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Mevrouw de Rector,
Mijnheer de Decaan,
Leden van het Curatorium van de Leerstoel Industrial Sustainable Chemistry,
Bestuursleden van de Stichting Beta Plus,
Your Excellency’s,
Dear Colleagues and Students,
Dear family and friends,
Thank you for attending this lecture today.

1 The stage
Since I started at the UvA in late 2016, so for the last 18 months, I have collected all articles from 3 daily newspapers on global warming, climate change,
circular economy, renewable energy, plastic soup and sustainability. By now I
have more than 500 clippings in 10 thick folders showing that at least the
newspaper journalists are interested in this.
This may sound cynical or pessimistic, but everyone that knows me will
confirm that I am not a pessimistic person. I do firmly believe in the ability
of science, technology and innovation to come up with the solutions needed
to counter the enormous problems that humanity is facing today. Of these
challenges, the transition from fossil to sustainable resources is one of the
most urgent and important. Although I am optimistic as a scientist, I am confused, often surprised and sometimes utterly disappointed by all the emotion,
fake facts, hot air, noise, smoke and mirrors, green washing, miscommunication, misunderstanding and resulting frustration and disconnection in the
public debate on sustainability in all of its aspects. Social media have certainly
influenced this.
Maybe because of this, global warming is ranked only #14 on the 2014 US
list of main concerns that people have, while the problem is ranked as the #1
most important challenge for humanity at the World Economic Forum.
Fake news makes people believe that “Scientific facts are also just an opinion”. We will have to counter this !
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For me as an insider, one thing is clear: we are now, in 2018, at the start of an
unprecedented transition. What a fantastic timing for the University of Amsterdam to create – and for me to be offered – this new chair of “Industrial
Sustainable Chemistry”. This chair will allow me to work on environmental
issues of plastic materials and to not only continue to develop novel sustainable chemical technologies with a focus on the industrial application potential
of novel monomers and polymers but it will also allow me to address, try to
understand and try to influence the issues related to communication, both
with the scientific community as well as with the general public.
In the last years we can see the momentum really picking up. The Paris
agreement was signed (and I will explain you later what that means for the
EU and for the Netherlands).
Most of us do not like change, certainly not when this is forced upon us
and when it at the same time costs us money. Therefore we will need everything that we can do in this transition that will make us feel good. Change
should be positive and change will require economic benefits. The title of this
inaugural lecture highlights this. I will explain why sustainable materials can
truly be an opportunity rather than a threat. And as mentioned, information
and communication will be more important than ever.
In the Netherlands, the last coalition agreement (regeerakkoord) is the
“greenest” we have ever seen. Our minister for Economic Affairs and Climate
Eric Wiebes frequently uses the slogan:
“I will hunt for tons” (Ik ga op tonnenjacht)
Although it is a strong quote and clearly gives direction, we can question if it
is inspiring. Will it lead to biased decision making, is it threatening and perTHE OPPORTUNITY OF SUSTAINABLE MATERIALS
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haps too narrow or just an administrative exercise? Carbon capture and storage (CCS) will reduce tons of CO2 but in the long term there may be better,
more circular options and perhaps it is better to use the billions of Euro’s that
CCS will cost to develop more sustainable options.
As another example I like to consider a quote by Frans van Houten, the
CEO of Royal Philips. It is the end of his 2014 contribution to the World
Economic forum meeting in Davos.
“Like all major transitions in human history, the shift from a linear to a
circular economy will be a tumultuous one. It will feature heroes and pioneers, naysayers and obstacles, and moments of victory and doubt. If we
persevere, however, we will put our economy back on a path of growth and
sustainability.”
I find this quote truly inspiring. When I read this, it makes me want to be a
part of this transition even though we will have to overcome huge challenges
along the way. It reduces distance! Science needs to reduce distance. This is
the first thing that I learned from collaborating with Frenk van Harreveld of
the social psychology department of the University of Amsterdam, who’s research involves “uncertainty”. I am extremely excited to be working with Maria Zwicker a psychology PhD student that will soon start in Frenk’s group
and by the involvement of Science Communication expert Bas Haring.
A future circular economy requires revolutionary change in all sectors.
Energy, agro and food, transport and mobility, building and construction
and in my field of expertise, which is the chemical industry. We need to
change our feedstock, we need to change our use of the elements of the periodic table. Elements such as V, Pt, Sn, Co, Sb, … are getting scarce. We need
to develop more and better recycling technologies, not only for metals and
plastics but also for all other materials we are using in our products. Future
global phosphorous scarcity will threaten our ability to produce food for the
still growing world population.
The quotes of Wiebes and van Houten are examples. It shows that what
and how we communicate is more important than ever and communication
is an indispensable component of the tremendous task ahead of us.
The Frans van Houten quote links the transition to a sustainable circular
economy to economic opportunity. There is no doubt in my mind that we
can only start to change our way of producing and using energy and resources
if we develop alternatives that can compete with today’s ways on cost, performance and sustainability. In the remaining 40 minutes I will talk about exam-
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ples of some of these opportunities in my field of Sustainable Industrial Chemistry.
Before diving into the content I like to take a few minutes to remember
someone who inspired me when I was a young scientist that had just started
at DSM in the early 1990’s. Hans Schoemaker was not in my department,
which was the department of Polyolefins, now Sabic, and he was also not working on similar chemistries as I was. Nevertheless, we frequently met for a
coffee and we had a click. I clearly remember interesting discussions we had.
Bing Wang, in those days and today still in my team, made some (rare earth
metal) catalysts for Hans’ intramolecular C-C coupling reactions. Hans always challenged me to think out of the box and to never be afraid to stick
your neck out.
I can still remember how proud Hans was when in 1994 he was appointed
as extraordinary Professor Industrial Fine Chemistry at the UvA on behalf of
the Beta Plus Foundation in his beloved city of Amsterdam. In turn, I am very
proud that I am Hans’ successor at this chair, which changed from Industrial
Fine Chemistry to Industrial Sustainable Chemistry and I am sure Hans
would have been happy about this succession. I was shocked by the sad news
of his death on April 9 this year after his terrible illness that forced him to
stop working at the UvA in 2009. At that time he was only 57.
Hans Schoemaker at Gert-Jan Gruter’s inaugural lecture, TU Eindhoven, 2 November 2002

THE OPPORTUNITY OF SUSTAINABLE MATERIALS
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2 How can we limit global warming to at most 2 °C
temperature rise?
The overarching goal of sustainability is the use of technology and resources
to “meet our current needs without compromising on the needs of future generations”. In other words, we can use resources (stuff) at a rate at which it
can be replaced and we should minimize damage in the process of doing so.
Unfortunately we do not have a similarly nice word for “the ability to sustain”
in the Dutch language. Today, our use of technology and resources is far away
from being sustainable according to this goal. On the one hand, we are depleting our resources such oil, gas and coal as well as metals and other crucial
elements obtained from extraction and mining. While on the other hand, we
are damaging natural processes by accumulating materials such as plastics in
the environment and creating unprecedented global warming with catastrophic consequences such as wetter winters, dryer summers, rising sea levels
and seriously adverse effects on ecosystems and human health.
Oil, gas and coal are by far the largest contributor to the factor of resource
depletion. Fossil reserves that have accumulated in the earth for millions of
years are being converted to CO2 at an incredible rate of 100 million tons per
day, which will deplete fossil resources at some point. At the same time, the
CO2 produced is causing environmental issues such as global warming, which
is another sustainability challenge.
Besides energy, about 5% of extracted oil is converted into chemicals. Unlike the many alternatives for energy, for chemicals today biomass is the only
available alternative. In the long term, besides recycling, CO2 may become an
affordable feedstock for the chemical industry but only when cheap renewable
energy is used for its conversion.
More than 80% of the volume of chemical products produced in the world
(so 4% of oil) are monomers (and their precursors) and their polymers. Monomer examples are ethylene, propylene, styrene and xylene which is converted after oxidation to terephthalic acid. Polymer examples we all know: PE,
PP, PS and PET. Because volume-wise they are 80% of the chemical industry,
monomers and plastic materials will play a central role in the transition to a
sustainable chemical industry. In 2015, about 325 million tons of plastics (and
about 400 million tons of the monomers from which they are made) were
produced in the world. As the plastic production volume has been growing
annually by 4-6% during the last decades and as this growth is expected to
continue to at least 2050, the plastic production volumes are expected to triple
in the period 2015-2050 to an astonishing 1.1 billion tons of plastics per year in
2050. For this prediction a modest 3-3,5% annual growth was used.
8
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The real opportunity for renewable materials is in the 750 million tons of
growth for the next decades. Building novel processes in a growth market is
much easier than replacing existing fossil based capacity, as long as these new
materials can compete on cost and/or performance. In order to make an impact in 2050, these new materials must be identified NOW to enable this transition.
In Paris a maximum limit of 2 °C global temperature increase with a clear
ambition to not exceed 1.5 °C was agreed. To meet that target, we have to
reduce European greenhouse gas emissions to 20% of the 1990 level by 2050.
While in the power sector the emissions will need to go to zero, the (chemical) industry will need an 80% greenhouse gas reduction as can be seen in the
Figure. However, as illustrated by the red line, with the current measures submitted by all countries we will not get there!
80% of bulk chemicals are monomers and polymers. Their volume is expected to
triple in the coming 35 years.

THE OPPORTUNITY OF SUSTAINABLE MATERIALS
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Possible 80% cut in greenhouse gas emissions in the EU (100%=1990)

Source: European commission, Climate Action

Why is 80% greenhouse gas emission reduction such a challenge for
the Chemical Industry?
Since the start of this Millennium, we have seen considerable investments in
the development and commercialization of sustainably sourced materials.
However, progress towards achieving successful commercialization has taken
longer and has been more arduous than anyone initially predicted despite the
efforts of leading industrial and academic scientists, large brand owners, small
and large chemical and technology companies, despite investments by a variety of venture capital, institutional and retail investors, both private and public,
with sponsorships by government agencies all around the world. As programs
have proceeded, the obstacles holding back development and commercialization have become apparent: technology has been more difficult to advance
and scale up. Development and commercial costs have been considerably higher; and especially the lack of a competitive cost position for bio-based alternatives has brought many programs to a halt. There is a need to navigate this
space with speed but more importantly with insight. This insight we must
extract from past experiences.
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3 The bio-based transition: drop-in versus new
products
When discussing new emerging technologies for future sustainable building
blocks with bulk potential we need to consider the advantages and disadvantages of drop-in products (same molecule exists at large scale but now biobased) and new products (currently not produced at large scale).
The key parameter that determines the ultimate commercial potential of a
new process technology is the estimated production cost at various stages up
to and including full commercial scale. If not a drop-in, product performance
is an important parameter as well. If drop-in we can only compete on price.
Many developments, certainly in a start-up environment, focus first and foremost on technical success. Technically, many conversions can be done. The
biggest challenge is however, if they can be done at a competitive commercial
production cost.
From an atom-efficiency or mass-yield point of view there is a very important difference between fossil hydrocarbon feedstock and bio-based carbohydrate feedstock. Fossil hydrocarbons can be cracked and fractionated into various small monomers or monomer precursors such as ethylene, propylene
and para-xylene without significant mass losses (e.g. octane can be cracked
into an ethylene and two propylene). When functionalizing monomer precursors with heteroatoms, for example when oxidizing and hydrating ethylene
into ethylene glycol or when oxidizing para-xylene into terephthalic acid, we
are adding mass, which really helps the process economics. When producing
hydrocarbons such as ethylene, propylene and para-xylene from carbohydrates (sugars), we are unfortunately going in the opposite direction: we are removing mass by removing all oxygen, which is more than 50% of the molecular weight of a sugar molecule. This has a huge effect on the raw material cost.
For that reason we do not focus on the polyolefins such as polyethylene, polypropylene and polystyrene (consisting of carbon and hydrogen) but our focus
is on polyesters. These contain a significant amount of oxygen, just like the
sugars from which they can be produced.
An ester is the product resulting from the reaction of a carboxylic acid and
an alcohol. When we start with building blocks that have one carboxylic acid
group and one alcohol group we can make a polyester. Similarly and most
often applied, we can also start with a 1:1 mix of di-acids and diols.

THE OPPORTUNITY OF SUSTAINABLE MATERIALS
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An ester is formed from an acid and an alcohol. A polyester is formed from bifunctional building blocks: AB or AA+BB.

Bio-ethylene and Bio Mono Ethylene Glycol (bio-MEG)
As drop-in products cannot compete on performance (the molecules are the
same), it is required that they can (eventually) compete on price. A business
case cannot be based on a green premium at full commercial scale, although
there are examples that at an intermediate scale a green premium can be realized as long as there is potential for further cost reduction in subsequent
scale up.
Polyester options. PET from fossil or (partly) bio-based monomers. PEF is 100%
bio-based.
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As an example, bio-ethylene glycol or mono ethylene glycol or MEG, one of
the monomers of PET, has seen a 20-30% green premium. This was recovered
by major brands such as The Coca-Cola Company and Danone through marketing their “Plant Bottle” or “Bouteille végétale”. This resulted in additional
market share, mainly in the bottled water field. As recent as in 2014, the European Bioplastics organization predicted this bio-PET production capacity
to reach 5.0 million tons in 2018, based on the demands and targets of the
large brands. However, as the sugar-based ethylene starting material for bioMEG is not cost competitive today this bio-PET production capacity has not
grown to 5 million tons but rather declined to less than 0.5 million tons.
It is not only the low oil and shale gas price that is causing this problem.
We also need 4 steps and the atom efficiency of this conversion is a problem.
At best, we need at least 3.5 ton of sugars to produce 1 ton of bio-ethylene and
we can calculate that with the current sugar prices, the feedstock cost alone is
similar as the bio-ethylene selling price. Other Opex cost, the Capex cost and
a margin still needs to be added. Of course by converting ethylene to MEG,
oxygen (and mass) is added back into the molecule, but if bio-ethylene is not
competitive to naphtha-based ethylene, the derived bio-MEG will in the short
term not be competitive to naphtha-based MEG.
1 step EG process & optimal C-efficiency → superior economics

Other routes to bio-MEG from sugars may have more potential. When we
look at the glucose molecule, we see a structure that, like MEG, already has
one oxygen connected to every carbon. When we would be able, in the preTHE OPPORTUNITY OF SUSTAINABLE MATERIALS
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sence of hydrogen, to cleave glucose into three C2-fragments, we could in
principle produce 3 ethylene glycol at 100% atom efficiency and thus requiring only 1 ton glucose per ton of ethylene glycol and requiring 1 step (1 chemical plant) rather than 4 steps (4 chemical plants). At Avantium we have
been working since 2011 on such a so called hydrogenolysis and we have just
started a Pilot Plant construction for this technology. This is an example of a
drop-in that can work because the 1-step route can compete on price.

Bio Para-xylene (bio-PX) and bio Purified Terephthalic Aacid (bioPTA)
Now to a drop-in example that is not logical. When we want to produce the
drop-in product bio-paraxylene from glucose C6H12O6, we first need to take
out all of the oxygen, which is 53% of the weight of the glucose molecule and
secondly, as paraxylene is a C8 molecule, while glucose is C6, we need more
than one glucose. When producing C8 from 2x C4 we need again 3.5 tons of
glucose to produce 1 ton of bio-paraxylene. “On the back of an envelope” we
can calculate that at 100% yield with for example a €400/ton glucose price the
feedstock cost alone is €1400 which is already higher than the 10 year average
paraxylene market price. In reality the situation is even worse: the yields for
the reactions to convert glucose to paraxylene are far from 100% and processing and purification cost will add another €100-200/ton per process step.
Biorefinery concept for bio paraxylene production
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Let us now consider furandicarboxylic acid (FDCA; C6H4O5), which is also a
ring containing di-acid. When polymerizing with ethylene glycol we can obtain the polyester PEF. We now need one C6O6 sugar molecule to produce
one FDCA molecule.
PET and PEF repeating units

However, FDCA is not the same as terephthalicid (PTA) and as a consequence, their polymers PEF and PET are not the same. This allows for finding
performance features for the new material that provide a performance advantage over the old material. PEF is a 100% bio-based, 100% recyclable plastic
with superior performance properties when applied in bottle applications.
These properties make PEF an attractive alternative to PET and other packaging materials such as aluminum, glass and cartons. PEF has 10x better oxygen barrier and 5x better CO2 barrier which means it is much better at keeping oxygen out and CO2 in the bottle. PEF also has more attractive thermal
properties with a 12 °C higher Tg and it is 50% stronger than PET. It also
offers a 50-70% reduced carbon footprint when compared to PET at industrial scale.

4 Biomass feedstock
Let us now discuss biomass feedstock for these future low cost, large scale
building blocks. What are the pro’s and con’s of first, second and further generation bio-based feedstocks? What biorefinery concepts allow “cascading”
(taking out the valuable components separated from each other)?
Let’s first consider what we mean with the terms used for the various biomass feedstock options. The term first generation biomass is used for food
crops such as starch from corn, wheat or cassava, sugar (sucrose) from beet
THE OPPORTUNITY OF SUSTAINABLE MATERIALS
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or cane or palmoil. Non-food, lignocellulosic biomass such as forestry waste
(wood), grasses and straw, stover and bagasse is called second generation.
Marine biomass such as macro algae (seaweed) and microalgae are called
third generation biomass. The fourth generation biomass makes use of novel
synthetic biology tools and is just emerging at the basic research level.

First generation biomass feedstock
For chemical applications, the only feedstock that is available today is first
generation feedstock. Sugars are by far the most abundant feedstock available.
In industry, starch is converted into glucose which in part is fermented to
produce the biofuel ethanol. About 75 million tons of starch is produced and
processed for non-food applications worldwide, of which more than 30 million tons for industrial use. In addition, about 175 million metric tons of sucrose sugar is currently produced worldwide.
Sugar from first & second generation biomass

From first to second generation biomass feedstock
There is an ongoing lively debate about whether food crops should be used
for other applications than food and feed. With a growing world population
from more than 7 billion today to perhaps between 9 and 10 billion in 2050,
the first priority of first generation biomass allocation is food security. The
public debate focuses specifically on the obvious direct competition for food
16
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crops between different uses for food and feed, industrial materials and energy. The crucial issue is however not so much land availability, since the cultivation of non-food crops on arable land would reduce the potential availability of food just as much or even more. Although for energy many alternatives
for fossil resources are available: solar, wind, geothermal, nuclear, etc., for
chemicals and materials the only viable alternative feedstock today is biomass.
Therefore, certainly in the coming decades, all kinds of biomass should be
accepted for chemical and material uses. The selected feedstock should be
dependent on how sustainably and efficiently these biomass resources can be
produced.
Products from cascading woody biomass
Polysaccharide hydrolysis adds 10% weight!

Lignocellulosic materials are the most abundant biomass on earth. 90% of the
global production of plant biomass is lignocellulose, which amounts to about
200 billion tons/year, of which 10% (20 billion tons) is potentially accessible
(Kuhad and Singh). All lignocellulose consists of 30-55% cellulose (glucose
only), 20-35% hemicellulose (different sugars such as xylose, galactose, arabinose and mannose) and 10-25% lignin, a three dimensional polymer of aromatic-units. For chemical applications, cascading (separation of the glucose
from the mixed sugars and the lignin) is required. 2G Biorefinery technologies have a lot of potential, but so far the industry failed to deliver on this
promise for more than a century. However, since the first commercial scale
2G plant in 2013, eight more have opened around the world. All target lignocellulosic ethanol. Some are failing due to higher than expected ethanol production cost or because of technical issues, mainly in the pre-treatment section.
THE OPPORTUNITY OF SUSTAINABLE MATERIALS

17

Avantium has developed a different biorefinery technology. Not to produce
ethanol for fuel applications but to produce feedstock for chemistry. Next
month it will open and start-up a demonstration plant in Delfzijl, the Netherlands using a different technology without any pre-treatment. It will cascade
woodchips into glucose, mixed sugars and lignin.
The Avantium Delfzijl Zambezi Biorefinery Pilot Plant under construction (April
2018)

The emergence of 2G technologies is widely seen as a sustainable response to
the increasing controversy surrounding 1G. Yet, sustainability credentials of
2G are also being questioned and we must take care to ensure that biomass is
sourced wisely.

5 CCU – Carbon Capture and Use. The use of CO2 as a
feedstock
Let’s switch gears and look at the use of CO2 as a chemical feedstock. This is
often referred to as Carbon-Capture and Use (CCU) as alternative for pumping CO2 underground in Carbon-Capture and Storage (CCS).
According to the Paris agreement of December 2015, Europe needs to reduce its current annual 4 billion tons (4 Gt) of CO2 emissions to 1 billion tons by
2050. As we have seen before, according to the European Commission, we
18

GERT-JAN M. GRUTER

will probably only achieve half of this reduction with the current policies.
Large scale use of CO2 for producing chemical building blocks (monomers)
for polymer materials and fuels could be a very welcome circular solution.
The alternative is Carbon Capture and Storage (CCS): capture of CO2 at energy-intensive industries and storage underground. This is a very expensive solution (100-150€/ton or a yearly European cost of €150-225 billion) to bridge
the 1.5 Gigaton CO2 reduction gap and unfortunately we will get nothing in
return. The costs for this “modern landfill” will absolutely block the development and implementation of a structural circular approach.
The current use of 130 million tons of CO2 as feedstock (for example to
produce urea) accounts for 0.3% of the global annual anthropogenic emission
of CO2. The identification of more processes that directly use CO2 as carbon
precursor is necessary to effectively cause a decrease in atmospheric CO2.
In the case of Power-to-chemicals, using fossil energy does not make sense,
as we would convert chemical energy into electrical energy and this electrical
energy back to chemical energy again. With renewable energy and CO2 we
can produce chemicals that otherwise would be produced from fossil feedstock and can thus reduce fossil carbon use. One of the consequences of
more and more renewable energy generation is that we will see more fluctuation in energy production (typically by variation in available wind and sun). It
is generally difficult to store excess electricity over long periods and thus, CO2
utilisation can be an alternative: overcapacities of electrical energy can be
“stored” (used) in chemical reactions.
CO2 product tree – Oxalic acid and glycolic acid building blocks

THE OPPORTUNITY OF SUSTAINABLE MATERIALS
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Electrochemical reduction of CO2 represents a possible means of producing
chemicals or fuels, such as formic acid/formate, carbon monoxide, oxalic
acid/oxalate, glycolic acid, methanol, ethylene and several others. Princeton
spin-out Liquid Light, now part of Avantium and located at the Amsterdam
Science Park, has during the last decade focused on many of the products on
this list. CO2 derived oxalic acid and glycolic acid are polymer building blocks
with interesting potential. Forecasts indicate that in the next decades, up to
20% of CO2 emissions can be utilized when these reactions are optimized.
Although more R&D will be required, this is undoubtedly an area with immense potential and opportunity.

6 The opportunity of Sustainable Materials
In my UvA group Industrial Sustainable Chemistry, we are developing multiple novel bio-based polyesters from bio-based monomers or monomers from
CO2. We target materials with potential for commercial applications such as
packaging materials, fibres and injection moulded parts. This will mean that
these polymers will need to compete with fossil alternatives on price, performance and on a non-traditional important “design parameter”: its fate in nature. For more than 90% of the applications, biodegradable polymers cannot
be used. However, for some polymers such as PET it takes 500 years or more
to fully degrade. Our novel polymers for commodity applications should be 12 orders of magnitude more degradable than conventional polymers.
We have identified a very interesting polyester compositional space based
on our learning from working more than 10 years on PET and PEF. These
polymers are high performing (superior thermal, mechanical and barrier properties) due to their composition: a rigid (cyclic) di-acid (PTA or FDCA),
coupled by a short aliphatic diol (ethylene glycol). At the UvA, we have started a large NWO funded PPS project with LEGO and Avantium as industrial
partners in which we are “inverting” this approach by combining rigid diols
with the shortest aliphatic di-acid, oxalic acid. Polyesters have been obtained
with very interesting properties.
We have obtained polymers with Tg’s up to 165 °C, which is unpractically
high. We can reduce the Tg by adding more flexible diols or diacids as a third
monomer. In this way we can make polyesters with a large range of properties.
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PET/PEF: rigid di-acid + smallest diol; RIBIPOL: rigid diol + smallest di-acid

PhD student Daniel will explore this compositional parameter space and develop the polymerization recipes. None of these terpolymers (polymers made
from 3 monomers) have been described before. In this project PhD student
Sevil will select compositions that are specifically of interest for LEGO by
focusing her investigations on injection molding, crystallization behavior and
ageing.
PhD student Kevin will investigate compositions that are specifically of interest for Avantium such as packaging and fiber applications. A collaboration
with Prof Peter Schoenmakers of Analytical Chemistry is part of this project
for polymer characterization.

THE OPPORTUNITY OF SUSTAINABLE MATERIALS
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PhD student Yue will develop a new (bio)-degradation assessment technologies as today the methods are too expensive to perform the 100’s of degradation experiments that will be needed in this project. On this topic we will
collaborate with John Parsons and Albert Tietema of IBED at the UvA.
PhD student Maria will work in the department of Psychology with Frenk
van Harreveld and with Bas Haring at Leiden University and will provide
insight into what causes consumers to experience a sense of urgency to combat climate change and she will investigate how consumer behavior can be
modified to make the translation of this sense of urgency into behavior most
likely. Maria will work closely together with LEGO and Avantium and other
brand-owners.

PhD student Erik is working on monomers from CO2 in a multimillion euro
EU funded project in which the UvA is a partner.
After the acquisition of Princeton spin-out Liquid Light in 2016, Avantium
has intensified its program on the electrochemical reduction of CO2. Eric is
working with Shiju in the group of prof Rothenberg to convert the formate
obtained from CO2 to building blocks such as oxalic-, glycolic- and glyoxylic
acid. Maria is working within the same project on polymer material development based on these CO2 derived building blocks.
I am very happy with a second NWO PPS project on PET microplastic
quantification in seawater and sediment. Already years ago, after discussions
with ocean plastic expert Heather Leslie of the Vrije Universiteit here in Amsterdam, I wanted to be involved in research on the ocean plastic issues. I feel
it as my responsibility when developing novel plastic materials to also learn
from the problems we are facing with current materials. This chair gave me
22
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the opportunity to apply for a grant to work on the problem of PET microfibers in our oceans and sediment, resulting from washing of polyester containing textiles. Next month, Heather and I will start our 4 year project with
Deepti as PhD student.
Finally, it is great to be working with world expert Prof Marc Koper of
Leiden University on electrocatalysis. I am learning a lot in the for me less
familiar area of electrochemistry and electrocatalysis with PhD students Davide and Matt who joined our team from Liquid light.
I feel privileged to be working at the UvA with great talent and highly motivated staff, PhD- and master students. Sometimes, I regret there are only so
many hours in a day !
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