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Introduction: Jan Ravenstijn
Experience:
o 22 years Dow Chemical
o 11 years DSM
o 27 years R&D
o 3 years Manufacturing
o 15 years global R&D director executive positions in
engineering plastics, epoxies and elastomers’ businesses

o 3 years USA, 4 years Germany, the rest in the Netherlands
o 3 years New Business Development  Biopolymers platform at DSM
o Contact details: Phone: +31.6.2247.8593 E-mail: j.ravenstijn@kpnmail.nl or
jan.ravenstijn@gopha.org
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Current & recent activities since 2008
o Visiting professor Biopolymers at Eindhoven, Tsinghua and Dublin universities
o Consultant to international (EU, US, Asian, Japan) biopolymer companies and bio-refineries
o Consultant to investment and consulting companies, SMEs and OEMs

o Completed an extensive global bioplastics review paper (January 2010)
o Co-author of a bioplastics book for SMEs (Q1 2011)
o Member of the global expert team on renewable materials of the nova Institute

o Co-author of global market studies of the nova Institute (2013, 2015, 2017, 2018, 2019, 2020)
o Member Scientific Advisory Board Aachen-Maastricht Institute for Bio-Materials (AMIBM)
o Co-organizer of the PHA-platform World Congresses

o Co-founder and Board member of the Global Organization for the PHA-platform
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1. What is PHA? (1)
✔

PHA stands for Poly-Hydroxy-Alkanoate.

✔

Theoretically there can be an infinite number of PHAs.

✔

Claiming properties for or behaviour of PHA is a non-sense exercise.
Even the well known PLA also belongs to the PHA class of materials.

✔

Specific PHA-polymers, like PHB and a number of its copolymers (like
PHBV, PHBH, etc.) are not “plastics”, but are natural materials that are
made and found in nature, like cellulose or starch.

✔

These natural macromolecular materials are not made by
polymerization, but by enzymatically controlled biochemical
conversion and they all have a role to play in nature.
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1. What is PHA? (2)
✔

Of course not all natural materials biodegrade in every environment. Wood doesn’t
biodegrade in a marine environment, since the lignin in wood needs fungi to biodegrade
and those are not present in sea water.

✔

PHB and its copolymers found in nature are part of the metabolism in all living organisms
(plants, animals and humans) ever since there are living organisms on earth.

✔

Those specific PHA-materials function as nutritious and energy storage materials, so they
are supposed to be used for that purpose. One can call that “biodegradation”, but one
could also call that “feed for living organisms in every environment”.

✔

So the industrialization of the PHA-platform materials we talk about, consists of PHB and
its copolymers PHBV, PHBH, PHBO, PHBD and P3HB4HB. The molecular structure of
these are the same as what we find in nature.

✔

Details of these bio-benign materials, what they look like and how they perform will be
covered in the next slides.
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1. The industrial PHA product platform is very diverse…
✔

scl-PHAs

 P3HB, P4HB, PHBV, P3HB4HB, PHB3HV4HV.

P3HB

✔

P3HB4HB

PHBV

mcl-PHAs  PHBH, PHBO, PHBD.

scl:
mcl:
lcl:

short chain length
medium chain length
long chain length

PHBH

✔

lcl-PHAs

In addition PHAs have been
designed with aromatic or C=C
groups in the side chain.

 Many varieties possible.
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1. … so the properties vary quite a bit

 Chemically produced PHBV (20%) has TY of 15 and 350% E
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2. PHA-platform on the S-curve

PHA-platform is still here in 2020…

…but is expected to move to the next stage soon.
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2. Many Renewable Carbon sources for PHA-polymers
⮚ In 2006 Metabolix announced construction of the first large scale PHA plant based on

corn: 50 kt/annum.
⮚ 12 years ago the main feedstock sources were corn, sugar and vegetable oils.
⮚ Today many PHA start-ups and SMEs are working on using flue gases, waste water

streams, plastic waste, waste cooking oil and other waste streams (like from sugar,
fruit & palm oil industries) as feedstock 
 Carbon from the biosphere, atmosphere and technosphere.
⮚ Most commercial PHA manufacturers also pursue the use of 2nd generation

feedstock to lower the costs and to counsel issues over “competition with the food
chain”.
⮚ They also see this as a more valuable option than using those streams for energy.
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2. Bacterial strains  Feedstock & co-nutrients
 There are many different bacterial strains, both unmodified and genemodified, that can and do make a large variety of PHA-polymers.

 Wild type bacterial strains can be and are turned into producers of multiple
PHA-polymers and –copolymers which depends on the use of co-nutrients.

 Metabolic engineering of bacterial strains for production of PHA-polymers is a
must nowadays to ensure process competitiveness, both from a cost as well
as from a product quality and quality consistency perspective.

 Metabolic engineering also creates a new biochemical pathway for co-nutrient
supply based on renewable feedstock, but they still generate PHA-polymers
that also appear in nature.
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2. PHA-platform challenges & status
Remaining challenges of the current commercial PHAs are:

• Molecular chain scission above 160 °C  control processing operating window
Lowering Tm, low-shear screw designs, building in 4HA and/or 2HA moieties all help
to open up the processing window.

• Slow nucleation from the melt  long process cycles
Several effective nucleating agents have been found/developed, but this is not
common knowledge yet.

• Legislation  Threat or opportunity?
• Expensive!?  Starting industry at the beginning of the S-curve.
• Availability?  Demand exceeds supply by far in 2020.
GO!PHA
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2. Some PHA-platform players today – October 2020
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3. Applications … understand USPs for the whole value chain

Most mechanical, rheological, thermal and optical property combinations
offered by the new bio-based polymers are also offered by the traditional
fossil-based polymers.
 Those properties are Qualifiers, no Differentiators
However, in some cases we see some attractive new performance characteristics, like:
 PEF for bottles shows significantly better barrier properties than PET;
 PLA for fibers shows excellent wicking and high colour intensity upon dyeing;
 PHA …… what about it?  haptics / soft touch / versatile biodegradability / mimicking nature;
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3. Unique Selling Points of PHB and its copolymers
Although this PHA product family consists of a broad range of products, a combination of
the following USPs can be applicable for different applications:
✔ Boosts brand image
o
o
o

GHG-emission
No competition with food chain (Wave II or GHG feedstock)
No GMO in feedstock

✔ Very versatile biodegradability characteristics
o
o
o

Aerobic Industrial & Home composting
Marine & Soil degradability
Anaerobic digestion

✔ Compatibility - Behaviour
o
o
o
o
o

Unique haptic properties combined with matting effect
No coupling agents or other expensive additives required in blends or composites
Excellent physico-chemical properties (printing, sealing, dyeing, barrier)
Forms a one-phase system with PVC as flow promotor, reinforcement of PLA
What about the compounds in combination with Cellulose esters or APCs?

✔ Bioresorbable
o
o

Watch purity
P3HB and P4HB
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3. Applications / market segments for PHA-polymers
⮚PHA-products range from amorphous to highly crystalline, from “high strength, hard
and brittle” to “low strength, soft and elastic”:

Quite different application areas for specific types of PHA-polymer!

Which PHA-polymer do or can you make?
⮚PHA-products cannot fully substitute any of the existent fossil-based polymers, but
they can partly replace most of them:

The accessible market for PHA-polymers is hundreds of kilotonnes/annum if the
cost/performance-balance is OK.
⮚Application areas:
Injection moulding, sheet and film extrusion, thermoforming, foam, non-wovens,
fibers, 3D-printing, paper coating, glues, binders, adhesives, additives (reinforcement,
plasticization), UPR and PUR building block.
GO!PHA
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3. PHA-platform applications …… demonstrated high versatility
Possible Product Market Combinations:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

Feed
Films
Fibers
Foams
Furniture
Stationary
Cosmetics
One type PHA-product cannot do
Appliances
Sunscreens
everything though.
Fishing gear
Chewing gum
Cheese coating
Most of these applications have
Synthetic paper
Animal nutrition
been demonstrated already.
Fertilizer coating
Electrical switches
Paints and Coatings
Biomedical Materials
Cosmetic applications
Thermoplastic Elastomers
Waste-water & aquaria denitrification
Glues & Adhesives i.e. pressure sensitive adhesives
Engineering Plastics for automotive, electronics, etc.
Microparticles (abrasives, sunscreens, exfoliants, etc.)
17
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3. Demonstrated PHA applications (commercial)

Spectacle case
e.g. MAIP (PHBH)

Medical and surgical applications
e.g. Tepha (P4HB)

Flexible packaging
e.g. PHBV

Sewage treatment
e.g. Tianan, Helian Polymers

Organic Chair
e.g. Kartell Sabio

Organic waste bags
e.g. Ecomann (P3HB4HB)

Stationary
e.g. MAIP (PHBH)

Food tray
e.g. FKuR

Sea current tracking buoys
e.g. Metabolix (P3HB4HB)

Plant clip
e.g. Metabolix
Durable E&E light switch
e.g. ABB, MAIP, Kaneka partnership (PHBH)

GO!PHA

Exfoliating microbeads (scrub)
e.g. Orkla, Nafigate (PHB)

Flexible packaging
e.g. PepsiCo - Danimer pre-commercial partnership
(mcl-PHA)
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4. Natural PHA-products fit very well with a circular economy


PHB and a large number of its copolymers are made and used in nature all the time:

1. They are made by bacteria from available nutrients and by enzymatic synthesis;
2. They are used as nutrients and energy providers by living organisms resulting in
CO2, water and biomass/compost;

 This circular system is much older than mankind.




By using these materials for construction applications (films, parts or even glues) that
circular behaviour can both be used and be extended.
An additional advantage of these specific PHA materials is that they can fully meet a
comprehensive combination of end-of-life options fitting a circular economy, very much
like cellulose or starch.
Before using them in an application one should carefully consider the “Reduce” and “Redesign” principles.
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4. End-of-Life options for natural PHA-products (1)
Polymeric materials that can fully meet a comprehensive combination of End-of-Life options
include cellulose, a large number of PHA-polymers and starch, or a combination of each of
these:

1. Recycle articles to be used again:
 Can be done many times, but be aware of micro-plastic generation (textiles)

2. Recycle articles back to the polymer:
 Can be done 2 or 3 times, so it’s not a holy grail for any polymer!!!

3. Recycle articles back to raw materials:
 Generates Renewable Carbon which can be used for many products
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4. End-of-Life options for natural PHA-products (2)
4.

Recycle articles to environment (home, industrial) composting:
 Useful for articles that inevitably end up contaminated with organic waste

5.

Recycle articles to energy (incineration):
 Useful for bio-energy generation, but don’t forget to use the CO2 as feedstock

6.

Recycle to nutrients for living organisms:
 All living organisms feed on nutritious materials. In addition several PHAs take care of
denitrification (waste water streams, aquaria, fish ponds).

Most current fossil-based polymers do not meet all these End-of-Life options, while they all should be
required to meet them if they, intended or by accident, can end up in the environment.
All these End-of-Life options contribute to a Circular Economy.
One simply cannot avoid the necessity for any of the End-of-Life options mentioned.
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4. Not all natural materials are biodegradable in all environments …
o Starting point should be: “Materials allowed for Single Use
applications should not be harmful to the environment in any
way when they purposely or accidentally end up in the
environment”. They also need to biodegrade in a marine
environment.
o Cellulose (paper), Starch and P3HB and its copolymers fit that
description.
o Wood is not biodegradable in a marine environment, since
lignin (50% of wood) needs fungi for biodegradation while
those are not present in the marine environment.
GO!PHA
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2.
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4. Biodegradation in deep-sea
Looking at the deep sea situation with temperatures ranging
between 10 and 4 oC we expect the following based on tests and
estimations:
Material
Cellulose
PHBV (17%)
Wood
PP, PLA, PET

Years to 90% degradation
0.5 to 1
4 to 7
500 to 1,000 ?
“Never”

Comments
Much faster at higher T
Same order of magnitude
Shipwrecks 500+ years
Don’t use for SUPs

Cellulose and PHBV studied at MSU.
GO!PHA
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5. Closing remarks



The PHA-platform is the first polymer family produced by fermentation and is moving from the
embryonic stage to the early-growth stage in 2021.
Different PHA product families can be used for a broad range of applications  construction,
adhesives, additives, thermosets, denitrification, coatings.



New volumes built and started up and there is more to come.



The mcl-PHAs currently make the main move, but scl-PHAs seem to be right behind them.



Several of the old challenges (nucleation, process-ability) have been taken care of.




For PHB and its copolymers all known End-of-Life options are possible and all lead to a circular
economy.
Main challenges now are availability and upcoming legislation to encourage this innovation.
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