company or organisation does
Your entry should not exceed 500 words (approx. 1 page) and may also be supported with photographs,
samples, marketing brochures, and/or technical documentation (cannot be sent back). The 5 nominees
must be prepared to provide a 30 second videoclip and come to Berlin on Nov. 30
More details and an entry form can be downloaded from

www.bioplasticsmagazine.de/award

supported by
bioplastics MAGAZINE [02/21] Vol. 16
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News
daily upated news at
www.bioplasticsmagazine.com

Joint venture SKYi FKuR Biopolymers
starts production in India
A decade of successful collaboration between FKuR (Germany, Willich) and India's SKYi Innovations LLP (Pune), acting as
distributors of the FKuR bioplastics range, has laid the foundation for a promising presence in the Indian market.
Both companies finally established the SKYi FKuR Biopolymers Pvt Ltd joint venture at the end of 2019 to further strengthen
their cooperation.
The local production of biodegradable, partially biobased plastics has now begun. This is a further step in implementing the
FKuR mission to leave the world a little better than we found it by using sustainable plastics solutions.
The joint venture produces a significant part of the Bio-Flex® product range for local demand as well as for distribution to
neighbouring regions. This makes the JV the first dedicated manufacturer of compostable biopolymer compounds in India.
Patrick Zimmermann, member of the executive board of FKuR Group explains this strategic step: "After our participation at
Plastindia 2012, it was clear to us that the Indian continent is a strategically important bridgehead and a hub for our products
in Asia and Africa as well."
In addition, Carmen Michels, also a member of the FKuR Group executive team and one of the four directors of the JV
adds, "Given the global drive to reduce consumption and disposal of single-use plastics, reduce plastic waste and adopt
sustainable solutions, the demand for compostable plastics is also growing in these regions, with a focus on packaging and
catering applications, as well as agribusiness. In particular, compostable plastics can make a positive contribution to waste
management in India, as setting up organic recycling is infinitely easier and less costly compared to other disposal options
such as mechanical recycling or thermal recovery."
The plant built for this purpose will employ up to 40 people in the first expansion phase. A modern compounding line is run
on three shifts. In the company's own testing laboratory, which contains a small blown film line along with other equipment, the
qualities of the incoming raw materials and the end products are monitored according to German standards.
Sachin Jain, Managing Director of SKYi Innovations LLP and, like Michels, Director of the JV, adds, "SKYi FKuR Biopolymers
combines German technology with Indian agility and entrepreneurial spirit. Together, we will bring advanced 'Made in India'
solutions to the market and offer our customers excellent service with high flexibility and short lead times." AT
www.fkur.com | www.skyi.in

| www.compostable.in

Braskem investing to increase biopolymer production
Braskem has announced plans to increase the capacity of
its green ethylene unit in Triunfo, Rio Grande do Sul. Derived
from sugarcane ethanol, the ethylene produced here is
used in the production of Braskem’s renewable PE and EVA
resins.
The company is now investing USD 61 million to expand
the capacity of this unit from the current 200,000 tonnes/
year up to 260,000 tonnes/year. The project will be rolled out
in 2021 and should be concluded in the fourth quarter of
2022.
“The increase in biopolymer capacity and production
reflects healthy growth in demand from society and our
partners for sustainable products, which has increased
significantly in recent years. It’s also a strong signal of
Braskem’s commitment towards sustainable development
which reflects the values of our supply chain partners and
our customers. Our business expansion aims to consolidate
Braskem’s leadership of the biopolymers market,” said
Marco Jansen, global biopolymers leader at Braskem.
Braskem initially started exploring the production of
biopolymers from sugarcane in 2007 at the Technology and
Innovation Center in the Triunfo Petrochemical Complex,

8

bioplastics MAGAZINE [02/21] Vol. 16

the sector’s largest and most modern research complex in
Latin America. The company invested USD 290 million in
building the industrial unit and, in 2010, unveiled the world’s
first polyethylene (PE) produced from renewable resources
on an industrial scale, today marketed under the I’m green
bio-based brand.
Since then, Braskem has ramped up production, and
expanded the brand with new renewable solutions such as
its I’m green bio-based EVA, a resin used in the automotive
and footwear sectors, amongst others. MT
www.braskem.com

bio PAC
bioplastics MAGAZINE presents:

www.bio-pac.info

#biopac

Conference on Biobased Packaging
03 - 04 Nov 2021 - Düsseldorf, Germany

st il l o p e n !
C a ll fo r P a p e rs

Most packaging is only used for a short period and therefore give rise to large quantities of waste. Accordingly, it is vital to
make sure that packaging fits into natures eco-systems and therefore use the most suitable renewable carbon materials and
implement the best ‘end-of-life’ solutions.
That‘s why bioplastics MAGAZINE (in cooperation with Green Serendipity) is now organizing the 4th edition of the
bio!PAC - conference on packaging made from renewable carbon plastics, i.e. from renewable resources. Experts from all
areas of renewable carbon plastics and circular packaging will present their latest developments. The conference will also
cover discussions like end-of-life options, consumer behaviour issues, availability of agricultural land for material use versus
food and feed etc.
The full 2-day conference is planned to be held on 03-04 Nov 2021 in Düsseldorf, Germany (Maritim Airport Hotel).

Bronze Sponsor

Coorganized by

supported by

Media Partner
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Join us at the

16th European
Bioplastics Conference
– the leading business forum for the
bioplastics industry.

30 NOV - 1 DEC 2021
Mercure Hotel MOA
Berlin, Germany
@EUBioplastics #eubpconf2021
For more information email:
www.european-bioplastics.org/events conference@european-bioplastics.org

Events

CHINAPLAS 2021
More than a Plastics & Rubber Trade Fair — Concurrent Events Unveiled

2020 was an unprecedented year for the world. The
plastics and rubber industries have undergone rapid
changes, and the downstream users are more urgently in
need of innovative and practical solutions than ever before.
How to grasp the infinite market opportunities in 2021?
CHINAPLAS, Asia’s No. 1 plastics and rubber trade fair,
to be held during April 13—16 in Shenzhen, PR China, will
again feature a bioplastics zone in hall 16, as well as a series
of exciting concurrent events, to explore hot topics like 5G,
digital manufacturing, circular economy, antibacterial &
sterilization etc. with the shareholders in the industries.

Plastics Recycling & Circular Economy
Conference and Showcase – Towards a
Sustainable Future
Circular economy impacts significantly on the global
plastics and rubber industries. It is not only a hot topic around
the world, but also implies huge business opportunities for
a brand new market. A successful and sustainable circular
economy requires the support and collaboration across the
entire value chain from material manufacturers to brands
and end consumers.
The 2nd edition of CHINAPLAS X CPRJ Plastics Recycling
& Circular Economy Conference and Showcase will be
held on April 12, one day before the commencement of
CHINAPLAS 2021. The event aims at gathering visitors
with common beliefs and goals to explore the implications
of the circular economy from different perspectives, such
as the global trends and policies of plastics recycling, the
experience of waste separation for recycling in leading
regions, innovative ideas and achievements of plastics
recycling, etc. The guest speakers are the key players in the
value chain, such as Alliance to End Plastic Waste, Blonde,
SABIC, and IKEA, as well as the representatives from
renowned enterprises, such as Covestro, VEOLIA, Meituan,
P&G, Borouge, Southern Packaging, Pepsi, and Tetra Pak.
Following the success of its debut in Guangzhou, the event
is expected to present more than 40 speeches/interviews
and receive over 400 industry elites to exchange ideas.
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Tech Talk – Beyond Technology
Technology will change everything! “Tech Talk”, the
“flagship” concurrent event of CHINAPLAS, has been held
for four years, and has become an influential platform for
releasing innovative technology. More than 40 experts will
present the latest, hottest, and most advanced products and
technologies under 6 different themes.
Among other topics such as Plastics & Rubber + 5G,
Environmental-friendly Automotive Technology, Intelligent
Packaging Solutions, Innovative Materials, and Automated
Precision Manufacturing, the session Molding Technology
of Bioplastics and Composite Materials will highlight the
details of forming processes of bioplastics, degradable
plastics, and resin-based fibre reinforced composites. In
the evolution of industrial upgrading and transformation,
manufacturers need to embrace more automated and
precise manufacturing technologies to meet product
requirements.
This year, “Tech Talk” continues to highlight the
practicability and innovation, providing an effective platform
for professional buyers to grasp the industry trends. “Tech
Talk” received nearly 500 professional participants in the
previous edition.

See us in Shenzhen
CHINAPLAS 2021 will be held from 13 to 16 April 2021,
occupying 16 halls of the Shenzhen World Exhibition &
Convention Center, which covers 350,000 m² of exhibition
area. Together with more than 3,600 renowned exhibitors
from all over the world, the exhibition will showcase
countless innovative materials and mechanical technologies.
It is expected to attract professional visitors from different
plastics and rubber application industries in China and
overseas countries. MT
To pre-register visit www.ChinaplasOnline.com/prereg.
www.ChinaplasOnline.com

By Jan Ravenstijn

The 2nd PHA-platform World Congress has turned into
a multi-activity event, due to the pandemic. It began with
a one-day webinar on September 2nd 2020, followed by a
3-hour evening program at the Nanjing Biodegradable
Polymers conference on November 5th 2020, and is
planned to end with the 2-day congress on July 6th &
7th 2021 in Cologne, Germany. At this point in time, it is
envisioned as a physical event, where people can meet
and talk with each other, however, it is very likely that there
will be a digital webinar option available for people who
cannot attend in person or wish to attend from a distance
due to Covid-19 regulations. As there is still a lot in flux,
and predictions are difficult to make, more details will
become available as we move closer to the date of the
event. It might even turn out that we have to postpone
again to September 22nd + 23rd. Europe is currently seeing
a third wave with more contagious coronavirus mutations
and problems, or at least uncertainties with one of the
vaccines.

Summary of recent and not so recent
developments:
Quite a few good things happened for the PHA-platform
since the 1st Congress in September 2018:
 GO!PHA, the global organization for proliferation of the
PHA-platform has been established in June 2019 and
membership numbers have been growing ever since.


Since late 2019 several companies have startedup new manufacturing facilities, have made further
investment announcements of more than half a billion
dollars, and new companies have been scaling-up,
while demand continues to exceed the available supply.



A number of the technological challenges
related to PHA-material manufacturing and processing
have been largely taken care of, although not everything
is common knowledge yet.



The mcl-PHAs (like PHBH) are moving from
embryonic to early growth on the S-curve in 2021, with
some of the scl-PHAs (like PHBV and P3HB4HB) right
behind them.



Many new and potential applications for the
PHA-platform materials have emerged, both in singleuse applications as well as in durable products.



Although the relevant PHA-materials are
natural products made by biological processes (i.e.,
not made by polymerization) we still face different and
opposite views from legislators and NGOs around the
world, so there is still work to be done.



Many OEMs and smaller customers are
complaining about the limited availability of PHAmaterials, so apparently Market Pull has been
established.

All in all, a promising and challenging environment with
opportunities to significantly advance the industrialisation
of the PHA-platform.

Events

The PHA-platform advancing
About the 2nd Congress
There will be four main themes at the upcoming congress where
we try to avoid show & tell-presentations and focus on quality
content:
1. PHA-platform industrialization:
There will be an update on the state-of-the-art of the global
PHA-platform, capacities in place, expansion plans, and product
offerings of producers (including newer initiatives), and the position
and plans of GO!PHA.
Speakers will be from the main PHA-material producing
companies and GO!PHA.
2. Technological developments:
New technologies in the areas of fermentation process
hardware and metabolic engineering, downstream processing,
the use of renewable feedstock (from biosphere, atmosphere, and
technosphere), and an initiative for 10–12 industrial PhD projects
to address several material science aspects of the PHA-platform
products will be presented. But also different manufacturing
technology is reviewed.
Speakers will be from industrial technology development
companies and academic institutes with a focus on the advancement
of material science knowledge (processing, nucleation, structure/
property-relations) for PHA materials and on the possibilities
for product innovation through fermentation or chemo-catalytic
processes.
3. Application developments:
Too many people seem to think that packaging applications and
biodegradability in every environment are what PHA-materials are
all about. Well – there is a lot more about PHA than just that. Food
packaging is just one of the 26 PMCs (Product Market Combinations)
that have been demonstrated, most of which are commercial by
now.
Speakers will be from compounders and OEMs on a large variety
of different and new applications for PHA materials and on the
technologies behind it.
4. Environmental, legislative, and regulatory matters:
Natural materials like polysaccharides, starch, cellulose, and
several PHA-materials are excellent fits for a circular economy
approach, either alone or in combination with each other. After all,
that’s the function they have in nature. Legislators around the world
(Canada, China, Europe, USA) are very active in an effort to curb
the plastics waste issue but take different approaches regarding the
abovementioned natural materials. Here we will discuss items like
legislation status & activities, circularity & End-of-Life options, and
details of biodegradation.
Speakers will be from NGOs, the nova-Institute, GO!PHA, and
perhaps legislators.
All in all, we’ll have a full and diverse plate for the congress. Due
to new developments of the last 1–1.5 years, there will be several
adjustments to the final program compared to what we published in
bioplastics MAGAZINE more than a year ago. There will be a more detailed
outline of the congress program in about 1–2 months from now.
www.gopha.org | www.pha-world-congress.com
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Events

Renault Strategie –
Sustainable Mobility for all
July 06-07, 2021,
Cologne, Germany

organized by

Co-organized by Jan Ravenstijn

www.pha-world-congress.com

Preliminary Programme: 2nd PHA platform World Congress
Tuesday, July 06, 2021
PHA-platform industrialization
08:45-09:15 Jan Ravenstijn

The PHA-platform, moving up the S-curve

09:15-09:40 Blake Lindsey, RWDC-Industries

TBD

09:40-10:05 Erwin LePoudre, Kaneka

Market expansion of Kaneka Biodegradable Polymer Green Planet™
through sustainable application developments.

10:05-10:30 Rick Passenier, GO!PHA

GO!PHA: a collaborative effort to PHA-platform industry growth: status & activities

Technology developments
11:10-11:35 George Chen, Tsinghua University

New Generation Industrial Biotechnology as a basis for PHABuilder.

11:35-12:00 Jeff Uhrig, Novomer

Economic considerations of 100 million tons of PHA.

12:00-12:30 Stefan Jockenhoevel, AMIBM

A unique "Horizon Programme" to advance material science knowledge
of the PHA-platform.

12:30-12:55 Eligio Martini, MAIP

TBD, addressing technical and business opportiunities for PHA-compounds

Application developments
14:05-14:30 Bas Krins, Senbis

Effect of PHA-material structure on yarn and filament spinning

14:30-14:55 Lenka Mynarova, Nafigate

PHB in cosmetic applications

14:55-15:20 Ruud Rouleaux, Helian Polymers/colorFabb

Designing PHA-materials for 3D-printing applications

Environmental, legislative & regulatory matters
15:55-16:20 Anindya Mukherjee, GO!PHA

The effect of legislation on innovative PHA-material design for a circular economy

16:20-16:55 Bruno DeWilde, OWS

Biodegradation: a uni-environmental characteristic?

16:55-17:20 Michael Carus, nova Institute

For which end-products is biodegradation a justified need?

Wednesday, July 07, 2021
Application developments
08:40-09:05 Guy Buyle / Lien Van der Schuere, Centexbel The use of PHA in the textile industry
09:05-09:30 Jesse Hui, Tianan Biologic Material

PHA for denitrification purposes

09:30-09:55 Kuk-ki Hong, CheilJedang

TBD, also addresssing applications for amorphous PHA-materials

09:55-10:20 William Bardosh, TerraVerdae Bioworks

Industrial applications for PHA materials

Environmental, legislative & regulatory matters
10:55-11:20 Liusong Hue, MedPHA Corp. Ltd.

The latest P3HB4HB developments for medical applications

11:20-11:45 Marcus Eriksen, 5Gyres

Plastics pollution in the oceans & bioplastics degradation

11:45-12:10 Ramani Narayan, Michigan State University

Kinetic model to estimate lifetime in ocean environments for
biodegradable polymers using PHBV and cellulose as models

12:10-12:35 Teng Li, Bluepha

P3HB4HB: Capacity, applications and legislation in China

PHA-platform industrialization
13:50-14:15 Phil Van Trump, Danimer Scientific

TBD

14:15-14:40 Maximilian Lackner, Circe

TBD

14:40-15:05 Manfred Zinn, ISBP - HES-SO Valais-Wallis

Customized PHA during biosynthesis

Technology developments
15:40-16:05 Scott Trenor, Milliken

Nucleation work on PHA-materials

16:05-16:30 Pablo Ivan Nikel, Novonordisk Foundation

Synthetic Biology strategies for the biosynthesis of new-to-nature
PHA-based polymers containing xeno-atoms

16:30-17:05 Edvard Hall, Bioextrax

Can a bio-based downstream process reduce cost and improve
the polymer

This is still a preliminary programme. We might have to do some changes. Even if we have to postpone the event again to September 22 and
23, due to the development of COVID-19, we will try to keep changes to the programme minimal.
Sadly we cannot offer more speaker slots, yet we cannot deny how the massive interest of potential speakers fills us with pride, as
significantly more people are interested to speak at our PHA platform World Congress than we could possibly accommodate in just two days.
Please visit the conference website for the most up-to-date version of the programme. Here you will also find more information on the
speakers as well as abstracts of all presentations (coming soon).
14
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…from Embryonic to Early Growth
PHA (Poly-Hydroxy-Alkanoates or polyhydroxy fatty acids)
is a family of biobased polyesters. As in many mammals,
including humans, that hold energy reserves in the form
of body fat there are also bacteria that hold intracellular
reserves of polyhydroxy alkanoates. Here the microorganisms store a particularly high level of energy reserves
(up to 80% of their own body weight) for when their
sources of nutrition become scarce. Examples for such
Polyhydroxyalkanoates are PHB, PHV, PHBV, PHBH and
many more. That’s why we speak about the PHA platform.
This PHA-platform is made up of a large variety of
bioplastics raw materials made from many different
renewable resources. Depending on the type of PHA, they
can be used for applications in films and rigid packaging,
biomedical applications, automotive, consumer electronics,
appliances, toys, glues, adhesives, paints, coatings, fibers
for woven and non-woven andPHA products inks. So PHAs
cover a broad range of properties and applications.

That’s why bioplastics MAGAZINE and Jan Ravenstijn are
now organizing the 2nd PHA-platform World Congress
on 30-31 March 2021 (new date) in Cologne / Germany.
This congress continues the great success of the
1st PHA platform World Congress and the PHA-day at
the Bioplastics Business Breakfast @ K 2019. We will
again offer a special “Basics”-Workshop in the day before
(March 29) - if there are sufficient registrations...
To shorten the time until then, we hosted a successful
7 hour webinar on 2 Sept. 2020.
The congress will address the progress, challenges and
market opportunities for the formation of this new polymer
platform in the world. Every step in the value chain will
be addressed. Raw materials, polymer manufacturing,
compounding,
polymer
processing,
applications,
opportunities and end-of-life options will be discussed by
parties active in each of these areas. Progress in underlying
technology challenges will also be addressed.
bioplastics MAGAZINE [02/21] Vol. 16
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Injection Moulding

Biobased flexibilisers
for PLA

W

hile biobased additives have been used in conventional
polymers since the start of their industrial production [1],
for natural-based polymers the use of biobased additives
is an ideal and sustainable choice. The most well-known 100 %
biobased and biodegradable polymer is polylactic acid (PLA) which
has found its way into numerous applications including building
and construction materials, food and beverage packaging, and
electronics and appliances to name but a few.
A characteristic challenge of PLA that has limited its broader
application is brittleness [2]. Several strategies have been
proposed to overcome this issue such as blending PLA with other
polymers. However, this requires the use of compatibilisers and the
resulting blend might not be 100 % biobased or it may no longer be
biodegradable [2, 3]. This article outlines recent application tests to
determine the effects on PLA utilising 100 % biobased flexibilisers.

Application test design
The authors’ target was to reduce the brittleness of PLA by
utilising additives meeting the following requirements.

By:
Christian Müller, Martin Schäfer
Emery Oleochemicals
Düsseldorf and Loxstedt, Germany

The following additives were tested as reference materials in
addition to MC 2178 and MC 2192:
 Glycerine
 Triacetin (Glycerine triacetate)
 ESBO (Epoxidised soybean oil), typically used as secondary
plasticiser in PVC
 ATBC (Acetyl tributyl citrate)
 PBAT, biodegradable polymer often used in blends with PLA
Triacetin and ATBC were tested despite the fact that these
additives are hardly available as 100 % biobased. Acetic acid
and butanol used for synthesis typically have a petrochemical
feedstock. The same applies to the building blocks adipic and
terephthalic acids of PBAT which is the only solid polymer among
the tested products. This leads to the following biobased carbon
contents, calculated with the molecular formula except PBAT:
100 % for glycerine, ESBO, MC 2178 and MC 2192

 The additive is biodegradable.

33 % for triacetin, with only glycerine but not acetic acid
to be biobased

 The additive is 100 % biobased.

30 % for ATBC, with only citric acid but neither acetic
acid nor butanol to be biobased

 The authors have anticipated the additive to be considered a
valuable additive solution only if these positive features of both
biodegradability and biobased origin of PLA are fully preserved.

< 50 % for PBAT [4]

 The additive’s polarity is well-adjusted to the polarity of the
polymer substrate in order to ensure optimum compatibility.

Potential additives were tested in the following
manner:

 The additive is composed of polymeric molecules according
to the REACH definition. The polymeric nature of the additive
molecule, once compounded into the polymer substrate,
reduces the tendency of the additive to migrate from the
polymer substrate bulk to its surface. This reduces undesired
phenomena such as leaching, extraction of the additive, and
resulting consequences such as loss of effect and stickiness of
the plastics surface.

1) PLA pellets, injection moulding grade, MFR 22 g/10 min
at 210°C and 2.16 kg, were dried according to the supplier’s
recommendation. 10 % of additive was dosed via a liquid feeding
system and compounded into the PLA in an extrusion process.
The maximum temperature during compounding was 200°C.

The results of this development project are 100 % biobased
flexibilisers MC 2178 and MC 2192. These products are liquid
polyester molecules fully composed of biobased monomers.
They differ in the average molecular weight and therefore, in their
viscosity. MC 2178 has a viscosity of approx. 700 mPas, MC 2192
has a viscosity of approx. 5,000 mPas, both measured at 20°C
according to DIN 53019 (Brookfield method).

3) Tension rods were punched from the injection moulded
sheets. Prior to punching, the sheets were tempered to 50°C.

2) Injection moulding of sheets 100 x 100 x 3 mm at 190–195°C.
Shore D hardness was tested shortly afterwards.

4) Tension rods were stored at 20°C and 50 % RH for several
days before mechanical data were tested according to ISO 527
(tension rod type 5A). Young’s modulus, maximum tensile strength
,and elongation at maximum tensile strength were determined.
3000 —

Shore D hardness
84.7

+ 10 % Glycerine

81.5

+ 10 % Triacetin

83.8

+ 10 % ESBO

79.3

+ 10 % ATBC

83.7

+ 10 % PBAT

79.9

+ 10 % MC 2178

84.4

+ 10 % MC 2192

84.7

Table 1: Shore D hardness of injection moulded PLA sheets
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Figure 1: Young’s modulus of PLA tension rods containing flexibilisers

4—

60 —

3,5 —
3—
2,5 —

40 —
[%]

[MPa]

50 —

30 —

2—
1,5 —

20 —

1—

10 —
0—

Injection Moulding
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Figure 2: Peak tensile strength of PLA tension rods containing
flexibilisers

0—

MC 2178

MC 2192

Triacetin

ESBO

ATBC

PBAT

Figure 3: Elongation at peak tensile strength of PLA tension
rods containing flexibilisers

Steps 1) and 2) were conducted at the Emery Oleochemicals’
application lab located in Loxstedt, Germany while steps 3) and 4)
were done at an external lab.

This study provides a good initial overview of the different
flexibilisers’ capabilities but should not replace lab and production
trials at bioplastics compounders and converters.

Improved mechanical properties with biobased
flexibilisers

Summary

Shore D hardness was determined for all samples. From the
results shown in Table 1, it can be concluded that the additives,
though working as plasticisers in other polymers, decrease the
hardness of PLA only to a very minor extent.
Regarding the mechanical values, no tension rods could be
punched from the injection moulded sheets made from virgin PLA
without the addition of flexibiliser. Despite heating the sheets to
50°C to increase flexibility, these samples cracked. The samples
made from PLA with glycerine as flexibiliser showed serious
exudation. As glycerine was apparently not compatible with PLA,
those tension rods were not tested further. All other flexibilisers
were compatible with PLA at room temperature for prolonged
storage.

Mechanical properties
The tension rods were used to evaluate tensile strength and
elongation. In this study, Young’s modulus, peak tensile strength,
and the corresponding elongation measured at this peak tensile
strength were examined. Both tensile strength at break and
elongation at break showed high standard deviations in their
respective single values and therefore, cannot be considered.
Comparing MC 2178 and MC 2192 in Figures 1-3, MC 2178
provides a lower Young’s modulus and a higher elongation, while
MC 2192 provides a higher peak tensile strength. The reason for
this difference in performance is the molecular weight of the two
flexibilisers. Triacetin is quite comparable to MC 2178 but with a
slightly lower peak tensile strength. ESBO provides both low peak
tensile strength and elongation. ATBC and PBAT offer a similar
performance to MC 2178 and MC 2192.
Biobased Carbon
Compatibility with PLA
Content [%]

The features of all flexibilisers tested with 10 % dosage in PLA
are summarised in Table 2.
MC 2178 and MC 2192 prove to be beneficial flexibilisers for
PLA with the additional favourable characteristic of being 100 %
biobased.

Conclusion: Benefits of 100 % biobased flexibilisers
MC 2178 and MC 2192
This study has proven that the use of 100 % biobased and
biodegradable flexibilisers MC 2178 and MC 2192 in PLA provide
comparable or superior mechanical properties compared with
PLA containing conventional flexibilisers. Food contact compliance
is currently being prepared. It is notable that all polymeric building
blocks of MC 2178 and MC 2192 already comply with food contact
regulations according to FDA CFR 21 and EU 10/2011.
References
[1] https://greenpolymeradditives.emeryoleo.com/about-us/
[2] Effect of Different Compatibilizers on the Properties of Poly (Lactic Acid)/Poly
(Butylene Adipate-Co-Terephthalate) Blends Prepared under Intense Shear
Flow Field, Hezhi He et al., Materials 2020, 13, 2094 https://www.google.com/url
?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiN9tHxq_buAhXOwA
IHHdH5DbsQFjABegQIBRAD&url=https%3A%2F%2Fwww.mdpi.com%2F19961944%2F13%2F9%2F2094%2Fpdf&usg=AOvVaw1alhS5kXm3yZiRWc90aYzx
[3] IMPROVEMENT OF MECHANICAL PROPERTIES OF POLY(LACTIC ACID) BY
ELASTOMER, Penwarat Sennan et al., The Malaysian Journal of Analytical
Sciences, Vol 18 No 3 (2014): 669 – 675 http://www.ukm.my/mjas/v18_n3/
Penwarat_18_3_21.pdf
[4] https://www.bio-based.eu/market_study/media/files/15-05-13_Bio-based_
Polymers_and_Building_Blocks_in_the_World-nova_Booklet.pdf
https://greenpolymeradditives.emeryoleo.com/additives/

Table 2: Mechanical data of PLA tension rods with different flexibilisers
Mechanical Properties

MC 2178

100

+

Higher elongation than MC 2192

MC 2192

100

+

Higher peak tensile strength than MC 2178

Glycerine

100

-

not determined due to exudation

Triacetin

< 50

+

Similar to MC 2178, but lower peak tensile strength

ESBO

100

+

Lowest peak tensile strength and elongation

ATBC

< 50

+

In general similar to MC 2178 and MC 2192

PBAT

< 50

+

In general similar to MC 2178 and MC 2192
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Injection moulding grade PLA

U

K based bioplastics technology company Floreon has
developed a new range of PLA based compounds for
the injection moulding of durable products. Floreon’s
formulations enhance PLA, making it ten times tougher than
standard unmodified PLA. Floreon’s high performing bioplastic
technology offers an up to 83 % lower carbon footprint than ABS,
making it a commercially viable renewable alternative to such
traditional plastics. Last year, Floreon has reached a period of
accelerated commercialisation which has led to gripping new
projects and welcomed additions to the team.
Led by customer demand, Floreon can now offer high impact
and flame retarded materials which retain a renewable carbon
content of 85 % and above. The new grades have impact
strength comparable to certain ABS grades and can achieve a
UL94V-0 rating for fire resistance over a range of thicknesses.
The target applications for these materials include consumer
electronics and automotive parts, where first customers are
now launching products on the market. This is a significant
development for bioplastics as, until now, unmodified PLA lacks
the impact strength needed for many durable applications and
the inclusion of a flame retardant can cause degradation during
processing, something Floreon has been able to overcome.
Floreon was founded by serial entrepreneur, Shaun
Chatterton, who remains at the commercial forefront of the
company as well as having several highly respected HNW
investors helping to realise the global potential of Floreon’s
technology.

The development has been closely supported by Floreon’s
collaborative partner Clariant, that has assisted in testing and
the provision of additives, to help Floreon meet customers’
performance criteria. “Converting bioplastics into mainstream
durable solutions has long been limited, among others, by the
lack of suitable high-performance additives. We have taken
on this challenge and have been developing new integrated
solutions, together with Floreon,” says Nicola Lelli, Head of
Global Marketing, BU Additives at Clariant. 2020 ICIS Innovation
award-winning Licocare® RBW Vita, for example, are highperformance additives for bioplastics based on renewable crude
rice bran wax. This additives range has also been awarded the
OK compost INDUSTRIAL certificate.
Beyond the collaboration with Clariant and due to the
Coronavirus pandemic, Floreon has also tested an off-the-shelf
antimicrobial additive with the new durable grades and found
it to be highly effective in preventing the growth of both Grampositive and Gram-negative bacteria. Whilst no claims can yet
be made regarding activity against COVID-19, this is anticipated
in the not-too-distant future and Floreon are looking forward to
making this positive contribution.
The team at Floreon believe in the sustainability benefits of
using enhanced PLA over oil-based plastics and remain open
to new collaborations. AT

www.floreon.com
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E

vonik (Essen/Marl, Germany) is adding a sustainable,
high-performance moulding compound to its range
of transparent polyamides. Trogamid® myCX eCO is
produced to 40 % from a biobased monomer and entirely
with renewable energy. This results in a 50 % reduction in
the CO2 footprint compared to the qualitatively equivalent
premium product produced on a petrochemical basis using
conventional energy sources.

Sustainable and high quality
Trogamid myCX eCO is a high-purity microcrystalline highperformance polyamide specially optimized for the optics
industry for products such as lenses, by injection moulding.
The name eCO stands for eliminate CO2. On the one hand, this
is achieved by replacing a petrochemical-based raw material
with a biobased one. By mass balance (see also article on pp
54), this results in 40 % biobased raw material in the polymer.
Secondly, only renewable energy is used in the production of the
granules. This and the resulting halving of the carbon balance
compared with the fossil-based product are confirmed by a
certification from TÜV Rheinland. The analysis was prepared
in accordance with ISO 14040 and ISO 14044, and includes the
Cradle-to-Gate stage.

The sustainable manufacturing process in no way alters
the outstanding properties of Trogamid myCX, which is wellknown on the market, such as its excellent transparency of
over 90 % – the crystallites of the material are so small that
they do not scatter visible light. Thus, the product appears
transparent to the human eye. The microcrystalline structure
gives this polymer outstanding mechanical properties, stress
cracking resistance, and break resistance. Trogamid myCX
eCO thus also ensures long durability and high safety of
premium lenses or high-quality visors for ski and snowboard
goggles, as well as excellent wearing comfort due to its low
weight.

Injection Moulding

Partially biobased
transparent PA

Customized plastic materials
Trogamid stands for a product family of transparent
polyamides that have been successfully used in the optical
industry for over 20 years. The portfolio includes innovative
high-performance plastics for lenses and frames as well as
other materials, for example for UV protection or pole films
for high-contrast vision. AT
www.corporate.evonik.com/en

18-20 May - Online Event
All renewable material solutions at one event: bio-based, CO2-based and recycled
The Renewable Materials Conference will provide new advantages and synergies
by establishing a meeting point for numerous cross-sectoral networking
opportunities.
Day 1:
• Renewable Chemicals
and Building Blocks
from Biorefineries, CCU
and Chemical Recycling

Organiser

Sponsors

Day 2:
• Renewable
Polymers and
Plastics from Biomass,
CO2 and Recycling
• Innovation Award

Day 3:
• Renewable Plastics
and Composites
• Packaging and
Biodegradation

RENEWABLE
APPLY FOR
MATERIAL
2021
Renewable
Material of
the Year
2021!
INNOVATION AWARD

1
OF THE
YEAR

ORGANISED BY

NOVA-INSTITUTE
SPONSORED BY

COVESTRO

nova-institute.eu

renewable-materials.eu
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PLA-WPC for injection moulding
How to disrupt FMCG-Packaging with wood and biopolymers

U

sing wood-based and fully renewable materials for
fast-moving consumer goods (FMCG) to reduce fossilbased plastic consumption is the vision that drives
the team behind forewood. For this purpose, they have
developed a technology that enables WPC to be injection
moulded into thin-walled, complex packaging applications.
Wood-plastic composites, better known as WPC, is a wellknown class of materials for various purposes. In their first
generation, they are used to manufacture extrusion profiles,
such as decking or window frames. Further developments
enable the use of WPC in injection moulding for large parts,
such as furniture. The original idea for WPC was primarily
based on economic considerations: non-cutting processing
makes it possible to manufacture products with a wooden
look much more cost-effectively. Accordingly, WPC products
were comparatively simple and did not need to meet any
special technical requirements. With the growing interest
in sustainability and environmental protection, the material
class WPC is also experiencing a revival. With the use of
wood flour as a filler, it is already possible to partially
replace fossil resources with renewable raw
materials without compromising the
known properties. The upcoming
generation of WPC combines
technical wood fibres with
bioplastics to generate up to
100 % biobased materials.
Forewood uses wood
fibres embedded in a
polymer matrix fully made
of biopolymers, such as
polylactic acid (PLA). Using
wood fibres instead of wood
flour improves the mechanical
properties of the composite.
The completely biobased and
biodegradable material consists
of more than 50 % wood and is
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suitable for producing everyday products via injection
moulding. However, the successful processing of forewood
in injection moulding is significantly more challenging
than conventional plastics. The fundamental challenge
in processing WPC lies in the contrasting properties of
the two materials it contains. While wood is subject to
thermal decomposition at high temperatures, sufficiently
high temperatures are necessary for the melting process
of the involved polymer. This trade-off results in a narrow
processing window for forewood. There is a sweet spot
of process stability that requires a high level of control
over all processes involved. Processing temperatures
must be relatively low to produce high-quality products.
Otherwise, the appearance and the mechanical properties
of the product suffer, as the wood fibres’ advantages get
lost through thermal decomposition. Too high processing
temperatures also result in organoleptic changes to the
material. In addition to the injection moulding process, the
accompanying process steps are also specially designed for
forewood. The hydrophilic wood fibres require appropriate
pre-treatment to ensure a low residual moisture content.
The abrasive effect of the wood fibres influences the design
of the mould and injection unit. The selection and control of
these parameters and the overall process coordination are
crucial for high product quality.
With the rezemo wooden coffee capsule launched in 2018,
the basic feasibility, marketability, and customer acceptance
of FMCG made from forewood was proven. In this lighthouse
project, forewood fulfils several specific requirements.
The material complies with the food standard according
to EU No. 10/2011, has very good sealing properties, and
a sufficient barrier against oxygen. Permeation tests show
that a coffee shelf life of more than nine months is feasible.
Due to the wood fibres, higher stiffness and thermal stability
are achievable with forewood compared to pure PLA. As a
result, high strengths can be achieved even with low layer
thicknesses.
In
concrete
terms:

Janina Jarothe
Research & Sustainability
rezemo GmbH
Waiblingen, Germany

COMPEO

layer thicknesses of less than 500 µm are possible
without any problems. Coffee capsules are massproduced with high throughput. Accordingly,
production must occur in economically attractive
conditions. In the FMCG sector, material costs
account for a large proportion of manufacturing costs.
Forewood’s competitive price enables these products
to get manufactured economically. Furthermore,
the reproducible high quality of the wooden coffee
capsules is crucial, as it is a product that is visible to
the customer. Using forewood enhances the value of
the product, especially regarding its look and feel.

The development know-how gained from the
wooden coffee capsule is the basis for developing
further FMCG and similar products from forewood.
With the experience gained, it is possible to realise
thin-walled and complex products using injection
moulding. The 100 % biobased materials make it
possible to fully avoid the use of fossil resources. Using
forewood also promotes a circular economy: Organic
recycling i.e., industrial composting closes the loop,
while material recycling works only in a few cases.
Forewood’s potential application areas are diverse
and range from packaging for food or cosmetics to
the agricultural industry. It is suitable for anyone who
wants a sustainable product without compromising on
high quality.
Forewood is a brand of rezemo GmbH that is
located near Stuttgart, Germany. The team develops,
designs, manufactures, and sells 100 % biobased
packaging for everyday consumer products to
enable environmentally friendly consumption and
drive the Green New Deal. They cover the entire
value chain to realise sustainable products and
make a decisive contribution to protect our earth.

Leading compounding technology
for heat- and shear-sensitive plastics

Injection Moulding

By:

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

www.forewood.de
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The next generation of
compostable coffee capsules
The added value of compostability
In the big framework of a more sustainable future, endof-life options are often discussed. The overarching goal
is to reduce CO2 emissions to slow down the effects it
has on climate change, which is why we try to move away
from incineration and landfills to various forms of reuse
and recycling — be it mechanical, chemical, or organic
recycling. However, organic recycling or, as it is more often
referred to, composting is an end-of-life solution that
makes only sense for certain applications. The UK WRAP
organization working towards a Net Zero future listed six
key applications for compostable plastic packaging, one
of them is coffee pods or coffee capsules [1]. The product
layers are thin and the coffee itself has value to composters
as it is rich biomass.
The idea of compostable coffee capsules is not entirely
new, and from a sustainability point of view, the ultimate
goal should be a 100 % biobased capsule that is industrial
as well as home compostable. However, compostable coffee
capsules are only industrial compostable and not fully
biobased – until now.

The next generation
bioplastics MAGAZINE sat down – digitally – with Laurent
Lombart CEO of Capsul’in Pro (Luxembourg), one of the
largest manufacturers of empty Nespresso®-compatible
capsules. They recently launched the world’s first 100 %
biobased, Home and Industrial compostable [2] coffee
capsule – the Capsul’in IML Zero Impact capsule. He
talked with us about the specific requirements of such an
application.
“Sustainability has no chance to succeed if the product,
meaning the coffee, is not good in cup. A sustainable coffee
capsule is a capsule that you can sell, and you need a
working oxygen barrier to sufficiently protect the flavours
and aromas of the coffee to do that,” Laurent explains,
“when Nespresso launched their first coffee capsule almost
30 years ago, they chose aluminium because it was the only
material at the time that had a sufficient oxygen barrier.”
The Zero Impact capsule, on the other hand, is made
of PHA derived from various plant oils like olive oil or
rapeseed, and while there are already plans to produce the
PHA-polymer from waste oil in the future Laurent points
out that it is not the PHA that makes their capsule special.
“We are not the first company to use PHA, the real invention
is the oxygen barrier using 100 % biobased cellulose.”
When Capsul’in was founded in 2011 they were the first
company to work on Nespresso-compatible capsules
but soon had to compete with larger companies. Laurent
emphasises that bigger players usually go in one direction
– price. For Capsul’in to survive they had to be different. It
started in 2014 with the idea of co-founder and R&D Director
Olivier Brivois, he wanted to produce a coffee capsule with
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IML (In-Mould Labelling) technology, as it opened up the
option to pre-print labels. However, this injection moulding
technology was not made for small applications such as
coffee cups and had to be adapted.
“We hoped to have it developed in 6 months, but it took
us almost 2 years. However, once we had figured out how
to put a label around this very small capsule, we started to
improve on that to use the label as an oxygen barrier. The
layer was still made of PP at the time, we only started to
think about making a compostable capsule later on, so we
used the same technology.”
Finally, in 2020 they cracked the code with PHA making
the capsule Home compostable and, thanks to a 100 %
cellulose-based oxygen barrier layer, also 100 % biobased.
Of course, we wanted to know more about this material, “I
cannot tell you what it is, but I can tell you what it is not. We
are not using metalized cellulose acetate film. We took an
innovative oxygen barrier – cellulose – and have adapted it
for our IML Zero Impact.” Laurent comments with a smile.
“All of our competitors on the composting market, without
any exception, are mixing biobased and fossil-based
materials to some degree in order to get the oxygen barrier,
and I am proud of the team at Capsul’in that we do not.”
The Capsule has an oxygen transmission rate (OTR)
below 0.0009cm³/day/caps, in comparison, the average
OTR of compostable capsules using some fossil materials
is around 0.0025cm³/day/caps. While the material does not
reach oxygen-protection levels of aluminium it does protect
flavours and aromas for 12 months.

The biggest challenge
The most difficult part, in the end, was not the
compostable material, the IML technology, or even keeping
the product itself competitive on the levels of quality control
and throughput. Equally challenging was the lid of the
capsule after it had been filled with coffee from a customer.
Here the conventional aluminium foil needed to be replaced
with a compostable, biobased lid, with the same physical
properties, including oxygen barrier.
The lid plays an important role in the final product – the
coffee. Good coffee has a full body and crema, the flavourful,
aromatic, reddish-brown froth that rests on top of a shot of
espresso.
Now, for a good crema, it is important that when the lid is
finally “breached” it is done in a fairly controlled manner by
the pressure in the coffee maker. For this, the lid is pressed
against tiny “spikes” and after a couple of seconds the
pressure gets too high, and the lid is breached. However, it
is important that the lid does not tear but has many small
micro-fractures. The reason for that is that it reduces the
speed the coffee can go through the lid, keeping it relatively
low, which makes the creation of crema possible at the end.

Injection moulding

By:
Alex Thielen

Capsul’in’s answer to the
problem was a 3-layer compostable
top lid with high oxygen barrier, and
easily thermo-sealable on the rim of the
capsule to avoid microleakage. “It is the only
top lid that has nearly the same results as an
aluminium lid, that is also biobased and compostable,” said
Laurent with visible pride.

The bigger picture
The EU has called on the Member States to introduce
separate collection of organic/biowaste by 31 December
2023 [3]. Products like Capsul’in Pro’s IML Zero Impact
capsule fit perfectly into this framework. The capsules
are currently in the process of an LCA as well as an ISCC+
evaluation, which would certify the sustainability and
trustability of the whole supply chain. However, as this is
still a fairly new product these will still take some time and
are not yet in place at the time of publication. Capsul’in is
further working to be carbon neutral by 2022. One important
point Laurent wanted to point out was that the goal is not to
replace aluminium capsules, but other conventional plasticbased capsules. Capsul’in produces some aluminium
capsules themselves and there are ways to recycle them
and Nespresso plans to produce their capsules of recycled
aluminium by 2022 [4]. Nonbiodegradable plastic capsules
on the other hand have no proper end-of-life options, as the
size of the capsules as well as the moist coffee on the inside
make them problematic for both mechanical recycling as
well as incineration processes.
But as Laurent explains, all technological innovations
in the sustainability arena can only make up 50 % of the
effort, the other 50 % lies in the hands of the consumer.
For compostable and recyclable solutions to work
customers need to be educated about their options and
proper disposal streams, as planned by the EU, need to
be in place. One way of communicating the proper endof-life solution for coffee capsules would be to print it
on the capsules themselves, which is a step beyond
the mandatory information on the packaging. With
Capsul’in IML Zero Impact capsule that is an option
– it is a tiny product, that combines a lot of ingenuity
to create a full-bodied, flavourful, and sustainable
solution. Or as Laurent would put it: “With this capsule, you
don’t have to make any concessions between sustainability
and good coffee. Today you can have both.”
Reference:
[1] https://wrap.org.uk/resources/guide/compostable-plastic-packagingguidance
[2] TÜV Austria OK compost HOME & OK compost INDUSTRIAL certified
[3] https://www.consilium.europa.eu/en/press/press-releases/2018/05/22/
waste-management-and-recycling-council-adopts-new-rules/
[4] Capsul’in presentation at the AMI Single Serve virtual summit March
2021
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The future of Japan’s waste

G

lobal warming and plastic pollution are among the
biggest challenges of our time. One strategy that
tries to tackle both problems simultaneously falls
into the areas of chemical recycling and renewable carbon
– using waste streams as a renewable feedstock for plastic
production. On the one hand, this idea would cut down on
the reliance on fossil resources, which would reduce global
warming by turning from a linear to a circular economy. And
on the other hand, it would fight plastic pollution as waste
would become a valuable resource, which puts a monetary
incentive on proper waste management.

One example of promising development on this front
is Japan. According to their Paris Climate commitments
Japan plans to reduce its greenhouse gas emissions by 26
% below 2013 levels by 2030 by utilizing a triple R strategy
of reducing, reusing, and recycling resources. And waste
management is going to play a crucial role in this.

Japans current waste situation
According to Sekisui Chemical Co. (Tokyo, Japan) around
60 million tonnes of combustible waste is generated in
Japan each year (based on a report by Japan’s Ministry
of the Environment), which equates to approx. 835 billion
MJ. To put this in perspective, the annual amount of fossil
resources used to produce plastic materials in Japan
equates to 630 billion MJ of energy (which is approx.
30 million tonnes) (based on “Plastic Products, Plastic
Waste and Resource Recovery” issued by the Plastic
Waste Management Institute (PWMI) Japan). Currently,
waste is usually either incinerated for energy recovery, or
worse ends up in a landfill. The reason for that is simple,
recycling these waste streams is often difficult due to the
composition and quality of the waste, which can vary widely.
While sorting technology for plastic waste is theoretically
available, often there is not enough critical mass to make
mechanical recycling a viable economic option for the
different materials. However, there have been developments
in recent years that could change that current status quo.

Waste to chemicals - the urban oil fields
In 2017 a collaboration between Sekisui Chemical and
LanzaTech, (Skokie, Illinois, USA) was announced that was
arguable the first step toward the future of Japanese waste
management. The collaboration builds on fermentation
technology that uses bacteria to transform gases into
ethanol, and a variety of other chemicals, LanzaTech had
developed in 2013. These engineered microbes, with a
reaction speed 10 times that of native microorganisms, have
the advantage of being able to achieve high-speed production
adequately meeting industrial levels. Furthermore, the
technology does not require any additional energy input,
potentially making it a cost-competitive alternative to fossil
resources.
In 2014 Sekisui Chemical started to bring the technology
to industrial scale with a pilot plant in cooperation with
ORIX Environmental Resources Management Corporation
(Minato-ku, Tokyo, Japan) within the premises of its waste
disposal facility in Yorii-machi, Saitama Prefecture, Japan.
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It took three years of continuous development to apply the
technology at the sites gasification system, but the result
was the successful production of ethanol from waste with
extremely high production efficiency.
The implementation of this technology had to overcome
many hurdles as gas obtained from unsorted waste contains
a lot of impurities and is not easily compatible with living
microbial catalysts. Additional technologies were developed
to identify and purify the approx. 400 kinds of contaminants
contained in the gas, which can be monitored and regulated
in real-time.
Ethanol has an annual market of approx. 750 million
litres, but it can also be transformed into ethylene which
makes up roughly 60 % of petrochemical products. By
using existing chemical processes to convert ethanol into
ethylene monomers and butadiene monomers, it is possible
to derive organic chemical materials such as well-known
commodity plastics. This means that this technology does
not only function as an alternative to fossil resources but
can further be a major part of a circular plastic economy.
For Japan, it would also lead to increased self-sufficiency
in the energy sector as ethanol fuel is currently almost
entirely imported.
“We must focus on using carbon for products, not power,
giving carbon a second chance of life,” said LanzaTech
CEO, Jennifer Holmgren. “Imagine being able to look at
your trash can and know that you can lock all that waste
carbon into a circular system, avoiding CO2 emissions and
maximising our precious carbon resources. That is a carbon
smart future!”

Expanding the scope
With the foundation technology developed with LanzaTech
at their back, Sekisui Chemical made the next steps in
2020. On the one hand, Sekisui Chemical established a joint
venture with INCJ (Tokyo, Japan) intending to verify and
commercialize said foundation technology, and on the other
hand, Sekisui Chemical formed a strategic alliance with
Sumitomo Chemical Company (Tokyo, Japan), to develop
technology for manufacturing polyolefins from waste.

Joint Venture
The joint venture of Sekisui Chemical and INCJ, called
Sekisui Bio Refinery Co., plans to start operation of their
verification plant (Kuji City, Iwate, Japan) by the end of 2021.
The plant will have around 10 % capacity of a standardscale waste disposal facility, which is a volume of approx.
20 tonnes/day of municipal solid waste. The produced
ethanol will be made available to companies in various
industries that use ethanol and are interested in assessing
its quality in a variety of products and businesses. The goal
of these initiatives is the full-scale commercialisation of the
waste-to-ethanol technology by 2025.

Strategic Alliance
As mentioned above, Sekisui Chemical and Sumitomo
Chemical formed a strategic alliance in 2020 with the goal

of manufacturing polyolefins from waste. The first step
of this technology has been already discussed at length
in this article – the production of ethanol from waste by
Sekisui Chemical. Sumitomo Chemical brings the other
part of the equation to the table, the manufacturing of
polyolefins from ethanol. Sumitomo Chemical has many
years of experience in the field of petrochemicals, with its
own proprietary technologies and know-how. This chemical
recycling production pilot is planned to begin in 2022, with
Sekisui Chemical turning waste into ethanol and Sumitomo
Chemical using this ethanol as raw material for polyolefin.
A full-scale market launch of this production method is
expected in 2025.
Sumitomo Chemical aims to create a new value chain
contributing to a circular economy, by providing its
customers with chemically recycled polyolefin. For this
effort, Sumitomo Chemical signed a license agreement
with Axens (Rueil-Malmaison, France) for their ethanolto-ethylene technology Atol® earlier this year. Axens’ Atol

technology forms the most recent step of this circular
economy project in Japan. Atol is the result of a partnership
between Axens, Total (Courbevoie, France) and IFPEN
(Rueil-Malmaison, France). The ethylene produced this way
can replace fossil-based ethylene partially or fully in various
downstream polymerization installations without requiring
modifications and is therefore perfectly suited for such a
large-scale project.

Recycling

By:
Alex Thielen

How well these aspirations work out in practice remains
to be seen, but the groundwork for a systematic change
in waste management has been laid. The necessary
technology to turn waste into ethanol has been developed,
scaled up, and is in the process of commercialisation. The
next step of upcycling has been established in the strategic
alliance, which will at full roll-out enable the production of
waste-based polyolefin at an industrial scale. This will not
only accelerate the deployment of Japan’s circular economy,
it would also represent a leapfrog towards a sustainable
economy based on renewable carbon in general.
www.sekisuichemical.com | www.lanzatech.com |
www.orix.co.jp/grp/en | www.sumitomo-chem.co.jp/english |
www.incj.co.jp/english/ | www.axens.net

ʀ
ʀ
ʀ
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From cotton rag to modern
functional textiles

very year, an estimated 25 million tonnes of cotton
textiles are discarded around the world. In total, 100
million tonnes of textiles are thrown out. In Sweden
barely 5 % is recycled, most of the material goes straight into
an incinerator and becomes district heating. In other places,
it is even worse, as clothes usually end up in landfills.
“Considering that cotton is a renewable resource, this is not
particularly energy-efficient”, says Edvin Ruuth, a researcher
in chemical engineering at Lund University. “Some fabrics
still have such strong fibres that they can be reused. This is
done today and could be done even more in future. But a lot
of the fabric that is discarded has fibres that are too short for
reuse, and sooner or later all cotton fibres become too short
for the process known as fibre regeneration.”
Now the researchers succeeded in breaking down the plant
fibre in cotton – the cellulose – into smaller components. The
process involves soaking the fabrics in sulphuric acid. The
result is a clear, dark, amber-coloured sugar solution.
“The secret is to find the right combination of temperature
and sulphuric acid concentration”, explains Ruuth, who finetuned the ‘recipe’ together with doctoral student Miguel
Sanchis-Sebastiá and Professor Ola Wallberg.

sensor. The aim is to use recycled textiles to make padding,
insulation, and cloth for industrial cleaning, slowly increasing
the amount of textiles recycled from 3,000 to 16,000 tonnes
over five years. The project marks the third phase of the
Swedish Innovation Platform for Textile Sorting (Siptex),
coordinated by IVL Swedish Environmental Research
Institute, and comes after a successful pilot project in Avesta.
Once the technology from Lund is in place, it may be
possible to not only reduce the proportion of fabrics going to
district heating but also increase the quality of the recycled
fabrics, avoiding down-cycling as much as possible. The
research was recently awarded EUR 590,000 (SEK 6 million )
in funding by the Swedish Energy Agency. AT
Reference:
Miguel Sanchis-Sebastiá, Edvin Ruuth, Lars Stigsson, Mats Galbe, Ola
Wallberg. Novel sustainable alternatives for the fashion industry: A
method of chemically recycling waste textiles via acid hydrolysis. Waste
Management, 2021; 121: 248 DOI:10.1016/j.wasman.2020.12.024
https://www.ivl.se/

| https://www.lunduniversity.lu.se/

Glucose is a very flexible molecule and has many potential
uses, according to Ruuth. “Our plan is to produce chemicals
which in turn can become various types of textiles, including
spandex and nylon. An alternative use could be to produce
ethanol.”
One advantage of this step would be to keep the value
of the original biobased material, cotton, within the textile
industry value chain. This would reduce the waste produced
by the industry, while at the same time reducing the amount
of raw material needed for textile production.

Edvin Ruuth of Lund University (screenshot from the video clip
© Lund University)

One of the challenges is to overcome the complex structure
of cotton cellulose. “What makes cotton unique is that its
cellulose has high crystallinity. This makes it difficult to break
down the chemicals and reuse their components. In addition,
there are a lot of surface treatment substances, dyes, and
other pollutants which must be removed. And structurally, a
terrycloth towel and an old pair of jeans are very different”,
says Ruuth.
The concept of hydrolyzing pure cotton is nothing new per
se, the difficulty has been to make the process effective,
economically viable, and attractive. When Ruuth started
making glucose out of fabrics a year ago, the return was a
paltry 3–4 %. Now he and his colleagues have reached as
much as 90 %. Once the recipe formulation is complete, it
will be both relatively simple and cheap to use.
However, for the process to become a reality, the logistics
must work. There is currently no established way of managing
and sorting various textiles that are not sent to ordinary
clothing donation points. Fortunately, a recycling centre
unlike any other in the world is currently under construction
in Malmö, where clothing is sorted automatically using a
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Cotton waste (left), clear, dark, amber-coloured sugar solution
(right) (screenshot from the video clip © Lund University)

Info
See a video-clip at:
https://youtu.be/B1V-prLs08
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Sebacic acid
Succinic acid (SA)

3

2

1

2011 2012 2013 2014 2015 2016 2017 2018 2019

O

OH

O
5-aminolevulinic acid

O

■
■

ɣ-valerolactone

■

OH
■
■

O
OH

diphenolic acid

OH
O

OH

O

HO

■

HO

O

succinic acid

Food

O
levulinic acid

2024

■

All figures available at www.bio-based.eu/markets

©

O

-Institute.eu | 2020

O

O

Product (end-of-use)
Quaternary recycling
(energy recovery)

Energy

H
N

OH

■

O

■

O
5-methyl-2-pyrrolidone
levulinate ketal

O

■
■

OR

■

O

Landfill

levulinic ester
©

■

Industrial

Acidic ingredient for denture cleaner/toothpaste
Antidote
Calcium-succinate is anticarcinogenic
Efferescent tablets
Intermediate for perfumes
Pharmaceutical intermediates (sedatives,
antiphlegm/-phogistics, antibacterial, disinfectant)
Preservative for toiletries
Removes ﬁsh odour
Used in the preparation of vitamin A

■
■

■
■
■
■
■
■

De-icer
Engineering plastics and epoxy curing
agents/hardeners
Herbicides, fungicides, regulators of plantgrowth
Intermediate for lacquers + photographic chemicals
Plasticizer (replaces phtalates, adipic acid)
Polymers
Solvents, lubricants
Surface cleaning agent
(metal-/electronic-/semiconductor-industry)

Succinic
Acid

Bread-softening agent
Flavour-enhancer
Flavouring agent and acidic seasoning
in beverages/food
Microencapsulation of ﬂavouring oils
Preservative (chicken, dog food)
Protein gelatinisation and in dry gelatine
desserts/cake ﬂavourings
Used in synthesis of modiﬁed starch

■
■
■

■
■
■
■

Other

Anodizing Aluminium
Chemical metal plating, electroplating baths
Coatings, inks, pigments (powder/radiation-curable
coating, resins for water-based paint,
dye intermediate, photocurable ink, toners)
Fabric ﬁnish, dyeing aid for ﬁbres
Part of antismut-treatment for barley seeds
Preservative for cut ﬂowers
Soil-chelating agent
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The second life of
organic residues
Sustainable compounds incorporating
agro-industrial scraps

D

espite appearances, agro-industrial organic residues
are valuable and precious materials that can
contribute to the sustainable conversion of highly
polluting industries. This is exactly what the Italian startup Mixcycling Srl (a spin-off of Labrenta, a leading brand in
liquid closures) discovered.
Founded a year ago in February 2020 in Breganze
(Vicenza), this start-up is dedicated to the valorisation of
agro-industrial scraps, like cork residues, wood splinters,
rice husks, or the bran expelled from wheat. After
treatment and refinement these fibres are blended with
polymers through a patented process creating an innovative
material with low environmental impact, ideally applicable
as a sustainable solution in every sector where plastics are
currently used.
Mixcycling has taken this step based on three factors:

 1. Organic waste accumulates in enormous quantities,
especially in areas like Breganze – where Mixcycling’s
headquarter is located – the heart of the agricultural
area of Veneto, full of wine cellars, industrial dairies, and
livestock farms.
 2. Most companies that generate organic residues (such
as furniture manufacturers or food producers) do not
know what to do with them and end up spending money
on their disposal.
 3. The business prospects generated by organic waste
are concrete, manifold, and can be applied to a wide
range of sectors. They can be used in a massive,
profitable, and sustainable way to produce bioplastics.

Life Cycle Assessment on Mixcycling materials
Mixcycling gained fast recognition due to a regime of
total transparency, by giving a detailed account of the
environmental impacts associated with all stages of a
product’s life analysed through a Life Cycle Assessment
(LCA), with cradle-to-gate system boundaries. The results
of the study showcased that, compared to virgin polymers,
Mixcycling’s PP-based materials have a 73 % lower carbon
footprint, produce 71 % less photochemical oxidants, and
deplete 77 % less fossil resources.
Therefore, the use of organic waste as secondary raw
material through Mixcycling® impacts the environment less
than conventional materials – the degree of this advantage
depends on the amount of organic waste used.
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The patented process
Due to a special process the adhesion between fibres and
matrix is very strong. This leads to a compact and strong
final Mixcycling product. These qualities are guaranteed
by significantly reducing the amount of plastic component,
by replacing them with organic fibres. This can be done
through a patented process where, firstly, the organic fibres
are selected, treated, and refined to obtain different particle
sizes. And secondly, by blending the fibres with virgin,
recycled, or biobased polymers. The resulting compound is
then activated by a clinging additive and sanitized using a
non-thermal plasma technology. The blend is subsequently
extruded, and the pellets resulting from the extrusion are
sanitized once again to remove all the volatile organic
compounds.

Tailor-made
Mixcycling materials are created using a tailor-made
approach. Based on the client’s needs, a fibre with suitable
technical properties is combined with either recycled,
virgin, or biobased polymers.
Mixcycling’s tailor-made philosophy doesn’t only consider
the material’s composition, but also the type of production
site the client has. There is no need to rearrange, adapt, or
improve the equipment of the final user, as the Mixcycling
products can be applied to every injection moulding system,
as well as 3D-polymer printers.

Partnership with Livingcap Srl
A first important partnership has been established with
Livingcap Srl, another company from Breganze dedicated to
the production of packaging for cosmetics and sustainable
design objects. Livingcap has always pursued its mission
in the context of a territory whose cultural DNA has been
nourished by the themes of nature, form, and beauty. Values
that Mixcycling shares as well, which is why Livingcap
welcomed this new partnership immediately.
Mixcycling’s materials made it possible for Livingcap to
offer unique products with a low environmental impact,
contributing in an original way to shape a sustainable
world. The synergy between the two brands, resulted in the
production of commercial items such as the biodegradable
Corky Toys for pets, as well as eco-friendly packaging
solutions for the cosmetics sector.
“Shaping ideas naturally” is Livingcap’s motto, a
declaration of intent that finds concrete application in the

Recycling
lip balm of the German brand Kneipp whose packaging has
been the idea and design of Corpack GmbH in collaboration
with Livingcap, utilizing Sughera for the first time ever in
cosmetic packaging. This product optimises cork waste and
has been recognized as a benchmark in the sector, after
winning the Verpackungspreis award for best sustainable
solution. Additionally, Corpack has chosen Mixcycling
Sughera for a special line of sustainable packaging for
personal care and makeup.
In addition to the low environmental impact offered by this
packaging innovation, the market appreciates the unique,
natural aesthetic effect and comfortable tactile sensation
offered by Mixcycling Sughera packaging components.

Sughera
Mixcycling Sughera is one of the most successful and
popular Mixcycling blends. It is made up of 70 % cork and
30 % synthetic rubber, the high-cork fibre content leads to
technical properties such as thermal insulation and high
resistance to impact and compression. Cork can also play
a relevant role in sustainable development because it is a
natural, renewable, recyclable, and non-toxic resource with
exceptionally good environmental qualities. The result is a
natural material, with the soft, spongy, tactile pleasantness
for which cork is known for, and which, in the case of
Mixcycling, comes from the bark of protected Portuguese
oaks.
Other Mixcycling blends are proposed by Livingcap
for the production of packaging elements. For example;
Bio Vinum, composed of a mixture of grape pomace and
bioplastics such as PLA, PHA, or others; Bio Lignum,
obtained using discarded local wood scraps; or Bio Lolla, a
blend recommended for its eco-friendly qualities containing
discarded rice husks.
The competitiveness of these Mixcycling products is
guaranteed by three added values:
 lower energy consumption in the processes
 lower consumption of non-renewable material, and
 a reduction of polluting emissions.
Both Mixcycling and Livingcap are inspired by the 2030
Agenda, by adopting circular and bioeconomy concepts to
ensure the responsible use of resources and to guarantee
sustainable consumption and production patterns.
www.mixcycling.com

|

www.livingcap.com

Gianni Tagliapietra, CEO of Mixcycling (left)
and Alessa Zanin, Sales Director of Livingcap (right)
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Sweetwoods
Materials

delivers first tonnes of high purity lignin and wood sugars

T

he Bio-Based Industries Joint Undertaking
(BBI JU) funded Sweetwoods wood valorisation flagship
is now ready to ship out industrially representative
samples of high purity near-native lignin and wood sugars
at the tonne scale. The project’s leading partner Graanul
Biotech (Tallinn, Estonia) has stated that the first phase of
construction works of the flagship was finished in 2020 and
that the construction of the second phase, where hydrolysis,
separation processes, and lignin drying will be established,
has started. Graanul Biotech estimates that an industrial
supply of novel lignin and sugars will be available in the last
quarter of 2022.
The Sweetwoods novel fractionation demo plant uses
sustainable hardwood biomass to demonstrate, on an
industrial scale, how novel pre-treatment technology
in combination with innovative enzymatic solutions can
provide high-quality lignin and wood sugars. This unique
technology converts over 90 % of hardwood into usable
high-quality feedstocks for biomaterials and biochemicals
and enables establishing novel biobased value chains with
a low ecological footprint.
“The whole fractionation process still needs to be
challenged within 24/7 operation at scale, but preliminary
performance tests have had very promising results yielding
expected high-purity lignin and sugars. This means that
we have created a strong basis for near term realisation of
supply of sustainable feedstocks for different biomaterials
and biochemicals productions to create industry-changing
new value chains, where wood as sustainable raw material
plays a vital role,” said Graanul Biotech’s R&D Manager
Peep Pitk.

incorporation in rigid foam for insulation boards. The most
suitable candidates will be further upscaled and screened on
a semi-industrial scale.
Another consortium partner Global Bioenergies (Évry,
France) has successfully scaled up the production of bioisobutene from residual wood derived sugars at the tonne
scale. The company is also progressing very well towards the
commercialisation of renewable cosmetics with the first EU
registration of a key cosmetic-grade ingredient derived from
fermentative isobutene.
An important part of the Sweetwoods project is to evaluate
the environmental and socio-economic performance of
the Sweetwoods plant, feedstock, and developed products.
Consortium member 2B (Rome, Italy) has been working on the
Life Cycle Assessment (LCA) of the whole wood fractionation
process to calculate the environmental impact of the outputs
of this process: sugar concentrates and lignin. The LCA has
allowed the identification of the environmental hotspots
of the fractionation process, which are useful from an ecodesign perspective. The LCA results are currently being
compared with other biorefining processes and products to
get a numeric estimate of the environmental benefits of the
Sweetwoods flagship technology.
This Sweetwoods project has received funding from the
European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 792061. AT
.
https://sweetwoods.eu

High purity lignin and wood sugars in evaluation
One of the goals of the Sweetwoods project is to establish
markets for lignin and sugar-based platform chemicals.
The consortium partner Tecnaro (Ilsfeld, Germany)
which develops and produces thermoplastic compounds,
composites, and blends, confirms that high-purity lignin
from the Sweetwoods project can be used as a substitute
for conventional lignin in biocomposite production, offering
improved product quality without odour.
“These first tests show positive results that novel high
purity lignin will allow Tecnaro to enter higher value markets
and gain competitive advantage through both sustainability
and performance,” said Michael Schweizer from Tecnaro.
The Tecnaro product family includes Arboform®, which
is made from 100 % renewable raw materials and is
biodegradable.
Sweetwoods consortium member Recticel (Brussels,
Belgium) is currently evaluating on lab-scale which
(depolymerised) lignin types are most suitable for
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Info
See a video-clip at:
https://youtu.be/
asRGF4PSsxE
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ones are already on the market. Further aspects, such as market development, the agricultural land required, and
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Applications

Pioneers in green pants
Not just sustainable but better performance

T

he German outdoor manufacturer VAUDE is “going off
the beaten track” with its latest pair of trekking pants
made of Evonik’s polyamide fibre – VESTAMID® Terra.

Synthetic fibres are ubiquitous in our clothing, whether
they are called elastane, polyester, or polyacrylic. And
synthetic fibres almost always mean petroleum. This is
especially true for that sub-sector of the industry to which
Vaude also belongs – the outdoor industry. After all, the
outdoor industry is particularly dependent on textiles
fulfilling certain outstanding functions: they have to be
elastic, not tear, and, if possible, be water-repellent. Until
now, the answer to this requirement profile used to be
petroleum-based plastics. But the outdoor professional
based at the foot of the Alps on the shores of Lake Constance
in Southern Germany is already on its way into the postfossil age. “We want to move away from petroleum,“
says Benedikt Tröster from Vaude. “Toward renewable or
recycled raw materials.“ By winter 2021, half of Vaude‘s new
collection should be made from such materials. Currently, it
is already one-third.
After an extensive search for suitable sustainable plastics,
Vaude landed at Evonik: “That‘s unusual for our industry.
We approached a chemical company directly, not a fabric
manufacturer,“ says René Bethmann, Innovation Manager
Materials and Manufacturing at Vaude. Evonik developed
Vestamid Terra more than ten years ago, a plastic that can
be produced entirely from castor oil.

and more elastic elongation. “We‘re talking here about
long-chain polyamides, such as those traditionally used for
sports shirts, for example,“ adds Evonik‘s Kannengießer:
“It‘s actually very similar to polyamide 6.6.“ On top of that,
Vestamid Terra dyeability at low temperatures adds to the
CO2 savings. Another advantage at play here is that the
entire value chain is located in one region, cutting down
transportation costs, and emissions. Evonik produces
Vestamid Terra in China, where the plant itself also grows.
Spinning and textile production are located in Taiwan.
“Taiwan has a great deal of expertise in technical textiles,“
emphasizes Bethmann.
If it were up to Bethmann, other competitors would be
welcome to adopt Vaude‘s idea in the future: “After all,
we‘re only a medium-sized company, so it helps both
awareness and production if other large companies also
use Vestamid Terra.“ Vaude is self-confident enough to still
stand out enough in this case – with its own brand, ideas,
and products. “We‘ve proven how innovative we are and that
we take pioneering spirit seriously by starting this project
together with Evonik,“ says Bethmann. Anyone who sets
out into nature soon in a pair of Skarvan Biobased Pants (to
be launched in spring 2021) can justifiably claim that their
pants are green – regardless of the colour. AT
www.evonik.de | www.vaude.com

Vestamid Terra turned out to be a particularly useful
material because it can be easily processed by the spinning
mill. Vaude finally decided on a variant that consists of 62 %
castor oil and the remaining part of conventional raw
material: “This new type of material has thus become part
of a family that until now has mainly included petroleumbased polyamides for textile fibres, such as the classic
polyamide 6 or 6.6,“ says Bethmann. But at the same time,
it offers higher abrasion resistance, better tear strength
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The resulting material, Vestamid Terra, turned out to have
outstanding properties for textiles and can also be spun
into filaments. “The result is a fibre that is very comfortable
to wear, has good water management properties, can be
dyed well at low temperatures, and also contributes to
CO2 savings,“ says Uwe Kannengießer, Director of Optics
& Filaments in the High-Performance Polymers Business
Unit at Evonik. The first test phase revealed that Vestamid
Terra is not only more sustainable but also has better
properties compared to conventional polyamide fabrics.
Above all, the yarn‘s lower moisture absorption is attractive
for outdoor clothing, where a pair of pants should be ready
for forays in damp grass or against short rain showers – and
it is also an advantage if they dry faster after getting wet and
after washing. “Vestamid Terra is actually a completely new
material in our industry,“ Bethmann emphasizes, “Which is
not at all common.“

I

nnovation can come from various places and sometimes
it’s as simple as the question “This should be a thing, why
is it not a thing?” This is exactly what Rachel Domb, a
second-year psychology student at Northeastern University
in Boston, Massachusetts (USA) asked.
Rachel has been a plant-based athlete since she was 14,
and athletes, especially in their teenage years, need a lot
of fuel. “I was relying a lot on energy bars and just really
anything I could get my hands on, but I also cared about
the environment,” explained Rachel in an interview with
bioplastics MAGAZINE.

Back then Rachel already knew that plastics could be bad
for the environment, even if she didn’t know exactly why yet,
but she started feeling uncomfortable contributing to the
production of waste – just by buying a snack. “Everybody
snacks which leads to so much waste produced just from
that. So I started making my own snacks, just for me in the
beginning – one of them was the granola.”
That changed when she started going
to college, she was shocked that in a
world with such innovation there seemed
to be no sustainable packaging options
for snacks. “I could make my own snacks
forever, but that’s not solving the problem.
And there is a clear problem here, and I
can’t be the only one who’s frustrated by
it.”
Out of that frustration grew a business
idea – Rooted Living. It took a lot of
research and work to get from the idea
to the product, with the support of many
Northeastern institutions. But frustration,
as it turns out, can be a powerful
motivator and athletes are not known for
giving up easily. Rachel considered a lot
of materials before finally landing on a
biodegradable material made by the Irish company Foxpak.
Initially, Foxpak is going to produce compostable printed
prototype packagings for Rachel’s two kinds of Granola,
Maple Almond 190g and Peanut Butter Crunch 190g.
The material is Foxpak’s high barrier compostable
material which is a triple layer laminate where each layer
is individually certified to the EN13432 standard for the
composting of packaging (home and industrial).

affect barrier properties and shelf life vary by situation, we
always recommend customers to conduct their own shelflife testing,” said Sam Murphy, Marketing Manager at Foxpak.

Applications

Frustration fuelled innovation
However, composting, be it industrial or home
composting ,is not always available to people depending
on their location, an issue Rachel is very aware of. “I
didn’t want the mark that my company left on this planet
to be waste,” she said when asked about how realistic
composting as an end-of-life solution really is. “I am aware
of the challenges, but I don’t just see this as a business, I
see it as being part of a movement for more sustainability.”
This is why her commitment goes beyond just selling her
product in sustainable packaging. Moving forward Rachel
plans to promote compostable solutions, even more,
working towards more access to compost bins in Boston,
Massachusetts, trying to own her home as she would phrase
it, by getting awareness for compostable alternatives and
helping to educate the general public.
“Education is really powerful when it
comes to sustainability, nobody is going
to do anything unless they know why,
unless they feel empowered.”
Once her business stands on more
solid ground she plans to put up wellresearched educational material on her
Instagram (@rootedliving) to be a force
that empowers consumers to make more
sustainable decisions. Yet knowledge is
only one part of living more sustainable,
another one is costs which is why
Rachel is trying to make her product as
affordable as possible, “sustainability
should not only be accessible for those
who already have a good income, it should
be accessible for everybody. This is why I
will try to make it even more affordable
moving forward.”
Rachel is still at the beginning of her journey and for the
coming year she will focus on running her company, but she
is a shining example of being the change you want to see –
the world could use more of that. AT
www.foxpak.com | www.instagram.com/rootedliving

The three layers are a mix of organic (97%) and inorganic
(3%) materials sourced from two suppliers. The main
biobased material is ethically sourced wood pulp but also
includes corn and sugarcane. The inorganic material is
aluminium which will degrade to form aluminium oxide
which is non-toxic and naturally present in soil.
When talking about biodegradable packaging shelf-life
is always a topic. “The recommendation for the material is
to be used within 12 months from manufacture based on
optimum storage conditions. As many of the factors that
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Application News

Biobased lids and
scoops
Nestlé (Vevey, Switzerland) recently announced that
it will introduce biobased lids and scoops made from
sugar cane and its by-product for a range of its nutrition
products for infants and children.
The main advantage of these biobased plastics is that
they are made from a renewable plant material that
can be continually replenished and that absorbs carbon
dioxide from the atmosphere. In addition, this packaging
helps Nestlé reduce its use of fossil-based plastics.
Nestlé Nutrition’s Nan infant formula packed in the
new packaging materials was introduced in Hong Kong
in 2020 and will be available in other markets globally
from 2021, including for other brands such as Beba and
Guigoz.
Wyeth Nutrition is launching the new biobased
packaging for its brands Sma, Little Steps, S-26, and
Illuma.
Nestlé Health Science is also introducing the new
packaging material for its Althéra, Alfaré, Alfamino,
Modulen, and Peptamen Junior brands, which are part
of its global range of paediatric food for special medical
purposes.

A high number of inquiries about calendered sheets
made of renewable raw materials has encouraged the
German company Gehr from Mannheim to develop a new
product: ECO-GEHR PLA-HI®.

The lids and scoops are made from 66 % and 95 %
sugar cane respectively. They are certified as plantbased packaging and are recyclable in countries that
have recycling facilities for polyethylene (PE). They have
the same properties and functionalities as conventional
plastic ones, without compromising the high level of
hygiene and freshness required. The biobased lids and
scoops complement the tin can which is metal-based
and is the most recycled material in the world. This
innovation is one of the many solutions Nestlé is working
on to address the issue of packaging waste.

The sheets stand out for their high impact strength and
are therefore suitable for use in demanding applications.
Mechanical processing of the sheets is easily possible. Postprocessing can be applied without any problems such as:

Ryan Carvalho, Head of R&D and Chief Medical Officer
for Nestlé Nutrition said, “The development of innovative
sustainable packaging solutions plays an important
role in our journey to net-zero. Biobased packaging
from sugar cane is an excellent example of how we can
make good use of plant-based raw materials that are
renewable to develop better alternatives to traditional
plastic while ensuring that our products maintain a high
level of safety and quality.”
Nestlé is a founding member of the Bioplastics
Feedstock Alliance that aims to encourage the production
of bioplastics feedstocks in an environmentally
responsible, socially beneficial, and economically viable
manner. AT
www.nestle.com
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Calendered PLA sheets

Greg Behar, CEO of Nestlé Health Science, said, “It
is our responsibility to our customers and to our planet
to innovate on packaging materials that contribute to
a more sustainable future. We are pleased that Nestlé
Health Science’s paediatric range is our first product
group to include the new biobased lids and scoops: new
solutions for a new generation.”
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Effective immediately Gehr offers these sheets made of
cornstarch based PLA combined with additives. They are
produced — as all Gehr products — CO2 neutral according
GHG Protocol Scope 1+2.

• thermoforming

• sawing

• printing

• drilling

• glueing

• punching

The following sheets are available from stock: thickness
2, 3, and 4 mm (width: 1000 mm, length: 2000 mm).
Currently only available in natural/ translucent colour, the
sheets can also be produced in different colors. MT
www.gehr.de

Researchers at the Fraunhofer WKI, Braunschweig, Germany, are developing the stand-up paddleboard ecoSUP with a
lightweight sandwich element made from renewable raw materials. Lightweight construction materials are environmentally
friendly, as less energy and fewer resources are required for transport and production. Conventional lightweight-construction
materials are based on fossil and other finite resources such as metals and minerals. “We selected a stand-up paddleboard
as the demonstration object for our lightweight-construction material, as it has to meet high requirements with regard to
mechanical strength in combination with resistance to moisture, saltwater, and UV radiation. In the future, our new biocomposite material could be utilized not only in other watersports equipment but also in the construction of buildings, cars,
ships, and trains,” explained Christoph Pöhler, Project Manager at the Fraunhofer WKI.

Application News

More bio in surfing

Currently, watersports equipment, such as surfboards, is produced using petroleum-based materials such as
epoxy resin, polyester resin, polyurethane, and expanded or extruded polystyrene in combination with
glass and carbon-fibre fabrics. The market for glass- and carbon-fibre-reinforced plastics is
also growing continuously in other economic sectors. This offers a high savings potential
for finite resources.
“For the core of the new bio lightweight-construction material, we use recycled
balsa wood and modify it accordingly. Balsa wood is used in large quantities
in the rotor blades of wind turbines. At the end of the life cycle of the rotor
blades, it accumulates as waste and is then burnt. We now want to give this
balsa wood a longer useful life,” Pöhler explained.
The researchers are also developing an outer shell made from natural-fibrereinforced bioplastics on the basis of itaconic acid. They are hereby concentrating on the
application of flax fibres, as these have advantageous mechanical properties and are cultivated in
Europe. AT
www.wki.fraunhofer.de/en

The cross-section of the paddleboard shows the sandwich
construction: core made from recycled balsa wood with an outer
shell of natural-fibre-reinforced bioplastics (© Fraunhofer WKI I
Christoph Pöhler)

Biobased design cups
Cormaf (Lainate, Italy), an aesthetics-driven packaging company, has chosen Arctic Biomaterials (Tampere, Finland) as the
material supplier for their BicéBio design cups and shot glasses. The reusable cups are manufactured from biobased (up to
75 %), heat tolerant (with temperature resistance 83–96 °C, HDT b), and compostable (EN-13432/Industrial compost) ArcBioxTM
MFA-series containing inorganic mineral fillers.
The injection moulded design items are part of Cormaf’s From Nature to Nature
series, which is readily available for consumers at amazon.it or by contacting
Cormaf sales directly. The cups are light to carry and designed for informal
occasions such as outdoor picnics.
Riccardo Chiaveri, the owner of Cormaf explains: “The main driver for Cormaf is to
combine sustainability and aesthetics. The high-performance ArcBiox materials met
our needs in terms of sustainability and usability of our products. For example, high
heat-resistance is needed to allow hot beverages and dishwasher durability.”
Ari Rosling, the R&D director at Arctic Biomaterials adds: “The cosmetics and food
sectors are definitely one target market for our recently launched MFA-series. It was
delightful to see what glamorous items Cormaf was able to design and produce using
it. And I have heard they are delivering other innovative ideas in the near future as well.”
According to Arctic biomaterials the ArcBiox MFA-series can compete with many oilbased plastics, such as PE, PP, PS, and glass-reinforced PA, PP, PC, and PBT, and offers a
viable alternative to ABS, PP, and PS. AT
https://www.cormaf.net | https://abmcomposite.com/technical

bioplastics MAGAZINE [02/21] Vol. 16

35

Application News

Biodegradable packaging for electronics
Due to electrostatic discharge (ESD) damaging electronic
devices, the industry experiences immense losses running
into billions of dollars yearly. Croatia-based EcoCortec has
announced its world-first biodegradable, compostable, and
static-dissipative film and bags.

Eco-Corr Film ESD or Vapor phase Corrosion Inhibitors
(VpCI) films possess permanent anti-static and anticorrosive properties. The use of this film or bags ensures
an immediate decrease or elimination of static buildup,
irrespective of the presence or absence of humidity.

The triboelectric effect produces electrostatic charges and
involves electrons’ transfer from one surface to another at
varying electrostatic potential. It is a high-current event (1–
15 A) with a short duration (1–100 nanoseconds). To minimize
damages caused by ESD the industries follow several
preventive steps while developing electronic products. One
of these steps is using ESD protective packaging such as
shielding bags to handle and transport electronic devices.

This material is also sensitive to multi-metal items such
as electronics and forms a molecular layer that prevents
corrosion on metal substrates. This is made possible because
the molecular anti-corrosion protective layer prevents
any interference with electronic components’ physical or
chemical properties. This film can be used without cleaning
or degreasing the metal surface.

The Eco-Corr Film® ESD provides an eco-friendly
packaging solution. This has innumerable industrial uses
directed towards various industries such as static sensitive
electronics, packaging, telecommunications, and electric
cars. It is a biodegradable alternative to conventional
polyethylene electrostatic dissipating (ESD) films.

The film can be stored indoors and outdoors, without
exposure to direct sunlight at a temperature range of 4–38 °C.
The material’s shelf life is around two years. Furthermore,
the Eco-Corr Film does not affect optical properties, the
plastics used in the electronics industry, and it also does not
contain any free amines or harmful Prop 65 ingredients. AT
www.cortecvci.com

Compostable packaging doubles shelf life
of fresh produce
Compostable packaging producer TIPA and shelf-life extension
specialist PerfoTec have partnered to offer fully compostable
packaging that extends the shelf-life of fresh produce.
The resulting laser microperforated compostable film provides
retailers and suppliers with the ideal packaging qualities to
reduce food waste, combat plastic pollution, and cut carbon
emissions.
TIPA and PerfoTec’s combined technologies have been found to
extend the shelf-life of fruit, vegetables, and flowers by up to 2x.
TIPA’s compostable packaging performs like a conventional
plastic but decomposes in compost back into the soil with no
toxic residue, microplastics, or other pollutants. Its packaging
solutions seamlessly fit with the industry’s machinery and
manufacturing practices.
PerfoTec’s patented High Precision Laser Technology
facilitates longer shelf-life by adapting the permeability of food
packaging.
These technologies provide an innovative end-of-life solution
for produce packaging while supplying retailers and endconsumers with extended produce shelf-life.

PerfoTec’s CEO, Bas Groeneweg said: “After months of trials
with this film, we realised that TIPA’s compostable film combined
with PerfoTec’s patented laser perforation provided the best
shelf-life for fruits, vegetables, and flowers by far. It provides
longer shelf-life and freshness which means fewer quality
losses, less food waste, and cost savings for producers and
retailers. Partnering with TIPA to create compostable packaging
that can outperform conventional plastic is a hugely exciting step
forward for sustainable packaging.”
Ayellet Zinger, VP of Sales for TIPA said: “In combining our
technologies, TIPA and PerfoTec form a synergistic partnership
that optimises flexible packaging for produce. We have created
an exceptional product that extends the shelf-life with a
protective and fully compostable film that decomposes just
like the products it is packaging. TIPA and PerfoTec bring huge
added value for flexible produce packaging, reducing food
and packaging waste, and providing solutions for the future of
sustainable packaging.” AT
www.tipa-corp.com

The partnership comes in response to high consumer demand
to reduce food waste and combat plastic pollution. Some 85 % of
UK consumers believe compostable packaging should be used
to wrap food as an alternative to plastic.
Industry demand for environmental plastic substitutes that
don’t compromise produce quality is also rising.
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Biodegradable
Packaging for Skittles

Download the free
bioplastics MAGAZINE
App!

Mars Wrigley (Chicago, Illinois, USA), the maker of some
of the world’s most beloved treats and snacks, and Danimer
Scientific (Bainbridge, Georgia, USA), a leading developer
and manufacturer of biodegradable materials, recently
announced a two-year partnership to develop an innovative
home compostable packaging.
Mars will leverage the company’s global portfolio of
iconic treats and snacks to enable consumers to compost
at home, working together with consumers and supplychain partners to support a healthy planet. The first brand
Mars will introduce will be Skittles® in the U.S., enabling
consumers to enjoy delicious, fun, and environmentally
friendly treats.
Danimer’s Nodax® polyhydroxyalkanoate (PHA) is
produced through natural fermentation processes using
plant oils such as soy and canola and biodegrades in both
soil and marine environments. Mars will continue to evaluate
opportunities to scale this novel, innovative, and sustainable
packaging technology across its portfolio of brands and
categories.
Danimer and Mars plan to introduce Nodax PHA into
flexible and rigid packaging that reliably breaks down in
both industrial composting facilities and backyard compost
units. Nodax PHA possesses six TÜV AUSTRIA certifications
of industrial and home compostability, is biodegradable in
soil, freshwater, and marine environments and is 100 %
biobased. All of Danimer Scientific’s biopolymers, including
Nodax PHA, are FDA approved for food contact.

Our free Android and iOS App lets you read
bioplastics MAGAZINE on your mobile device.
You can easily read bioplastics MAGAZINE not
only on your smartphone, but on your tablet as
well.

The aim of this collaboration is new, biodegradable
packaging for various Mars brands, starting with smaller
and single packs that are more likely to be littered and
typically less likely to be recycled. Mars is leaning into this
problem by creating new-to-world packs for a wide range of
formats that can significantly support a sustainable planet.

NEW ! Our 15th anniversary gift to you:
Read all issues back to 2006 on your mobile
device*.

The joint development agreement is a key component of
Mars’ comprehensive strategy to transform its packaging
portfolio to support a circular economy and to drive progress
against its goal of 100 % reusable, recyclable, or compostable
packaging by 2025. AT

The QR Code will lead you to the respective
store automatically.

www.mars.com | www.danimerscientific.com

Try it now! Go to the Google Play Store or Apple
App-Store search for „bioplasticsmagazine“.

You can also check out the
new ePaper webkiosk at:
https://epaper.bioplasticsmagazine.com

*: (may become a paid service after 2021)
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Cost-effective and scalable
Highly selective catalysts enable scale and
cost advantages for new bioplastics

N

ovomer, a sustainable materials company pioneering
a family of high-performance polymers and
other chemicals from renewable feedstocks, has
announced the successful demonstration of the industry’s
lowest-cost polymerization process to make compostable
polymers that satisfy brand owner requirements for circular
economy solutions.
The compostable polymer, trade-named Rinnovo, will
use Novomer’s highly efficient catalyst technology to
manufacture world-scale production quantities.
Now proven at demonstration scale, the material is
being manufactured in sample quantities at Novomer’s
Innovation Center in Rochester (NY, USA). The successful
demonstration of the technology will enable Novomer to
begin the design and engineering of a commercial facility,
allowing Novomer to commence construction of an intended
80,000-tonnes facility in 2022.
“As a company focused on scalable materials for the
circular economy, Novomer has committed significant
resources towards its mission to cost-effectively address
the plastic waste challenge,” said Novomer CEO Jeff Uhrig.
“Further, the seemingly unstoppable rise in ocean plastic
waste and microplastics will require a portfolio of solutions
to confront a wide variety of regional, techno-economic, and
socio-economic challenges. We are beyond excited that our
technology can lower the cost barrier to implement changes
needed in the plastic waste management infrastructure.”
Rinnovo 3HP H1000 XP (the first to come out
of the Rinnovo family) is a high molecular weight
poly(3-hydroxypropionate), a homopolymer of betapropiolactone. The homopolymer has attractive mechanical
and physical properties that make it suitable for packaging
and other thermoplastic applications. It is an aliphatic
polyester that is stable and easily transportable.
It is a polymer that is synthesized using proprietary
and highly selective catalysts, enabling scale and cost
advantages over incumbent routes to compostable
polymers. It is produced via Novomer’s patented CoEth
technology which is designed to convert ethylene oxide and
carbon monoxide to produce lactones. The demonstration
plant utilizes a low-cost initiator to facilitate ring-opening
polymerization. Under the conditions of chain propagation,
Novomer has achieved molecular weights required for
commercial applications.
Rinnovo 3HP H1000 XP can be used as an alternative
to conventional, petroleum-based polymers, including
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polyethylene (PE), polypropylene (PP), and polyethylene
terephthalate (PET). Potential applications include packaging
films, agricultural films, and waste collection. Further, it has
excellent oxygen barrier properties, biodegradability, and
reduced environmental impact.
Rinnovo 3HP H1000 XP has a structure similar to those
of two other aliphatic polyesters, polyhydroxybutyrate (PHB)
and polycaprolactone (PCL), and can be degraded in the
same, diverse, set of environments.
“Brand owners need assurances that compostable
solutions can be cost-effective and scaled,” said Uhrig.
“This is an exciting first step to begin the process of product
performance validation and application development.”
Rinnovo has been tested and meets the requirements
of ASTM D6400, the U.S. standard specification for
compostable plastics, along with the European EN13432
standard for compostable and biodegradable packaging.
Rinnovo is flexible and provides over 500 % elongation for
the production of blown film while also offering higher
tensile strength than polyethylene (PE). Novomer sees
broad use for Rinnovo compostable polymers in a range of
applications including bags, labelling, agricultural films,
and waste packaging.
“Ultimately, the mission of Rinnovo materials is not only to
provide sustainable end-of-life outcomes for polymers but
support even broader initiatives to enhance the collection
and composting of food and agricultural waste, improve soil
quality, and reduce global emissions,” said Uhrig. AT
www.novomer.com

P3HP
Tg (°C)

~(25 - 15)

Tm (°C)

~70 - 80

Tensile Modulus (MPa)

600 - 1000

Tensile Strength
@ break (MPa)
Tensile Elongation
@ break (%)

20 - 30
400 - 800

Oxygen Permeability (g 25u/m2/24h)

0.1 - 10

Yield stress (MPa)

15-25

Toughness
(Nmm/mm3)

80-150

Compostability EN13432

Passed

Compostability ASTM D 6400

Passed

Typical Properties of RinnovoTM 3HP H1000 XP
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New barrier film structure for
compostable food packaging
SP Group (Singapore) and Nurel Biopolymers (Zaragoza,
Spain) present a new multilayer film structure, with high
oxygen barrier, sealing, and transparency properties whose
main advantage is the compostability of the container.
The new European directives aim to reduce waste going
to landfill by 10 %. Many containers that are currently
on the market cannot be recycled due to their technical
requirements and end up in landfills. This is the case
of many barrier film structures; they are very complex
multilayer structures that require various types of polymers
to achieve the necessary properties to preserve food.
Until now, biopolymers have only been used for the
packaging of short-live foods, such as bread, fruits, or
vegetables. Thanks to the collaboration of SP Group and
Nurel, biopolymers can be used in the manufacture of
barrier films that preserve the life of complex foods such as
salmon. Currently, it is also being marketed for spices and
is in tests for energy bars, nuts, or salt, among other foods.

has been very simple, and the oxygen permeability results
are excellent, comparable to EVOH high barrier structures.”
Maria José Alfonso, head of developments at Nurel
Biopolymers, highlights that the biggest challenge of this
project was to achieve a compostable material that could be
processed without difficulty in any conventional blown film
extruder maintaining its transparency and providing high
oxygen-barrier properties.
The main advantage of this new development is at the
container’s end-of-life. The film is manufactured with
biopolymers, with high biobased content and is compostable,
complying with the OK COMPOST under the criteria of the
ISO-EN 13432 and ASTM 6400 standards, which ensures that
after 3 months it completely biodegrades. Thus, this type of
films should be deposited in the organic waste container for
its recovery as compost. AT
www.nurelbiopolymers.com
www.spg-pack.com

The new films manufactured by SP Group with Inzea
Biopolymers, can be processed in conventional facilities,
have a high barrier performance, are transparent and
sealable, have a high biobased content , and are suitable
for food contact. At the end of their life cycle they can be
managed together with the organic waste; an all-in-one
solution that until now had not been achieved.
Maria de Guía Blanco, R&D Project Engineer at SP
Group, “This film meets all the quality requirements for the
packaging of foods such as smoked salmon, its processing
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Speeding up time to market…
For biobased products using fast and efficient high throughput experimentation
Introduction
A series of recent surveys conducted by the novaInstitute (Hürth, Germany) concluded that green premium
prices can be realized for novel biobased products within
the coming years [1]. A short time to market is crucial
in securing a significant share of the growing market for
biobased products. It is clear that biobased products cannot
rely solely on a societal green bonus but that they need
to convince at a technical and economic level, as well as
based on a comprehensive life cycle assessment. There
are two factors that distinguish frontrunners in developing
new products and technologies: a clear R&D strategy;
and access to advanced R&D techniques either in-house
or by bringing in external expertise. A strategy develops a
clear understanding of the winning value proposition for
the customer in the marketplace and follows a systematic
approach to efficiently drive R&D work. It combines close
steering of the development process and a simultaneous
techno-economic analysis (see Figure 1 on the different
development stages).
The R&D capabilities need to comprise efficient R&D
tools and workflows applied by a dedicated staff with a high
level of expertise. Over the last 20 years, high throughput
experimentation (HTE) has become established as the
most advanced tool for fast, efficient, and industrially
relevant R&D. The key feature of HTE is a high degree of
parallelization and automation combined with an efficient
workflow to remove bottlenecks in daily R&D work. A fully
integrated software workflow collects all data generated
within the R&D cycle in one comprehensive database and
eliminates manual documentation and data reporting. A
closed software loop ensures fast handling and evaluation
of the large amount of data generated within a very short
time when using HTE. It significantly accelerates the proof
of concept (PoC) and development phase (TRL 3–5, Figure 1)
so that the demonstration phase can be reached more
quickly. In hte’s experience, the development of novel
processes can be accelerated by up to one hundred times
when applying HTE technology as compared to classical
R&D (a few at a time), depending on the development stage
and the actual application.

HTE R&D in action: From biomass to green
nylon 66 via 1,6-hexanediol
In the following, HTE is demonstrated in action with a
case study from the bioplastics area, namely producing
Nylon 66 from a sustainable route via hydroxymethylfurfural
(HMF) and 1,6-hexanediol (16HD) to hexamethylenediamine
(HMDA) [4].
Lignocellulosic biomass from plant residues and
agricultural waste is an ideal renewable and non-food
feedstock basis [5]. The critical step in this process route
is the production of 16HD from C6 polyols (PO) (see
Figure 2). It requires a catalytic step involving selective
hydrodeoxygenation and utilizing a heterogeneous catalyst
in a continuous trickle-bed reactor system [4]. The economic
feasibility of the process depends on identifying the optimum
catalytic formulation with respect to activity, stability, and
cost, and ideal operating conditions for maximum 16HD
yield and selectivity. At the same time, the applicability of
a broad range of viable feedstocks in the process is also
important from an economic standpoint, considering largescale commercial production.
Figure 3 shows the development cycle for producing
16HD from C6 polyols. The development work starts with
the synthesis and screening of many different catalyst
systems. The initial PoC screening and reaction network
investigation is typically done with simple HTE batch reactor
systems (milligram catalyst scale, in powder form). In a
second step of initial up-scaling, the process is transferred
from batch systems to continuous reactor systems utilizing
HTE trickle-bed test units (gram catalyst scale, in powder
form, with 16 reactor tubes in parallel, for instance) in order
to closely represent actual continuous operation conditions.
The first two steps comprise several hundred catalysts
to be tested with different feedstocks and under a variety
of operating conditions in order to assess catalyst activity,
selectivity, and stability, and to elucidate the reaction
network.
It is important to define first performance targets based
on a first detailed techno-economic analysis (Figure 1).

Figure 1: Market-driven product and technology development stages based on technical readiness level (TRL) classification [2] and
the stage-gate model [3], as well as illustrating the importance of a simultaneous techno-economic analysis (TEA).
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Techno-economic analysis, iterative refinement with increasing technology depth
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Florian Huber, Ghith Al Shaal, Fabian Schneider
hte GmbH
Heidelberg, Germany

In the next step and after identifying several lead catalyst
systems, the catalysts are upscaled to industrial size and
shape (as pellets, extrudates, or spheres) and further
optimized by additional testing (typically several tens of
catalysts). Note that this step can still be performed in HTE
equipment in the range of a few grams.

Figure 2: Catalytic conversion of
C6 polyols (PO) to 1,6-hexanediol
(16HD) by selective
hydrodeoxygenation (HDO).

The HTE test protocols have been optimized over the
years to deliver relevant results to support demonstration
and industrial scale. It is important not to postpone this
step for too long within the development stage because the
apparent kinetics of commercial catalyst sizes and shapes
will deviate from the powder kinetics and will affect product
yield and selectivity.
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In the given case study, advanced HTE technology and
workflows could be utilized to establish a comprehensive
technology platform for converting non-food biomass into
valuable biobased building blocks such as 1,6-Hexanediol.
By means of high throughput experimentation, the PoC and
development phase (TRL 3–5) could be shortened to around
3 years covering a broad range of feedstocks, identifying and
optimizing several lead catalysts to commercial size and
establishing a platform technology for renewable chemical
intermediates. At the same time, a comprehensive set of
information could be generated for a detailed technoeconomic evaluation.
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Larger product quantities are collected to perform more
detailed product analytics. Reactor design and material are
finally evaluated, and necessary process steps around the
catalytic reactor such as gas and/or liquid recycling are
investigated. The results obtained form the basis for further
refinement of the techno-economic evaluation and act as
input for the layout of the successive pilot demonstration
phase (see Figure 1).
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In the last development stage, the catalyst amount is
typically increased into the hundred-gram scale using
bench-scale test systems. These systems have a lower
degree of parallelization but a high degree of flexibility
for each catalyst system. In this stage, many different real
feedstocks are tested to widen the feedstock portfolio. The
catalyst systems are operated individually in their optimum
operation range and over a longer period with industrially
relevant feedstocks to assess long-term catalyst stability.

De

sign

is
lys
Ana

&

ha
C

Figure 3: Development cycle for producing 16HD from C6 polyols.
The catalyst scale-up in this example involves shell impregnation
of commercial carriers. The product analysis involves detailed
GC-MS and GC-FID/TCD analysis identifying more than a hundred
compounds within the reaction network. The testing comprises
HTE as well as flexible bench-scale equipment.
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New findings about PHB
making Cyanobacteria
Polyhydroxybutyrate (PHB) is an interesting bioplastic
for a wide variety of applications including those where
degradability is an added value. One way to produce
PHB naturally is by using cyanobacteria of the genus
Synechocystis. However, the amount produced by
these bacteria is usually very small. Researchers from
the University of Tübingen (Germany) succeeded in
identifying a control system in the bacteria that limit
the intracellular flow of fixed carbon towards PHB. After
removing the corresponding regulator and implementing
several further genetic changes, the amount of PHB
produced by the bacteria increased enormously and
eventually accounted for more than 80 % of the cell's
total mass. “We have created veritable plastic bacteria,”
says Moritz Koch, first author of the study published
in Microbial Cell Factories. See more comprehensive
articles in recent issues of bioplastics MAGAZINE.
Cyanobacteria, also known as microalgae or bluegreen algae, are among the most inconspicuous yet
powerful players on our planet. It was blue-green
algae that created our atmosphere and the ozone layer
protecting us from UV radiation through photosynthesis
about 2.3 billion years ago.
“Cyanobacteria are, in a sense, the hidden champions
of our planet,” Koch emphasizes. “This underscores
the enormous potential of these organisms.” Since the
blue-green bacteria only need water, CO2 and sunlight,
the researchers believe they are ideal candidates for
climate-friendly and sustainable production. “Once this
is established in the industry, the entire production of
plastics could be revolutionized,” Koch says. The longterm goal, he says, is to optimize the use of the bacteria
and to increase it to the point where large-scale use
becomes possible AT

Cellulose for electrical
insulation
Cellulose is a popular insulation material in electrical
power transformers because it is clean and capable of
resisting high temperatures, and it remains firm in oil used
in transformers for both insulation and cooling purposes.
However, the raw material must be packaged into the
moulds manually, and a variety of different moulds are
required. The process also consumes energy and produces
plenty of waste. With the current methods, the value of
production is approximately 1 billion euro a year.
The EU-funded NOVUM project started in October 2017,
with a planned run time of 4.5 years, develops automated
methods for the production of cellulose-based electrical
insulation components and for other applications such as
the automotive industry and cruise ships. The international
research group has managed to limit the manufacturing
methods to the most promising ones: 3D printing and
foam forming. 3D printing offers efficiency as well as new
freedom in design. Foam forming, on the other hand,
makes it possible to save energy in the manufacturing
process.
“Our goal is to build an automated production line in the
premises of Brinter, Novum’s project partner in Finland
(Turku), and test it in the relevant environment next
autumn. In addition to efficiency, our goal is to save energy
and material. Alongside the manufacturing methods, we
are developing cellulose-based raw materials to suit the
selected methods and applications the best possible way,”
says Heli Kangas, Technology Manager from VTT (Espoo,
Finland).
As the research group works on developing cellulosebased materials and the manufacturing methods, it also
investigates which other applications could be potential
for the combination, in addition to transformers. A good
starting point for the applications is the need to produce
individual products or small series easily or to replace
plastic parts with renewable material.
The automatic production line built in the project will be
tested and validated with electrical insulation components
and parts used in car and cruise ship interiors.

New variants show increased PHB production
(Photo: Moritz Koch / Universität Tübingen)

Publications:
Orthwein, T.; Scholl, J.; Spät, P.; Lucius S., Koch, M.; Macek,B.;
Hagemann, M.; Forchhammer, K.: The novel PII-interactor PirC
identifies phosphoglycerate mutase as key control point of carbon
storage metabolism in cyanobacteria. PNAS February 9, 2021 118 (6)
e2019988118; https://doi.org/10.1073/pnas.2019988118
Koch M., Bruckmoser J., Scholl J., Hauf W., Rieger B., Forchhammer
K. Maximizing PHB content in Synechocystis sp. PCC 6803: a new
metabolic engineering strategy based on the regulator PirC. Microb
Cell Fact 19, 231 (2020). https://doi.org/10.1186/s12934-020-01491-1
www.uni-tuebingen.de
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In addition to coordination work, VTT’s main focus in the
project lies in material development. In order for cellulose
to be 3D printable, it must be made thermoplastic, that
is, pliable at an elevated temperature. Thermoplastic
cellulose-based materials similar to oil-based plastics
have previously been developed at VTT. However, for Novum
project applications, it is important that the cellulosebased material also contains pure cellulose as much as
possible as this is essential for insulation purposes.
On top of modifying the material to ensure compatibility
with the manufacturing process, the material’s properties,
such as its strength and heat resistance, are also
adjusted in accordance with the application requirements.
Irrespective of the exact composition of the material, it is
already clear that the pieces produced can be ground and
reused as raw material on the same production line as
many as eight times. AT
https://novumproject.eu | www.vttresearch.com

Palsgaard, the Danish pioneer in food emulsifiers
from Juelsminde, has opened a new 10,000 tonnes
pellet line that also expands the manufacturer’s
production capacity for their Einar® brand plant-based
polymer additives.
“We are seeing a fast-growing demand among
consumers, brand owners, packaging designers and
plastics manufacturers for more natural materials
to reduce fossil depletion and waste,” says Ulrik
Aunskjær, Global Industry Director Non-Food Business
Development, Polymer Additives for Palsgaard.
“Our expanded production capacity meets these
requirements by boosting the availability of food-grade
plant-based surfactants and modifiers for polymer
manufacturers and compounders.”
The expansion of the pellet line also addresses the
needs of compounders and processors who may wish
to add specific Einar products to polymers directly
rather than as part of a more complex masterbatch
formulation. This applies in particular to the use of
Einar anti-static additives for food and other packaging
applications, where the availability of pelletised
products enables a clean and straightforward process.
Palsgaard offers its Einar plant-based anti-fog and
anti-static additives in several grades tailored to film,
injection moulding, foam, and coating processes for
a wide range of different polymers, from polyolefins
and PVC to PET and engineering plastics. Moreover,
the Einar portfolio also includes slip additives, ageing
modifiers, mould release agents, and dispersing aids.
Ulrik Aunskjær added: “We have a number of new
initiatives, including establishing a solar park and a
biogas facility, which will provide the necessary power
and waste management infrastructure to enable the
new production capacity to also be carbon neutral.
This aspect was a very important consideration in the
planning process for the new investment.”
The company is currently the world’s only
commercial source of fully sustainable emulsifiers
and additives based on RSPO SG-certified palm oil
as well as rapeseed, sunflower, and other vegetable
oils. All products are non-GMO, have full EU and FDA
food contact approvals, and meet halal and kosher
requirements. AT
www.palsgaard.com/polymers

In a paper published in ACS Sustainable Chemistry & Engineering,
researchers from the Kleij group of the ICIQ research institute
(Tarragona, Spain) presented a new route to prepare biobased
polyesters with tunable properties. The researchers are building
upon the multifunctional structure of the terpene β-elemene: three
double bonds which have distinct reactivity, allowing to selectively
transform these bonds and thus tweaking the functionalities in the
backbone of the polymer.

Material News

New route to prepare
Line expansion for
food-grade plant-based biobased polyesters with
tunable properties
polymer additives

"This multi-functional terpene scaffold is rather unique and
allows to fine-tune structural diversity and prospectively to modulate
polymer and material properties," explains Arjan Kleij, ICIQ group
leader and ICREA professor. In collaboration with the company
Isobionics (Geleen, The Netherlands), the researchers utilised
β-elemene obtained through an innovative sugar-fermentation
route. This process has proven to be a promising start for the use of
β-elemene as a raw material for polymerisation.
"Isobionic's sugar-fermentation route completely changes the
scale of β-elemene availability, which now can be used in polymer
production," explains Francesco Della Monica, postdoctoral
researcher in the Kleij group working in the European SUPREME
project, an MSCActions Individual Fellowship and first author of the
paper. Via a ring-opening copolymerisation reaction (ROCOP), the
researchers combined β-elemene oxides and phthalic anhydride
(a common monomer used in the preparation of polyesters) to
create the biobased linear polymer poly(BEM-alt-PA) and its related
structure, crosslinked-poly(BED-alt-PA).
These transformations were achieved with catalytic systems
(iron and aluminium aminotriphenolate complexes combined with
bis-(triphenylphosphine) iminium chloride) developed previously
by the group using non-critical, abundant elements for catalytic
polymerisation. Once the polyester is prepared, there are two
remaining double bonds from the original terpene building block
that can be easily and selectively addressed and functionalised,
allowing to tailor the final polyester.
"These post-modification reactions on a biobased polymer are
quite rare. Most of the biobased monomers that are available don't
present functionalities," remarks Della Monica. The paper is a
starting point for further development of β-elemene based polymers
that allow tailoring the properties of the final material (depending on
its use) through easy post-polymerisation modifications. The paper
does not address the biodegradation of the material, although for
Della Monica, "depending on the final use, the ideal thing may not
be biodegradation but to create a recyclable polymer: i.e., take a
starting material, create
the polymer, use it, recover
it, and then degrade it in
a controlled fashion and
reuse that material. Now
that we have the idea of a
circular economy within
grasp, we need circular
processes," concludes the
scientist. AT
www.isobionics.com | www.iciq.org
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Material News

Vegetable proteins replace petro-based raw materials
Research teams at the Fraunhofer Institute for Process Engineering and Packaging IVV (Freising, Germany) are collaborating
with partners to use the promising techno-functional properties of vegetable proteins for industrial applications.
The aim of the so-called TeFuProt project (short for techno-functional protein) is to shift away from petroleum and make
more use of proteins from agricultural waste products for industrial applications.

Rapeseed as a source of protein
The processing of agricultural raw materials such as rapeseed results in large quantities of protein. So-called rapeseed meal
and rapeseed press-cake are by-products of rapeseed oil recovery. “Up until now, this residue has mainly been used as feed in
livestock farming. Which is a limited usage because of the bitter substances contained”, explains Andreas Fetzer, scientist at
the Fraunhofer IVV. Due to their functional properties, such as the ability to form foams, gels, and films, and their ability to retain
water, the protein fractions of the rapeseed press-cake have a huge potential for a broad range of technical applications. They
are ideal as additives for paints, varnishes, adhesives, lubricants, building materials, detergents, and polymers. “The vegetable
proteins are opening the door to the development of novel, sustainable, biobased products with improved properties”, explains
Fetzer. And this also reduces the dependence on fossil resources and drives forward climate-friendly production. Fetzer and
his colleagues successfully recovered four types of protein through four distinctly different processes. The protein isolates
recovered often have a protein content of over 90 %.

Chance to create breakthrough innovations
The long-term project work of the 18 partners involved has produced a series of promising products, some of which are
already available as prototypes. These include biodegradable films as a packaging material for detergent pouches or as plant
coverings, as well as fibreboard from production residues and binding agents modified with rapeseed protein. Flame-retardant
insulating foams for the construction industry or moulded foams for packaging, fibre protection and dye transfer inhibitors
in eco-friendly laundry detergents,
thickening components for lubricants,
or binders for lubricating lacquers and
additives in universal cleaning agents
for wood surfaces complete the list of
innovative solutions. “In many cases,
we have successfully integrated the
proteins into the products and generated
properties with added value”, says
the researcher. The next steps aim to
optimize the preparations and get them
ready for the market. The long-term aim
of the partners is to replace petrochemicalRolled rapeseed protein film: The film-forming
After the rapeseed has been
properties of rapeseed proteins are of great
de-oiled, protein-rich residues
based products with biobased ones on a
interest for a large number of technical
remain (rapeseed meal and
large scale and create added value through
applications such as paints, varnishes, polymers,
press cake).
the use of vegetable proteins. AT
cleaning agents, lubricants, or adhesives.
www.ivv.fraunhofer.de

Biobased high-performance polyolefin elastomer
Dow Packaging and Specialty Plastics (Horgen,
Switzerland), a business division of Dow, announces the
expansion of its high-performance Affinity™ GA polyolefin
elastomers (POE) with the launch of biobased Affinity RE.
New Affinity RE is one of the first biobased high-performance
polyolefin elastomers on the market. This solution has
enabled Dow customer Henkel’s (Düsseldorf, Germany)
Technomelt Supra Eco line to achieve another milestone in
both companies’ sustainability goals.
Climate change is among the greatest technical, social,
and economic issues the world is currently facing. That is
why reducing the carbon footprint is more vital than ever.
As consumers demand more sustainable solutions from
suppliers and brands, Affinity RE offers an alternative
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to fossil fuel-based products and can help to reduce the
carbon footprint whilst delivering the same well-known
performance as the entire Affinity GA range. To achieve this,
Affinity RE is made using biobased feedstock such as tall
oil – a by-product created by the paper-milling industry and
ultimately sourced from sustainably managed forests. This
whole process is certified on a mass balance basis by the
International Sustainability & Carbon Certification (ISCC).
The Affinity RE range consists of three grades with 100 %
biobased content on a mass balance basis to optimize the
carbon footprint of hot melt adhesives. AT
www.dow.com | www.henkel.com

E

astman Chemical Company Board Chair and CEO
Mark Costa and Tennessee Governor Bill Lee recently
announced the company's plans to build one of the
world's largest plastic-to-plastic molecular recycling facilities at its site in Kingsport, Tenn., USA. Through methanolysis, this world-scale facility will convert polyester waste
that often ends up in landfills and waterways into durable
products, creating an optimized circular economy. Over
the next two years, the company will invest approximately
USD 250 million in the facility, which will support Eastman's
commitment to addressing the global waste crisis and to
mitigating challenges created by climate change, while also
creating value for its stakeholders.
Utilizing the company's polyester renewal technology, the
new facility will use over 100,000 tonnes of plastic waste
that cannot be recycled by current mechanical methods to
produce premium, high-quality speciality plastics made with
recycled content. This process of using plastic waste as the
main feedstock is a true material-to-material solution and
will not only reduce the company's use of fossil feedstocks
but also reduce its greenhouse gas emissions by 20–30 %
relative to fossil feedstocks.
"Eastman has been a leader in the materials sector for
over 100 years and continues to be a valued partner to our
state," said Governor Lee. "I'd like to thank the company
for investing in Kingsport and its highly skilled workforce,
and for focusing on innovative technology that enhances the
quality of life for people not just in Tennessee, but around
the world."

Recycling

New world-scale
plastic-to-plastic
molecular recycling facility
Eastman was one of the pioneers in developing
methanolysis technology at a commercial scale and has
more than three decades of expertise in this innovative
recycling process. Eastman's experience with methanolysis
makes it uniquely qualified to be a leader in delivering
this solution at a commercial scale. Polyester renewal
technology will be an especially impactful solution, as lowquality polyester waste that cannot be mechanically recycled
and would typically be diverted to landfills, incineration, or
end up in the environment can instead be recycled into
high-quality polyesters suitable for use in a variety of enduse durable applications.
"While today's announcement is an important step, it
is just part of the company's overall circular economy
strategy," said Costa. He added that Eastman is actively
working on the next steps forward with its circular economy
initiatives including partnerships and direct investments in
Europe.
This facility, which is expected to be mechanically
complete by year-end 2022, will contribute to the company
achieving its ambitious sustainability commitments for
addressing the plastic waste crisis, which includes recycling
more than 230,000 tonnes of plastic waste annually by 2030
via molecular recycling technologies. The company has
committed to recycling more than 115,000 tonnes of plastic
waste annually by 2025. AT
www.eastman.com
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Events

Sustainable plastic toys
The second bio!TOY conference – Sept. 7–8, 2021, in Nuremberg, Germany
After the great success of the first edition in 2019, the
second bio!TOY conference will now be held on Sept. 7–8,
2021, in Nuremberg, Germany. The unique two-day event
will once again bring together key players in the industry
value chain, from manufacturers of biobased materials to
toy suppliers.
Plastic is by far the most commonly used material for
toys. Yet widespread criticism of plastics has also left its
impact on the toy industry. Major toy manufacturers such as
Lego and Mattel have already announced plans to transition
in the future to non-fossil-based materials. Important new
development goals include, next to significantly lower CO2
emissions, increasing the use of recyclable, recycled, and
renewable raw materials.

Organisers Harald Kaeb and MichaelThielen
after a successful first bio!TOY

sustainability is one of our core tasks today.”

“Spielwarenmesse eG sees sustainability as far more than
just a trend and has long been raising awareness of this topic
by providing regular information. With the world’s leading fair,
we will be even more involved in this field in the future and
make contributions. The conference fits in with this, which is
why we support it,” says Christian Ulrich, Director Marketing
of Spielwarenmesse eG.
Only a few examples of toys already made from biobased plastics

The first bio!TOY conference, held two years ago, drew
almost 100 participants. Building on this success, the
organizers of the event – the international trade journal
bioplastics MAGAZINE and Germany-based narocon
innovation consultancy, supported by the German
Association of the Toy Industry DVSI and Spielwarenmesse
eG – will host the second edition of the bio!TOY conference
on September 7–8. Manufacturers of sustainable plastics
and toy manufacturers will once again come together
to share experiences, exchange information, and build
new connections. Planned as an in-person event, digital
participation will also be offered.
“The bio-pioneers of the industry are role models,”
explains Michael Thielen, publisher of bioplastics
MAGAZINE, “they have attractive materials, good products,
and convincing ideas. Although the bio-toy industry is
still in its infancy, experts are confident of its potential for
development.”
“Our industry has high expectations of materials
for toys,” says DVSI Managing Director Ulrich Brobeil.
“Companies are now recognizing new opportunities – and
we, as an association, want to help find them. Promoting
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The full program will be published in May. Speaker slots
and exhibition space are now available. Please contact the
organizers via www.bio-toy.info for information about these
possibilities.
www.bio-toy.info

Info
See a video-clip of
bio!TOY 2019 at:
https://youtu.be/
T1o654ZxiXo
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From Science & Research

The polymer of squares
Iron-catalyzed [2+2] oligomerization
of butadiene produces (1,n’-divinyl)
oligocyclobutane, a new polymer
that can be chemically recycled.
Figure by Jon Darmon

A

s the planet’s burden
of rubber and plastic
rises
unabated,
scientists look to the
promise
of
closed-loop
recycling to reduce trash.
Researchers in the Chirik Lab,
Department of Chemistry at
Princeton University (New Jersey,
USA), have discovered a potentially
game-changing
new
molecule,
with vast implications for fulfilling that
promise through depolymerization. It was
found in a material called polybutadiene, which
has been known for over 100 years and is used to make
rubber and plastic products. Butadiene, its monomer, is
an abundant organic compound and a major byproduct of
fossil fuel development.

The Chirik lab explores sustainable chemistry by
investigating the use of iron – another abundant natural
material – as a catalyst to synthesize new molecules. In this
particular research, the iron catalyst clicks the monomers
together to make oligocyclobutane. Normally, enchainment
occurs with an S-shaped structure that is often described as
looking like spaghetti. The lab reports in Nature Chemistry
(Jan 2021) that during polymerization the molecule, more
specifically named (1,n’-divinyl)oligocyclobutane enchains
in a repeating sequence of squares, a previously unrealized
microstructure that enables the process to go backwards,
or depolymerize, under certain conditions. In other words, it
can be zipped up to make a new polymer; that polymer can
then be unzipped back to a pristine monomer to be used
again. To bring about depolymerization, oligocyclobutane is
exposed to a vacuum in the presence of the iron catalyst,
which reverses the process and recovers the monomer.
The lab identifies this as a rare example of closed-loop
chemical recycling.
The chemical industry uses a small number of building
blocks to make most commodity plastic and rubber. Three
such examples are ethylene, propylene, and butadiene. A
major challenge of recycling these materials is that they
often need to be compounded with additives to make plastics
and rubbers. These additives all have to be separated again
in the recycling process.
But the chemical steps involved in that separation and
the input of energy required to bring this about make

48

bioplastics MAGAZINE [02/21] Vol. 16

recycling prohibitively expensive
in many cases, particularly for
common consumer products.
Plastic is cheap, lightweight,
and convenient, but it was
not designed with disposal
in mind. Chemists liken
the process of producing a
product from a raw material
to rolling a boulder up a
hill, with the peak of the hill
as the transition state. From
that state, you roll the boulder
down the other side and end
up with a product. But with most
plastics, the energy and cost to roll
that boulder back up the hill to recover
its raw monomer are staggering, and thus
unrealistic. So, still too many plastic or rubber
products end up in incineration or landfills.
The Chirik research demonstrates this butadiene polymer
as a possible alternative, as it’s almost energetically equal
to the monomer, which makes it a candidate for closedloop chemical recycling. In the past, depolymerization has
been accomplished with expensive, specialized polymers
and only after a multitude of steps, but never from a raw
material as common as this one.
“The interesting thing about this reaction of hooking one
unit of butadiene onto the next is that the destination is only
very slightly lower in energy than the starting material,”
said C. Rose Kennedy Assistant Professor of Chemistry
at the University of Rochester, (and former postdoc in the
Chirik lab). “That’s what makes it possible to go back in the
other direction.”
In the next stage of research, Paul Chirik, the Edwards
S. Sanford Professor of Chemistry, said his lab will focus
on the enchainment, which at this point chemists have only
achieved on average up to 17 units. At that chain length, the
material becomes crystalline and so insoluble that it falls
out of the reaction mixture.
“We have to learn what to do with that,” said Chirik.
“We’re limited by its own strength. I would like to see a
higher molecular weight.”
The material also has intriguing properties as
characterized by Megan Mohadjer Beromi, a postdoctoral
fellow in the Chirik lab, together with chemists at
ExxonMobil’s polymer research centre. For instance, it
is telechelic, meaning the chain is functionalized on both
ends. This property could enable it to be used as a building
block in its own right, serving as a bridge between other

molecules in a polymeric chain. In addition, it is thermally stable, meaning it
can be heated to above 250 °C without rapid decomposition.
Finally, it exhibits high crystallinity, even at a low molecular weight of
1,000 g/mol. This could indicate that desirable physical properties – like
crystallinity and material strength – can be achieved at lower weights than
generally assumed. The polyethylene used in the average plastic shopping
bag, for example, has a molecular weight of 500,000 g/mol.
“One of the things we demonstrate in the paper is that you can make really
tough materials out of this monomer,” said Chirik. “The energy between
polymer and monomer can be close, and you can go back and forth, but
that doesn’t mean the polymer has to be weak. The polymer itself is strong.
“What people tend to assume is that when you have a chemically recyclable
polymer, it has to be somehow inherently weak or not durable. We’ve made
something that’s really, really tough but is also chemically recyclable. We
can get pure monomer back out of it. And that surprised me. That’s not
optimized. But it’s there. The chemistry’s clean.”
The research is still at an early stage and the material’s performance
attributes have yet to be thoroughly explored. But under Chirik, the lab has
provided a conceptual precedent for a chemical transformation not generally
thought practical for certain commodity materials.
Still, researchers are excited about the prospects for oligocyclobutane,
and many investigations are planned in this continuing collaboration towards
chemically recyclable materials.
“The current set of materials that we have nowadays doesn’t allow us to
have adequate solutions to all the problems we’re trying to solve,” said Alex
Carpenter, a collaborator on the research and a former staff chemist with
ExxonMobil Chemical. “The belief is that, if you do good science and you
publish in peer-reviewed journals and you work with world-class scientists
like Paul, then that’s going to enable our company to solve important
problems in a constructive way.
“This is about understanding really cool chemistry,” he added, “and trying
to do something good with it.” AT
Read the full paper here: https://www.nature.com/articles/s41557-02000614-w
Based on an article by Wendy Plump.
h t t p s : / / c h e m i st r y. p r i n ce t o n . e d u / n ew s / c h i r i k - l a b - d i s cove rs transformative-route-chemically-recyclable-plastics
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Renewable Carbon

Bioeconomy is not alone
From Bioeconomy to Carbon Management

T

he bioeconomy faces great expectations and hopes
in the fight against climate change, and at the same
time is viewed critically. The biggest problems in
building a strong bioeconomy are direct and indirect landuse changes, which have significant impacts on biodiversity,
climate change, and food security.

What could be a solution here? The most prevalent
approach is to develop comprehensive sustainability
indicator systems to identify the consequences of land
use changes. But so far, it has proven very difficult to
develop consistent and harmonised systems that are also
applicable. Especially because dilemmas arise when such
indicators intrinsically oppose each other. Apart from this,
the Renewable Energy Directive (RED) in Europe led to
the development and establishment of various biomass
certifications on the market that also request compliance
with sustainability criteria. However, the application
of strict sustainability criteria for biomass also
means that not enough biomass can be used to
replace the fossil feedstock, which in turn has
significant impacts on climate protection,
biodiversity, and food security.
Nevertheless, there is a completely
new and surprising solution, an out of the
bio-box thinking, by expanding the frame
of reference. The bioeconomy has never
been an end in and by itself, it has never been
propagated for its own sake. Rather, the bioeconomy
was promoted to help reduce greenhouse gas (GHG)
emissions in the areas of fuels, chemicals, and
materials by replacing the fossil economy. The carbon
needed for these sectors should then no longer be
taken from fossil sources in the ground, but instead
through plants straight from the atmosphere.
Over the past decade, however, it has become
clear that the bioeconomy cannot achieve this
without seriously compromising food security
and biodiversity. For this reason, we also see a
European bioeconomy policy that acts very cautiously and
focuses primarily on biogenic waste streams.
Fortunately, new technologies have been developed in the
last ten years that represent further alternatives to fossil
carbon. In the transportation sector, electric mobility and
hydrogen fuel cells are promising options for future mobility.
For the chemical and material industries, CO2 utilisation
(Carbon Capture and Utilisation (CCU)) and plastic waste
recycling represent significant alternative carbon streams
that can and already do substitute additional fossil carbon.
The bioeconomy is no longer alone. Together, all three
renewable carbon sources – biomass, CO2 utilisation, and
recycling – can replace the entire fossil system.
With the introduction of chemical recycling, the limitations
of mechanical recycling can be overcome so that almost all
waste streams can be used as a carbon source. The use of
CO2, with the help of green hydrogen from renewable energy
sources, brings significant advantages over biomass due to
50
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By:
Michael Carus
nova-Institut
Hürth, Germany

considerably higher land efficiency and the option to utilise
non-arable land such as deserts. This can substantially
reduce the pressure on natural ecosystems. Finally, CO2 use
fits perfectly with the emerging hydrogen economy.
So, the question on how to deal with sustainable tradeoffs of the bioeconomy has a surprising answer: expand
the reference system to all alternative carbon sources. A
new, comprehensive strategy for sustainable chemicals and
materials must include the long-term carbon demand that
still exists after the extensive decarbonisation of the energy
sector. Furthermore, it needs to show how this carbon
demand can be covered in the most sustainable way possible
– and what role the bioeconomy will play in this, in different
regions, for different applications and technologies.
Most certainly, the bioeconomy will continue to play an
important role, short as well as long term. There will
always be biogenic material flows that can
only be used outside the food sector. There
will be areas that can produce additional
biomass without any competition with
the food supply. There will be special fine
chemical molecules that can be best
produced from biomass. And in addition to
thermo-chemical and chemical-catalytic
processes,
biotechnology
including
synthetic biology will continue to develop
rapidly and make the use of biomass ever more
efficiently. Biotechnology is not limited to biomass
but will also play an important role in CO2 utilisation
and enzymatic recycling.

Carbon management
By expanding the reference system, we properly
integrate the bioeconomy into a long-term
strategy for future carbon demand in the
material sector. This facilitates what we call
carbon management, which is an overarching
challenge of the future and could serve as an
excellent framework for constructive discussions between
all stakeholders. What is the long-term carbon demand of
chemicals and materials after the energy sector has been
largely decarbonised? And how can this demand be met
as sustainably as possible, including all alternative carbon
sources?
What is required here is an overarching carbon
management strategy that also takes specific regional
and application-related features into account. Which
simultaneously applies the same sustainability requirements
to all renewable carbon streams. Such a strategy does not
yet exist, but it is indispensable if we want to shift towards
renewable chemicals, materials, and products.
This is the only way to develop a realistic strategy to
completely substitute fossil carbon and thus tackle the
climate problem at its root.
www.nova-institute.com

| www.renewable-carbon.eu/publications/

S

wedish innovation company RenCom AB announced the
start of production of Renol®, an innovative thermoplastic
biomaterial. Following comprehensive studies in
Coperion’s extrusion test lab in Stuttgart, Germany, RenCom
and Coperion have developed the innovative extrusion process
of Renol, a lignin-based material. Using Coperion’s ZSK twin
screw extruder technology lignin can be transformed into
durable, reusable biomaterial.
Coperion has delivered a ZSK twin screw extruder, gravimetric
feeders, a strand pelletizing system, a lignin bag dump station,
and a big bag station to RenCom. The system has now been
successfully commissioned and production has already started,
according to schedule. RenCom will be able to produce more
than 1.000 tonnes of Renol per year.

Machinery

Twin Screw extruder for
durable biomaterial
“We, at RenCom, are very proud that the ZSK extruder has
started. We are now in a position to produce Renol in large
quantities and thus make a major contribution to the challenges
with fossil-based plastics. We are excited to start our production
and supply our customers with hundreds of tons of material”,
says Johan Verendel, RenCom’s Chief Technical Officer. AT
www.lignin.se | www.coperion.com

RenCom has chosen Coperion’s ZSK
twin screw extrusion technology to
enable the production of Renol.
Image: Coperion, Stuttgart

Extrusion technology for future-oriented
biomaterial
RenCom’s patented technology is based on lignin, a byproduct from the forest industry, transforming it into a highperformance renewable material. Renol can be used in ratios
up to 50 % in applications such as films (shopping bags,
mulch films, or retail bags), injection molding (furniture and
automotive parts), and as an infill material for artificial football
pitches replacing toxic and non-degradable rubber. It can be
used directly in existing production infrastructure without any
modifications to machines or methods. With a very low carbon
footprint and water consumption, and with high mechanical and
physical properties, Renol is a powerful solution for replacing
and reducing the use of fossil-based plastics.
Coperion has in cooperation with RenCom designed a
complete extrusion system comprising a ZSK Mv PLUS corotating twin screw extruder as well as auxiliary equipment.
The ZSK Mv PLUS series unites an optimally balanced large
free screw volume with high screw speeds and a high specific
torque. Thanks to the deeply cut screw flights thermal stress
on the raw material is very low and product processing is very
gently.

From wood to biodegradable
thermoplastic biomaterial Renol
Image: RenCom,
Knivsta, Sweden

Partnership of two innovative companies
The comprehensive studies in Coperion’s test lab and the
realisation of the extrusion system for the production of Renol
has been the beginning of a successful partnership between
RenCom and Coperion.
“We are very happy to be able to support this innovative
company on their exciting journey. We see big potential for
their lignin-based product decreasing the carbon footprint by
substituting fossil-based plastics. We are proud to support the
production of their sustainable products”, comments Peter
von Hoffmann, General Manager Business Unit Engineering
Plastics & Special Applications at Coperion.
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Basics

The Mass Balance Approach
By:
Harald Kaeb, narocon
and Michael Thielen

T

his article is based on a comprehensive new report
published by nova-Institute, titled “Bio-based
Naphtha and Mass Balance Approach” [1]

Climate protection, reduction of greenhouse gas
emissions, and saving of fossil resources are key elements for
a more sustainable future. The use of renewable feedstocks
in historically solely fossil-based chemical processes can
contribute to meet these challenges [2].

The chemical industry uses a small number of raw
materials to create tens of thousands of different products.
The lion’s share of chemical production starts in a cracker,
where naphtha, a long-chain hydrocarbon, is split or cracked
into smaller molecules. These molecules then serve as the
building blocks for downstream production. They include, for
example, hydrogen, methane, ethylene, and propylene, which
are mainly processed into plastics, coatings, solvents, and
crop protection products [3].
Mass Balance is one of several well-known chain of custody
approaches which can be used to trace the flow of materials
through the value chain resulting in associated claims [2].
The term Mass Balance in general describes a “Relationship
between input and output of a specific substance within a
system (defined by boundaries) in which the output from the
system cannot exceed the input into the system” [4]. One of
the most applied and known cases in practice is the system
“renewable energy in the electric grid”. Energy is generated
by a photovoltaic, wind turbine or hydropower system, and
an exactly known input (energy equivalent in kwh) is supplied
to the electric grid. The output is allocated to a user buying
100 % renewable energy, whilst in fact the energy of the grid
comes from various sources including high percentages of
fossil energy [3].
In chemical and plastics systems, the Mass Balance
approach is about carbon-based feedstocks used as input
and a defined interim or end-product as output. The system
typically is a huge chemical hub with various synthesis
routes and processes grouped around a central element:
the thermochemical cracker. Those hubs have been built
in many places of the world, and a huge share of organic
chemicals (bulk chemicals are ethylene, propylene, butylene,
aromatics) and industrial carbon-based products come from
cracker-based chemistry (e.g., >90 % of the global polymer
supply, i.e. PE, PP, PVC, PET, but also most of the PA, PUR, ...)
[3].
The main feedstock for the traditional organic “cracker
chemistry” is naphtha, a fraction of crude oil refining.
Today, fractions with very similar chemical composition and
behaviour, which are derived from renewable or recycled
feedstock, can substitute fossil feedstocks in crackers. The
biobased feedstock alternative is often called “bio-naphtha”,
made from a by-product of biodiesel (hydrogenated vegetable
oils (HVO), either from plants or from food waste, such as
waste cooking oil).
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Another viable option to sustainable feedstocks used
in such installations is a mix of biobased, CO2-based, and
recycled feedstocks, recently also summarised under the
term renewable carbon.
So, when applying the Mass Balance approach, the
renewable or recycled feedstock added at the beginning of
the production process is later allocated to the end product.
However, this way of mathematically allocating the
feedstock to the end product needs a high level of trust. One
key element, the rules for allocation, is less simple to define
and be agreed-on by a broad stakeholder community than it
may look at first glance. What is allowed, scientifically sound,
verifiable, and safe, has been discussed by several players
and platforms in past years. Part of it is about setting the right
boundaries, avoiding double accounting, and embedding the
method in LCA.
Different certifying bodies, such as ISCC plus, TÜV/DIN
Certco, RSB, or REDcert, offer certification schemes. But
with no ISO or EN standard in place yet, the current situation
can only be described as at least partly confusing and cloudy.
But a standardisation of the Mass Balance approach under
the umbrella of the horizontal standard ISO 22095 “Chain of
Custody – General Models and Terminology” is now underway.
The working group ISO/PC 308 organises sessions on two
future standards on Mass Balance and Book and Claim. The
methodology and rules will apply for both chemical recycling
and biobased content Mass Balance.
At the end of the day the concept of Mass Balance will allow
that feedstocks switch from fossil to renewable, from virgin
fossil to (plastic) waste – or to CO2 chemistry. Therefore, the
Mass Balance approach is not an option, a nice to have: it is a
fundamental need of the future circular bioeconomy.
The establishment of chemical recycling is indispensable
without Mass Balance Approach, because there is no other
way to determine inputs (plastic waste) and outputs (recycled
polymers) in a trustful and proper way.
The situation today is like with chemistry before it grew big
on oil and gas, more than 100 years ago. It will now need
to change to renewable and sustainable feedstocks to a
large extend within the next 20–30 years, to help fighting the
climate emergency and give future societies the opportunity
for a good life. Material-based carbon emissions make up
almost half of the total emissions of the German chemical
industry [5].
The full report [1], which also features a chapter on
bio-based naphtha (by Doris de Guzman) and one about
standardisation of the Mass Balance approach (by Michael
Carus) is available for sale at https://tinyurl.com/massbalance-nova. Harald Kaeb shows in his chapter the already
many examples of biobased polymers and products based on
mass balance approach.

Basics
Principle of Mass Balance Approach
(nova-Institute)
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Info
See a video-clip
at: tinyurl.com/
massbalancevideo

Brand-Owner

[5] N.N. VCI Roadmap 2050 https://www.vci.de/services/publikationen/broschuerenfaltblaetter/vci-dechema-futurecamp-studie-roadmap-2050-treibhausgasneutralitaetchemieindustrie-deutschland-langfassung.jsp

Brand-Owner’s perspective
on bioplastics and how to
unleash its full potential
“As a product packaging and tableware producer for the foodservice and
travel market, our product innovation strategy is strongly built around moving
towards a circular economy. We follow the principles of the Ellen Mac Arthur
Foundation to achieve our 2025 targets to have all our products ready to fit
into the circular economy and we have undersigned the Global Commitment
of the UN Global Tourism Plastic Pact to increase the sustainability of our
plastic usage.
We believe that packaging materials need to circulate in closed loops by
reusing, recycling, or composting the raw materials. Reusable packaging
is a market that is expected to grow strongly in the coming years. These
reusables require durable and easily recyclable materials to fulfil their purpose.
Bioplastics will be instrumental in decoupling the circular materials from fossil
feedstock and replacing them with the right renewable resources. The bioplastics that
meet these requirements will allow us to leverage all the benefits of plastics while
avoiding the downsides that have provided them with a bad image.”
www.dester.com

Pieter Willot,
Sustainability Ma
deSter, a gategro nager at
up member

| www.environmentallyconsciousdesign.com
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In March 2021,
Avner Inbar,
CEO and Co-owner
of Jolybar Ltd. said:
In 2011, I reviewed major innovations in the Israeli plastic
industry in terms of recycling,
waste management, and bioplastics, as well as changes in
regulation.
Ten years later, I am sad to say that in
terms of sustainability regulation, it seems
that time in Israel has stood still.
In the area of regulation, legislation,
and standardization, there have been honest attempts to catch up with other OECD
countries, as noted in my early review. Israel drafted a progressive packaging law; a
new regulation mandated a fee for using PE
shopping bags; and standards were set to
separate source waste into three channels:
packages (All materials), paper, and organic
waste.
However, throughout this passing decade,
the Israeli government has failed to allocate
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:
are working to develop a wide variety of
products and technologies for sustainability,
Conveying
and some of these will undoubtedly spark
change. These include polymers from reDrying
newable sources, solutions for digestion of
Crystallization
domestic waste, recycling technologies, and
Dosing
more. I would like to be able to present them
Cutting
all, but fortunately they are too numerous to
do so. Therefore, I have selected three companies I find noteworthy:
MIBA STAR (a division of the Canadian
group®Polystar) offers cellulose-based
packaging with a 100 % plastic-free barrier,
MANN+HUMMEL
ProTec Gmbas
well as heat-sealable coatings which
H
Stubenwald-Allee
9, 64625 Benshei
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Tel. +49 6251 7706
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formed into bags and pouches, or are
1-0
E-Mail: info@mh-p
rotec.com, www.mhprotec.com
used for automatic thermoforming and flow
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Their innovative approach
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55
lies in providing oxygen, water vapour,
and grease barriers like the conventional
fossil-based packaging widely used today,
and this is achieved with fully sustainable
(biodegradable) raw materials based on

SOMOS

renewable sources.
UBQ Materials’ revolutionary process makes
new, raw material from Residual Municipal
Solid Waste (RMSW) destined for landfills:
food waste, soiled cardboard, paper, and mixed
plastics. Through the patented conversion process, waste becomes UBQ™ material, a novel,
biobased thermoplastic with ever-expanding
applicability.
Melodea (founded in 2010 by researchers
from the Hebrew University in Israel and industrial composite experts from the cleantech sector) offers biobased solutions that provide different industries with tools to improve
performance while using sustainable, environmentally friendly materials.
By using natural and sustainable alternatives to oil-based products – the forest, they
extract Cellulose Nano Crystals (CNC) and
utilize them in biobased solutions. These have
various applications, such as innovative products for paints, coatings, and barriers for the
packaging industry.
These are just three examples of an entire
industry that is working to move forward and
drive change. (bioplastics MAGAZINE will report
about them in more detail in future issues). Of
course, there is much more to the market than
just regulation. Public awareness is crucial to
the ability to make a global change, and in Israel, this is thankfully high on the list of priorities. Consumers are putting pressure on the
commercial companies. The Israeli academia
is also reflecting the urge for change – there
are breakthrough studies and research being
conducted, driving start-ups to develop new
products and technologies.
…And about us? Jolybar, as representative
of NatureWorks, Saes, Nativia, and more bioplastics producers, are very active in the Israeli
packaging industry, providing a wide range of
films and finish products which are made of renewable resources and are compostable.
Those are served to converters and food producers from our local premises, throughout
our JIT service system, with our cumulative
knowledge. We are working to realize our targets and vision: to replace fossil-based products wherever it is feasible.
I hope that by the time I write the next article, in about five or ten years, I will be able to
report on a wealth of government activities to
bring change, and about the multitude of ways
in which the Israeli start-up industry has contributed to global sustainability.
www.Jolybar.com | www.mibastar.com
www.ubqmaterials.com | www. melodea.eu
www.saescoatdfilms.com | www.nativia.com
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New topics – new layout
As already mentioned on page 3, and 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”. Michael
Carus explains it well in his article on p 50 and in a previous article in issue 01/2020. 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. Or, as Michael Carus put it: plastics from the atmosphere and the technosphere.
To better differentiate the different overarching topics in the magazine, we modified our layout.
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Bioplastics related topics come in the familiar green
frame. This includes, just as in the past, all topics
around plastics made from any kind of biomass as
well as topics around biodegradability, composting
etc.

A blue frame indicates topics that are rather of
administrative nature, such as the table of contents,
the “Dear Readers” editorial on page 3 or the event
calendar.

When it comes to plastics made of any kind of
carbon source that can be associated with Carbon
Capture and Utilisation, we now use an ochrecoloured frame. This includes CO2 or C2H4 captured
from the atmosphere or technical processes, such
as incineration or biogasification, etc.

A turquoise-coloured frame will be used for all
topics related to Advanced Recycling. This includes
Chemical Recycling as well as, for example, the
enzymatic degradation of mixed plastic waste to
create building blocks for new plastics.

Of course, sometimes topics belong to more than
one group. For instance, when an article covers a
topic related to Carbon Capture and bioplastics, the
frame will be ochre-green crosshatched. This could
be e.g. an article about making PHB from methane.

And articles covering Recycling and bioplastic
related topics, the frame will be turquoise-green
crosshatched. An example is the article on page 26
of this issue “From cotton rag to modern functional
textiles”. Here cotton is being recycled to produce
glucose that can further be used to make e.g. nylon.
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Suppliers Guide

1. Raw Materials

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

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

Simply contact:

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

Jincheng, Lin‘an, Hangzhou,
Zhejiang 311300, P.R. China
China contact: Grace Jin
mobile: 0086 135 7578 9843
Grace@xinfupharm.comEurope
contact(Belgium): Susan Zhang
mobile: 0032 478 991619
zxh0612@hotmail.com
www.xinfupharm.com

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

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

1.1 bio based monomers
PTT MCC Biochem Co., Ltd.
info@pttmcc.com / www.pttmcc.com 1.2 compounds
Tel: +66(0) 2 140-3563
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 Cardia Bioplastics
Suite 6, 205-211 Forster Rd
Mt. Waverley, VIC, 3149 Australia
Tel. +61 3 85666800
info@cardiabioplastics.com
www.cardiabioplastics.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

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

Trinseo
1000 Chesterbrook Blvd. Suite 300
Berwyn, PA 19312
+1 855 8746736
www.trinseo.com

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

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®

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

4. Bioplastics products

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

- Sheets 2 /3 /4 mm – 1 x 2 m -

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

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

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

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

Treffert GmbH & Co. KG
In der Weide 17
55411 Bingen am Rhein; Germany
+49 6721 403 0
www.treffert.eu
Treffert S.A.S.
Rue de la Jontière
57255 Sainte-Marie-aux-Chênes,
France
+33 3 87 31 84 84
www.treffert.fr

Suppliers Guide

1.6 masterbatches

INDOCHINE BIO PLASTIQUES
(ICBP) SDN BHD
12, Jalan i-Park SAC 3
Senai Airport City
81400 Senai, Johor, Malaysia
Tel. +60 7 5959 159
marketing@icbp.com.my
www.icbp.com.my
C, M, Y , K
45, 0,90, 0

C , M, Y, K
10, 0, 80,0

C, M, Y, K
50, 0 ,0, 0

C, M, Y, K
0, 0, 0, 0

Minima Technology Co., Ltd.
Esmy Huang, COO
No.33. Yichang E. Rd., Taipin City,
Taichung County
411, Taiwan (R.O.C.)
Tel. +886(4)2277 6888
Fax +883(4)2277 6989
Mobil +886(0)982-829988
esmy@minima-tech.com
Skype esmy325
www.minima.com

www.granula.eu
2. Additives/Secondary raw materials
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
1.3 PLA

Total Corbion PLA bv
Stadhuisplein 70
4203 NS Gorinchem
The Netherlands
Tel.: +31 183 695 695
Fax.: +31 183 695 604
www.total-corbion.com
pla@total-corbion.com

UNITED BIOPOLYMERS S.A.
Parque Industrial e Empresarial
da Figueira da Foz
Praça das Oliveiras, Lote 126
3090-451 Figueira da Foz – Portugal
Phone: +351 233 403 420
info@unitedbiopolymers.com
www.unitedbiopolymers.com

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

1.5 PHA

3. Semi finished products
3.1 Sheets

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

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

Natur-Tec® - Northern Technologies
4201 Woodland Road
Circle Pines, MN 55014 USA
Tel. +1 763.404.8700
Fax +1 763.225.6645
info@natur-tec.com
www.natur-tec.com

NOVAMONT S.p.A.
Via Fauser , 8
28100 Novara - ITALIA
Fax +39.0321.699.601
Tel. +39.0321.699.611
www.novamont.com
6. Equipment

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

6.1 Machinery & Molds

Buss AG
Hohenrainstrasse 10
4133 Pratteln / Switzerland
Tel.: +41 61 825 66 00
Fax: +41 61 825 68 58
info@busscorp.com
www.busscorp.com
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6.2 Degradability Analyzer
Innovation Consulting Harald Kaeb

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/

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

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

9. Services (continued)

10.2 Universities

7. Plant engineering

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

nova-Institut GmbH
Chemiepark Knapsack
Industriestrasse 300
50354 Huerth, Germany
Tel.: +49(0)2233-48-14 40
E-Mail: contact@nova-institut.de
www.biobased.eu
10. Institutions

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

10.1 Associations

9. Services

Osterfelder Str. 3
46047 Oberhausen
Tel.: +49 (0)208 8598 1227
thomas.wodke@umsicht.fhg.de
www.umsicht.fraunhofer.de

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

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

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
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Event Calendar
You can meet us

13.04. - 16.04..2021 - Online

https://www.hanser-tagungen.de/en/d-expo-circulareconomy

Chinaplas 2021 - further postponed
13.04. - 16.04.2021 - Shenzhen, China

https://www.chinaplasonline.com/CPS21/idx/eng

1)

1st Renewable Materials Conference

18.05. - 19.05.2021 - Cologne, Germany (Hybrid)
http://www.renewable-materials.eu

Rethinking Materials

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

19.05. - 20.05.2021 - Online
https://rethinkingmaterials.com/

daily updated eventcalendar at
www.bioplasticsmagazine.com

D-EXPO Circular Economy

bioplasticsmagazine.com
the next six issues for €169.–

Events

Subscribe
now at

BIOPOLYMER – Processing & Moulding (new date)
15.06. - 16.06.2021 - Halle, Germany
https://polykum.de/biopolymer-mkt-2021

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

The Greener Manufacturing Show
16.06. - 17.06.2021 - Berlin, Germany
https://www.greener-manufacturing.com

BIOPLASTEX 2021

02.07. - 03.07.2021 - Bangalore, India
http://bioplastex.com

2nd PHA platform World Congress (new date)
02 / 2021

ISSN 1862-5258

Mar / Apr

Jan / Feb

ISSN 1862-5258

01 / 2021
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Injection Moulding
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Cover Story
first
Luca, the world’s
| 16
Zero-Waste car

l

Basics

| 14

Basics

Mass Balance | 50

Enzymes | 40
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www.pha-world-congress.com

bio!TOY

07.09. - 08.09.2021 - Nuremberg, Germany
www.bio-toy.info

bio!PAC (new date)

03.11. - 04.11.2021 - Düsseldorf, Germany
www.bio-pac.info

15th European Bioplastics Conference
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Cover Story

Mixcycling
The second life of organic
residues
... is read in 92 countries | 28

bioplastics

EcoComunicazione.it

adv arancia_biopla

https://www.european-bioplastics.org/events/eubp-conference/

MAGAZINE

Vol. 16

Vol. 16

30.11. - 01.12.2021 - Berlin, German

... is read

in 92 coun
... is rea
tries
d in 92
countries

... is read in 92 countries

24/01/20 10:26

02.02. - 03.02.2022 - London, UK

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

24/01/20 10:26

+

Subject to changes.
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Use the promotion code ‘watch‘ or ‘book‘
and you will get our watch or the book3)
Bioplastics Basics. Applications. Markets. for free
(new subscribers only).
1) Offer valid until 31 May 2021.
3) Gratis-Buch in Deutschland leider nicht möglich (Buchpreisbindung).
Watch as long as supply lasts.
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OFFERING BIOPLASTICS FOR A BETTER LIFE

WE OFFER
A COMPLETE
RANGE
OF SOLUTIONS.
SMART
SOLUTIONS
General Applications
• Ultra-light single-use bags
(e.g. fruit & vegetable bags)
• Single-use bags
(e.g. bio-waste bags,
bin-liners)
BIOTEC®,
BIOPLAST®,
INNOVATIVE
SOLUTIONS FOR
EVERYDAY PRODUCTS.
EVERYDAY

• Multi-use bags
(e.g. carrier bags)
• Technical films
(e.g. mailing bags,
automatic packaging)

100% biodegradable,
biodegradable,
100%
solutions from
BIOTEC®
BIOPLAST®
is particularly
suitableare
forparticularly
ultra-light
suitable
ultra-light
films
with afor
thickness
of
films with
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approx.
10-15 μm.
approx. 10-15 μm,
offering industrial and
home compostability.

TRANSPARENT

ODORLESS PLASTICIZER OK COMPOST
FREE
HOME

FOODCONTACT
GRADE

GMO FREE
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S002

S002

OFFERING BIOPLASTICS FOR A BETTER LIFE

member of the SPHERE
group of companies

LJ Corporate – © JB Mariou – BIOTEC HRA 1183

Made
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Made from
potato
solutions
fromresins
BIOTEC®
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are
are designed
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equipment for blown
equipment
flat
film,
fifilm,
lm, fl
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injection molded
fifilm,
lm, injection
and thermoformed
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components.
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