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Who thinks spoons are boring has not seen this product yet. The injection molded Balaenos
spoons from Bio-Flex® convince with their creative and clever design. The special shape of
the spoon helps us to easily scrape even the last bit of our favorite chocolate cream or
jam out of the jar. Bio-Flex® is characterized by easy processability, durability, elasticity,
a closed surface structure and resistance to fatty and acidic substances.
Balaenos spoons are amazing as they:
are made from renewable materials,
help to avoid food waste and
are food safe.

Editorial

dear
readers
The last year has been a difficult one with the coronavirus raging
across the globe and governments scrambling to find solutions to stop
its spread. Many of us are currently in one form of lockdown or another
as the second, and in some countries even the third wave washes
over us. However, 2021 is starting hopeful, vaccines are approved
and being distributed, yet normalcy seems to be still out of reach
as new mutations seem to be popping up left and right.
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We also had to adapt, had to go digital or postpone events. And
we plan to make our three events planned for 2021 hybrid events.
While we still hope to see most of you in person at the 2nd PHA
platform World Congress (July 6-7), the bio!TOY (September 7-8),
or the bio!PAC (November 3-4), we are aware that for some of
you it might not be possible to attend physically for one reason
or another. Therefore, these events will be both physically and
digitally available.

Jan / Feb

During the crisis, we had to adapt and change our behaviour, to
protect us and others we had to innovate to fight this new threat.
Some of these changes will probably stay with us for a while as
the vaccination process might take a bit and even then, it is not
guaranteed that we will completely eliminate
thege
corona
as oran
peelthreat.
But it makes me proud that many such life-saving innovations
came from the bioplastics community. In issue 03 of 2020, we
even had three full pages that focused entirely on covid related
application news.
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But amidst all these changes it is good to have some constants.
For example, that the first issue every year features the topics of
Automotive and Foam. Yet even here we cannot stop the winds of
change – and in this case, we would not want to. We are happy to see
the growing interest of the automotive industry into more sustainable
solutions, which include more sustainable materials.

Follow us on twitter!

www.twitter.com/bioplasticsmag

Last, but not least we look at the whats, hows, and whys of enzymes
in our Basics section.
We hope that in these trying times bioplastics MAGAZINE can give you
some respite. Hang in there, we are all in this together.

Sincerely yours

Like us on Facebook!

www.facebook.com/bioplasticsmagazine

Alex Thielen
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Sirmax expands portfolio
Sirmax Group (Cittadella, Italy) has enriched its
portfolio by four new grades produced by Microtec
(Mellaredo di Pianiga, Italy).
The new grades, specifically developed for
injection moilding and extrusion/thermoforming
are: Biocomp® IM 95, Biocomp IM 95 CP, Biocomp
IM DPLA, and Biocomp IM FLEX.
They are plant-based, formulated with natural
additives, and produced with different kinds of
biodegradable materials as base such as PLA, PBS,
Polysaccharide and natural fibres. The renewablysourced content is up to 100 % (ASTM D 6866).

The main properties of the new grades are ease
of processing, good cycle times – even when using
standard equipment – and an HDT of up to 95°C
(without pre- or post-crystallization processes).
“The new products represent Microtec’s first
venture into the injection moulding space,” said
Diego Lombardo, managing director at Microtec.
They also allow the company for the first time to
supply its thermoforming customers with green
compounds.
Microtec has also invested in production
capacity: over the past months, the company
expanded the plant from 5,000 to 17,000 m² and
doubled the number of extrusion lines, boosting
its production capacity to 16,000 tonnes per year.
The new grades are suitable for the production
of single-use products or semi-durable goods
which are biodegradable and compostable
certified according to EN 13432. Applications
include plates, glasses, cutlery, straws, clips for
agriculture, pens, brushes, trays, jars, lids, coffee
capsules, toys, closing caps, and more. MT

New sustainable food
trays in Brazilian
McDonald’s restaurants

News

daily updated news at
www.bioplasticsmagazine.com

Arcos Dorados Holdings, Latin America’s largest restaurant
chain and the world’s largest independent McDonald's
franchisee, recently announced that it will substitute the plastic
trays currently used by its guests with trays made from more
sustainable materials, further advancing its commitment to
positively impact the environment.
Since implementing its plastics reduction program in 2018,
over 1,300 tonnes of single-use plastics have been removed from
Arcos Dorados’ operation. The Company plans to continue on
this path, minimizing the use of virgin materials throughout its
logistics, supply chain, and restaurant operations to measurably
offset its carbon footprint.
The new trays represent the first step in the partnership
between Arcos Dorados and UBQ Materials, an Israeli company
that has patented a technology, which converts household
waste into a climate positive, biobased, thermoplastic. Not to be
confused with standard recycling that requires highly developed
sorting, UBQ’s technology receives waste destined for landfills
that include all manner of materials, including food leftovers,
paper, cardboard, and mixed plastics. This mixed material is
converted into a single, composite, thermoplastic material
compatible with industrial machinery and manufacturing
standards.
In the first phase of the partnership, 7,200 serving trays made
with UBQ™ will be introduced in 30 McDonald's restaurants in 20
Brazilian state capitals, replacing old plastic trays. The initiative
will be gradually
extended to all
McDonald’s restaurants throughout
the country, with
11,000 additional
trays already in
production. MT
Photo courtesy of Arcos Dorados

www.arcosdorados.com | www.ubqmaterials.com

www.sirmax.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-20201202

Market update 2020: global bioplastics market set to grow by
36 % over the next 5 years
(02 December 2020)

The results of the European Bioplastics’ (EUBP) annual market data update,
presented (today) at the 15th EUBP Conference, confirm the continued
dynamic growth of the global bioplastics industry.
“Our industry has successfully weathered the challenges posed by the
Covid-19 pandemic. And the outlook for bioplastics is also promising as
the global market is predicted to grow by 36 % over the next 5 years”, said
François de Bie, Chairman of European Bioplastics.
bioplastics MAGAZINE [01/21] Vol. 16
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New PLA compounds
As a branch of AKRO-PLASTIC GmbH, BIO-FED
(Cologne, Germany) is the specialist for innovative
and application-oriented biocompounds. The product
portfolio under the trade name M·VERA® was now
expanded with a wide range of sustainable PLA-based
compounds.
The European Green Deal is a concept presented by
the European Commission in December 2019 with the
aim of reducing net greenhouse gas emissions to zero
in the EU by 2050 and thus becoming the first continent
to be climate neutral. A 55 % reduction in CO2 is to be
implemented already in 2030. With its predominantly
fossil-free and sustainable PLA-based products, BioFed can offer an alternative material for a large part
of packaging applications, for example. The relevant
M·VERA grades can be processed both in the injection
moulding and extrusion process, e.g. thermoforming.
As a 100 % biobased and industrially compostable
polymer, PLA is versatile. Possible applications include
packaging for food and cosmetics as well as consumer
items, such as office supplies or household goods. PLA
compounds are characterised by variable stiffness and
typically low shrinkage. The material properties can
be individually adjusted by adding different fillers or
reinforcing agents and additives.
“If there is no suitable compound in our portfolio,
we have the ability to respond to the wishes and
requirements of the customers with our experienced
research team and jointly develop tailor-made PLAbased compounds,” says Dr. Stanislaw Haftka, Sales
Director at Bio-Fed.
According to the manufacturer, transparent
compounds are also possible. Moreover, biodegradability
according to OK compost INDUSTRIAL is being sought.
The compounds can also be coloured with the biobased
AF-Eco® masterbatches from the sister company AFCOLOR. These are developed and manufactured in close
cooperation by the two companies. MT
www.bio-fed.com

EU Commission’s SAM
report confirms role of
biodegradable plastics
A report entitled “Biodegradability of plastics in the
open environment” published end of last year by the
European Commission’s Scientific Advice Mechanism
(SAM) discusses, among other things, applications for
biodegradable polymers that contribute towards achieving
a circular economy and tackle the challenge of managing
the EU’s mounting plastic waste problem.
The industry association European Bioplastics (Berlin,
Germany) was pleased to note that the report also
highlighted the benefits of biodegradable plastic products
“where it is difficult to separate plastic from organic
material that is destined for a composting waste stream
or wastewater treatment”. Packaging that is highly
contaminated with food scraps, cannot be mechanically
recycled and tends to end up being incinerated or,
even worse, landfilled. (Read the full press release at
tinyurl.com/EUBP-SAM). MT
www.european-bioplastics.org

PHA from Camelina seed
Yield10 Bioscience (Woburn,
Massachusetts, USA), an
agricultural
bioscience
company, recently announced
successful field testing of
prototype lines of the oilseed
Camelina sativa that have been
programed to produce PHA
bioplastics directly in seed.
Yield10 has a long history
with and deep knowledge
of PHAs and it believes that
direct production of PHA in seed as a co-product with
oil and protein meal has the potential to enable the
production of PHA bioplastics on an agricultural scale at
costs in line with commodity vegetable oils to drive largescale adoption in the plastics markets. PHA bioplastics
could ultimately be used to manufacture a wide range of
fully biodegradable consumer products.
The prototype plants tested in these studies were
programed with microbial genes based on a recent patent
filed for new technology developed by Yield10 researchers
to produce Camelina seed containing high levels of PHA
bioplastic suitable for field production.

Application example of environment-friendly
cosmetics packaging

Several Camelina lines were grown in small plots at field
test sites in the U.S. and Canada. All engineered lines tested
produced PHA in the seed. The levels of PHA produced in
seed at the two different locations were consistent and
measured up to 6 % PHA of mature seed weight. (Read the
full news at tinyurl.com//bM210101PHA). MT
www.yield10bio.com
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Increasing lactide production in China
Sulzer Chemtech, Newbury, UK, has won a contract to supply lactide production equipment to a project at Zhejiang Depei
New Material Co.’s latest plant in Ningbo, Zhejiang province, China.

News

daily updated news at
www.bioplasticsmagazine.com

The processing equipment will enable the company to produce large volumes of high-quality lactide from plant biomass. The
plant will leverage an innovative hybrid technology to reach high purity levels, resulting in outstanding thermal and mechanical
properties.
The project in Ningbo of Zhejiang Depei New Material, a subsidiary of Zhejiang Youcheng New Materials, is part of the
company’s strategy to support the large-scale adoption of sustainable plastics and fibres made from renewable resources, such
as biomass from agricultural processes. In particular, the new plant will produce plant-based L-lactide. This is an essential
building block to obtain recyclable and compostable PLA, which can be used in a wide range of applications, from packaging
to textiles and medical equipment.
Sulzer’s separation technology will be at the heart of the processing facility and used to purify L-lactide dimers. The company
has been selected based on its extensive expertise in sugar-to-PLA processes as well as its comprehensive portfolio of state-ofthe-art separation products. Sulzer’s mass transfer components are included in most industrial-scale PLA plants worldwide.
The unit in Ningbo will leverage a unique hybrid process that combines distillation and crystallization to deliver materials
of high purity grades while avoiding any thermal
degradation. As a result, Zhejiang Depei New
Material will be able to deliver high-quality lactide
for the production of transparent, heat-resistant, and
crystalline PLA for a broad range of industries.
“We look forward to collaborating with Sulzer
to develop this new, state-of-the-art processing
facility,” the general manager at Zhejiang Depei New
Material said.
“As the Chinese market for recyclable bioplastics
is skyrocketing, the advanced solutions from Sulzer
will provide us with a competitive edge to address
this high demand with high-quality biomaterials.” AT
www.sulzer.com

PHA containers made from carbon emissions
Teal bioWorks (Los Angeles, California, USA), the
sustainable goods company best known for combining its
leading material innovation with high-tech manufacturing,
aims to further eliminate unnecessary harm to the
environment with its first fully biodegradable and carbon
negative packaging solutions developed for beauty and hotel
industries.
“The packaging industry has been producing plastic
containers for decades, it's shocking how little sustainability
efforts have been made in manufacturing,” says Kelly
Nagasawa, biochemist and founder of Teal.
Teal operates on science-backed discoveries that
capture and transform methane + CO2 gas emissions, that
otherwise would
be released in the
atmosphere, into
PHA. For the time
being, however,
Kelly
cannot
disclose
their
partner/supplier.

Through strategic partnerships, Teal
is set to see their premium, and costeffective jars and bottles come to market
soon. Making the switch from plastic
to biodegradable seamless with their
injection mould capabilities and signature
teal-coloured caps, also made of PHA.
Teal hopes to generate awareness
of this breakthrough material and
ensure consumers they are helping the
environment with no fine print.
Teal is dedicated to changing not only
the way industries manufacture and
capture carbon but bring sustainable
opportunities to future scientists and the
community.
“Working together is critical in our
current environmental state, replacing
plastic as soon as possible is important.
The renewable and circular packaging
revolution is here, and we think that's
exciting.” says Kelly. MT
www.tealpkg.com
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An alternative to
‘The Golden Fleece of Fabrics’
A new bicomponent spunbond material that can serve
as an effective N95 face mask filter – without the need
for a meltblown filtration layer – has been developed
by Nonwovens Institute (NWI) at North Carolina State
University (Raleigh, NC, USA), with assistance from a
number of INDEX™20 exhibitors, including ExxonMobil
(headquartered in Irving, Texas, USA) and NatureWorks
(Minnetonka, Minnesota, USA).
The development was in response to the immediate and
pressing need for meltblown nonwovens in early 2020 when
shortages earned them the epithet “the Golden Fleece of
Fabrics” and they became the source of sometimes fierce
international trade disputes.
NWI executive director Benham Pourdeyhimi explained
that the new media development arose from reactivated
work on microfibrillation which was initially undertaken for
the filter industry.
N95 efficiency can be achieved with just two layers of
the new spunbond fabric and there are a number of other
benefits. In short, it cuts out the need for a meltblown layer
which has been such a huge block in the supply chain for
face masks during the pandemic.

an active partner in the development, donating significant
amounts of its Ingeo PLA, which improves the productivity
of the spunbond process by at least 30%.
“This is a faster and better way to make N95 filter media
and not just a new product, but a more efficient process too,”
said Robert Green, Vice-President of Performance Polymers
at NatureWorks. “Being involved in the development has
been exciting.”
Another partner has been ExxonMobil, which has donated
polypropylene and Vistamaxx resins (TPE-O - polypropylenebased elastomers).
“We have worked with the Nonwovens Institute for over
ten years and this development is a good example of the
collaborative projects and teamwork involving companies
from across the nonwovens supply chain during the
pandemic,” said John Roberts, Strategic Marketing
Executive at ExxonMobil. “Collectively the industry has a
great deal to be proud of this year.” AT
Source: www.indexnonwovens.com

The spunbond-only media also requires no electrostatic
charging, which has been another bottleneck in the
production of face masks last year, and because the
materials are strong – unlike classical meltblown materials
– they can also be cut and sewn by traditional techniques.
Further, they have the potential to be re-used a number of
times after cleaning.
In terms of productivity, spunbonding is also much
faster than meltblowing. On the latest state-of-the-art
Reifenhäuser Reicofil 5 lines, for example, throughput for
spunbond fabrics is now up to 270 kg per metre of beam
width, compared to 70 kg per metre width for meltblown.
The material can also be based on bicomponents of
Ingeo PLA and polypropylene and NatureWorks has been

N95 mask (generic picture, not made of PLA)

Novamont acquires BioBag
Novamont (Novara, Italy), a world leader in the development and production of biochemicals and compostable bioplastics,
recently announced it has acquired BioBag Group (Askim, Norway), a leading supplier of low-impact solutions for waste
collection and packaging.
The acquisition will allow Novamont to benefit from BioBag’s highly specialised independent distribution in areas where
the buyer is less present. The two companies will be able to offer a more complete solution set to the market and to create
long-lasting alliances with key stakeholders such as large retailers and communities. Together they plan to build even more
demonstrators (innovative projects that enhance separate organic waste collection and composting systems) especially in
North America, the Scandinavian countries, Eastern Europe and Australia.
The transaction is an important step forward in a collaborative journey that began twenty-five years ago. Novamont’s original
vision in the 1990s was to build an integrated value chain for bioplastics and biochemicals linked to initiating and improving the
separate collection of organic waste. This became the starting point for what is now called the circular bioeconomy to which
both Novamont and BioBag have made important contributions. (Read the full news at tinyurl.com/bM202101). MT
www.novamont.com | https://biobagworld.com
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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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Chinaplas-Preview

CHINAPLAS 2021
Igniting new momentum during challenging times

I

New Potential: Ignite new momentum to
reconstruct the industries

n today’s unprecedented turbulent times, the global
manufacturing industry is undergoing profound and
complex changes, facing uncertainties and challenges,
while opening up new opportunities under the new normal.
CHINAPLAS 2021, Asia’s No. 1 plastics and rubber trade
fair, themed “New Era · New Potential · Innovation for
Sustainability”, will not only stimulate development in
the industries, but also keep the momentum going in the
exploration of business opportunities in the new era.

An unimpeded domestic circulation is the key. The main
focuses are the reconstruction of the industrial foundation
and upgrade of the production chain. China has a fully
equipped industrial system and a complete industrial chain,
providing huge room for technological innovation and
application.

New Era: Get a foothold in dual circulation to
adapt to new development model

Great potential in the domestic market and a
persistent growth in exports

In a special period when COVID-19 has brought a lot
of uncertainties to the global economy, China has been
taking actions to contribute more certainties to the world.
China’s economy recovered strongly following the COVID-19
pandemic. After a sharp V-shaped rebound in the first six
months of 2020, China’s GDP expanded 4.9% in the third
quarter. It is predicted that China will be the only major
economy in the world achieving positive growth in 2020.
When the economy is rapidly recovering, China is leading
consumption upgrade, enhancing self-innovation capacity
to push forward the high-level opening up to the world, and
hastening the establishment of a new development model
featuring dual circulation in the domestics and international
markets where the former plays a leading role.

With China’s massive market advantage and the
continuous support of domestic market strategies and
various stimulus policies, there has been a sustained
recovery of the Chinese consumer market. In September
2020, the total retail sales of consumer goods reached
3.5295 trillion yuan, with a nominal year-on-year growth
of 3.3%. China has been steadily manufacturing while
many countries are still suffering from the pandemic.
Relying on its unique advantage in the industrial chain,
China’s foreign trade imports and exports have been
stabilizing quarter by quarter. China’s exports reached
5 trillion yuan in the third quarter, with an increase of 10.2%.

The 13th Five-Year Plan is coming to end while the 14th
Five-Year Plan is about to start. CHINAPLAS 2021 will
be held at Shenzhen, one of the core driving forces of
the Guangdong-Hong Kong-Macao Greater Bay Area, to
proactively seize new opportunities arising from China’s
swift economic recovery and open up transformation under
the dual circulation environment.

In the post-pandemic era, demands for healthcare,
smart-tech, eco-friendliness, convenience, and comfort
have increased sharply. The sales and exports of household
products like kitchen appliances and fitness equipment have
risen. Demands on fresh food distribution, express delivery,
and convenience food products have increased in adverse
market conditions. A surge in diversified, personalized,
and high-quality demands will give rise to more new
consumption patterns and forms of business.

Emergence of new consumption patterns and
forms of business stimulating growth potential

Accelerated construction of infrastructure
outlining the blueprint of Smart-Tech Era

Shenzhen World Exhibition & Convention Center
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Technologies like 5G, cloud computing, AI, and Internet of
Things have demonstrated immense development potential
in the wave of new infrastructure, providing new impetus
for economic recovery and sustainable development, while
creating unprecedented opportunities for the plastics and
rubber industries. As the leader of new infrastructure, 5G
has been making satisfactory progress since its commercial
launch a year ago. China has built more than 690,000 5G
base stations by the end of September 2020 and sold more
than 100 million 5G mobile phones in the first three quarters
this year.

The pandemic has diversified the global supply chain
and suggested domestic supply chain and backup plans
as alternatives to prevent supply chain network from being
too extensive and over-dependent on a particular region.
Considering all kinds of uncertainties, enterprises will
pay more attention to safety and control, collaborative
innovation, flexibility, diversification, intelligence, and
localization in the supply chain in the future. In addition, the
development of core technologies has reached a bottleneck.
To overcome this, it is necessary to develop more original
technologies and make up the deficiencies of the domestic
circulation.

Innovation for sustainability: Make sustainable
development possible

In February 2020, the National Development and
Reform Commission and the Ministry of Ecology and
Environment of PR China jointly issued the “Opinions on
Further Strengthening the Treatment of Plastic Pollution”.
It suggests recyclability, easy recycling, and degradability
as the directions to develop and promote plastic products
and substitute products which can cultivate new business
models conducive to regulating recycling and reducing
plastic pollution. The tightened restrictions and bans on
the use of plastics worldwide have facilitated the control of
plastics pollution. The plastics and rubber industries have
been actively introducing alternative solutions, with the
emergence of biodegradable plastics and many innovative
technologies for post-consumption recycling and reusing.

Chinaplas-Preview

Diversified demand in reshaped landscape of
global supply chain

Plastics recycling not only requires the lead of innovation
and the support of technology, but also the design for
recycling, which means to add recycling ideas at the stage
of product design. As a platform where new and high
technologies for the entire industrial chain of the plastics
and rubber are released and exchanged, CHINAPLAS 2021
covers various application industries and every stage of
product life cycle, promoting continuous innovation, and
advancement of the industries.

Embrace changing times: Respond to new
market demands rapidly
Technological innovation is the key for China’s domestic
demand expansion, new infrastructure, domestic
substitution, and realization of plastics recycling. It is
necessary for enterprises to speed up technological
innovation, business upgrade, and transformation to boost
their competitiveness. CHINAPLAS is located in China with
strong influence over the Asian region and the world. The
upcoming edition of the show will be held in Shenzhen, the
city of innovation and creativity. CHINAPLAS embraces the
changing times actively, responds to the new demands of
the market rapidly, and explores the development of the dual
circulation together with the industry stakeholders.

A lot of bioplastic and recycling solutions
will be found at CHINAPLAS

Space reservation of CHINAPLAS 2021 is overwhelming.
More than 3,600 exhibitors have confirmed their participation,
including 10 country/region pavilions from Austria, France,
Germany, Italy, Japan, Korea, Switzerland, United Kingdom,
United States, and Taiwan region. This shows that the
enterprises are with full confidence in the prospect of
the plastics and rubber industries. Many forward-looking
technologies and practical solutions will be introduced at
CHINAPLAS, including cutting-edge technologies from all
over the world and strong-rising Chinese technologies.MT
www.chinaplasonline.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

Preliminary Programme

E

www.pha-world-congress.com

arlier this year Electrolux, headquartered in
Stockholm, Sweden, introduced a refrigerator
Session 1.: Industrialization of the PHA-platform
prototype in which all the visible plastic parts were
•
State-of-the-art of the PHA-platform
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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 [01/21] Vol. 16
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From Science & Research

T

he United States generates a colossal seven million
tonnes of sewage sludge annually, enough to fill 2,500
Olympic-sized swimming pools. While a portion of this
waste is repurposed for manure and other land applications,
a substantial amount is still disposed of in landfills. In a new
study, Texas A&M University researchers have uncovered an
efficient way to use leftover sludge to make biodegradable
plastics.
In last years September issue of the journal American
Chemical Society (ACS) Omega, the researchers have
shown that the bacterium Zobellella denitrificans ZD1,
found in mangroves, can consume sludge and wastewater
to produce polyhydroxybutyrate (PHB). In addition to
reducing the burden on landfills and the environment, the
researchers said Zobellella denitrificans ZD1 offers a way to
cut down upstream costs for bioplastics manufacturing, a
step toward making them more competitively priced against
regular plastics.
“The price of raw materials to cultivate biopolymerproducing bacteria accounts for 25–45% of the total
production cost of manufacturing bioplastics. Certainly, this
cost can be greatly reduced if we can tap into an alternate

“There is a multitude of bacterial species that make
polyhydroxybutyrate, but only a few that can survive in highsalt environments and even fewer among those strains can
produce polyhydroxybutyrate from pure glycerol,” said Chu.
“We looked at the possibility of whether these salt-tolerating
strains can also grow on crude glycerol and wastewater.”
For their study, Chu and her team chose the Zobellella
denitrificans ZD1, whose natural habitat is the salt waters
of the mangroves. They then tested the growth and the
ability of this bacteria to produce polyhydroxybutyrate in
pure glycerol. The researchers also repeated the same
experiments with other bacterial strains that are known
producers of polyhydroxybutyrate. They found that Zobellella
denitrificans ZD1 was able to thrive in pure glycerol and
produced the maximum amount of polyhydroxybutyrate in
proportion to its dry weight, that is, its weight without water.
Next, they tested the growth and ability of Zobellella
denitrificans ZD1 to produce polyhydroxybutyrate in glycerol
containing salt and fatty acids and found that even in these
conditions, it produced polyhydroxybutyrate efficiently, even
under balanced nutrient conditions. When they repeated
the experiments in samples of high-strength synthetic

New strain of bacteria could
make PHB more affordable
resource that is cheaper and readily obtainable,” said Dr
Kung-Hui (Bella) Chu, professor in the Zachry Department
of Civil and Environmental Engineering at A&M. “We have
demonstrated a potential way to use municipal wastewateractivated sludge and agri- and aqua-culture industrial
wastewater to make biodegradable plastics. Furthermore,
the bacterial strain does not require elaborate sterilization
processes to prevent contamination from other microbes,
further cutting down operating and production costs of
bioplastics.”
PHBs are produced by several bacterial species when they
experience an imbalance of nutrients in their environment.
This group of polymers acts as the bacteria’s supplemental
energy reserves, similar to fat deposits in animals. In
particular, an abundance of carbon sources and a depletion
of either nitrogen, phosphorous or oxygen, cause bacteria
to erratically consume their carbon sources and produce
PHB as a stress response.
One such medium that can force bacteria to make
polyhydroxybutyrate is crude glycerol, a by-product of
biodiesel manufacturing. Crude glycerol is rich in carbon
and has no nitrogen, making it a suitable raw material
for making bioplastics. However, crude glycerol contains
impurities such as fatty acids, salts, and methanol, which
can prohibit bacterial growth. Like crude glycerol, sludge
from wastewater also has many of the same fatty acids
and salts. Chu said that the effects of these fatty acids on
bacterial growth and, consequently, polyhydroxybutyrate
production had not yet been examined.
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wastewater and wastewater-activated sludge, they found
the bacteria was still able to make polyhydroxybutyrate,
although at lower quantities compared to crude glycerol.
Chu noted that by leveraging Zobellella denitrificans ZD1
tolerance for salty environments, expensive sterilization
processes that are normally needed when working with
other strains of bacteria could be avoided.
“Zobellella denitrificans ZD1 natural preference for
salinity is fantastic because we can, if needed, tweak the
chemical composition of the waste by just adding common
salts. This environment would be toxic for other strains
of bacteria,” she said. “So, we are offering a low cost, a
sustainable method to make bioplastics, and another way
to repurpose biowastes that are costly to dispose of.”
Other contributors to this research include Fahad Asiri,
Chih-Hung Chen, Myung Hwangbo, and Yiru Shao from the
civil and environmental engineering department at Texas
A&M.
This research is supported by the Kuwait Institute for
Scientific Research, the Ministry of Higher Education of
Kuwait Fellowship, and the fellowship from the Ministry of
Science and Technology of Taiwan. AT

Based on an article by Vandana Suresh, Texas A&M
University College of Engineering, published December,
2020, which originally appeared on the College of
Engineering website.
https://engineering.tamu.edu/

By:

Chris Scarazzo
Automotive Segment Market Manager
Eastman, Kingsport, Tennessee, USA

T

he global pandemic that defined 2020 triggered a reduction
in greenhouse gas emissions due to lockdowns and stayat-home measures which dramatically, albeit temporarily,
decreased the use of automobiles. This is noteworthy because
2020 was also the year that the Paris Agreement went into effect.
Adopted in 2015 in accord with the United Nations Framework on
Climate Change (UNFCC), the Paris Agreement addresses the
mitigation of greenhouse gas emissions in response to global
climate change.

China and India – the countries with the most and third most
CO2 emissions, respectively – are among UNFCC members that
have ratified or acceded to the agreement. China is the largest
producer of automobiles, followed by Japan, Germany, India and
South Korea. In a year when everyone’s focus was on surviving a
health crisis, the world’s most sweeping regulations on climate
change quietly took effect. Governments, NGOs and corporations
released their own goals, pledges and targets to drive down
emissions on the road to mid-century carbon neutrality.

Crisis creates opportunity
Against this backdrop of sustainability aspirations and COVIDrelated chaos, global materials provider Eastman (Kingsport,
Tennessee, USA) and Gruppo Maip (Settimo Torinese, Italy),
a leading international plastics formulator and compound
producer, announced a strategic partnership to positively impact
the environment. Together, the venerable industry leaders are
creating new sustainable polymer solutions for automotive
interior applications. These new polymers will enable automotive
OEMs to meet aggressive targets for sustainable content and
replace petroleum-based materials. It’s a win-win at a time when
the COVID-19 crisis has led to cost-cutting measures which don’t
allow for investments in new products and technology.

Technological breakthroughs lead to innovative
products
Fortunately for OEMs, in 2019, Eastman became the first
company to begin commercial-scale molecular recycling for
a broad set of mixed-waste plastics that would otherwise be
landfilled or, worse, wind up in the environment. Eastman
Advanced Circular Recycling technologies offer a range of both
biobased and molecular-recycled content solutions, including
Tritan™ Renew copolyester and Trēva™ Renew engineering
bioplastic.

Automotive

Strategic partnership leverages
sustainable solutions for
automotive sector

offers up to 48% biobased content which is certified by the USDA’s
BioPreferred® program. In addition, Trēva Renew benefits from
carbon renewal technology that uses mixed waste plastic, providing
an additional 23% certified recycled content as an alternative to
polycarbonate, ABS and PC-ABS and other materials typically
used for interior and exterior applications. Via its Advanced Circular
Recycling technologies, Eastman produces circular products
that are certified by the International Sustainability and Carbon
Certification (ISCC) by mass balance allocation. For more details
about Trēva Renew and Eastman’s carbon renewal technology in
automotive applications see bM 01/2020)
Gruppo Maip develops a wide range of high-tech engineered
thermoplastic materials with a focus on specialty colors and
technical solutions that require filled and reinforced custom
formulation development.
In partnership with Eastman, MAIP is now developing specialty
compounds using Tritan Renew and Trēva Renew to create new
sustainable formulations for a variety of interior applications,
including accent trim, both molded in color and decorated,
speaker grills, center console trim, door handles, knobs, pillars,
overhead consoles and lighting, both ambient and diffusive.
Through Eastman’s circular recycling technologies and Gruppo
Maip’s formulations, OEMs will now be able to specify content and
recycled-content plastics in critical interior Class A components,
such as molded-in-color interior trim, bringing a new level of
sustainability to the automotive industry.

The road to net zero calls for collaboration
The automotive industry is at a watershed moment.
Electrification, autonomous technologies and shared mobility
are just a few of the challenges facing automotive OEMs and
suppliers. According to a study by McKinsey & Company, the
top 20 OEMs in the global auto sector saw profits plummet by
USD100 billion in 2020 due to repercussions of the COVID-19
crisis. This is generational disruption. How it all plays out is still
to be determined. However, one thing is certain: transformation
is essential to survival. Government regulation, consumer
preferences and investor demands are forcing companies in
carbon-intensive sectors to align with the sustainability goals
of the Paris Agreement. Automotive industry players must work
together to reduce fossil carbon in transportation.
www.eastman.com | www.maipsrl.com

Tritan Renew is powered by Eastman’s polyester renewal
technology and delivers up to 50% certified recycled content
diverted from post-consumer and postindustrial waste streams.
Tritan Renew is enabled through Eastman’s carbon renewal
technology, a unique process that breaks down waste plastic back
into its basic chemical building blocks. Unlike traditionally recycled
plastics, Tritan Renew offers the same high performance as virgin
plastics. Trēva Renew is a mix of cellulose esters, the cellulose of
which is derived from sustainably harvested trees. Trēva Renew
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A CASE for biobased
engineering plastics

I

n recent years, the automobile industry has been
undergoing a once-in-a-century transformation period,
with new technological innovations collectively called
CASE (Connected, Autonomous, Shared & Services, and
Electric) on the one hand and a clear commitment and
objective to sustainability on the other. Each of the four
aspects of CASE has great potential to change mobility in
the future and Mitsubishi Chemical Corporation (MCC),
Tokyo, Japan, plans to be part of that change.

According to MCC, their partially biobased engineering
plastic DURABIO™, made from plant-derived isosorbide,
is contributing even more than any other engineering
polymers to this transformation as it not only outperforms
conventional fossil-based plastics in many areas of CASE
technology, it is also a more sustainable material. There
are currently two fields of applications MCC is especially
focusing on with Durabio. The first is in the area autonomous
driving, while the other is more connected with
electric mobility.
Durabio has already been used for large front grills of
the Mazda CX-5 in early 2018 (see also bM 01/2018) where
its main selling point was cost reduction. The combination
of high weatherability, high scratch resistance, and high
impact resistance without the need for painting or coating
made it a more cost-efficient material for this application.
Now, in connection with autonomous driving, another
property becomes more and more important – high radar
transmittance. Cars of the future will have more radar
sensors to be aware of their surroundings, these sensors
need covers. Materials used for radar covers require high
radar transmittance, high weatherability, and high scratch
resistance.
Until now, polycarbonate (PC) and polymethyl
methacrylate (PMMA) are mainly used for radar covers,
because those materials have high radar transmittance.
However, these materials have some weak points. PMMA
is rather brittle and has low impact resistance, which is
disadvantageous for parts requiring chipping resistance.
PC on the other hand has high impact resistance and can
be used for parts which require high chipping resistance.
However, PC’s scratch resistance and weatherability are
rather poor. This can be remedied by coating/painting, if
the material is to be used for radar cover, which increases
production costs.
Durabio has high scratch and weather resistance, which
is comparable to PMMA, and high impact resistance
comparable to PC, while not needing any coating or painting
(for a comparison of Durabio, PC, PMMA see graph). These
attributes in combination with high radar transmittance
and its more sustainable, biobased source makes Durabio
a more suitable material for radar covers, which will be
needed more and more in the future.
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The second application of Durabio is related to e-mobility.
When talking about improving electronic mobility two big
factors are usually considered, making the batteries
themselves more efficient and sustainable, and making the
cars lighter so the driving range of the vehicle is increased.
With the aim of weight reduction, MCC is working in
collaboration with customers to develop the Durabio
transparent exterior that can replace glass. The current
target applications are sunroofs and rear quarter windows.
MCC aims to add door windows, front windows, and rear
windows later on, but these applications have proven to be
rather tricky to accomplish in the past.
However, sustainability is still one big advantage of
Durabio, MCC performed a life cycle assessment (LCA) for
Durabio resin in early 2019 which was authenticated by a third
party (Japan Environmental Management Association). The
result of the LCA study suggests that by using Durabio, GWP
(Global Warming Potential, kg CO2 eq) is reduced by 30 %
compared with PC, by 35 % compared with PMMA, and by 60 %
compared with PA6.
MCC will continue to accelerate R&D on Durabio to expand
applications not just for MIC automotive components but
also for multi-functional high value-added components,
thus contributing to the production of environment-friendly
motor vehicles and furthering CASE technology. AT
https://www.mcpp-global.com/
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From guitar to
Automotive

L

ingrove, the San Francisco, USA, based biocomposite
manufacturer has set its eyes on the automotive market
with their flagship material Ekoa® Surface. Originally
developed as a lightweight alternative to rainforest wood
for guitars, Ekoa has been adapted to many applications
from fishing rods to arrows, but has recently been applied
to interior applications in cooperation with some of the
largest commercial interiors companies in the world. And
while the commercial interiors market is still very central to
Lingrove’s future plans with furniture applications due next
year, the automotive sector also offers a range of near-term
opportunities.
Ekoa is made from flax fibre, the strongest and stiffest
natural fibre, which is already produced on an industrial
scale, is CO2-negative, and requires no irrigation.
Using flax fibres for car interior parts is not exactly a new
groundbreaking idea but Joe Luttwak, Lingrove founder and
president, only sees this as the first step of many, due to the
specific properties Ekoa offers.
“Ekoa uses flax, but that is only part of the recipe as
Ekoa is not a material but both a structural and decorative
composite product – all-in-one. Ekoa is the finished, show
surface on a moulded part or panel with both the look and
strength derived from high-performance plant inputs. We
use flax today because of its exceptional stiffness, though
our flexible platform allows for the use of many fibres in
the future. Natural composites can have a higher specific
modulus than E-glass and exhibit excellent strength-toweight properties for auto applications. Meanwhile, carbon
fibre has 90 times the embodied carbon (carbon footprint,
or total greenhouse gases released throughout the supply
chain) compared to flax fibre.”
Lingrove’s Ekoa Surfaces have up to 98% biobased
content and are Clean Air Gold certified. Ekoa Surface is
still undergoing a life cycle analysis which is projected to
be carbon negative. And while sustainability is certainly one
driving factor in the adaptation of natural fibres, it is by far
not the only factor. Ekoa is lighter than carbon fibre, stiffer
than fibreglass, and visco-elastic which means it doesn’t
fail catastrophically – it bends before breaking unlike e.g.,
carbon fibre. Its main advantages over other materials
are its mouldability and lightweighting, which could lead
to better and more fuel-efficient vehicles. Luttwak sees
opportunities to not just replace wood or conventional
fibres, but plastics and metal parts as well.
“This is a new class of composites materials and because
they are rapidly renewable have the chance to compete
price-wise with energy embodied, extractive materials,
often for higher-margin interior applications such as
panels, seating, and floors. Eventually, as production scales,
we see body panels and eventually even the unibody,“ says
Luttwak, “Ekoa can also accommodate geometry required
of metal parts. Our tests suggest that Ekoa can be both
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By Alex Thielen

stronger (tensile strength) and stiffer (tensile modulus)
than aluminium, for instance, which means the entire
vehicle is possible. Being able to mould into complex
shapes is part of the way to achieve lower mass, regardless
of the material used. While this concept of the biobased car
structure is still in early development, I see Ekoa as a key
solution to bringing down embodied carbon across mobility
and eventually the built environment by replacing plastics,
metals, and conventional composites.”
Luttwak has a background in the automotive industry
having worked for Ferrari early in his career, he knows the
high requirements this sector demands firsthand, but is
also aware of the need for more sustainable solutions. He
notes that 20% of CO2 emissions for the automotive industry
comes from producing the car alone, a vehicle made almost
entirely of Ekoa would be able to cut a major portion of this
20 %. If that will be actually possible remains to be seen.
However, Lingrove has made its first steps towards that
vision, are in pilots with Tier 1 automotive suppliers and
automotive companies in North America, Europe and Asia,
and have received their first purchase order from a U.S.
automotive OEM for an aesthetic lightweighting application
in late 2020. And they have further orders from a few other
Tier 1 suppliers since then. These applications are targeted
for 2023 production models. It will take quite a bit longer
until we can hope to see a whole Ekoa car, but to end
with Luttwak’s optimistic words about his material, “the
possibilities are endless.”
https://lingrove.com/surface/auto
Ekoa

Premium
Wood

Aluminium
6061

Carbon
laminate

Aircraft
‘E-Glass’

Form

Film,
Panel

Blanks

Sheet

Roll

Roll

Density (g/m³)

1.13

0.5-0.08

2.7

1.7

2.6

Tensile strenght
(MPa) ASTM D30393

377

Highly
variable

310

1800

1500

Tensile Modulus
(MPa) ASTM D3039

34

Highly
variable

70

135

32

Cost

$$

$$$

$

$$$

$$

How Ekoa compares (Source Lingrove)

Lexus interieur (Source Lingrove)

E

very year, Netherland-based student company TU/
ecomotive produces an electric car with a team
of 21 BA students from the Eindhoven University
of Technology, in the aim of showing the world that the
hypothetical, sustainable car of the future, can be a reality
today.
The design of the sixth TU/ecomotive car, Luca, was
revealed October 8, 2020. With this zero-waste car, the team
wants to show that waste can be a valuable material with a
multitude of applications.

The car reaches a top speed of 90 km/h and a range of
220 kilometres. A great deal of Luca’s efficiency comes
from its lightweight construction: the car only weighs
360 kg without and around 420 kg with batteries.
Luca is made of materials that are normally thrown
away. The chassis of Luca consists of a unique sandwich
panel that the students have developed in collaboration
with several companies. The sandwich panel consists of
three layers: the two outer layers which are made from a
combination of flax fibres and PP taken from the ocean, and
a middle layer, namely a PET honeycomb core. The front and
rear parts of the chassis are made out of a tube frame from
recycled aluminium. The seat cushions are made coconut
fibre and horsehair, the fabric surrounding the cushions is
made out of recycled PET but looks and feels like suede.
Luca’s body was manufactured by TU/ecomotive out of
UBQ™ material. UBQ is a patented novel climate-positive
material created by Israeli start-up UBQ Materials, based
in Tel Aviv, that can substitute conventional plastic, wood,
and concrete in the manufacturing of everyday products.
UBQ is a proprietary composite, the world’s first biobased
material made of unsorted organic, paper, and plastic
waste – everything from banana peels to dirty diapers to
used yoghurt containers and cardboard.

Automotive

Luca, the world’s first
Zero-Waste Car
The central value proposition of using UBQ is its
sustainability metrics, significantly reducing and even
neutralizing the carbon footprint of final applications. By
diverting household waste from reaching landfills, UBQ
prevents the emission of methane, groundwater leakage,
and other toxins. A new Life Cycle Assessment (LCA) study
conducted by Switzerland-based sustainability consulting
firm Quantis, meeting ISO 14040 and ISO 14044 standards,
demonstrates the climate positive environmental footprint
of transforming unrecyclable Municipal Solid Waste (MSW)
destined for landfilling into UBQ. The LCA shows that
UBQ’s environmental impact at a Global Warming Potential
(GWP) of 20 years is -11.69 kg CO2–eq per kg UBQ. This
means that for every 1 kg of UBQ created, almost 12 kg of
CO2-eq are prevented from polluting the environment over a
20-year period. Quantis concluded that, “to the best of our
knowledge, UBQ is the most climate positive thermoplastic
material in the market today.”
This isn’t the first time UBQ is used in automotive
manufacturing. In early 2020, UBQ Materials announced
its collaboration with Daimler, manufacturer of MercedesBenz, for the implementation of UBQ in car parts and
throughout Daimler’s supply chain.
Luca is designed to be highly energy efficient. The car’s
in-wheel motors mitigate losses in the drivetrain, and
the two electric motors have a combined power of 15 kW,
powered by six modular battery packs. The packs are easily
replaceable so that when new technology is available in the
future they can be seamlessly substituted by full packs and
more modern batteries.
The next step for TU/ecomotive is to obtain a license
plate for Luca. By ensuring that the car is road legal, the
team wants to prove that sustainable innovation is readily
available to implement across the automotive industry. AT
www.tue.nl/en | www.ubqmaterials.com

LUCA (PHOTO: Bart van Overbeeke Fotografie)

LUCA interieur (Photo: TU/ecomitive)
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Automotive supplier
launches PLA compounds

T

he automotive industry is increasingly working
on aligning vehicle production with the principles
of sustainability. The development of appropriate
materials plays a decisive role in this process. Röchling
Automotive, an automotive supplier based in Mannheim
Germany, has already started a biopolymer project in 2010,
but the market at the time had not been quite ready. Now,
Röchling believes, it is. A good decade later interest in
alternative materials, as well as recycled materials is rising.
BioBoom is the name of Röchling’s patented polylactide
(PLA)-based biopolymer that consists of at least 90 %
renewable raw materials. It offers an ecological, as well as
an economical alternative to most conventional materials.
Three standard types within the BioBoom family are
currently available, which are suitable for applications in
the engine compartment and underbody as well as for the
interior of a vehicle. Each of the three types can be tailored
to individual customer needs and their respective specific
requirements. Röchling’s BioBoom can also be used for
almost their entire product portfolio (around 70 %).
With significant improvements in terms of thermal
stability and chemical resistance compared to standard
PLA, the new biopolymer family meets the company’s high
technical requirements and specifications. More concrete,
some material grades can withstand continuous operating
temperatures of up to 150°C (as a counter-example, PP
maxes out at around 130–140°C). Most parts under the hood
should not reach these temperatures for longer durations

under normal operation.

Air
filter
box
black

“That doesn’t mean that
the parts break if these
temperatures are exceeded,
but we noticed an increased
material degradation above
150°C. Our parts need to
fulfil a certain engineering
standard, they need to
hold for 15 years or 300,000
km. In the applications that
reach these temperatures,
we compare our material
to specific PA6 and PA66,”
explains Fabrizio Barillari, Global
Product Portfolio Manager for Battery
Systems and Bio Material at Röchling. “We tried to get the
biocontent as high as possible, 30–40 % that’s not what we
at Röchling consider biobased but 100 % pure biobased
just doesn’t work with PLA.” To gain the needed material
properties the PLA is then reinforced with glass fibres, but
Röchling seeks to replace that with natural fibres in the
future.

Another base weakness of PLA according to Barillari
is continuous exposure to water in combination with
high temperatures. While he is proud of their relatively
low moisture absorption of 1–1.2 % (ISO standard) he
acknowledges that, for example, for cooling systems with
continuous temperatures of 90–100°C BioBoom is not
an option. “No material is perfect. We know this, but we
can guarantee that our material holds up to 65°C in areas
where humidity is a factor.”
BioBoom enables greenhouse gas emissions that are
about 70 % lower than those of PP and almost 90 % lower
than those of PA6. This means that if the proportion of
petrochemical plastics in a mid-sized car is replaced by
Röchling Automotive’s bioplastics, 515 kilograms of CO2
emissions can be saved per vehicle production.

Front grille closures
in various colors

High gloss black
interior air vent insert
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To put these numbers in perspective, Volvo released some
data comparing the LCAs of their full electric Polestar 2
with the Volvo XC40 based on their carbon footprint. This
analysis compared, among other things, the CO2 emissions
during production. While the Polestar 2 has an overall
lower impact on the environment it produces more CO2 in
the production with 24 tonnes vs the XC40 with 14 tonnes.
This explains the current focus of most big automotive
companies on making battery production more sustainable.
“It is not only the emissions that a vehicle produces when
used that matters. We should look at the entire value chain.
From well to wheel, including the energy needed to produce
the vehicle, the energy that it consumes while in use, and
end of life management,” says Barillari, ”producing battery
systems more sustainable is important, but looking at
alternative materials should run parallel to that. And we at
Röchling Automotive have the expertise to adjust material
properties to the individual needs of our customers.”
In the end what Röchling can offer with their BioBoom
is a CO2 reduction in the production phase of 4–5 % for a
midsized car, which is no small feat. And as the automotive
industry has come under increased scrutiny in the last years

(partially due to the emissions scandal of 2015) Röchling
tries to make their process of sourcing their material as
transparent as possible for their customers. To that end,
Röchling has acquired a number of certifications for their
BioBoom material which is, among other things, REACHcompliant and has further been certified by Bonsucro, an
NGO that focuses on sustainable sugarcane production.

Automotive

By: Alex Thielen

One issue that hampers the big entry from automotive
companies is a lack of a supply guarantee. Röchling plans to
fill that gap and become a leading supplier in biobased and
recycled material for the automotive industry in the coming
decades. But Röchling’s vision for bioplastics goes beyond
just their automotive branch, the self-proclaimed plastics
pioneer wants to become a leading supplier of bioplastic
products in the next 10–15 years across all branches of the
Röchling group.
With the newly developed biopolymer family, Röchling
Automotive has already successfully initiated this important
transformation process. The company plans to hit the
market with their BioBoom this year. AT
https://www.roechling-automotive.com/products-solutions/biopolymers |
https://www.polestar.com/uk/electric-sustainability/transparency/
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Fig. 1: DTM shoebox
(top-photo: Audi Sport, photo bottom: Bcomp)

Sustainable
lightweighting
for large scale
mobility

S

wiss cleantech company Bcomp from Fribourg
develops sustainable lightweighting solutions for
high-performance applications. Its award-winning
approach to applying the latest composites knowledge to
natural fibres has captured the interest of many industries,
from skiing to luxury yachting and even space, through a
collaboration with the European Space Agency. But it is
Bcomp’s multiple projects with global automotive players
that highlight the relevance of natural fibre composites for
large scale mobility.

Drastically reduce weight and plastic in
automotive interior panels

Fig. 2: Cayman 718 GT4 CS MR (Photos: Porsche Motorsport)

By replacing traditional injection moulded plastic parts
with Bcomp’s proprietary powerRibs™ technology, weight
can be cut by up to 50% and plastic reduced by up to 70% in
automotive interior panels. The powerRibs form a 3D grid
on the b-side of a thin-walled shell element, thus improving
stiffness and enabling dematerialisation (Fig. 5). Hence,
not only a more sustainable material is used, but also
lower volumes of material. This reduces the CO2 footprint
of the car, both in production and by lowering the energy
consumption of the vehicle over time.
According to Bcomp, several implementation projects
are ongoing with OEMs for interiors in serial-production
models. Chief among these is the electric performance car
brand Polestar. In 2020, Polestar unveiled the concept car,
Precept, which seeks to “redefine premium” through its
use of sustainable materials. Thanks to the overwhelmingly
positive response to the concept, Polestar has confirmed
that the Precept will advance to serial production.

High-performance bodywork
Automotive bodywork parts made from Bcomp’s natural
fibre composites using its ampliTex™ reinforcement
fabrics and powerRibs technology have up to 75 % lower
CO2 footprint cradle-to-gate than carbon fibre parts
with equivalent performance and weight. Another added
value is its ductile fracture behaviour which leads to no
sharp edges when an impact occurs in use. Furthermore,
replacing carbon fibres with natural fibres leads to safer
manufacturing without toxic carbon dust.
These benefits have led racing series to allow and, in some
cases, even require the use of natural fibres in bodywork
applications. For example, the DTM (Deutsche Tourenwagen
Masters) uses natural fibres for the mandatory shoebox (Fig. 1),
with Bcomp’s ampliTex and powerRibs technologies.
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Last summer Porsche Motorsport launched a Cayman
718 GT4 CS MR featuring a full natural fibre bodywork
kit developed in cooperation with Bcomp (Fig. 2). The
car premiered at the legendary Nürburgring 24h race on
September 26–27, 2020 and was run by Porsche customer
racing team Four Motors. This development began in 2016
with collaboration between Porsche, the German Federal
Ministry of Food and Agriculture (BMEL), the Fraunhofer
WKI and Bcomp. Thus, this car is – in a way – another car
in the series of the Bioconcept car, bioplastics MAGAZINE
reported about quite a couple of times over the last 15 years.
“This project shows in an impressive way that natural
fibres can easily replace carbon fibre in many motorsport
applications thanks to the powerRibs. The 24h race at the
Nürburgring is the toughest GT race in the world and the
perfect opportunity to put our sustainable lightweighting
solutions through the decisive endurance test, we could not
imagine a better place for it, and we are very proud to take this
step with Porsche and Four Motors,” Bcomp’s Motorsports
Manager Johann Wacht said in September 2020.
Even the latest proposed Formula One regulations now
open for the use of natural fibres. Sustainable trailblazer
McLaren Racing presented the first natural fibre F1 seat
(Fig. 3) in 2020 (see bM issue 05/2020), and later the same
year, engineering company YCOM presented the first
natural-fibre crash box, thus extending the use of natural
fibres from non-structural to structural parts, both using
Bcomp’s technologies for sustainable lightweighting. There
seems to be strong demand for sustainable technologies
in motorsports, along with a focus on making these
technologies transfer into road cars and thus amplifying
the impact.

Fig. 3: Racing seat (Photo McLaren)

Fig. 4: Rendering of the Morand Hypercar (Picture: Morand Cars

Latest News: The Swiss-based manufacturer Morand
Cars is developing a fully electric Hypercar and also a hybrid
version, due for production in 2023 (Fig. 4).
Bcomp’s technology is an ideal solution for this trackfocused hypercar, with its emphasis on performance, luxury,
and sustainability. Natural fibre composites will be used for
the external bodywork of the Morand Hypercar as well as
throughout the interior.

Sustainable lightweighting
PowerRibs and ampliTex are both made from flax fibres
– flax is used as a rotational crop to improve harvests that
grows naturally in Europe. At the end-of-life, parts can be
ground down into a new base material or used for climate
neutral thermal energy recovery within the standard waste
management system, as opposed to carbon fibres that
mostly end up in landfills. AT

Fig. 5: PowerRibs (Photo: Bcomp)

https://www.bcomp.ch/
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PLA in cold chain
transportation

I

ncubators are widely used in cold chain transportation,
especially in today’s life of highly developed e-commerce
and direct supply of fresh products. How to deliver fresh
foods to consumers has become a special concern of many
e-commerce platforms, fresh food producers, and logistic
companies.
In traditional cold chain transportation expanded
polystyrene (EPS) and expanded polypropylene (EPP)
incubators or cross-linked polyethylene (XPE) insulation
bags are generally used. However, these incubators are
very difficult to recycle after being delivered to consumers,
so they are discarded as garbage in most cases, which
makes it a plastic pollution risk. Some enterprises in
Europe and New Zealand make and sell EPLA (expanded
PLA) incubators. However, due to the high melting point
and low crystallinity of PLA, the fusion strength between
PLA foam beads is not high enough during steam forming.
The resulting EPLA incubators are, therefore, not firm
and good-shaped compared to those made of EPS or EPP.
Meanwhile, both material cost of PLA and manufacturing
cost of bead and steam forming are fairly high, which leads
to slow commercialization of EPLA products.
Guangzhou Bio-plus Materials Technology, has been
committed to the development of PLA foaming materials and
applications for many years. Their modified PLA material
for foaming has been industrialized and successfully used
in many applications such as food boxes, trays, coffee
cups, and other products. One of their recent application
innovations is to make biodegradable and biobased
foldable incubators: first continuously extruded PLA foam
sheet is laminated to corrugated cardboard or kraft paper,
to form an insulation board (as shown in Figure 1). Then
foldable incubators are produced using the traditional
manufacturing process for corrugated cartons.
This innovative PLA-foam incubator has many advantages
compared to other incubating materials. Similar to
traditional cartons, the composite insulation board can
be simply folded into an incubator, which is convenient for
operators to fold. It can also save the operating space for
on-site packing as well. This similarity to carton makes
storage and transportation also incredibly easy.

By:
Steven Wu & Henter Lee
Guangzhou Bio-plus Materials Technology Co., Ltd.
Guangzhou, China

The 40 cm x 40 cm x 40 cm incubator can hold goods over
15 kg and bear weight of 200 kg on its top.
It is made from 4 mm thick PLA foam sheet with an
expansion rate of 15 times; Kraft paper of 300 g/m²; and is
laminated with water-based starch glue. The expansion rate
of PLA foam can be 5-30 times, with thicknesses of 1-6 mm,
and the scraps during PLA sheet production can be
recycled, so the cost of PLA foam sheet is well controllable.
For example, the cost of an above-mentioned PLA-foam
incubator is about three USD.
The material has better insulation properties than
traditional plastics. A comparison of cold insulation and
hot insulation between the foldable insulation incubators of
PLA foam and the traditional EPS over 12 hours is shown
in Figures 2 and 3. Both the outer materials, corrugated
paper and kraft paper, as well as the PLA foam are either
recyclable or compostable. If white cardboard is used as
the outer material of the incubator, exquisite printing can
be realized so that it can be applied to high-end thermal
insulation packaging, such as outer packaging boxes for ice
cream and fresh meat.
Fully automatic production equipment can be used from
foam sheet extrusion to board assembly. In terms of the
extrusion foaming machine of 130/150 screw, 250 kg of
foam sheet can be produced in one hour, which can be
converted into foam sheet that is one meter wide, 5 mm
thick at an expansion rate of 10 times, and 400 meters long.
This would be around 300 incubators in the size of 40 cm x
40 cm x 40 cm.
PLA-foam foldable incubators are currently being tested
by some e-commerce and cold chain transportation
companies in China. Bio-plus is further improving the
physical properties of the incubator by collecting more trial
data. They believe that in the near future, foldable PLA foam
incubators will receive more attention and applications from
enterprises of many industries. They are keen to provide
cold chain transportation companies and suppliers of fresh
products with this eco-friendly, low-carbon, economic
incubator solution, to make this industry more sustainable.
Http://www.bio-plus.cn

Figure 1: Manufacturing process of foldable incubators with PLA foam sheet

Extrusion of PLA foam sheet
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Folding and printing of board

Making an incubator

Automotive

COMPEO
Figure 2: Comparison of cold insulation effect between PLA foam
incubator and traditional EPS incubator (adding ice bags with the
same quantity in the incubators)

Leading compounding technology
for heat- and shear-sensitive plastics
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Figure 3: Comparison of hot insulation between PLA foam incubator
and traditional EPS incubator (adding bottles with hot water of the
same quantity in the incubators)
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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

Figure 4: Picture of flat foldable
incubator with PLA foam sheet

Figure 5: A standing foldable
incubator with PLA foam sheet
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Closing the circle
A 100% plant-based non-isocyanate polyurethane
foam capable of chemical recycling

T

he quest for lightweight packaging foams that have
a circular lifecycle is a challenging one. Packaging
materials and foams account for a large majority of
the estimated 400 million tonnes of plastic waste that enters
the environment every year [1]. Polyurethanes (PUs) are
the sixth most produced plastic and are highly desired for
their foaming capabilities as well as their ability to produce
materials with properties ranging from elastic to rigid.

PUs by enabling a non-toxic, biobased and recyclable PU
that could be marketed for high value applications.
To address these needs, the Clemson research team first
began by synthesizing a biobased reactive precursor that
could be cured and foamed on a timescale used by typical
manufacturing practices (~3–5 min).
Instead of resorting to biobased vegetable oils that have
been used in the past, Kraft lignin was identified as a highly
abundant, cheap, and non-edible biobased source for
polymer production. Kraft lignin is a by-product of the wood
pulping industry and is produced in excess of 70 million
tonnes a year [4]. Pulping plants typically use lignin as a
fuel source by burning the extracted material in recovery
boilers. While many have researched lignin as a feedstock
for valuable chemicals and products, it has earned the
saying that “you can make anything from lignin, but money”
due to its highly crosslinked and heterogeneous structure.
Yet, the molecular structure of lignin does contain an
abundance of hydroxyl groups that can be utilized to create
a more uniform chemical precursor.

The problem that many have recognized is that the
precursors to PUs, isocyanates, are highly toxic and
classified as a CMR agent (Cancer-causing, Mutagenic,
Reproductive toxin) [2].
Biobased solutions to polyurethanes have largely focused
on replacing the polyol portion of the reaction mixture with
successes such as the 30 % soy-based PU foam developed
by Ford for seat cushions. Replacing the isocyanate portion
is much harder since tried and true reagents such as toluene
diisocyante and poly(methylenediphenyl) diisocyante are
very reactive and allow for the foaming and curing reaction
of PUs to occur on industrial timescales.
In addition to the issue of toxicity, PUs are also some of the
least recycled plastics produced. The crosslinked nature of
many PUs precludes the ability to reprocess the material at
its end-of-life. While there are some examples of physical
recycling where PUs are shredded and rebound in other
products, the large scale conversion of waste PUs to high
value products has not met with commercial success [3].
Research at the Clemson Composites Center aimed to
address the overarching issues related to the lifecycle of

While propylene or ethylene oxide has been used in the
past to create extended etherified chains off the lignin
backbone, the harmfulness of these chemicals diminishes
the green nature of using lignin as a precursor. Instead, the
team found that organic carbonates such as glycerol and
dimethyl carbonate could be used to extend hydroxyl groups
and create reactive precursors to polyurethane synthesis
[5, 6]. The use of glycerol-based chemicals also introduces
another biobased source to the synthetic protocol while
making use of non-toxic and benign reagents.
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By:
James Sternberg and Srikanth Pilla
Department of Automotive Engineering, Clemson University
Clemson, South Caroline, USA

The use of organic carbonates introduces a functional
group (i.e. the cyclocarbonate) that can be cured with
amine-based curing agents to create the PU structure.
The reaction of amines and cyclocarbonates creates the
urethane bond with no other chemical by-products, another
advantageous property of this particular synthetic scheme.
However, creating the cyclocarbonated lignin derivative is
no easy task.
Lignin undergoes radical initiated condensation reactions
at elevated temperatures lowering its functionality while
creating high molecular weight and insoluble precursors
[7]. To use lignin for polymer synthesis, it was found that
precise time, temperature, catalyst-loading, and reagent
concentrations were necessary.
However, finding these conditions allowed for a predictable
reaction at nearly quantitative yields. Curing with diamines
may not sound like the most environmentally favorable
solution, yet a fatty-acid based dimer diamine with 100 %
renewable carbon was sourced, that had an LD50 value
above 5000 mg/kg, essentially placing it in the category
of non-toxicity. While some risk is always associated with
Mechanical Properties of Foams
NIPU /
Foam %

Density
(kg/m3)

Compressive
Strength
(10 %, kPa)

Compressive
Modulus (MPa)

1:1 / 3 %

241 ± 34

131,8 ± 37,9

1,42 ± 0,22

1:1 / 1,5 %

337 ± 57

170,0 ± 18,6

1,64 ± 0,32

1:2 / 3 %

241 ± 45

79,2 ± 18,5

1,34 ± 0,25

1:2 / 1,5 %

331 ± 39

111,9 ± 28

1,19 ± 0,30

diamines, this solution is a great step beyond the use of
isocyanates.
The reactivity of the novel formulation was tested by
monitoring the gel time between lignin precursors and
the diamine curing agent. While visual evidence showed a
clear gelation of the mixture around 5 minutes, rheological
analysis was able to show more precisely that the reaction
mixture began to take on solid-like characteristics at
around 3 minutes with a curing temperature of 80°C.
This allowed the addition of a chemical foaming agent,
poly(methylhydrosiloxane) to create the cellular structure
of the foams.
A curing study showed that a temperature of 150°C
was necessary to create fully cured resins showing the
highest mechanical properties. However, curing at lower
temperatures does enable a more flexible material by
lowering the crosslinking density of the non-isocyanate
polyurethane (NIPU). The biobased dimer diamine was
successful at adding soft-segments throughout the
NIPU structure, tempering the brittle nature of the lignin
backbone. It was found that along with curing temperature,
increasing the ratio of diamine also created samples with
higher ultimate strain values.
The lignin-derived NIPU recorded the highest tensile
strength of any reported NIPU in its class, demonstrating
ultimate stress values above 20 MPa. With the foamed
samples, a benchmark for rigid foams set at 100 kPa for
10 % deflection was targeted, a mark the foams easily
surpassed. In terms of thermal stability, the NIPU recorded
5 % weight loss temperatures at 300°C, an improvement
above many commercial polyurethanes [8].

SEM of Lowest Density Foam
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The demonstration of these favorable properties and
biobased origins still lacks an explanation for circularity. A
solution for a polymer’s end-of-life that enables the recycled
material to re-enter the values stream is the holy grail of a
circular lifecycle. To recover valuable recyclates from the
NIPU foam, chemical recycling was used by targeting the
molecular design incorporating organic carbonates. The
initial reaction of lignin with organic carbonates creates
etherified and carboxylated chains extending from the
lignin structure that can be used as molecular handles to
unravel the polymeric structure. In addition, the urethane
bond has been shown to be capable of depolymerization in
alkaline conditions [3].
Alkaline hydrolysis proved to be an efficient method of
depolymerization allowing for the recovery of lignin and
diamine through precipitation and solvent extraction. Most
importantly, the researchers have been able to show that
the original hydroxyl content of lignin is partially restored
during chemical recycling, an important step in confirming
that the recycled precursors have similar properties to
virgin materials.
Indeed, the biggest hurdles in using chemical recycling
are the side reactions associated with lignin’s own reactivity
described earlier. To mitigate against the tendency of
lignin to condensate into insoluble material of lower value,
additives can be used during chemical recycling that
protect the lignin structure and render it more valuable in
its recycled form. Using this unique recycling process, it
was possible to resynthesize the NIPU with 100% recycled
content.
The study aimed at synthesizing 100 % biobased, non-toxic
and recyclable PUs has taught the scientists many lessons.
The first is an old one: when given lemons, make lemonade!
Instead of seeing lignin’s own reactivity as a roadblock,
why not harness its reactive nature to produce reactive
precursors? Finding a path to lignin functionalization
was the key to producing PUs that can compete with

commercial materials. Secondly, when designing a circular
lifecycle look towards nature’s own path for degradation.
The rich amount of carbon-oxygen bonds inserted during
lignin functionalization mimic the natural decomposition
pathways of typical biomass. While an enzymatic route
was not taken in this approach (typical of composting
mechanisms) it was still possible to use a benign hydrolysis
technique to revert waste foams back to usable precursors.
These innovative techniques do not have to be reserved only
for PUs. The goal and philosophy of the Clemson team is
to incorporate this design for recyclability and non-toxicity
into other types of polymers to enable a circular lifecycle for
some of the most highly used commodity plastics.
References:
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A new material made
from plants and air
Strong and flexible foam sheets of biomass
plastic for a zero-carbon, circular economy

A

lthough PLA is an environmentally-friendly material,
it has been difficult to use in foam sheets. Using
conventional methods lead to a material that didn’t
foam as well as petroleum-derived resins. To address
this, the Tokyo headquartered Ricoh Company has utilised
supercritical CO2 in its processing to develop their unique
CO2 fine foam technology. This allowed their experts to
create a foamed PLA sheet, known as PLAiR, which is
flexible, strong, and environmentally-friendly in ways that
were impossible with conventional PLA. Furthermore,
PLAiR’s foam expansion rate is adjustable increasing the
diversity of applications.
PLAiR is a nearly 100 % plant-derived PLA that is
flexible yet strong. It undergoes a foaming process utilizing
Ricoh’s CO2 fine foam technology to produce foam sheets.
Conventional foam methods cannot be used for processing
genuine PLA. To make PLA foam it needs to be blended with
other materials, such as fossil-derived resins. The blending
process is not the only challenge – bubble sizes are difficult
to control and the results are often uneven. As conventional
methods can only produce bubbles of large diameters in the
order of hundreds of microns the resulting sheets tend to
break easily. Beyond that is an inevitable trade-off: adding
fossil-derived resins can compromise the carbon-neutrality
and biodegradability of PLA.

Ricoh’s supercritical CO2 technology produces uniform
bubbles only tens of microns in diameter. Through the
kneading process, fillers (foam nucleating agents) are
evenly distributed in the material, and the foaming takes
place with the fillers as nuclei. In this way, PLA can be made
into very thin sheets while its flexibility and strength are
maintained because of bubble uniformity.
Supercriticality is attained when CO2 is pressurized at
a high temperature. In this state the gas is as dense as
liquid, making the CO2 particles violently collide with each
other and produce natural convection. As PLA and fillers
are added, they are evenly kneaded using convection. The
evenly distributed fillers work as foaming nuclei, resulting
in even, minute bubbles.
Ricoh is producing PLA foam sheets on prototype
machines to promote technological development and
verify performance including flexibility, strength, and
biodegradability, as well as demonstrate costs. The
company intends to deliver the PLA foam sheets in the
near future and has plans to expand its partnerships in
the thermoformed packaging industry. Ricoh is currently
developing PLAiR technology further, to potentially make it
into a mass production solution across multiple applications
- from cushioning and packing materials to disposable
foodware. AT

PLA + fossil derived resin + elongation agent

Sheet is susceptible to
breakage in the narrow
sections between bubbles

Foam particles are large
and uneven

Cross-section of conventional PLA sheet
Supercritical CO2
kneading process

Supercritical CO2
foaming process

Fillers are evenly distributed

Fillers are evenly distributed

Micro Foaming

Nano fillers

Microbubbles are evenly
distributed even thin PLA
sheets are flexible

Cross-section of Ricoh’s PLAiR

Intended
purpose

Cushioning
and packaging
materials

Food
containers

Various trays and
containers

Expansion
Rate

High
20 - 25

Medium
10 - 15

Low
2-3

Thickness

2 -3 mm

1 - 3 mm

0,5 - 1,5 mm

Intended
purpose

Cushioning
and packaging
materials

Food
containers

Various trays
and
containers

Piercing strength
(N)
JIS Z 1707*

3,6

2,8

-

MD

0,9

1,4

35

TD

0,5

1,1

-

Tensile
strength
(MPa)
JIS K 6767*

Sample table: values shown above are not specifications, but
representative sample values (as of November 2020)

* JIS: Japanese Industrial Standards
JIS K 6767: Cellular plastics – Polyethylene − Methods of test
JIS Z 1707: General rules of plastic films for food packaging

Info
See a video-clip at:
https://youtu.be/
dRUQ_FMQaMI

https://industry.ricoh.com/en/plair/
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Materials

New
Edition
2020

120 pages full
colour, paperback
ISBN 978-39814981-4-1:
Bioplastics
3rd updated
edition 2020
ISBN 978-39814981-3-4:
Biokunststoffe
3. überarbeitete
Auflage 2020

‘Basics‘ book
on bioplastics

New
Edition
2020

This book, created and published by Polymedia Publisher, maker of bioplastics MAGAZINE is available in English and
German (now available in the third, revised edition). Chinese and Polish editions are coming soon.
The book is intended to offer a rapid and uncomplicated introduction into the subject of bioplastics. It is aimed at
all interested readers, in particular those who have not yet had the opportunity to dig deeply into the subject, such
as students or those just joining this industry, and lay readers. It gives an introduction to plastics and bioplastics,
explains which renewable resources can be used to produce bioplastics, what types of bioplastic exist, and which
ones are already on the market. Further aspects, such as market development, the agricultural land required, and
waste disposal, are also examined.
An extensive index allows the reader to find specific aspects quickly and is complemented by a comprehensive
literature list and a guide to sources of additional information online.
The author Dr. Michael Thielen is editor in chief and publisher bioplastics MAGAZINE. He is a qualified machinery
design engineer with a degree in plastics technology from the RWTH University in Aachen. He has written several
books on the subject of blow-moulding technology and bioplastics, and disseminated his knowledge of plastics in
numerous presentations, seminars, guest lectures, and teaching assignments.

Pre-order now for € 18,69

(+ VAT where applicable, plus shipping
and handling, ask for details) order at
www.bioplasticsmagazine.de/books,
by phone +49 2161 6884463 or by e-mail
books@bioplasticsmagazine.com

Or subscribe and get it as a free gift
(see page 53 for details)
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Engineering tomorrow’s materials

June 08 - 09, 2021, Mannheim

L

ifoam
Industries
(Greenville, South
Carolina, USA), a
business segment and
subsidiary of LifeMade
Products,
has
been
awarded multiple patents
for making and molding an
entirely new type of biobased
bead foam. This innovation comes on
the
heels of introducing the Envirocooler™ EVG™ earlier
last year, which is a treated expanded polystyrene (EPS)
product. The new, biobased, proprietary technology
performs similarly both thermally and mechanically to
traditional EPS, but is composed entirely of renewable
materials.

Automotive

Foam

Biobased foam
packaging

Good reasons for PIAE
•
•
•
•
•

International professional congress for plastics in cars
The largest industry get-together
Hand-picked lectures
A total of 1,400 participants from the entire value chain
Vast, interactive trade exhibition and Auto show

With its advanced process to manufacture biobased
beads and create temperature-controlled packaging
products made with 99.8% renewable materials,
Lifoam is changing the landscape of foam coolers and
shipping containers for healthcare, pharmaceutical, and
commercial packaging. Lifoam said they would debut its
patent-pending panel molding manufacturing process
technology with the introduction of a paneled insulation
product by the end of 2020, and expects to expand
manufacturing capabilities in 2021 to include alreadypatented, shape-molded coolers.

Your participation
is secured by our
hygiene concept

“While traditional EPS foam has historically been a
mainstay in temperature-controlled shipping containers
due to its durability, convenience, and performance,
companies and consumers have started requesting
alternative insulation containers made of renewable
materials,” said Mark Gettig, President of LifeMade.
He went on to say, “This new technology represents a
key development from our organization and reinforces
our commitment to providing innovative solutions to
customers who are not hitting sustainability KPIs or have
to sacrifice performance to do so.”
This new technology builds on a proud tradition of foam
molding expertise and LifeMade’s well-known brands
of packaging solutions by maintaining the familiar and
reliable qualities of foam without the use of petroleumbased materials. This allows pharmaceutical, food,
and other commercial distributors to easily make the
transition to sustainable solutions without risking major
supply and logistical changes necessary for a switch to a
completely different shipping container.
Stemming from a rich history with foam material,
Lifoam, under LifeMade and its parent company, Jadex,
remains a market leader by continuously providing
customers with the convenience and quality they value and
expect for their medical, commercial, and recreational
needs.MT
www.lifoam.com | https://jadexinc.com/lifemade

Sign up!
www.piae-europe.com
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Bio-foams
made of
modified
polylactide

Table 1: Overview of the produced modified PLA
Material

Modifier (mass concentration in %)

PLA ex

-

PLA1

organic peroxide (0.2)

PLA2

multifunctional epoxide (1.0)

PLA3

styrene maleic anhydride (0.7)

PLA4

isocyanurate + diisocyanate (0.2/0.2)

PLA5

bisoxazoline + diisocyanate (0.2/0.2)

PLA

P

modifier

granulator

waterbath

Figure 1:
Principle of the PLA modification process on a twin screw extruder
Table 2: Characteristic properties of the modified PLAs
Material

Mw in g/mol

Mn in
g/mol

PD

α in %

PLA

130400

98340

1.326

26

PLA1

237600

144700

1.642

19

PLA2

200600

116200

1.727

7

PLA3

133500

99860

1,337

3

PLA4

166900

118400

1.470

25

PLA5

149600

101600

1.472

20

As part of a project funded by the German Research
Foundation, the Institut für Kunststofftechnik (IKT) in
Stuttgart in cooperation with the Department of Polymer
Engineering of the University Bayreuth were working
together on modified standard PLA compounds for foaming.
Within the research consortium, new modifiers were being
investigated.
The PLA selected for modification was a commercial and
inexpensive grade, named 7001D, supplied by NatureWorks
LLC, Minnetonka, USA. Reactive compounding was
performed on a twin-screw extruder (Fig. 1). Different
modifiers with different functionalities were used for
modification.

Figure 2: Draw force F measured by Rheotens as a function of
draw velocity
0,12

T = 175 °C
T* = 180 °C
v = 0,5 mm/s
d = 2 mm
l = 40 mm

force F in N

0,10

At the department of Polymer Engineering at the
University of Bayreuth, the foam extrusion process of the
modified PLA was performed on a tandem line (COLLIN Lab
& Pilot Solutions GmbH) with CO2 as physical blowing agent.

0,08
PLA
PLA 2*
PLA 1
PLA 4
PLA 5
PLA 3

0,06
0,04

To determine the characteristic properties of the
modified PLA and the foamed samples, different thermal,
rheological, chemical, and optical tests were performed.

Results

0,02

0,00

0

200

400
draw velocity v in mm/s
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olymeric foams are widely used in applications such
as cushioning, packaging, and insulation, due to
their unique energy absorption behaviour and good
thermal or acoustic insulation properties. They keep
their bending stiffness, though a part of the material is
exchanged by gas and so reduces the part’s mass at the
same time. Currently, extruded PS (XPS) is one of the most
important representatives of foams worldwide. In some
countries, there have already been attempts to ban food
packaging made of petroleum-based XPS foams. As a
result, alternatives to foams made of PS are coming into
focus. One possible alternative is polylactide (PLA). PLA is
a biobased polyester that is biodegradable under certain
conditions, approved for use in the food industry, available
at competitive prices, and has mechanical properties
similar to those of PS. However, PLA also has a number
of disadvantages, which pose a particular challenge for
foaming. In addition to its low melt strength and viscosity,
its crystallization behaviour is also responsible for the fact
that unmodified PLA is difficult to foam.
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In table 2, the results of the molecular weight
determination (GPC MALLS) and the calculated crystallinity
α from thermal characterization by differential scanning
calorimetry (DSC) are shown.

Figure 3: SEM images of modified PLA samples

Julia Dreier
Svenja Murillo Castellón
Christian Bonten

Foam

By:

Institut für Kunststofftechnik,
University of Stuttgart, Germany

The molecular weight of the materials and the
polydispersity index of the materials were increased due
to the modifications. So, the reaction between the linear
PLA chains and the modifiers took place, which result in
an altered chain structure. In PLA1 and PLA2 the highest
molecular weights are observed, with an increase of 82 and
54 % respectively compared to the initial molecular weight.
The modified samples show lower crystallinity, except
for PLA4. The decrease can be attributed to the fact that
benzene rings are present in the modifiers. Due to the
steric hindrance defects are induced in the crystal lamellae,
so that the crystallization is inhibited. This effect is most
pronounced for the material PLA2 and PLA3.
As already mentioned, the modifiers lead to altered chain
structures in form of branching, crosslinking, and chain
extension, so the rheological properties and therefore
the processing characteristics are affected. A high melt
strength is essential for the formation of a stable foam
structure.
The melt strength values of the modified polylactides PLA3
and PLA5 are slightly lower than that of the unmodified
starting material. By contrast, the melt strength of PLA is
much lower (0.01 N compared to 0.03 N of the unmodified
PLA), but has higher melt extensibility. The PLA1 and
PLA2 occupy again a special position. They both have
much higher melt strength, but a lesser melt extensibility
compared to the other modified materials and the neat
PLA. The increased melt strength of PLA1 and PLA2 can be
attributed to their significantly higher molecular weight and
the greater polydispersity through the modification.
The influence of the modifications on foamability and
foam morphology was investigated. Figure 3 shows the SEM
images of the foamed modified PLA compared to the neat
PLA.
In general, foams with fine, uniform, and closed cell
structure in a density range of 32 to 49 kg/m³ were achieved.
Compared to the neat PLA foam, a further reduction of
the density was possible except for PLA2. The best foam
qualities and properties are achieved with organic peroxide
(PLA1).

Conclusion and Future Works
The aim of generating bio-foams with standard and costeffective PLA was achieved by using appropriate modifiers.
It was shown that the molecular weight and the melt
strength could be increased by the use of the modifiers and
the foam morphology could be improved. The future work
will focus on bead foaming of PLA and the investigation of
the weldability of the beads.
www.ikt.uni-stuttgart.de | www.polymer-engineering.de
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Biobased open-cell
PU foam

A

chieving sustainability in product design can be
challenging when not all biobased materials and
sustainable plastic product development processes are
created equal. Manufacturers should not have to sacrifice
the quality of their products to create more sustainable
offerings. When designing components with porous polymers,
manufacturers can achieve high-quality material solutions
using biobased, recycled, or biodegradable plastics, replacing
porous components made from single-use plastics. However,
it’s critical to understand the various technical considerations
for porous polymers based on technology and functionality in
order to explain how best to design with sustainability in mind.

Creating a durable, more sustainable product
with biobased polyurethanes
One of the main technology platforms used to manufacture
porous polymers is a two-step open-cell foam manufacturing
process.
Open-cell foam technology is developed using
proprietary or customized blends of raw materials through a
clean polyurethane foaming process without the use of catalysts.
Different formulations offer wide-ranging densities, porosities,
and levels of softness to meet specific customer requirements.
This unique technology is made using a highly specialized
manufacturing process and can be found in many applications.
These porous materials are then assembled into the end product
– such as a cosmetic product, a medical-grade foam for wound
dressing for burns (see picture), or a patient positioning device
used in hospitals. While biobased polyurethane might not be
more recyclable than traditional polyurethane, it can be used in
open-cell foam to lessen the final product’s dependence on fossil
fuels and replace some of the ingredients in the pre-polymer with
biobased urethanes to create a largely bioplastic-based solution.
Unlike conventional polyurethane foam, open-cell polyurethane
foam is hydrophilic and can absorb (e.g.) water up to 15 to 20 times
its weight. Open-cell foam is also a hypoallergenic material that
is non-crumbling, latex-free, and customizable in color. Additive
ingredients can be included to help create product differentiation.
In biomedical applications, open-cell foam can be used as an
antimicrobial medical foam that better absorbs fluids during use,
allowing the wound dressing to last longer and be fully used before
disposal. Because of its flexible porous structure, open-cell foam
can be used for cosmetics to make applicators more durable and
effective to minimize waste in the overall product lifespan. That
said, in order to ensure that the open-cell foam component will
perform as desired with a product, it must be custom-engineered
and manufactured to the right specifications.

Not the typical manufacturing process
Polyurethane foam can be manufactured in two different ways.
The more traditional manufacturing process consists of one step
and is used for large-scale manufacturing of foam used in items
like seat cushions, bedding, or other similar goods. The one-shot
process creates a large bun of foam by simultaneously mixing all
ingredients at one time. The one-shot terminology comes from
the process of all ingredients being combined into a conveyor or a
mold, where the chemicals are simultaneously reacting with each
other and immediately creating the foam expansion. This often
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By:
Avi Robbins, Vice President
Global Product Development and R&D
Porex
Fairburn, USA

includes the addition of harsh chemicals or catalysts to create the
foaming reaction.
However, when looking at smaller-scale applications that
require more control over pore size, pore structure, and overall
foam characteristics, a more unique two-step process is needed.
Instead of using chemical agents to create the reaction and
catalysts, this process uses a large amount of water to react with
the pre-polymer formulation.
By taking the proper ratio of pre-polymer and pairing it with a
water-based solution, a chemical reaction can begin that creates
carbon dioxide gas. The presence of this gas, in turn, spurs
foaming action and creates the pore structure of the foam. This
process provides the ability to control the chemical reaction and
the ingredients to manipulate pore size, pore structure and, finally,
the properties of the foam. Ultimately, this control allows resulting
open-cell foam structure to better support the end product’s
functional specifications.

Partnering with an innovative supplier
Open-cell foam is custom engineered to the end product’s
requirements. For example, a wound dressing manufacturer
can specify and develop a foam with pore structure built for high
absorption capacity, helping to withdraw the exudate from the
wound and provide a more sanitary, comfortable, and effective
treatment. In a cosmetics application, manufacturers can take the
same approach of tailoring foam pore structure to optimize flowthrough for viscous cosmetics formulations, enabling uniform
coverage and consistent product performance. Understanding
the nuances between these types of product segments and the
pore structures their material components require is critical for
achieving a successful product design. When working toward
a more sustainable product and involving a supplier to provide
biobased polyurethane, it is key that the partner holds material
expertise to help guide the manufacturing process and ensure
design optimization.
Porex, a global leader in porous polymer solutions, can
recommend different materials to achieve the ideal open-cell foam
component. This collaborative effort enables Porex to pinpoint the
proper chemical formulation and manufacturing process to yield a
foam equipped with the right properties for the end-product.
When consumers invest in a more sustainable product, they
expect the same quality as the alternative, traditional product. As
more manufacturers venture out to create these eco-friendly goods
with biobased polyurethane, seeking the ideal expert partner is
essential. By taking a strategic, tested approach to material design
and production, manufacturers can enhance their own sustainability
credentials while
upholding existing
performance
standards
–
building customer
loyalty and market
differentiation.
www.porex.com
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Application News

Flying, biodegradable
rat traps
New Zealand has set an ambition to remove all
pests by 2050 in order to protect their really unique
biodiversity which has grown in isolation from mammals
for millennia. And rats prove to be a real problem, since
their first arrival 800 years ago biodiversity has suffered
especially in the areas of fauna and birds - with 24 bird
species having gone extinct in the last 100 years alone.
Goodnature located in Wellington, New Zealand, is a
product/technology development company that invests
in innovation to design solutions to halt biodiversity
decline and sell globally humane, non-toxic traps for
the pests in people’s backyard too. They have decades
of understanding in traditional plastics and have been
moving toward more sustainable alternatives for the
past few years with sugar-based PE the first in use.
However, their current project of flying rat traps or
more officially, the micro-trap for rats project, needs to
be biodegradable. The goal is to design traps for aerial
deployment in remote and hard to reach areas in New
Zealand. The trap will biodegrade in-situ after delivering
a humane kill. Both the materials of the trap along with
the lure will be non-toxic.

Biobased water repellent
A shining example of conscious leadership played by the
Rudolf Group (Geretsried, Germany) over the past decades
is the invention and introduction of fluorine-free Durable
Water Repellency (DWR) for textile and apparel. Since 2003,
the RUCOÒ-DRY product line has gradually convinced the
industry that water-resistance can be achieved through the
study and replica of natural models.
Fifteen years later, the company does it again and takes
a significant leapfrog. It pushes the boundaries of R&D
well beyond fluorine-free, embraces nature and introduces
water repellent performance entirely based on natural
components. “We are launching two brand new, distinctive
product propositions entirely manufactured from natural
sources that do not compete with human and/or animal
nutrition” says Gunther Duschek, Managing Director at
Rudolf Group.
RUCO®-DRY BIO CGR is an absolute breakthrough and
the first Durable Water Repellent (DWR) agent based on
plant-derived processing wastes. In fact, Ruco-Dry Bio CGR
is made of natural waste that accumulates as a by-product
during the processing of cereal grains in the food industry.
The leftover material that would otherwise be disposed of
is refined to create a powerful water and stain repellent
textile finish.
“By turning natural waste into DWR we have maximized the
biomass content in Ruco-Dry Bio CGR to more than 90 %,”
states Dirk Sielemann, R&D Director at Rudolf Group. He
continues: “Although most of the product is composed of
recycled biomass, it meets the performance and durability
of conventional water repellent textile finishes.”
Ruco-Dry Bio NPE is an equally outstanding product
innovation where DWR is entirely based on a carefully
selected mix of natural plant extracts. The well-balanced
mix of plant-based ingredients combines excellent water
and stain repellent effects with breathability and a natural
handfeel.

The project is still in its early phases and Goodnature
has already experimented with PCL and PHBV blends
as well as a novel blood polymer branded Novatein (by
Aduro Biopolymers, Hamilton, New Zealand).
“We are scoping broadly in this phase with the most
divergent materials before fixing on one. We see lignin,
blood and feathers as brilliant alternatives. We are
open to experimenting and welcome anyone with new
tech that might align. We are especially interested at
present in waste stream materials, the often overlooked
but valuable materials that make one use applications
like this possible,” said Robbie van Dam, co-founder of
Goodnature.
The project is planned to take five years to deliver
a trap that once deployed, does not need to be re-set
for the duration of its functional life, providing a costeffective predator control tool for use at landscape
scale, including difficult to access locations. AT
https://goodnature.co.nz
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Unlike other 100 % renewable raw materials, those
used in the making of Ruco-Dry Bio NPE are chemically
and genetically non-modified and are not used as food,
feed, or fuel. Furthermore, all of the plant extracts that
compose the product are subject to a strict conservation
and sustainability framework. “That’s why the supply
of Ruco-Dry Bio NPE is likely to remain limited to the
creation and marketing of performance outdoor and sports
apparel programs embedding state-of-the-art sustainable
technology,” concludes Gunther Duschek. MT
www.rudolf.de

The UK based sustainable bed manufacturer, Hypnos has pioneered another ground-breaking carbon-neutral innovation
which could help with carbon reduction efforts across the bed and furniture industry thanks to its newly created sustainable
bed and mattress packaging.
After 18 months of intensive R&D, Hypnos has successfully developed another industry first by creating a new recyclable,
eco-friendly packaging solution which will be used for their beds and mattresses across both its retail and contract factories.
The material is a bio-PE (65% based on bio-ethanol and 35% recycled plastic). This combination can lead to a carbon footprint
that can be as small as 25% of that of conventional plastics. The material is also incredibly durable and has superior technical
properties compared to normal PE, performing better on puncture tests.

Application News

Carbon-neutral bed packaging

Hypnos made the decision not to patent or trademark this new packaging solution for themselves. Instead, they want to
share their innovation globally and are calling on industries around the world to ditch single-use polythylene and make the
transition to this 100 % recyclable product in the hope that the material could be a game-changer.
Richard Naylor, Sustainability Director at Hypnos, comments:
“We believe in fostering environmental responsibility wherever we
can which is why we are keen to share this technology with other
industries. Most bed manufacturers use plastic to protect their beds
and products. If all the mattress manufacturers in the UK switched
to bio-PE instead, it would save a staggering 8,000 tonnes of CO2
per year, so just imagine what could be achieved if bed and furniture
manufacturers worldwide made this change!
“We’re happy to set up meetings and put them (bed and furniture
manufacturers) in touch with our specialist manufacturer so that
they too can start to benefit from this pioneering sustainable, carbonneutral solution.”
New UK legislation requires that all businesses use plastic
packaging that contains at least 30 % recycled plastic by 2022 or they
will face a new Plastic Packaging Tax. Hypnos bio-PE fits the bill and might help to reduce packaging going to landfill and
incineration while stimulating an increased demand for recycled plastics.
Hypnos has trialled their new packaging on selected mattresses and beds for several months and from November 2020 has
been rolling it out across its entire range. An essential part of the process is the removal and return of the packaging by Hypnos’
delivery partners as this allows it to be returned and recycled in perpetuity. As a result, Hypnos is taking back its new packaging
from retailers and hospitality partners wherever possible so that it can once again be recycled. AT
www.hypnoscontractbeds.com

Cellulose-based kitchen products
Orthex, a leading Nordic manufacturer of durable household goods, is the first company to launch durable products made of
cellulose-based Woodly® plastic. Until now, Woodly has become known for its environmentally friendly product packaging. The
joint project between Orthex and Woodly to utilise wood-based plastic in kitchen boxes is a new development area, combining
the core competencies of the two Finnish companies.
These products, manufactured from wood-based plastic, will be launched during 2021. They will be available for sale in
Orthex Group’s online store as well as in selected retail stores.
“Social responsibility is a vital part of our corporate culture and it requires
concrete actions from us. The Woodly product line is a good example of this.
What makes us particularly interested in the material is that it is transparent,
despite being bio-based,” says Alexander Rosenlew, CEO of Orthex.
“Orthex Group aims to have a carbon-neutral production by 2030, which
is quite an ambitious goal for a company that mainly utilizes plastics.
Cooperation with Woodly is one step towards this goal,” Rosenlew continues.
A more detailed look at Woodly as a company, as well as their material, can
be found in issue 02/2020 of bM. AT
www.woodly.com | www.orthexgroup.fi
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Biodegradable tree shelters
Biome Bioplastics (Southampton, UK), one of the UK’s
leading developers of intelligent, natural plastics has teamed
up with Suregreen (Halstead, UK), a leading supplier of
tree shelters to end the plastic pollution caused by tree
shelters. Suregreen’s team has extensive experience in
the manufacture and use of tree shelters and has involved
its forestry customers from the get-go in designing and
assessing the product.
Biome recently announced the successful completion of
its three-month feasibility project to develop and test a new
generation of biodegradable tree shelters using biobased and
biodegradable plastics.
Tree shelters protect young trees and bushes from
predation by animals. They are a well-proven and economic
route to limiting losses in the first five years of a tree’s life.
Traditionally made from conventional plastics, the majority
of such shelters are never collected and eventually litter the
environment with microplastics.

In the UK, around 45 million trees are planted each year,
most of those using non-biodegradable tree shelters for
protection, with an estimated 2,500 tonnes of persistent
plastics ending up annually in the natural environment after
use. Plans to significantly increase tree planting as part of the
UK’s drive to mitigate climate change will exacerbate these
problems.
The polymers that Biome are using in this project are biobased and biodegradable. Some are novel and represent some
of the results of over six years and EUR 7.3 million of directed
investment in research collaborations between Biome and a
number of the UK’s leading universities. The development of
biodegradable tree shelters is the first potential commercial
application arising from this collaborative group’s endeavours.
The polymers used in this particular project are partly based
on furandicarboxylic acid (FDCA) monomeric building blocks.
Biome’s goal was to design shelters that provide marketleading protection to growing trees that don’t hinder growth
as trees reach maturity and then completely biodegrading
in soil (with no microplastics or toxicological effects) if not
collected. AT
https://biomebioplastics.com | www.sure-green.com

Info
See a video-clip at:
https://vimeo.com/494238613

Fully compostable packaging
for technical cycling wear
The cycling wear producer Santini (Lallio,
Italy) has chosen new eco-friendly packaging
for 2021: its technical cycling wear will be
presented in wrappers made by TIPA, (Hod
HaSharon, Israel), an international company
that has set the benchmark in compostable
packaging. This environmentally friendly
choice is part of a broader company strategy
that spans everything from prioritising Zero
Miles suppliers to manufacturing using
recycled fabrics.
This latest decision is part of a target
environmental awareness strategy that has always been a
powerful part of Santini’s corporate ethos. The company has
consistently chosen fabric from suppliers in its local area, such
as Sitip and Carvico, both based in Bergamo, and is committed
to producing more of its output using recycled yarn. The kits
Santini supplies to the Trek-Segafredo men’s and women’s
professional teams, the official Granfondo Stelvio Santini
jersey and some of its 2021 summer collections all feature
fabrics made from recycled and recovered waste materials.
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Furthermore, from the 2021 UCI Cyclo-Cross
World Championships, World Champion
jerseys for all disciplines will be made from
recycled fabrics supplied by Polartec.
Tipa developed their biodegradable
packaging in 2010, all products are
compostable, and are between 20-80%
biobased. The remaining percentage is made
of fully compostable fossil-based polymers.
They are always looking for ways to use more
biobased material, but never at the expense of
a compostable end-of-life.
Tipa’s packaging can be thrown in domestic composite
bins (where legislation permits this) – in the wet waste – and
will then disintegrate within six months and fully biodegrade
within a year. Tipa abides by standards of compostability,
including EN 13432, ASTM D6400, and ISO 17088 and TÜV OK
Compost home. AT
www.santinicycling.com | https://tipa-corp.com

Bio-based Building Blocks and
Polymers – Global Capacities,
Production and Trends 2020 – 2025
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Authors: Pia Skoczinski, Michael Carus, Doris de Guzman,
Harald Käb, Raj Chinthapalli, Jan Ravenstijn, Wolfgang Baltus
and Achim Raschka
January 2021
This and other reports on renewable carbon are available at
www.renewable-carbon.eu/publications

Authors: Pauline Ruiz, Achim Raschka, Pia Skoczinski,
Jan Ravenstijn and Michael Carus, nova-Institut GmbH, Germany

Authors: Pia Skoczinski, Franjo Grotenhermen, Bernhard Beitzke,
Michael Carus and Achim Raschka

January 2021

January 2021

This and other reports on renewable carbon are available at
www.renewable-carbon.eu/publications

This and other reports on renewable carbon are available at
www.renewable-carbon.eu/publications

Author: Lars Krause, Florian Dietrich, Pia Skoczinski,
Michael Carus, Pauline Ruiz, Lara Dammer, Achim Raschka,
nova-Institut GmbH, Germany
November 2020
This and other reports on the bio- and CO2-based economy are
available at www.bio-based.eu/reports

THE BEST MARKET REPORTS AVAILABLE

Bio- and CO2-based Polymers & Building Blocks
Commercialisation updates on
bio-based building blocks

Succinic acid – From a promising
building block to a slow seller

Levulinic acid – A versatile platform
chemical for a variety of market applications
Global market dynamics, demand/supply, trends and
market potential

What will a realistic future market look like?
Pharmaceutical/Cosmetic

Bio-based building blocks
Evolution of worldwide production capacities from 2011 to 2024

■
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Production capacities (million tonnes)
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Preservative for toiletries
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■

HO

Standards and labels for
bio-based products
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Microencapsulation of ﬂavouring oils
Preservative (chicken, dog food)
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Used in synthesis of modiﬁed starch

■
■

■
■
■
■
■
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Engineering plastics and epoxy curing
agents/hardeners
Herbicides, fungicides, regulators of plantgrowth
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Plasticizer (replaces phtalates, adipic acid)
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Solvents, lubricants
Surface cleaning agent
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■
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■
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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

Author:
Doris de Guzman, Tecnon OrbiChem, United Kingdom

Authors: Achim Raschka, Pia Skoczinski, Raj Chinthapalli,
Ángel Puente and Michael Carus, nova-Institut GmbH, Germany

Authors: Raj Chinthapalli, Ángel Puente, Pia Skoczinski,
Achim Raschka, Michael Carus, nova-Institut GmbH, Germany

Authors: Lara Dammer, Michael Carus and Dr. Asta Partanen
nova-Institut GmbH, Germany

Updated Executive Summary and Market Review May 2020 –
Originally published February 2020

October 2019

October 2019

May 2017

This and other reports on the bio-based economy are available at
www.bio-based.eu/reports

This and other reports on the bio-based economy are available at
www.bio-based.eu/reports

This and other reports on the bio-based economy are available at
www.bio-based.eu/reports

Market study on the consumption
of biodegradable and compostable
plastic products in Europe
2015 and 2020

Brand Views and Adoption of
Bio-based Polymers

Wood-Plastic Composites (WPC)
and Natural Fibre Composites (NFC)

This and other reports on the bio- and CO2-based economy are
available at www.bio-based.eu/reports

Bio-based polymers, a revolutionary change
Comprehensive trend report on PHA, PLA, PUR/TPU, PA
and polymers based on FDCA and SA: Latest developments,
producers, drivers and lessons learnt

European and Global Markets 2012 and
Future Trends in Automotive and Construction

A comprehensive market research report including
consumption ﬁgures by polymer and application types
as well as by geography, plus analyses of key players,
relevant policies and legislation and a special feature on
biodegradation and composting standards and labels

Fff
Bio-based
polymers,
a revolutionary change

Bestsellers

Jan Ravenstijn
March 2017

Picture: Gehr Kunststoffwerk
E-mail: j.ravenstijn@kpnmail.nl
Mobile: +31.6.2247.8593

Author: Jan Ravenstijn, Jan Ravenstijn Consulting, the Netherlands
April 2017
This and other reports on the bio-based economy are available at
www.bio-based.eu/reports
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Authors: Harald Kaeb (narocon, lead), Florence Aeschelmann,
Lara Dammer, Michael Carus (nova-Institute)
April 2016
This and other reports on the bio-based economy are available at
www.bio-based.eu/reports

Author: Dr. Harald Kaeb, narocon Innovation Consulting, Germany
January 2016
This and other reports on the bio-based economy are available at
www.bio-based.eu/reports

Authors: Michael Carus, Dr. Asta Eder, Lara Dammer, Dr. Hans Korte,
Lena Scholz, Roland Essel, Elke Breitmayer, Martha Barthn
This and other reports on the bio-based economy are available at
www.bio-based.eu/reports

www.renewable-carbon.eu/publications
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Enzymes
as catalysts for bioplastic production and deconstruction

E

nzymes are proteins that act as biological catalysts
(biocatalysts). Catalysts accelerate chemical
reactions. The molecules upon which enzymes
act are called substrates or reactants and the enzyme
converts the substrates into different molecules known as
products. Almost all metabolic processes in the cell need
enzyme catalysis to occur at rates fast enough to sustain
life. Enzymes are known to catalyse more than 5,000
biochemical reactions. Enzymes are like any other catalyst
and are not consumed in chemical reactions [1].

Enzymes are ubiquitous in nature and catalyse a plethora
of useful reactions. Enzymes are involved in the breakdown
of our food to generate the energy for our life. Some enzymes
are used commercially in the synthesis of antibiotics. Some
household products use enzymes to speed up chemical
reactions. Enzymes in biological washing powder, for
example, break down protein, starch, or fat stains on
clothes. Enzymes in meat tenderizer break down proteins
into smaller molecules making the meat easier to chew.
Industrially, enzymes are used to make low-calorie beer, to
clarify fruit juices, to remove proteins on contact lenses to
prevent infections, to produce Camembert cheese and blue
cheeses such as Roquefort – to name just a few [1].
Some enzymes can be used to produce or to degrade
certain (bio) plastics. The following text by Alankar Vaidya
and Marc Gaugler goes into detail about this topic. MT

By:
Alankar Vaidya and Marc Gaugler
Scion (former Forest Research Institute),
Rotorua, New Zealand

As shown in Fig. 1a some enzyme reactions are reversible
and the equilibrium can be regulated by altering the
reaction conditions such as type of solvent used, enzyme
water activity, reaction stoichiometry, etc. One can drive
enzymatic reactions toward synthesis or hydrolysis of
the products by engineering the reaction medium. For
any biochemical reaction, a minimum activation energy
barrier must be surmounted by the reactants to form the
corresponding products. As shown in the cartoon (Fig. 1b),
in the presence of enzymes, this activation energy barrier is
remarkably reduced thereby more reactant molecules (dry
frogs) can easily reach product stage (wet frogs) giving a
high conversion rate [3].

Biopolymer

The bioplastic industry by obtaining its building blocks
from bio-based feedstocks can eliminate fossil resources
from its value-chain. The application of enzymes in the
production, modification, and deconstruction of biobased feedstock will enable environmentally sustainable
production and use of bioplastics.

Enzyme biocatalysts
Enzymes are biological catalysts with a high reaction
specificity and selectivity. They can perform synthesis
at ambient temperature and pressure unlike chemical
catalysts. Enzymes are environmentally friendly, have low
toxicity, and high catalytic precision developed over millions
of years of evolutionary processes. Biopolymers with welldefined structures can be synthesized by enzyme-catalysed
processes. In contrast, attempts to attain similar levels of
polymer structure control by conventional chemical catalysis
require undesirable protection-deprotection steps [2].
Enzymes can be applied in different forms to generate or
degrade bioplastics – when inside the bacterial cells used in
biopolymer (e.g. polyhydroxyalkanoates) synthesis, as a cell
free catalyst in esterification, transesterification, and other
chemical reactions to produce biopolymers, to generate
biobased feedstocks which can be used in bioplastic
production, and to degrade the bioplastic at the end-of-life.
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Figure 1 (top) Enzyme is a reversible catalyst
(bottom) Enzyme reduces activation energy of a reaction

Medium
Engineering

Basics
Table 2: Important reviews published in the past 20 years on
enzyme catalysed biopolymer synthesis

Enzymes in bioplastic synthesis and hydrolysis
Different classes of enzymes can be used in the synthesis
and hydrolysis of various types of biopolymers (Table 1).
This could have future applications in waste treatment
and biodegradation of bioplastics. The most interesting
bioplastics/biopolymers synthesized using enzymes are
polyhydroxyalkanoates,
polylactide,
polycaprolactone,
polyethylene furanoate, and other polyesters, polyamines,
polysaccharides, proteins, etc. For more than 20 years,
science, research, and development has looked at utilising
the potential of enzyme-catalysed reactions (Table 2).

Sr No

Enzyme type

Biopolymers

Oxidoreductases

"peroxidase, oxygen
reductasease,"

"Polyphenols,
polyanilines,
vinyl polymers"

Transferases

Carbohydrolase,
cyclase

"Polysaccharides,
cyclic
oligosaccharides"

Hydrolases

Lipase, protease,
esterase

Polysaccharides,
poly(amino acid)
s‚ polyamides,
polyesters,
polycarbonates

Isomerases

Racemase, epimerase

Lyases

Aldolase,
decarboxylase

Ligases

Ligase

1

2

Enzyme catalysed synthesis
Lipase-catalysed ringof polyesters. Varma, LK.
opening polymerization and
Albertsson, A-C. Rajkhowa,
copolymerization of oxiranes
R. Srivastava, R.K. Progress
with dicarboxylic acid
in Polymer Science 2005,
anhydrides
30:949-981.

3

Enzymatic Polymer
Synthesis: An opportunityfor
Enzymatic polymer synthesis
green polymer chemistry.
and modifications
Kobayashi, S and Makino‚ A.
2009, 109:5288—5353.

4

Polymer synthesis by
enzymatic catalysis.
Enzyme catalysed biobased
Kadokawa, J-l. Kobayashi, S.
polyesters and polyamides
Current Opinion in Chemical
Biology 2010, 14:145- 153.

5

Enzymatic synthesis of
biobased polyesters and
polyamides. Jiang, Y. and
Loos, K. Polymers 2016, 8,
243.

Enzyme catalysed biobased
polyesters and polyamides

6

A review on enzymatic
polymerization to produce
polycondensation
polymerszThe case of
aliphatic polyesters,
polyamidesand
polyesteramides. Douka, A.
Vouyiouka, S. Papaspyridi,
L-M. Papaspyrides, C.D.
Progress in Polymer Science
2018, 79:1-25.

Lipase and cutinase
catalysed synthesis of
aliphaticpolyesters,
polyamidesand
polyesteramides and the
reaction conditions

Polyesters

For example, papain (enzyme class – hydrolases, typeprotease) catalysed regioselective synthesis of L-glutamic
acid oligomers which are used in the therapeutics [4].
Later, Candida antarctica lipase B (enzyme class –
hydrolases) immobilized on synthetic support [5] and selfimmobilised without support [6] were used in the synthesis
and degradation of polycaprolactone, a biomedical
bioresorbable polymer. In both these examples, a medium
engineering approach was used to fine-tune reaction
equilibrium towards synthesis or hydrolysis of the polymer
product. A common misperception is that enzymes can only
be used in aqueous reaction systems, limiting their range of
applications. However, enzyme-catalysed reactive extrusion
has been shown as a feasible solvent-free route for bioplastic
polymerisation [7]. Owing to high specificity of enzymes
they can be used in enzyme catalysed reactive extrusion
for selective modification of polymers. One example is the
selective esterification and amidation reactions in grafting
of polycaprolactone on chitosan producing a biodegradable
copolymer [8].

Why to read for

Polymer Synthesis by In Vitra
Lipase and peroxidase
Enzyme Catalysis. Gross,
catalysed polymer synthesis,
R.A. Kumar, A. Kalra, B.
reaction kinetics and
Chem. Rev. 2001, 101:2097—
optimization
2124.

Table 1: Different enzyme classes used in biopolymer synthesis
Enzyme class

Reference

Challenges and future perspectives in enzyme
catalysed biopolymer synthesis
Enzymatic polymerisation is a powerful and versatile tool
for the production of biopolymers with different chemical
compositions (aliphatic and semi-aromatic polymers) with
varied architecture (linear, branched, and hyperbranched
polymers) and diverse functionalities (pendant hydroxyl
groups, carbon–carbon double bonds, epoxy groups, and
so on). The enzyme catalysed processes offer novel routes
that will enable future processing and materials required to
transition towards a more sustainable bioeconomy.
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To enable widespread uptake and full economic and
environmental benefits, further research advances are
needed:
 Enzyme takes long reaction time to achieve high
molecular weight biopolymers – To overcome this, an
interdisciplinary approach to design and implement
the best polymerisation route in the early stage of the
process development.
 Concepts from bioreaction engineering need to be
applied to increase the scalability of enzyme catalysed
reactions.
 Recombinant high-expression enzymes in suitable
microbial hosts will be needed to reduce enzyme costs.
 Suitable immobilisation strategies need to be employed
to ensure that enzyme catalysts can be recovered and
recycled efficiently.
 The development of recombinant enzymes with high
catalytic efficiency or stability in chemo-enzymatic
reaction systems will increase reaction yields and
improve process economics.
Despite limitations of enzyme-mediated biopolymer
synthesis, there are a number of manufacturers, poised
for commercial applications of biopolymers, especially in
the cosmetic and medical fields. Higher value specialty
biopolymers will be commercially produced in the
near future via an enzyme catalysis route due to the
rapid development in the biotechnology and enzymatic
polymerisation techniques. However, the application of

enzymes in the commercial manufacturing of biobased
commodity polymers, engineering plastics, and highperformance polymers is in the arly stages of development
and will require more work before realisation in the market.
Leveraging enzyme technology available in the food, feed,
and biorefinery sectors in the bioplastics and biomaterials
production has the potential to solve many of the above
challenges and change how materials of the future are
made and recycled.
References
[1] N.N.; Enzymes, Wikipedia, https://en.wikipedia.org/wiki/Enzyme,
accessed on 20 Jan 2021.
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Brand Owner

A Brand-Owner’s perspective
on bioplastics and how to
unleash its full potential
Yum China Holdings, Inc. the Shanghai based licensee of Yum! Brands
in mainland China announced that it has launched a series of plastic
reduction and environmentally friendly packaging initiatives across
its brands in line with the latest regulations in China. As a result of
these initiatives, Yum China expects a reduction of approximately 8,000
tonnes of non-degradable plastics annually starting from 2021. Brands
include (among others) KFC, Pizza Hut, and Taco Bell.
From January 2021, over 50 % of KFC restaurants in mainland
China will replace non-degradable plastic bags used for delivery and
takeaway with either paper bags or biodegradable plastic bags. By
the end of 2025, all KFC restaurants will phase out non-degradable
plastic bags and cutlery in mainland China. Pizza Hut is already a
step further, as 70 % of all Pizza Hut restaurants in mainland China
have already replaced existing plastic bags with paper bags or
biodegradable plastic bags at the end of 2020. Building on these
achievements, Pizza Hut will eliminate the use of non-degradable
plastic bags by the end of 2022.

Joey Wat, CEO of
Yum China
Photo Provided by
Yum China, CC BY
4.0

“The new plastic reduction initiatives reinforce our sustainability
strategy to drive meaningful change through packaging innovation and
reduction,” said Joey Wat, CEO of Yum China. “In line with our longterm commitment to supporting economic, social and environmental
development, we are committed to working with customers, partners,
and all other stakeholders to promote a more sustainable future.”
In addition to complying with regulatory requirements, these latest
actions reflect Yum China’s company-wide packaging strategy that
aims to reduce disposable packaging with new packaging solutions,
new materials, as well as innovative technologies. The strategy
includes ensuring that all customer-facing, plastic-based packaging
is recyclable, refusing to purchase paper products from suppliers that
knowingly cause deforestation, and working towards a 30 % reduction
on non-degradable plastic packaging weight by 2025. AT

http://ir.yumchina.com
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In January 2021, Srikanth Pilla,
now Clemson University,
Greenville, South Carolina, USA said:
“The study, conceived about 10 years ago,
was timely back then when the need for
biobased and biodegradable/compostable
packaging materials including foams was in
high demand. Today they almost became certain. With the emergence of circularity, plastics
being biobased and/or biodegradable has become a necessity that their presence is more
authenticated now. While a commercial potential is yet to be realized, my own lab has started
to constitute more advancements in this field that is
much closer to commercialization.”

tinyurl.com/pbatfoam2011

www.clemson.edu

Foam

Biodegradable
PLA/PBAT Foams
Article contributed by
Srikanth Pilla, George K. Auer, Shaoqin Gong
University of Wisconsin, USA
Seong G. Kim,		Chul B. Park,
University of Toronto, CA

Figure 2: Volume Expansion Ratio vs Temperature
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Figure 3: Open Cell Content vs Temperature
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Glossary 4.5

last update issue 01/2021

In bioplastics MAGAZINE the same terms and expressions
appear again and again. To avoid repeated explanations of
terms such as PLA (polylactic acid) in various articles, we
created this glossary. Its purpose is to provide an overview
of relevant terminology of the bioplastics industry.
Since this glossary will not be printed
in each issue you can download a pdf
version from our website (bit.ly/OunBB0).
bioplastics MAGAZINE is grateful to European Bioplastics for the permission to use parts of their Glossary.
Version 4.0 was revised using EuBP’s latest version (Jan 2015).
bM ... refers to more comprehensive article previously published in bioplastics MAGAZINE

Bioplastics (as defined by European Bioplastics e.V.) is a term used to define two different
kinds of plastics:
a. Plastics based on → renewable resources
(the focus is the origin of the raw material
used). These can be biodegradable or not.
b. → Biodegradable and → compostable plastics according to EN13432 or similar standards (the focus is the compostability of the
final product; biodegradable and compostable plastics can be based on renewable
(biobased) and/or non-renewable (fossil) resources).
Bioplastics may be
- based on renewable resources and biodegradable;
- based on renewable resources but not be
biodegradable; and
- based on fossil resources and biodegradable.
1 Generation feedstock | Carbohydrate-rich
plants such as corn or sugar cane that can
also be used as food or animal feed are called
food crops or 1st generation feedstock. Bred
by mankind over centuries for highest energy
efficiency, currently, 1st generation feedstock
is the most efficient feedstock for the production of bioplastics as it requires the least
amount of land to grow and produce the highest yields. [bM 04/09]
st

2nd Generation feedstock | refers to feedstock
not suitable for food or feed. It can be either
non-food crops (e.g. cellulose) or waste materials from 1st generation feedstock (e.g.
waste vegetable oil). [bM 06/11]
3rd Generation feedstock | This term currently
relates to biomass from algae, which – having a higher growth yield than 1st and 2nd generation feedstock – were given their own category. It also relates to bioplastics from waste
streams such as CO2 or methane. [bM 02/16]
Aerobic digestion | Aerobic means in the
presence of oxygen. In → composting, which
is an aerobic process, → microorganisms access the present oxygen from the surrounding
atmosphere. They metabolize the organic material to energy, CO2, water and cell biomass,
whereby part of the energy of the organic material is released as heat. [bM 03/07, bM 02/09]
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Anaerobic digestion | In anaerobic digestion, organic matter is degraded by a microbial population in the absence of oxygen
and producing methane and carbon dioxide
(= → biogas) and a solid residue that can be
composted in a subsequent step without
practically releasing any heat. The biogas can
be treated in a Combined Heat and Power
Plant (CHP), producing electricity and heat, or
can be upgraded to bio-methane [14]. [bM 06/09]
Amorphous | Non-crystalline, glassy with unordered lattice
Amylopectin | Polymeric branched starch
molecule with very high molecular weight
(biopolymer, monomer is → glucose). [bM 05/09]
Amylose | Polymeric non-branched starch
molecule with high molecular weight (biopolymer, monomer is → glucose). [bM 05/09]
Biobased | The term biobased describes the
part of a material or product that is stemming
from → biomass. When making a biobasedclaim, the unit (→ biobased carbon content,
→ biobased mass content), a percentage and
the measuring method should be clearly stated [1].
Biobased carbon | Carbon contained in or
stemming from → biomass. A material or
product made of fossil and → renewable resources contains fossil and → biobased carbon.
The biobased carbon content is measured via
the 14C method (radiocarbon dating method)
that adheres to the technical specifications as
described in [1,4,5,6].
Biobased labels | The fact that (and to
what percentage) a product or a material is
→ biobased can be indicated by respective
labels. Ideally, meaningful labels should be
based on harmonised standards and a corresponding certification process by independent third-party institutions. For the property
biobased such labels are in place by certifiers → DIN CERTCO and → TÜV Austria who
both base their certifications on the technical
specification as described in [4,5].
A certification and the corresponding label
depicting the biobased mass content was developed by the French Association Chimie du
Végétal [ACDV].

Biobased mass content | describes the
amount of biobased mass contained in a
material or product. This method is complementary to the 14C method, and furthermore,
takes other chemical elements besides the
biobased carbon into account, such as oxygen, nitrogen and hydrogen. A measuring
method has been developed and tested by the
Association Chimie du Végétal (ACDV) [1].
Biobased plastic | A plastic in which constitutional units are totally or partly from →
biomass [3]. If this claim is used, a percentage should always be given to which extent the product/material is → biobased [1].
[bM 01/07, bM 03/10]

Biodegradable Plastics | are plastics that are
completely assimilated by the → microorganisms present a defined environment as food
for their energy. The carbon of the plastic
must completely be converted into CO2 during
the microbial process.
The process of biodegradation depends on
the environmental conditions, which influence
it (e.g. location, temperature, humidity) and
on the material or application itself. Consequently, the process and its outcome can vary
considerably. Biodegradability is linked to the
structure of the polymer chain; it does not depend on the origin of the raw materials.
There is currently no single, overarching standard to back up claims about biodegradability.
One standard, for example, is ISO or in Europe: EN 14995 Plastics - Evaluation of compostability - Test scheme and specifications.
[bM 02/06, bM 01/07]

Biogas | → Anaerobic digestion
Biomass | Material of biological origin excluding material embedded in geological formations and material transformed to fossilised
material. This includes organic material, e.g.
trees, crops, grasses, tree litter, algae and
waste of biological origin, e.g. manure [1, 2].
Biorefinery | the co-production of a spectrum
of bio-based products (food, feed, materials,
chemicals including monomers or building
blocks for bioplastics) and energy (fuels, power, heat) from biomass. [bM 02/13]
Blend | Mixture of plastics, polymer alloy of at
least two microscopically dispersed and molecularly distributed base polymers.
Bisphenol-A (BPA) | Monomer used to produce different polymers. BPA is said to cause
health problems, it behaves like a hormone.
Therefore, it is banned for use in children’s
products in many countries.
BPI | Biodegradable Products Institute, a notfor-profit association. Through their innovative compostable label program, BPI educates
manufacturers, legislators and consumers
about the importance of scientifically based
standards for compostable materials which
biodegrade in large composting facilities.
Carbon footprint | (CFPs resp. PCFs – Product Carbon Footprint): Sum of → greenhouse
gas emissions and removals in a product system, expressed as CO2 equivalent, and based
on a → Life Cycle Assessment. The CO2 equivalent of a specific amount of greenhouse gas
is calculated as the mass of a given greenhouse gas multiplied by its → global warming
potential [1,2,15].

Carbon neutrality can also be achieved by
buying sufficient carbon credits to make up
the difference. The latter option is not allowed
when communicating → LCAs or carbon footprints regarding a material or product [1, 2].
Carbon-neutral claims are tricky as products
will not in most cases reach carbon neutrality
if their complete life cycle is taken into consideration (including the end-of-life).
If an assessment of a material, however, is
conducted (cradle-to-gate), carbon neutrality
might be a valid claim in a B2B context. In this
case, the unit assessed in the complete life
cycle has to be clarified [1].
Cascade use | of → renewable resources means
to first use the → biomass to produce biobased
industrial products and afterwards – due to
their favourable energy balance – use them
for energy generation (e.g. from a biobased
plastic product to → biogas production). The
feedstock is used efficiently and value generation increases decisively.
Catalyst | Substance that enables and accelerates a chemical reaction.
Cellophane | Clear film based on → cellulose.
[bM 01/10]

Cellulose | is the principal component of
cell walls in all higher forms of plant life, at
varying percentages. It is therefore the most
common organic compound and also the
most common polysaccharide (multi-sugar)
[11]. Cellulose is a polymeric molecule with
very high molecular weight (monomer is
→ gucose), industrial production from wood
or cotton, to manufacture paper, plastics and
fibres. [bM 01/10]
Cellulose ester | occurs by the esterification
of cellulose with organic acids. The most important cellulose esters from a technical point
of view are cellulose acetate (CA with acetic
acid), cellulose propionate (CP with propionic
acid) and cellulose butyrate (CB with butanoic
acid). Mixed polymerisates, such as cellulose
acetate propionate (CAP) can also be formed.
One of the most well-known applications of
cellulose aceto butyrate (CAB) is the moulded
handle on the Swiss army knife [11].
Cellulose acetate CA | → Cellulose ester
CEN | Comité Européen de Normalisation
(European organisation for standardization).
Certification | is a process in which materials/products undergo a string of (laboratory)
tests to verify that they fulfil certain requirements. Sound certification systems should
be based on (ideally harmonised) European
standards or technical specifications (e.g. by
→ CEN, USDA, ASTM, etc.) and be performed
by independent third-party laboratories. Successful certification guarantees high product
safety - also on this basis, interconnected labels can be awarded that help the consumer
to make an informed decision.

Compost | A soil conditioning material of decomposing organic matter which provides nutrients and enhances soil structure.
[bM 06/08, 02/09]

Compostable Plastics | Plastics that are
→ biodegradable under → composting conditions: specified humidity, temperature,
→ microorganisms and time frame. To make
accurate and specific claims about compostability, the location (home, → industrial)
and time frame need to be specified [1].
Several national and international standards
exist for clearer definitions, for example EN
14995 Plastics - Evaluation of compostability Test scheme and specifications. [bM 02/06, bM 01/07]
Composting | is the controlled → aerobic, or
oxygen-requiring, decomposition of organic
materials by → microorganisms, under controlled conditions. It reduces the volume and
mass of the raw materials while transforming
them into CO2, water and a valuable soil conditioner – compost.
When talking about composting of bioplastics, foremost → industrial composting in a
managed composting facility is meant (criteria defined in EN 13432).
The main difference between industrial and
home composting is, that in industrial composting facilities temperatures are much
higher and kept stable, whereas in the composting pile temperatures are usually lower,
and less constant as depending on factors
such as weather conditions. Home composting is a way slower-paced process than
industrial composting. Also, a comparatively
smaller volume of waste is involved. [bM 03/07]
Compound | Plastic mixture from different raw materials (polymer and additives).
[bM 04/10).

Copolymer | Plastic composed of different
monomers.
Cradle-to-Gate | Describes the system
boundaries of an environmental → Life Cycle
Assessment (LCA) which covers all activities
from the cradle (i.e., the extraction of raw materials, agricultural activities and forestry) up
to the factory gate.
Cradle-to-Cradle | (sometimes abbreviated
as C2C): Is an expression which communicates the concept of a closed-cycle economy, in which waste is used as raw material
(‘waste equals food’). Cradle-to-Cradle is not
a term that is typically used in → LCA studies.
Cradle-to-Grave | Describes the system
boundaries of a full → Life Cycle Assessment
from manufacture (cradle) to use phase and
disposal phase (grave).
Crystalline | Plastic with regularly arranged
molecules in a lattice structure.
Density | Quotient from mass and volume of a
material, also referred to as specific weight .
DIN | Deutsches Institut für Normung (German organisation for standardization).
DIN-CERTCO | Independent certifying organisation for the assessment on the conformity
of bioplastics.
Dispersing | Fine distribution of non-miscible
liquids into a homogeneous, stable mixture.
Drop-In bioplastics | are chemically identical to conventional petroleum-based plastics
but made from renewable resources. Exam-

ples are bio-PE made from bio-ethanol (from
e.g. sugar cane) or partly biobased PET; the
monoethylene glycol made from bio-ethanol
(from e.g. sugar cane). Developments to
make terephthalic acid from renewable resources are underway. Other examples are
polyamides (partly biobased e.g. PA 4.10 or
PA 6.10 or fully biobased like PA 5.10 or PA11).
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Carbon neutral, CO2 neutral | describes a
product or process that has a negligible impact on total atmospheric CO2 levels. For
example, carbon neutrality means that any
CO2 released when a plant decomposes or
is burnt is offset by an equal amount of CO2
absorbed by the plant through photosynthesis
when it is growing.

EN 13432 | European standard for the assessment of the → compostability of plastic
packaging products.
Energy recovery | Recovery and exploitation
of the energy potential in (plastic) waste for
the production of electricity or heat in waste
incineration plants (waste-to-energy).
Environmental claim | A statement, symbol
or graphic that indicates one or more environmental aspect(s) of a product, component,
packaging or service [16].
Enzymes | are proteins that catalyze chemical
reactions. ( bM 01/21)
Enzyme-mediated plastics | are not → bioplastics. Instead, a conventional non-biodegradable plastic (e.g. fossil-based PE) is
enriched with small amounts of an organic
additive. Microorganisms are supposed to
consume these additives and the degradation process should then expand to the nonbiodegradable PE and thus make the material
degrade. After some time the plastic is supposed to visually disappear and to be completely converted to carbon dioxide and water.
This is a theoretical concept which has not
been backed up by any verifiable proof so far.
Producers promote enzyme-mediated plastics as a solution to littering. As no proof for
the degradation process has been provided,
environmental beneficial effects are highly
questionable.
Ethylene | Colour- and odourless gas, made
e.g. from, Naphtha (petroleum) by cracking or
from bio-ethanol by dehydration. The monomer of the polymer polyethylene (PE).
European Bioplastics e.V. | The industry association representing the interests of Europe’s thriving bioplastics’ industry. Founded
in Germany in 1993 as IBAW, European
Bioplastics today represents the interests
of about 50 member companies throughout
the European Union and worldwide. With
members from the agricultural feedstock,
chemical and plastics industries, as well as
industrial users and recycling companies, European Bioplastics serves as both a contact
platform and catalyst for advancing the aims
of the growing bioplastics industry.
Extrusion | Process used to create plastic
profiles (or sheet) of a fixed cross-section
consisting of mixing, melting, homogenising
and shaping of the plastic.
FDCA | 2,5-furandicarboxylic acid, an intermediate chemical produced from 5-HMF.
The dicarboxylic acid can be used to make →
PEF = polyethylene furanoate, a polyester that
could be a 100% biobased alternative to PET.
Fermentation | Biochemical reactions controlled by → microorganisms or → enzymes (e.g.
the transformation of sugar into lactic acid).
FSC | The Forest Stewardship Council is an
independent, non-governmental, not-forprofit organization established to promote the
responsible and sustainable management of
the world’s forests.
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Gelatine | Translucent brittle solid substance,
colourless or slightly yellow, nearly tasteless
and odourless, extracted from the collagen
inside animals‘ connective tissue.
Genetically modified organism (GMO) | Organisms, such as plants and animals, whose
genetic material (DNA) has been altered
are called genetically modified organisms
(GMOs). Food and feed which contain or
consist of such GMOs, or are produced from
GMOs, are called genetically modified (GM)
food or feed [1]. If GM crops are used in bioplastics production, the multiple-stage processing and the high heat used to create the
polymer removes all traces of genetic material. This means that the final bioplastics product contains no genetic traces. The resulting
bioplastics are therefore well suited to use in
food packaging as it contains no genetically
modified material and cannot interact with
the contents.
Global Warming | is the rise in the average temperature of Earth’s atmosphere and
oceans since the late 19th century and its projected continuation [8]. Global warming is said
to be accelerated by → greenhouse gases.
Glucose | is a monosaccharide (or simple
sugar). It is the most important carbohydrate
(sugar) in biology. Glucose is formed by photosynthesis or hydrolyse of many carbohydrates e.g. starch.
Greenhouse gas GHG | Gaseous constituent
of the atmosphere, both natural and anthropogenic, that absorbs and emits radiation at
specific wavelengths within the spectrum of
infrared radiation emitted by the Earth’s surface, the atmosphere, and clouds [1, 9].
Greenwashing | The act of misleading consumers regarding the environmental practices of a company, or the environmental benefits of a product or service [1, 10].
Granulate, granules | Small plastic particles
(3-4 millimetres), a form in which plastic is
sold and fed into machines, easy to handle
and dose.
HMF (5-HMF) | 5-hydroxymethylfurfural is an
organic compound derived from sugar dehydration. It is a platform chemical, a building
block for 20 performance polymers and over
175 different chemical substances. The molecule consists of a furan ring which contains
both aldehyde and alcohol functional groups.
5-HMF has applications in many different
industries such as bioplastics, packaging,
pharmaceuticals, adhesives and chemicals.
One of the most promising routes is 2,5
furandicarboxylic acid (FDCA), produced as an
intermediate when 5-HMF is oxidised. FDCA
is used to produce PEF, which can substitute
terephthalic acid in polyester, especially polyethylene terephthalate (PET). [bM 03/14, 02/16]
Home composting | → composting [bM 06/08]
Humus | In agriculture, humus is often used
simply to mean mature → compost, or natural compost extracted from a forest or other
spontaneous source for use to amend soil.
Hydrophilic | Property: water-friendly, soluble in water or other polar solvents (e.g. used
in conjunction with a plastic which is not waterresistant and weatherproof or that absorbs
water such as polyamide (PA).
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Hydrophobic | Property: water-resistant, not
soluble in water (e.g. a plastic which is waterresistant and weather-proof, or that does not
absorb any water such as polyethylene (PE) or
polypropylene (PP).
Industrial composting | is an established
process with commonly agreed-upon requirements (e.g. temperature, time frame) for
transforming biodegradable waste into stable,
sanitised products to be used in agriculture.
The criteria for industrial compostability of
packaging have been defined in the EN 13432.
Materials and products complying with this
standard can be certified and subsequently
labelled accordingly [1,7]. [bM 06/08, 02/09]
ISO | International Organization for Standardization
JBPA | Japan Bioplastics Association
Land use | The surface required to grow sufficient feedstock for today’s bioplastic production is less than 0.01 % of the global agricultural area of 5 billion hectares. It is not yet
foreseeable to what extent an increased use
of food residues, non-food crops or cellulosic
biomass (see also → 1st/2nd/3rd generation
feedstock) in bioplastics production might
lead to an even further reduced land use in
the future. [bM 04/09, 01/14]
LCA(Life Cycle Assessment) | is the compilation and evaluation of the input, output and the
potential environmental impact of a product
system throughout its life cycle [17]. It is sometimes also referred to as life cycle analysis, ecobalance or cradle-to-grave analysis. [bM 01/09]
Littering | is the (illegal) act of leaving waste
such as cigarette butts, paper, tins, bottles,
cups, plates, cutlery, or bags lying in an open
or public place.
Marine litter | Following the European Commission’s definition, “marine litter consists of
items that have been deliberately discarded,
unintentionally lost, or transported by winds
and rivers, into the sea and on beaches. It
mainly consists of plastics, wood, metals,
glass, rubber, clothing and paper”. Marine
debris originates from a variety of sources.
Shipping and fishing activities are the predominant sea-based, ineffectively managed
landfills as well as public littering the mainland-based sources. Marine litter can pose a
threat to living organisms, especially due to
ingestion or entanglement.
Currently, there is no international standard
available, which appropriately describes the
biodegradation of plastics in the marine environment. However, several standardisation
projects are in progress at ISO and ASTM level. Furthermore, the European project OPEN
BIO addresses the marine biodegradation of
biobased products. [bM 02/16]
Mass balance | describes the relationship between input and output of a specific substance
within a system in which the output from the
system cannot exceed the input into the system.
First attempts were made by plastic raw material producers to claim their products renewable (plastics) based on a certain input
of biomass in a huge and complex chemical
plant, then mathematically allocating this
biomass input to the produced plastic.
These approaches are at least controversially
disputed. [bM 04/14, 05/14, 01/15]

Microorganism | Living organisms of microscopic sizes, such as bacteria, fungi or yeast.
Molecule | A group of at least two atoms held
together by covalent chemical bonds.
Monomer | Molecules that are linked by polymerization to form chains of molecules and
then plastics.
Mulch film | Foil to cover the bottom of farmland.
Organic recycling | means the treatment of
separately collected organic waste by anaerobic digestion and/or composting.
Oxo-degradable / Oxo-fragmentable | materials and products that do not biodegrade!
The underlying technology of oxo-degradability
or oxo-fragmentation is based on special additives, which, if incorporated into standard
resins, are purported to accelerate the fragmentation of products made thereof. Oxodegradable or oxo-fragmentable materials do
not meet accepted industry standards on compostability such as EN 13432. [bM 01/09, 05/09]
PBAT | Polybutylene adipate terephthalate, is
an aliphatic-aromatic copolyester that has the
properties of conventional polyethylene but is
fully biodegradable under industrial composting. PBAT is made from fossil petroleum with
first attempts being made to produce it partly
from renewable resources. [bM 06/09]
PBS | Polybutylene succinate, a 100% biodegradable polymer, made from (e.g. bio-BDO)
and succinic acid, which can also be produced
biobased. [bM 03/12]
PC | Polycarbonate, thermoplastic polyester,
petroleum-based and not degradable, used
e.g. for baby bottles or CDs. Criticized for its
BPA (→ Bisphenol-A) content.
PCL | Polycaprolactone, a synthetic (fossilbased), biodegradable bioplastic, e.g. used as
a blend component.
PE | Polyethylene, thermoplastic polymerised
from ethylene. Can be made from renewable
resources (sugar cane via bio-ethanol). [bM 05/10]
PEF | Polyethylene furanoate, a polyester
made from monoethylene glycol (MEG) and
→ FDCA (2,5-furandicarboxylic acid, an intermediate chemical produced from 5-HMF). It
can be a 100% biobased alternative for PET.
PEF also has improved product characteristics, such as better structural strength and
improved barrier behaviour, which will allow
for the use of PEF bottles in additional applications. [bM 03/11, 04/12]
PET | Polyethylenterephthalate, transparent polyester used for bottles and film. The
polyester is made from monoethylene glycol
(MEG), that can be renewably sourced from
bio-ethanol (sugar cane) and (until now fossil)
terephthalic acid. [bM 04/14]
PGA | Polyglycolic acid or polyglycolide is a
biodegradable, thermoplastic polymer and
the simplest linear, aliphatic polyester. Beside
its use in the biomedical field, PGA has been
introduced as a barrier resin. [bM 03/09]
PHA | Polyhydroxyalkanoates (PHA) are a
family of biodegradable polyesters. As in
many mammals, including humans, that hold
energy reserves in the form of body fat some
bacteria hold intracellular reserves in form of
of polyhydroxyalkanoates. Here the micro-organisms store a particularly high level of energy reserves (up to 80% of their body weight)

PLA | Polylactide or polylactic acid (PLA), a
biodegradable, thermoplastic, linear aliphatic
polyester based on lactic acid, a natural acid,
is mainly produced by fermentation of sugar
or starch with the help of micro-organisms.
Lactic acid comes in two isomer forms, i.e. as
laevorotatory D(-)lactic acid and as dextrorotary L(+)lactic acid.
Modified PLA types can be produced by the
use of the right additives or by certain combinations of L- and D- lactides (stereocomplexing), which then have the required rigidity for
use at higher temperatures [13]. [bM 01/09, 01/12]
Plastics | Materials with large molecular
chains of natural or fossil raw materials, produced by chemical or biochemical reactions.
PPC | Polypropylene carbonate, a bioplastic
made by copolymerizing CO2 with propylene
oxide (PO). [bM 04/12]
PTT | Polytrimethylterephthalate (PTT), partially biobased polyester, is similarly produced
to PET using terephthalic acid or dimethyl
terephthalate and a diol. In this case it is a
biobased 1,3 propanediol, also known as bioPDO. [bM 01/13, 04/20]
Renewable resources | Agricultural raw materials, which are not used as food or feed,
but as raw material for industrial products
or to generate energy. The use of renewable
resources by industry saves fossil resources
and reduces the amount of → greenhouse gas
emissions. Biobased plastics are predominantly made of annual crops such as corn, cereals, and sugar beets or perennial cultures
such as cassava and sugar cane.
Resource efficiency | Use of limited natural
resources in a sustainable way while minimising impacts on the environment. A resource-efficient economy creates more output or value with lesser input.
Seedling logo | The compostability label or
logo Seedling is connected to the standard
EN 13432/EN 14995 and a certification process managed by the independent institutions
→ DIN CERTCO and → TÜV Austria. Bioplastics products carrying the Seedling fulfil the
criteria laid down in the EN 13432 regarding
industrial compostability. [bM 01/06, 02/10]
Saccharides or carbohydrates | Saccharides
or carbohydrates are names for the sugarfamily. Saccharins are monomer or polymer
sugar units. For example, there are known
mono-, di- and polysaccharides. → glucose is
a monosaccaride. They are important for the
diet and produced biology in plants.
Semi-finished products | Pplastic in form of
sheet, film, rods or the like to be further processed into finished products.

Sorbitol | Sugar alcohol, obtained by reduction of glucose changing the aldehyde group
to an additional hydroxyl group. It is used as
a plasticiser for bioplastics based on starch.
Starch | Natural polymer (carbohydrate)
consisting of → amylose and → amylopectin,
gained from maize, potatoes, wheat, tapioca
etc. When glucose is connected to polymerchains in a definite way the result (product) is
called starch. Each molecule is based on 300
-12000-glucose units. Depending on the connection, there are two types known → amylose
and → amylopectin. [bM 05/09]
Starch derivatives | are based on the chemical structure of → starch. The chemical structure can be changed by introducing new functional groups without changing the → starch
polymer. The product has different chemical
qualities. Mostly the hydrophilic character is
not the same.
Starch-ester | One characteristic of every
starch-chain is a free hydroxyl group. When
every hydroxyl group is connected with an
acid the product is starch-ester with different
chemical properties.
Starch propionate and starch butyrate | can
be synthesised by treating the → starch with
propane or butanoic acid. The product structure is still based on → starch. Every based →
glucose fragment is connected with a propionate or butyrate ester group. The product is
more hydrophobic than → starch.
Sustainable | An attempt to provide the best
outcomes for the human and natural environments both now and into the indefinite future.
One famous definition of sustainability is the
one created by the Brundtland Commission,
led by the former Norwegian Prime Minister
G. H. Brundtland. It defined sustainable development as development that ‘meets the
needs of the present without compromising
the ability of future generations to meet their
own needs.’ Sustainability relates to the continuity of economic, social, institutional and
environmental aspects of human society, as
well as the non-human environment.
Sustainable sourcing | of renewable feedstock for biobased plastics is a prerequisite
for more sustainable products. Impacts such
as the deforestation of protected habitats
or social and environmental damage arising from poor agricultural practices must
be avoided. Corresponding certification
schemes, such as ISCC PLUS, WLC or BonSucro, are an appropriate tool to ensure the
sustainable sourcing of biomass for all applications around the globe.
Sustainability | as defined by European Bioplastics, has three dimensions: economic, social and environmental. This has been known
as “the triple bottom line of sustainability”.
This means that sustainable development involves the simultaneous pursuit of economic
prosperity, environmental protection and social equity. In other words, businesses have
to expand their responsibility to include these
environmental and social dimensions. Sustainability is about making products useful to
markets and, at the same time, having societal benefits and lower environmental impact
than the alternatives currently available. It also
implies a commitment to continuous improvement that should result in a further reduction

of the environmental footprint of today’s products, processes and raw materials used.
Thermoplastics | Plastics which soften or
melt when heated and solidify when cooled
(solid at room temperature).
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for when their sources of nutrition become
scarce. By farming this type of bacteria, and
feeding them on sugar or starch (mostly from
maize), or at times on plant oils or other nutrients rich in carbonates, it is possible to
obtain PHA‘s on an industrial scale [11]. The
most common types of PHA are PHB (Polyhydroxybutyrate, PHBV and PHBH. Depending on the bacteria and their food, PHAs with
different mechanical properties, from rubbery
soft trough stiff and hard as ABS, can be produced. Some PHAs are even biodegradable in
soil or in marine environment.

Thermoplastic Starch | (TPS) → starch that
was modified (cooked, complexed) to make it
a plastic resin.
Thermoset | Plastics (resins) which do not
soften or melt when heated. Examples are
epoxy resins or unsaturated polyester resins.
TÜV Austria Belgium | Independent certifying
organisation for the assessment on the conformity of bioplastics (formerly Vinçotte).
Vinçotte | → TÜV Austria Belgium
WPC | Wood Plastic Composite. Composite
materials made of wood fibre/flour and plastics (mostly polypropylene).
Yard Waste | Grass clippings, leaves, trimmings, garden residue.
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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.

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

39 mm

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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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

1.1 bio based monomers

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

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

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

1.2 compounds
PTT MCC Biochem Co., Ltd.
info@pttmcc.com / www.pttmcc.com
Tel: +66(0) 2 140-3563
MCPP Germany GmbH
+49 (0) 211 520 54 662
Julian.Schmeling@mcpp-europe.com
MCPP France SAS
Cardia Bioplastics
+33 (0)2 51 65 71 43
Suite 6, 205-211 Forster Rd
fabien.resweber@mcpp-europe.com
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

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

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

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

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

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
Arkelsedijk 46, P.O. Box 21
4200 AA Gorinchem
The Netherlands
Tel.: +31 183 695 695
Fax.: +31 183 695 604
www.total-corbion.com
pla@total-corbion.com

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

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

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

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

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

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

1.5 PHA

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

4. Bioplastics products

Suppliers Guide

1.6 masterbatches

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

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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Suppliers Guide

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

Bioplastics – Science meets Industry

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

Events

daily updated eventcalendar at
www.bioplasticsmagazine.com

03.03. - 04.03.2021 - online

https://www.ibp-hof.de/fachtagung-bioplastics-science-meetsindustry-2021

9th Conference on CO2-based Fuels and Chemicals

1)

23.03. - 24.03.2021 - online
http://renewable-materials.eu

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

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

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

1st Renewable Materials Conference

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

BIOPOLYMER – Processing & Moulding (new date)
15.06. - 16.06.2021 - Halle, Germany

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

https://polykum.de/biopolymer-mkt-2021

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
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8th European Biopolymer Summit
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https://www.wplgroup.com/aci/event/european-biopolymer-summit/
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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 Mar 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

A COMPLETE RANGE
OF 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
INNOVATIVE
SOLUTIONS
SOLUTIONS FOR
EVERYDAY
EVERYDAY PRODUCTS.
PRODUCTS.

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

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

TRANSPARENT
TRANSPARENT

ODORLESS
ODORLESS PLASTICIZER
PLASTICIZER OK
OKCOMPOST
COMPOST
FREE
HOME
FREE
HOME

FOODFOODCONTACT
CONTACT
GRADE
GRADE

GMO
GMOFREE
FREE

w
ww
ww
w. .bbi iootteecc. .ddee

S002
S002

S002
S002

OFFERING BIOPLASTICS FOR A BETTER LIFE

member of the SPHERE
member of the SPHERE
group of companies
group of companies

LJ Corporate – © JB Mariou – BIOTEC HRA 1183
LJ
Corporate – © JB Mariou – BIOTEC HRA 1183

Made
from starch,
Made from
from
Made
potato
solutions
fromresins
BIOTEC®
BIOPLAST®
BIOPLAST®
are
designed to work on
are designed
existing standard
existing
equipment for blown
equipment
film,
lm, flat
film,
fi
flat film,
film, cast
film,
lm, injection
injection molded
film,
fi
and thermoformed
thermoformed
and
components.
components.
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