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Promoting
Innovation In
technology

and the
natural sciences

The Werner Siemens Foundation supports
groundbreaking projects in the natural
sciences and technology. The selected
projects in research and education are
generally conducted at universities and
higher education institutions in Germany,
Austria and Switzerland; key requirements
iInclude upholding the highest standards
and contributing to solving major problems
of our time. The Foundation provides
generous seed funding to innovative
projects with the goal that, after afew years,
the projects can be run independently

and the results find industrial application.
The Werner Siemens Foundation also
promotes education and training projects
and fosters young talent, particularly in

the fields of mathematics, informatics,
natural sciences, technology, medicine
and pharmaceutical science.
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Foreword

The Werner Siemens Foundation
(WSS) is looking back on an extra-
ordinary year, one marked by the
Foundation’s centennial anniversary.
It was 100 years ago, in 1923, that
the Werner Foundation (as WSS was
originally called) was established in
Schaffhausen, Switzerland, by
Charlotte von Buxhoeveden and
Marie von Graevenitz, daughters of
Carl von Siemens who worked with
his brother Werner von Siemens to
build what would later be known as
the Siemens Group.

A few years later, the Foundation’s
future was secured when three
additional women from the Siemens
family became major benefactors.
We had the pleasure of honouring
these five visionary women at an
unforgettable anniversary celebration

held for the descendants of Werner
and Carl von Siemens in Baden-
Baden in May 2023.

We also observed the centennial by
setting a milestone in the Foundation’s
philanthropic activities. An ideas com-
petition was launched for the WSS
“project of the century”, a research
centre dedicated to the sustainable
use of the world’s resources; the
Foundation will endow the new centre
with a ten-year grant of no less than
one hundred million Swiss francs.

The call for projects generated a
resounding echo in the world of
science: a total of one hundred and
twenty three high-calibre research
teams from Germany, Austria and
Switzerland submitted their ideas.
Deciding which of the projects would
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make it to the final round of six and
receive a WSS research prize of one
million Swiss francs was no easy
task. Still more difficult was choos-
ing the winner from the six innova-
tive final projects.

After careful deliberation, the Foun-
dation selected the “catalaix” project
at RWTH Aachen University, where
a team led by Regina Palkovits and
Jurgen Klankermayer will develop
catalysis-driven production processes
to enable a multidimensional circular
economy in the chemical industry.
The researchers are placing their
initial focus on the efficient recycling
of mixed plastic waste, and | am
convinced that the WSS Research
Centre in Aachen will meet with
great success. | also believe that,
through this singular project, our

Foundation is making a significant
contribution to achieving a sustaina-
ble use of our planet’s resources.

In the latest edition of our report,
readers can learn more about the
catalaix project—and about advances
made last year in the projects that
currently receive financing from the
Werner Siemens Foundation.

| thank you for your interest and
hope you enjoy reading our report.

Hubert Keiber,
Chair of the Foundation Board of
the Werner Siemens Foundation
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“The project is unique”

In discussion with project manager Matthias Kleiner
about the WSS project of the century.

A sustainable chemical industry

WSS grand prize winner “catalaix” is making chemistry
sustainable. A visit to the Aachen labs.

“We want to generate

knowledge that matters”

Ulrich Ridiger, rector of RWTH Aachen University, is
delighted that catalaix has won the competition for the
WSS Research Centre.

The five runners-up

In addition to catalaix, five other projects were
awarded a WSS research prize.

Chlorine technology
for a cleaner world

An invention in Berlin promotes sustainability
in diverse chemical processes.

One hundred storeys of wheat

A radical vertical farming system in a Munich project

guarantees sustainable, space-saving wheat production.

Water splitting, made simple

Zurich researchers are making hydrogen from
water and sunlight —in a single step.

Maximising efficiency in
the energy transition

A team in Freiburg, Germany, is creating
the most efficient solar cells in the world.

Sustainable catalyses

Researchers in Gottingen are working on better,
faster and “greener” syntheses.

Focus: Sustainable energy
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Future energy

To enable the world to move away from crude oil, gas and
coal, we need new technologies — and policies.

Concrete, corrosion and
climate change

Researchers in a newly funded project at ETH Zurich are
making reinforced concrete safe and climate-friendly.

Is global warming pushing the
seas past tipping point?

The world’s oceans are climate buffers —but for how
much longer? Two climate experts assess the situation.

Fresh ideas for climate action

Gifted students develop ideas to protect the climate.
A visit to the WSS summer academy in Ticino.

The list

Twelve lesser-known facts about energy.

Clever concepts for exploiting
energy

Energy-saving is also possible on a very small scale.
Examples on the micro- and nano-level.

“We'rein the middle of a polycrisis”

To secure our future, we must act now, says Sandrine
Dixson-Decléve from the Club of Rome.

Current projects
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Stabilising nanomagnets

The teams in the CarboQuant project are making progress
in building minuscule quantum electronic components.

Tightened security

A breakthrough for safe data exchange at the
Centre for Cyber Trust.

A workout for artificial muscles

Artificial muscles to help people with heart disease,
urinary incontinence and facial paralysis.

Automated brain-wave analysis

A young medical engineer wants to help children
with epilepsy.

Interlocked and interlinked

The bone-cutting laser robot in the MIRACLE I
project is taking shape.

Harvests from the Stone Age

For the first time, the palaeobiotechnology team have
succeeded in acquiring microbial substances from the
dental calculus of early humans.

Analysing gaits and simulating
fractures

Researchers in the smart implants project are making
advances thanks to fracture simulations and gait analyses.

Progress on many fronts

On their path to making cartilage regrow, the TriggerINK
team have made additional advances.

A spray to neutralise viruses

The researchers have further developed their broad-
spectrum antiviral substance as an inhalable powder.

The future of cancer therapies

Researchers at the Werner Siemens Imaging Center
are using artificial intelligence to take a closer look at
tumorous tissue.
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At the Fraunhofer Institute for Solar Energy Systems in Freiburg, Germany, Frank Dimroth (left) and his team conduct research into highly efficient solar cells.




Instruments used by the surgical robot in the MIRACLE Il project in Basel must be small enough to fit into the tiniest of spaces.




Researchers in Sebastian Hasenstab-Riedel's Halogen Chemistry group at FU Berlin study gaseous reactions under controlled conditions. The Stone Age in a Petri dish: researchers in the palaeobiotechnology project in Jena introduce ancient substances into living bacteria.




The CarboQuant project team in Diilbendorf use scanning tunnelling microscopy to study potential quantum electronic componen




At TU Munich, a research team led by Senthold Asseng are creating the wheat of the future. Plastic, pulverised and deep-frozen, in the catalysis lab headed by Regina Palkovits and Jirgen Klankermayer at RWTH Aachen University.




An implant prototype being created by a 3D printer in the smart implants project at Saarland University.
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Ueli Angst’s research group at ETH Zurich examine small mortar samples to learn more about corrosion processes in reinforced concrete. The team in the single-atom switch project at ETH Zurich are developing microchips that function with mind-boggling energy efficiency.
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Teamwork at Lake Lugano: a group of students at the Swiss Study Foundation’s summer camp in Magliaso.




Greta Patzke and David Tilley conduct experiments on water splitting in their labs at the University of Zurich. The team led by Lutz Ackermann at Georg August University of Géttingen use a mass spectrometer to seek metal impurities in catalysts.
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To celebrate its centenary anniversary
iIn 2023, the Werner Siemens Foundation
launched a unique ideas competition—a
call for projects to establish aresearch
centre that the Foundation will endow with
a ten-year grant of one hundred million
Swiss francs. One hundred twenty-three
proposals were submitted, six of which
made it to the final round. In the end, the
grand prize was awarded to the “catalaix”
project at RWTH Aachen University,
where researchers plan to develop
catalysis methods that will enable a
circular economy in the chemical industry:.
Recycling technologies in the plastics
sector Is the team's first research focus.
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Professor Matthias Kleiner developed the concept for the WSS “project of the century” and served as project manager. He believes the call for proposals
was unique in the research landscape, and that only a private foundation has the ways and means to carry out an ideas competition on this scale.

30

“The project Is unique

Anideas competition with a prize of one hundred million Swiss francs
to mark the Foundation’s 100th anniversary: project manager Matthias
Kleiner explains how the Werner Siemens Foundation’s “project of the
century” came to be—and why he believes it's one of akind.

Matthias Kleiner, how did the idea for a
WSS project of the century come about?
The centennial anniversary of a
foundation is always special, particu-
larly in the research sector, where only
a few institutions can look back on
such a long history. We on the WSS
Scientific Advisory Board held a
meeting to discuss ways the Founda-
tion could honour its anniversary in
due fashion. That’s where the idea for
a “project of the century” ideas
competition first formed—and for the
winning project to be endowed with
one hundred million Swiss francs. We
felt comfortable with the bold idea, as
the Foundation already—by every
measure—funds large-scale, excep-
tional projects, generally with ten
million francs over a ten-year period.
So we agreed to propose our plan to
the Foundation Board.

How did the Foundation Board react?
That was in spring 2022, and the
Board members were convinced from
the very start. Because my term of
office at the Leibniz Association ended
that summer, I offered to be in charge
of the project of the century—and
then developed a concept for it.

What did the concept look like?

I proposed a two-pronged approach:
first, an ideas competition that would
conclude with the awarding of up to

five WSS research prizes of one
million Swiss francs each; and second,
a competition between these prize
winners for a ten-year grant of one
hundred million francs to set up a
WSS Research Centre. I also made a
suggestion for the general topic:
technologies for the sustainable use of
natural resources—after all, we have
just this one world, and it’s crucial
that science, business and society all
work together to counter the dire
exploitation of our planet’s resources.
We discussed the concept in the
Foundation’s various bodies and
agreed on this approach fairly quickly.
From the questions and comments we
received, I saw how much support
there was for the topic—also from the
Family Advisory Board.

What aspects were most important when
the ideas competition was launched?
Sending the message that the Founda-
tion was prepared to take a risk—and
to fund unconventional, audacious
projects. We wanted ideas that
researchers might not dare to propose
elsewhere. Apart from the general
theme, we set relatively few conditions.
One requirement was a sponsoring
institution to guarantee basic infras-
tructure and adequate facilities for the
project. This was critical, because the
Foundation has no interest in investing
in bricks and mortar; as much as
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possible, funding should be chan-
nelled directly into research. We also
didn’t make interdisciplinary collabo-
ration a requirement, as is often the
case in similar calls for proposals. We
want research-based needs to steer all
these matters. I received a lot of
feedback saying that the call was highly
unusual—not only because of the
scope of funding but also due to the
Foundation’s open-mindedness and
willingness to take a risk.

Atotal of 123 ideas were submitted.
Were you expecting more?

No, to the contrary, I was surprised by
the 123 submissions—both in terms
of quantity and quality. I initially had
reckoned with around fifty proposals.
A few days after the call was launched I
thought: maybe we’ll only be getting
thirty. But in the final two or three days
before the submission deadline, I sat
at my computer practically day and
night to confirm receipt of proposals
or answer last-minute questions.

What kinds of questions?

Often concerning formalities. We had
set a limit of ten pages for the pro-
posals, and some researchers tried to
negotiate the limit, or they wanted to
know what the smallest permissible
font size was, or whether we really
needed both language versions—Eng-
lish and German. But in the end I was



absolutely thrilled to receive so many
proposals. And only a few of them
were ruled out from the start. Roughly
two-thirds were from genuinely
outstanding researchers in Switzer-
land, Germany and Austria.

One hundred million Swiss francs is a
considerable sum. A number like that
could tempt a few people to promise the
moon and stars. Were any obviously
over-the-top proposals submitted?

Of course. That will always happen.
Youw’ll even get people claiming to
have invented a perpetual motion
machine. But while many ideas were
indeed bold, they still had a solid
basis. One excellent researcher told
me he had been carrying around an
idea since he was a boy, but this was
the first chance he had to pursue it.
And exactly that is how we choose to
operate at WSS. Our question is
always: if you had the opportunity to
pursue your interests with absolutely
no practical concerns, what idea
would you work on?

WERNER
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A festive ceremony was held in Lucerne to present the award for the WSS project of the century
to the Aachen researchers.

How were the proposals assessed?

I put together a small, external team
of experts experienced in the evalua-
tion of research and science, the
“Hanover team”. They reviewed all
123 proposals and made a prelim-
inary selection. Their excellent work
enabled the Scientific Advisory Board
to focus its in-depth discussions on
the best ideas. That said, we on the
Advisory Board also read all the
proposals.

Six projects in the first round of the
competition were awarded a WSS
research prize of one million Swiss
francs. What was it that made these
proposals particularly interesting?
That the ideas were far-reaching and
rooted in excellent science. That they
were a little daring, but nonetheless
gave us the impression they could be
realised in the long term. If ideas like
this work, they have the potential to
fundamentally change a scientific,
technical or economic area and effect
a real breakthrough.
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The six finalists were from the fields of
chemistry, solar technology and agricul-
ture. They were given another six months
to hone their ideas and bring their pro-
posals into sharper focus. Where did you
see the biggest changes or improvements?
The original proposals were ten pages
long, but the teams had up to fifty
pages for their final concepts for a
WSS Research Centre. That means
they could go into greater detail. They
fine-tuned, perfected and polished.
Some researchers focused once again
on the core part of their concept, or
they even used the prize money to
launch an experiment or two. I visited
each project team twice—early on and
then shortly before the deadline. We
wanted the competition to be as tight
as possible. That’s why I tried to help
optimise the concepts by providing
neutral advice and feedback.

In the end, the “catalaix” project from
RWTH Aachen University won the
overall prize. What was the deciding
factor?

The project proposes a marvellous
idea with the potential to be a real
game changer, especially when it
comes to recycling mixed plastic
waste—the kind that forms massive
floating islands in the world’s oceans.
In addition, the project has already
taken actual shape, and yet it still
bears a considerable risk. It’s highly
relevant to society and science, and of
even greater interest for the economy.
Another advantage is that the condi-
tions at RWTH Aachen University are
outstanding. And the Werner Siemens
Foundation can also identify with the
subject area, which is a very important
factor in my view.

What scientific and societal advances do
you hope to see from the WSS Research
Centre?

I don’t want to go into detail, as that
might put a constraint on the
research. But in general, I hope that
the centre’s work will give rise to a
viable, cost-effective method of
recycling mixed plastic waste at a

high production level—while also
preserving the maximum value of the
material to enable a truly circular
economy in the plastics-chemical
industry. In the end, I'd like to see the
project grow into a business for
collecting plastic waste from both
landfills and garbage patches in the
oceans, and then channelling it back
into plastic production processes.

During your terms as president of the
German Research Foundation and as
president of the Leibniz Association, you
gathered considerable experience with
research funding instruments. How
complex, or how demanding, was the
WSS competition compared with other
calls for projects?

It was precisely thanks to my past
experience that we were able to
simplify and specify many aspects.
This enabled us to reduce complexity
without losing quality in our deci-
sion-making. But I'm also convinced
that only a private foundation can
afford to adopt this kind of funding

procedure; unlike public institutions,
a private foundation doesn’t have to
consider intricate house rules, nor
does it have to repeatedly justify its
processes to an audit office. It was a
complex, fair and transparent process,
but by far not as complex as others
with the same or even a smaller
amount of funding on the line.

What place does the WSS project of the
century occupy in the general landscape
of large-scale research projects?

I think the WSS project of the century
is unique—in the freedom it offers, in
its willingness to take a risk, but also
in that it reduces administrative costs.
Because the idea is to minimise
bureaucracy and maximise science.

Matthias Kleiner speaking at the dinner held at the Blirgenstock Resort
as part of the festivities in Lucerne.
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A sustainable
chemical iIndustry

In Aachen, Germany, the Werner Siemens Foundation’s
project of the century” is taking shape: the multidisciplinary
team at “catalaix”, the new WSS Research Centre, are devel-
oping catalysis-driven methods to enable a multidimensional
circular economy in the chemical industry—in particular
for the mixed plastic sector. The researchers have already
attained the first positive results for various kinds of plastics,
as arecentvisit to the lab has revealed.

Jirgen Klankermayer and Regina Palkovits, two experts
in catalysis, are leading the new WSS Research Centre at
RWTH Aachen University.
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From the outside, the Institute of Technical and Macro-
molecular Chemistry (ITMC) at RWTH Aachen University
makes none-too modern an impression. But sometimes
looks deceive: although the building dates back to the
1970s, the labs it houses are state of the art. And on the
inside, researchers are doing no less than constructing
the chemistry industry of tomorrow.

The ITMC facilities are the nerve centre of “catalaix:
Catalysis for a circular economy”, the Werner Siemens
Foundation’s project of the century and winner of the
high-calibre ideas competition the Foundation held to
markits centennial anniversary. Endowed with a ten-year
grant of one hundred million Swiss francs, catalaix is
led by Regina Palkovits, Chair of Heterogeneous Cataly-
sis and Technical Chemistry, and Jiirgen Klankermayer,
Chair of Translational Molecular Catalysis at RWTH.
Now, the Aachen team are setting up a research centre
that has the ambitious goal of enabling a recycling-based
chemical industry.

Put very simply, today’s chemical industry uses in-
genious, technically complex procedures to transform
petroleum-based raw materials into a wide range of
products. “These are products with maximum function-
ality and high economic viability,” Regina Palkovits says.
“Until now, however, little thought has been given towhat
happens after they reach the end of their life cycle.” As a
result, most chemically manufactured goods are thrown
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The catalaix headquarters at Melaten Campus in Aachen. At present, the catalaix teams are housed in
separate buildings. A new research centre will be built on the meadow to the left.

away as waste. “Society can no longer afford to do this,”
Palkovits continues. “It’s critical that we move away from
a linear economy and towards a circular economy.”

Mountains of plastic waste

The first research priority of the catalaix team is the plas-
tics sector, which provides a prime example of both the
advantages and the problems inherent in today’s chem-
ical industry. Modern life would be unthinkable without
plastics: we find them in packaging, pipes, flooring, insu-
lation, car dashboards, tyres, medical products, cosmet-
ics, upholstery and textile fibres. Indeed, there’s hardly
an industrial sector that does without plastic. And with
400 million tonnes of new plastics produced every year,
by mid-century, the quantity churned out since 1950 will
come to some sixteen gigatons, as much as the combined
weight of all the animals and fungi on earth.

This onslaught of plastic causes two main problems:
first, its manufacture consumes vast amounts of energy
and second, it generates massive mountains of waste.
“A volume equal to fifty kilograms of plastic per capita
is fabricated every year, and for every citizen in industri-
alised countries like Germany, the plastics industry con-
sumes 1.2 tonnes of crude oil—these are enormous fig-
ures,” says Jirgen Klankermayer. In 2050, it’s estimated
that emissions from the plastics sector will equal those
caused by 800 coal-fired power plants. And in the same

time frame, the floating islands of plastic waste in the
world’s oceans could mushroom to the size of France.
Today, only nine percent of all plastics are recy-
cled; examples include PET bottles that are shredded
and remade as new PET bottles. However, one-dimen-
sional cycles like this are unsuitable for a holistic, multi-
dimensional approach, mainly because plastics belong to
a highly complex, heterogeneous class of materials with
very different chemical structures. Indeed, there are more
than 200 different plastic classes on the market. In addi-
tion, various quantities are manufactured, hundreds of
additives are used and the products’ lifespans differ: while
packaging film may have done its job within a few weeks,
building insulation is expected to last thirty years.

Modular recycling

The core concept in catalaix is to develop a type of modu-
lar principle for recycling these diverse materials: the
idea is to break down the various kinds of plastic waste
into molecular building blocks that are so versatile that
they can be utilised for making a wide range of very dif-
ferent new materials—all according to demand. “This
way, previously isolated cycles of matter can be linked
together and a flexible circular economy can be created,”
Jurgen Klankermayer says.

Regina Palkovits adds that it’s vital to look at waste
materials as valuable resources. “A considerable amount
of energy and valuable synthesis reactions are stored
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in plastic materials; it’s not wise to throw them away or
burn them.” That’s why the researchers want to instru-
mentalise recycling technologies to produce molecular
building blocks that retain the greatest possible chem-
ical value. At the same time, they want to make these
future building blocks more sustainable, ideally even
biodegradable, especially when transport routes are long
or when the carbon footprint caused by collection would
be unjustifiable.

Catalysis—the process that accelerates the speed of
chemical reactions or makes them possible in the first
place—is at the heart of catalaix. “Up to now, chemists
have mainly sought new catalysts to create bonds,” Jiirgen
Klankermayer explains. “In our work, we’re seeking cata-
lysts to selectively break bonds.”

Beyond plastics

The capacity to break existing bonds is also important
for the goal of developing new chemical products that
are sustainable and easier to recycle than today’s plas-
tics. “For these new products, it’s critical to think about
recycling from the outset,” Palkovits says. One idea is to
insert a type of predetermined breaking point into newly
developed molecules to make it easy for a catalyst to act
on the bond at the end of a product’s life cycle. “These
methods can also be applied on other materials, not just
plastics,” Palkovits says. “That’s why catalaix shouldn’t
be seen as only a plastics project. It will have much
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In the labs of Regina Palkovits (centre), the research revolves around so-called heterogeneous
catalyses in which catalyst and reactant are in different phases.



broader implications for driving the chemical industry
towards sustainability.”

Indeed, the general idea behind catalaix goes far
beyond experiments in the chemistry lab, and the aim
is to test the real-world potential of the ideas and devel-
opments as quickly as possible. “RWTH Aachen Univer-
sity offers ideal conditions for the translation from basic
research to developing a prototype,” Klankermayer says.
“Thanks to the quality of process engineering and tech-
nical infrastructure here, we can carry out tests on a scale
that would be unthinkable in our regular lab.” To ensure
catalaix has the greatest possible impact, the project
team also includes experts in the fields of sustainability
and system evaluations who assess which newly created
molecules are sustainable, how material flows might
look, and where there is demand on the market.

Platinum electrodes to break bonds

Atour of the Aachen labs reveals how the researchers are
planning to realise their multilayered idea over the next
ten years. To be sure, a considerable amount of prelim-
inarywork has already been done—for instance, the team
have demonstrated that catalysis-driven bond splitting is
feasible in several types of plastic. And in their research,
the techniques they use to chemically break down plas-
tic materials are as varied as the plastics themselves. For
instance, in the labs where the research group of Regina
Palkovits work, the experiments currently revolve around
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heterogeneous catalysis. This means the catalyst and
the reacting substances in the reaction are in different
phases—often the catalyst is a solid, while the reactants
are liquid solutions.

The researchers are working on the idea of break-
ing down plastics through electrochemical catalysis, a
somewhat neglected method whose great advantage is
its sustainability: the reactions take place via green elec-
tric energy sources such as wind power rather than fossil
energy. In the lab, the experiments are conducted using
small glass containers with two metal platinum pins
(electrodes) in the lid that go down far into the container.
The container is then filled with a predefined type of plas-
tic—the reaction medium. When voltage is applied to the
electrodes, the reaction takes place on their surface.

Recently, the Palkovits group have demonstrated that
the procedure can be used to split off polylactic acid (PLA),
a chain-like compound consisting of the biodegrad-
able molecule lactic acid that is used to manufacture
packaging, cans and bottles. For their study, the re-
searchers worked with a commercial bioplastic cup that
they mechanically shredded and then placed in a sol-
vent. As an end result, they achieved a maximum lactic
acidyield of eighty-seven percent with the platinum elec-
trodes. What’s more the conversion also worked on titan-
ium, which is less expensive than platinum. Now, the
team plan to find out whether this splitting method also
functions with other kinds of plastics.

In the cryogenic mill, two balls grind plastic materials to a powder. The temperatures are
kept low to prevent the plastic from melting.

To avoid contamination when working with plastics and chemicals, precision and
caution are of the utmost importance.

Reactions at 100 bar

In the labs of Jiirgen Klankermayer’s group, the team are
experimenting with whatis known as homogeneous cata-
lysts: catalysts and reactants that are in the same phase.
With this approach, the aim is to break down plastics,
in particular plastics from the polyoxymethylene (POM)
class, which are used to manufacture zippers and back-
pack fasteners. POM is also important in the automo-
tive industry, as it’s used to make door handles, rear-
view mirrors and the buckles on seatbelts. In a first step,
the researchers take these kinds of products as starting
materials in their experiments and grind them in their
in-house cryogenic mill, which has two balls that crush
a material into a powder. The process takes place at low
temperatures to prevent the mill from warming up, as
heat can alter a material.

The plastic powder thus created is then poured into
an autoclave—a gas-tight container used for chem-
ical reactions. For the team’s initial experiments with a
newly developed catalyst, these reactors are small, with a
capacity of just a few millilitres. A magnetic stirrer mixes
the catalyst and the plastic powder to trigger the reac-
tion, generally at a pressure of 100 bar or more, which
corresponds to over one hundred kilograms of pressure
per square centimetre. In these experiments, Jiirgen
Klankermayer and his group were able to demonstrate
that POM can be converted into so-called cyclic acetals
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when renewable diols—organic chemical compounds
obtained from biomass—are added. For their part,
acetals can act as solvents, polymer building blocks or
pharmaceutical intermediates.

Another positive result in Klankermayer’s group was
achieved in an experiment to break down polyethylene
(PE), the world’s most commonly manufactured plastic.
Used mainly for plastic bags and films, PE has a mar-
ket share of some thirty percent. Together with a part-
ner group, the catalaix researchers added biomass to
polyethylene waste products to produce lactic acid, the
building block of the bioplastic polylactic acid (PLA). In
other words: the method developed by the Aachen team
converts a conventional, non-degradable plastic into a
biodegradable material that is suitable for a sustainable,
recycling-based chemical industry of the future.

Looking inside molecules

Whether, how well and how efficiently these degrad-
ation processes function depends to a large extent on the
catalyst that has been developed or selected for an experi-
ment. These catalysts are often complex metal com-
pounds, and even minimal adjustments to their chemical
make-up can greatly accelerate or slow down a reaction.
In addition, a catalyst’s form also contributes to its effi-
cacy: in many cases, porous materials are suitable as solid
catalysts due to the particularly large surface-to-volume



ratio. The reason this is important is that catalyses gener-
ally occur on the surface of the catalyst.

This is also the reason it’s vital to understand exactly
what the catalysts look like and how they work. A base-
ment room at ITMC houses equipment that is essential
for this purpose: seven vats of different sizes—so-called
nuclear magnetic resonance spectrometers. Inside the
instruments, a powerful and homogeneous magnetic
field is applied to excite atomic nuclei, causing them to
alter their state. “With this equipment, we can see the
molecules, as it were,” Jirgen Klankermayer explains.
And in the lab’s most modern spectrometers, reactions
can even be carried out directly. The benefits are twofold:
the researchers can see precisely what happens to their
catalyst when it comes into contact with the reagent, and
they can identify which bonds between individual chem-
ical elements are formed or broken.

Microbes to build plastic molecules

Catalysis can also be carried out with non-chemically
developed substances, referred to as biocatalysts. Indeed,
many functions in the human body are impossible with-
out biocatalysts—the microbes that inhabit our body—
and people have been making commercial use of these
biocatalysts for centuries to brew beer or ferment wine.
Now, Lars Blank, Chair of Applied Microbiology at RWTH
Aachen University and member of the catalaix core team,
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In nuclear magnetic resonance spectrometers, molecules can be studied down to the tiniest detail —
and researchers can even watch chemical reactions occur in real time.

is applying the same principle and using enzymes to
degrade plastic. In addition, his research group use
genetic engineering to insert enzymes into microorgan-
isms, which can break down specific plastic compounds
or assemble them into larger molecules.

“Our approach is best suited for application on
mixed plastics,” Blank says. Using several different
enzymes that other research partners have contributed
to the catalaix project, mixed fragments or microplas-
tics from the environment can be broken down into
various kinds of monomers (molecules that can be
bonded to other identical molecules to form polymers).
Blank’s research group is already testing these systems
in so-called fermentation apparatuses: within just a
few hours, pieces of plastic are converted into aque-
ous solutions. This interplay between chemical catalyst
and biocatalysis represents additional possibilities for
researchers in the catalaix project to chemically degrade
plastic into its monomers. In a further step, Blank envi-
sions that microbes will absorb these monomers and
assemble them into biomolecules. “This means we’re
creating new building blocks and polymers at a place
that gets very complicated for chemists, because they
would have to run various reactions one after the other
or under different conditions—or because the sub-
strates are impure or their composition is unstable,”
Blank explains.

Everything can change in the reactor

To attain the project aims, however, lab results demon-
strating that a plastic compound can be broken down
using catalysis or a specific enzyme are just a first step. It’s
at least equally as challenging to translate these findings
into a method that businesses can use to recycle the kind
of waste products consumers throw away every day. This is
why the catalaix team want to transfer their findings from
the lab to real-world applications as quickly as possible.

Polyethylene is an example of one such process. At
the “Technikum” in Aachen, directly adjacent to the
ITMC building, the researchers have ideal facilities
for conducting larger-scale experiments. Diverse high-
pressure chambers are located along a narrow corridor,
and in one of the chambers, a PhD student has installed
a complex reactor unit that is roughly two metres wide;
inside the reactor, polyethylene admixed with ethylene is
broken down via a catalytic reaction into propylene, the
basic building block. This work is the continuation of
an experiment on plastic degradation that was recently
concluded in the ITMC lab. However, rather than hold-
ing just a few millilitres, the autoclaves at the Technikum
have a capacity of one litre.

Volume, however, is not the only difference between
experiments conducted in the ITMC lab and those at the
Technikum. A particular problem is that the parameters
of an experiment change with the size of the autoclave.
For instance, the agitator to mix the materials is differ-

ent, the flow conditions shift, mixing can become more
difficult. The goal is to find out whether new problems
arise due to the larger scale. But that’s not all: with an
eye to a later industrial application, the researchers are
already taking initial measurements to learn whether the
method has the potential to be economically viable. How
much substrate can be converted? What temperatures
and pressures deliver the best results? What are the pre-
cise reaction conditions?

Maintaining constant processes

Answers to these questions are needed for the next stage:
buildingapilot plantthatwill be operated by processengin-
eers—and that will mark the transition to production on
an industrial scale. This step, too, was part of the original
catalaix concept, as process engineering plays a pivotal
role in the project. Unsurprisingly, it’s also only a short
walk from ITMC to the Aachen process engineering build-
ing, where testing units that can convert volumes of fifty
to one hundred litres are being built. In the experiments
conducted here, the main focus is to go beyond processes
conducted under ideal conditions. “We’re also looking
into aspects like control systems—in other words, how we
canrun these processes in such away that overall quality is
guaranteed even when certain dimensions or the make-up
of the input product change,” says Alexander Mitsos, who
is Chair of Process Systems Engineering at RWTH Aachen
University—and also a member of the catalaix core team.

In this test reactor located in a high-pressure chamber, a catalytic reaction is triggered to
break down polyethylene admixed with ethylene into the basic building block propylene.
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At the ITMC Technikum, experiments are conducted in autoclaves under high pressure, and reactor systems

for catalytic reactions are operated on a larger scale. Jirgen Klankermayer (centre) speaking with two team members.
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Mitsos’s research group are focused on developing
methods and algorithms to optimise chemical and elec-
trochemical processes, enabling them to make predic-
tions that are of particular benefit to other researchers in
the project. For instance, Mitsos and his team have already
used machine learning to predict the fuel properties of
molecules on the basis of their atomic bonds.

The potential challenges arising in the catalaix pro-
jecton the journey to developing a marketable chemical-
catalyst system are also seen in the biorefinery oper-
ated at Aachener Verfahrenstechnik—the building for
systems engineering containing several demo units in
which processes based on renewable raw materials are
run and tested on an industrial scale. In one of the demo
units, lignin—a key component of wood—is currently
being degraded. In these experiments, details that might
seem negligible in an ordinary chemistry lab can balloon
into major stumbling blocks. For example, sometimes
steel containers are damaged by reactions when a cor-
rosive reagent is added. And sometimes solvents used to
work on solids turn out to be too expensive in the amount
needed for large-scale operations.

Life cycles and value chains

The data provided by the process engineering studies
representyet a further step in the team’s journey towards
a successful product launch: acquiring an in-depth
understanding of operational aspects. This includes
investigating how a new plastic or molecule is fabricated,
how much energy and resources are needed for produc-
tion, and what the corresponding value chains look like.
These are some of the questions that Grit Walther and
her group must answer in order to do their job. Walther
is Chair of Operations Management at RWTH Aachen
University, and she, too, is a member of the catalaix core
team. Her specialisation lies in modelling and assessing
production and value chains.

The analyses she conducts are often complex and
highly intricate—for example, in cases when the task
is estimating a product’s impact on and in the environ-
ment on the basis of its life cycle. For this, she draws on
criteria such as carbon emissions, acidification, eutrophy
cation, land use and water consumption. “Sometimes,”
Grit Walther says, “we also work with social criteria.” If,
for example, a business collects plastic waste in Asia, she
and her team study how jobs and the general levels of
acceptance in the region are impacted if waste purifica-
tion occurs in Europe rather than locally.

That the ten-year duration of catalaix is adapted to the
challenges is important to Walther—and also that the
chemists in the groups led by Jiirgen Klankermayer and
Regina Palkovits have prepared several products that are
already being tested on a larger scale. “The more scaled
their findings, the better our predictions,” is how she
summarises the connection. “If we only have lab data,
the unknowns in our calculations are very large.” How-
ever, the path from lab to modelling and assessing is a
two-way street, an iterative undertaking, as Grit Walther
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explains: “Based on the data we get from the lab and
from process engineering experiments, we create mod-
els—and then feed them back to the researchers, who in
turn adjust their experiments to reduce environmental
impact or improve marketability.”

This kind of interactive collaboration is more or less
the essence of catalaix: innovative research calls for team-
work, and in order to make key advances in science and
society, it’s critical that experts from various disciplines
work together and that they respect, trust and support
one another. Over the next ten years, the WSS Research
Centre in Aachen will serve as a prime example of how
this kind of modern collaboration delivers results.

WSS 100

catalaix

Most chemically manufactured products

are thrown away at the end of their life cycle.
The research team led by Regina Palkovits
and Jiirgen Klankermayer at RWTH Aachen
University want to change this—with the help
of catalysts that speed up chemical reactions,
or make them possible in the first place. Their
primary goal is using novel catalyses to break
down plastic materials and mixed plastic
waste into versatile building blocks. In the
process, they plan to develop a modular system
that will pave the way for a multidimensional
circular economy in the chemical industry.

Funding from the Werner Siemens
Foundation 100 million Swiss francs
Project duration 2024 to 2034

Project leaders

Prof. Dr Jiirgen Klankermayer, Chair of
Translational Molecular Catalysis, RWTH
Aachen University

Prof. Dr Regina Palkovits, Chair of Hetero-
geneous Catalysis and Technical Chemistry,
RWTH Aachen University



“We want to generate
knowledge that matters’

Ulrich Rudiger, rector of RWTH Aachen University, says the
WSS grant for the “catalaix” project is a fantastic outcome—
and that the new WSS-funded research centre is an ideal fit
at RWTH, both in terms of the university’s organisational
structures and its long-term strategy.

Prof. Dr Ulrich Rudiger,
rector of RWTH Aachen University

Ulrich Riidiger, what does the WSS grant
signify for RWTH Aachen University?
The grant is a fantastic outcome—on
different levels. Transforming linear
value chains into a holistic, multidi-
mensional circular economy is the
challenge of a century. I'm convinced
that the new WSS-funded catalaix
research centre will make a significant
contribution to meeting this chal-
lenge. In addition, the grant also
demonstrates that we at RWTH have
the institutional capacity to deliver
this kind of cutting-edge research.
And catalaix dovetails well with our
structures.

How so?

With our Profile Areas, we’ve devel-
oped highly effective instruments for
facilitating collaboration between
researchers across disciplines and
departments; thanks to these struc-
tures, the findings from excellent
basic and applied research can be
used to lay the foundation for socially
relevant innovation. At RWTH,
scientists coordinate their research
activities, benefit from state-of-the-art
infrastructure and form large research
networks with academic and indus-
trial partners. Our goal is to generate
knowledge that matters and, in doing
so, to make a positive impact on
society. And because we understand
this is impossible to do alone, we rely
on our strong network of partners—in
this case, WSS. In keeping with this
philosophy, the title of our excellence
proposal contained the three key terms:
knowledge, impact and networks.

What role will the catalaix research
centre play in RWTH Aachen Univer-
sity’s long-term strategy?

For one, catalaix as a research centre
is in perfect alignment with our
understanding of how interdiscip-
linary research should be conducted.
For another, RWTH has adopted a
sustainability strategy, including an
implementation roadmap, that we are
now absolutely committed to—and
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here, too, catalaix is an important
building block that underpins our
ambitions. Our goal is achieving
climate neutrality by 2030, and the
sustainability roadmap defines
concrete measures and targets that
support the overall strategy and that
can be implemented at operational
level. These targets and measures
apply to all university areas: govern-
ance, teaching and studies, research
and business operations. catalaix
will unite many aspects here.

What results do you yourself hope to see
at the centre?

My personal expectations of catalaix
are research findings of the highest
calibre, but I also hope to see a major
strengthening of the structures at our
university. The WSS project of the
century focuses on a topic of the
century that affects today’s society.
RWTH Aachen University is commit-
ted to addressing major global
challenges, and a circular chemical
industry is a key factor when it comes
to getting to grips with climate
change. The ideas generated in
catalaix will certainly be extremely
interesting. The way the project team
puts research, innovation—even
inspiration—into practice has the
potential to play an essential role

in preserving a world that is fit for us
to live in.

A

At the new WSS Research Centre at RWTH Aachen University, the focus is on catalytic
reactions carried out in fume hoods (to the left) for example.
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The five
runners-up

A festive award ceremony: on 16 June 2023, the Foundation Board, the Scientific Advisory Board and the Siemens Family Advisory Board Berlin

of the Werner Siemens Foundation welcomed the finalist teams in the “project of the century” competition to the Hotel Astoria in Lucerne.

For their innovative ideas, each of the six research groups received a WSS research prize of one million Swiss francs. A new Ch |Or|ne tech nology
Munich

Indoor wheat on 100 storeys

Zurich

The “golden” path to hydrogen production

Freiburg, Germany

High-efficiency solar energy

Gottingen

Technology for sustainable chemistry
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Researchers in a team led by Sebastian Hasenstab-Riedel (centre) at Freie Universitat Berlin have developed
a new chlorine technology with the aim of promoting sustainability in diverse chemical processes.

Chlorine technology
for a cleaner world

One invention, so much potential: researchers in the WSS100 final
project “ChemSysCon” want to use a new chlorine-based
technology as the basis not only for making the chemical safer

to store and transport, but also for recycling electronic scrap and
waste products, rendering biomass usable and developing
large-scale batteries.
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Chlorine is much more than just a dis-
infectant for swimming pools. As one
of the most important commodity
chemicals, the element is found in over
half of all products made in the chem-
ical industry—for example in plastics,
pharmaceuticals and agrochemicals.
Around one hundred metric tons of
elemental chlorine (Cl,) are produced
every year, mostly by electrolysis from
common salt (NaCl) and water (H,O).

But manufacturing the chemical
is an extremely energy-intensive pro-
cess—Germany’s annual production
of 5.5 million metric tons of chlorine
accounts for around 2.3 percent of the
country’s overall electric power con-
sumption. Moreover, chlorine gas is
also toxic and, despite numerous safety
regulations, storing and transporting
it poses major risks. In mid-2022, for
example, a container of chlorine fell
from a crane while being loaded onto a
ship in the port of Aqaba, Jordan, caus-
ing chlorine gas to escape. Thirteen
people died and two hundred and fifty
were injured.

A team of researchers led by Sebas-
tian Hasenstab-Riedel from Freie Uni-
versitdt Berlin have now developed a
technologytostore and transportchlor-
ine safely. The basis of the technology
is a so-called ionic liquid—an ammo-
nium salt that is liquid at room tem-
perature and that can absorb large
quantities of chlorine gas and release
it again easily, as needed.

“Green” chlorine and hydrogen
Simplifying the storage and transport-
ability of chlorine opens up a whole
range of new possibilities for this key
bulk chemical, as Hasenstab-Riedel
explains. And manufacturing it using
renewable power sources will become
ever easier in the future: in Central
Europe, for example, the chemical
industry can produce it using surplus
solar power and then store the chlorine
until it’s needed, while in the Global
South, it could be produced on a large
scale with cheaply available solar energy
and shipped safely from the production
site. Another advantage is that the two
by-products of chlorine production—
hydrogen and caustic soda—are also
valuable energy carriers and commod-
ity chemicals.

But that’s only the start. “The ionic
liquid underpins the development of
a whole new chlorine-based technol-
ogy,” Hasenstab-Riedel says. Together
with a team from Freie Universitit
Berlin, the German Bundesanstalt
fiir Materialforschung und -priifung
(BAM) and the Fraunhofer Institute for
Applied Polymer Research (IAP), he has
come up with four action areas for his
WSS100 proposal—ChemSysCon—in
which he believes the chlorine stor-
age platform can make a substantial
contribution to creating a sustainable
chemical industry.

Dissolving metals from electronic
scrap

The first action area concerns the
urban mining of high-tech metals.
Electric motors, wind turbines and
mobile phones contain large quan-
tities of valuable metals such as rare-
earth elements. “Europe is dependent
on countries like China for these raw
materials,” Hasenstab-Riedel says.
“We need to develop methods that
make it easy to extract these metals
from discarded electronic goods for
future re-use.” This is where his new
chlorine-based technology could prove
extremely helpful—because it’s based
on a highly reactive liquid. He explains
that initial tests have shown it can be
used to dissolve high-tech metal com-
pounds at low temperatures and separ-
ate out the individual metals.

The second action area is the
exploitation of biomass, or renewable
organic material, that would otherwise
be disposed of. Take the four million
metric tons of glycerine created every
year as a by-product of biodiesel gen-
eration, or the one hundred million
metric tons of lignin from paper manu-
facturing. Hasenstab-Riedel says that
by using the ionic liquid the team have
developed, both of these waste prod-
ucts can be converted into valuable,
functional materials.

Waste chemical products and batteries

The third area is the conversion of
chemical products that have outlived
their use. “By applying electrochem-
ical processes, we can remove the
chlorine from existing compounds
and store it again in our ionic liquid,”
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Hasenstab-Riedel says. One example
of a chlorine-containing waste product
is the insecticide lindane: no longer
used in the EU, up to seven metric tons
of the pesticide lie in spoil tips across
Europe. Chlorinated plastics could
also lend themselves to being recycled
via this dichlorination process.

The last action area is a chlorine
platform that holds great potential for
use as a starting material in the manu-
facture of stationary storage batter-
ies—to store solar or wind energy, for
example. The ionic liquid can absorb
two electrons from metals such as cal-
cium or aluminium and easily release
them again. “Years ago, we showed
that batteries of this kind based on
metal halides like bromides are pos-
sibleon alarge scale,” Hasenstab-Riedel
says. However, polychlorides offer
even greater possibilities and are sig-
nificantly cheaper, as chlorine is more
abundant than bromine.

In sum, chlorine could soon play
a key part in our efforts to create a
cleaner world and more sustainable
future.

WSS 100

ChemSysCon:
New chemical
systems for the
conversion of
sustainable
resources

Funding from the Werner Siemens
Foundation 1 million Swiss francs
Project leader

Prof. Dr Sebastian Hasenstab-Riedel,

Institute of Chemistry and Biochemistry,

Freie Universitit Berlin



One hundred
storeys of wheat

Growing wheat and saving space: researchers in the WSS100
final project “Revolution of food production” want to systematically
drive the further development of vertical farming technologies
forward to attain indoor harvests that are six thousand times larger
than crop yields from conventional outdoor farms.
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A team led by Senthold Asseng (right) at Technical University of Munich are seeking cost-effective and ecological
ways to produce wheat crops in vertical farms—and drastically reduce agricultural land consumption.

50

How can we feed the world’s growing
population without depleting natural
resources like water and soils—and
destroying valuable ecosystems? This
question is the research focus of the
team led by Senthold Asseng at Tech-
nical University of Munich. In their
WSS100 proposal, they set out a con-
cept for agricultural food production
in a meticulously controlled environ-
ment—a radical expansion of already
existing vertical farming systems.

“Today’s vertical farms consume
an enormous amount of energy and
are extremely labour-intensive, hence
costly. If at all, cost-effective oper-
ations are only possible when growing
premium leafy produce like lettuce
and herbs,” Senthold Asseng explains.
To make the indoor production of
food staples such as wheat competi-
tive, however, he says the entire system
needs to be rethought, automated
and made much more efficient. With
this type of comprehensive approach,
Asseng calculates that one hundred
vertically stacked indoor planting
fields with five to six harvests per year
would yield up to six thousand times
more wheat per square metre than out-
door farms.

Large-grain dwarf wheat

To realise their innovative idea, every
single aspect of vertical farming must
be optimised—starting with the plants
themselves. Wheat is the source of
one-fifth of all calories consumed by
humans and also the most extensively
studied crop. To date, however, it has
been cultivated for outdoor farming,
rarely for a controlled environment.
“Because temperature, light, humidity,
fertilisers and all other factors are con-
trolled in our system, we can reimagine
how the plant should look,” Asseng
says.

For example, the ideal wheat would
be as short as possible, making it pos-
sible to stack numerous cultivation
layers on top of each other in a pro-
duction facility. “The height of wheat
grown outdoors is instrumental in
keeping weeds at bay,” Senthold
Asseng says. “However, there won’t
be any weeds in our facilities.” He and
his team are already working with a
wheat variety modified by the US space

agency NASA in the 1990s for potential
missions to Mars. Rather than being
1.1 metres high, like conventional,
field-grown wheat, this variety meas-
ures just 50 centimetres. “But we want
our wheat to be even shorter,” Asseng
says.

Redesigning the wheat’s root sys-
tem is another key aspect in the project.
Whereas conventional wheat needs
deep roots of up to two metres to absorb
the necessary water and nutrients from
the soil, an indoor variety that doesn’t
have towork so hard to getwhat it needs
would probably do well with roots of
only ten centimetres, maybe even less,
Asseng says. The energy the optimised
plants save by not having to find their
own nutrients can instead be invested
into growing the grain.

Just as important as cultivating the
right wheat variety is identifying the
conditions in which the plants thrive
while using the least amount of energy
possible. The researchers aren’t at a
loss for new ways to achieve this aim,
many of which are related to lighting,
as it’s responsible for almost all of the
energy costs in vertical farming. One
option they’re testing is to reduce the
light spectrum emitted in the facil-
ities to only those wavelengths that the
plants actually need to conduct photo-
synthesis. A fully automated conveyor
could then move the light sources up
and down so that they remain close to
the plants at all times. “This is import-
ant, because light intensity, and
consequently energy consumption,
decreases by a power of two at this
distance,” says Senthold Asseng, who
wants to reduce energy use by ninety-
three percent.

Another focus in the project is the
principle of circularity. Highly efficient
circulation systems will ensure that
vertical farms function with ninety-five
percent less water and sixty percent
fewer fertilisers. Special wall coatings
for dehumidification are one way of
achieving this aim. Another is unused
biomass broken down into minerals
that can be utilised as fertiliser.

In barns and in the desert

To avoid wasting energy while also
guaranteeing automated production
systems, an optimised building is
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essential. The Munich team propose
building the modular farm facilities
of wood, an ecologically sustainable
material choice. “The smallest unit will
be five layers of planting space meas-
uring ten by ten metres,” Asseng says.
Thanks to their small size, the units
could even be fitted into a barn at a
conventional farm, where solar panels
installed on the roof would supply the
system with electricity. Large facilities
with up to one hundred stacks would
be used for large-scale food produc-
tion—even in regions where crops
were previously unthinkable due to a
lack of water, or because the soils are
contaminated with heavy metals.

If we could grow high-quality
wheat, and later other foods, without
using up so much space, it would be a
quantum leap for global food security.
At the same time, it would also reduce
the need for field-based industrialised
agriculture—all of which brings bene-
fits to nature.
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David Tilley, Greta Patzke and their team at the University of Zurich want to split water directly
into oxygen and hydrogen—in novel reactors that use only energy from the sun.

Water spilitting,
made simple

Converting water and sunlight into hydrogen in just a single
step: researchersin the WSS100 final project “Solar fuels
and commodities” want to use innovative reactors to produce
environmentally friendly energy carriers and materials.
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Hydrogen is widely regarded as the
energy carrier of the future—but only
if there’s a way to produce it without
burning fossil fuels. The most ele-
gant method would be using only the
energy of the sun to directly split water
into hydrogen and oxygen molecules.
Indeed this is the principle at the heart
of the WSS100 proposal developed by
Greta Patzke, David Tilley and their
team at the University of Zurich. The
researchers have devised a concept to
make solar production of hydrogen
and other commodities ready for mar-
ket entry.

The team’s research focus is the
production of so-called solar particu-
late panel reactors (SPP reactors).
Put simply, these reactors are novel,
cost-effective solar panels in which
catalysts generate hydrogen through
the direct utilisation of sunlight. The
approach based on photocatalysis is
called the “golden” route to hydrogen
production, and it’s viewed as a con-
tinuation of “green” technologies
stemming from clean energy sources.

“Although the concept has fascin-
ated researchers across the globe
for a hundred years already, no one
has yet achieved a commercial break-
through,” Greta Patzke explains. How-
ever, studies have demonstrated that
solar hydrogen production via these
types of catalysts can indeed compete
with hydrogen produced using fossil
fuels. The team have already developed
several catalysts that greatly accelerate
water splitting while also making the
process more efficient—and they’re
convinced that many more significant
improvements are possible.

Demonstration in the reactor

To achieve their aims, they’re conduct-
ingresearchintonewkinds of photocat-
alysts made of various materials: some
of high-tech semiconductor materi-
als and some of graphene-like carbon
nitrides. The latter are especially inter-
esting, because they consist of carbon
and nitrogen—two of the most com-
mon elements on the planet. This is
relevant, as there are other factors to
consider in addition to conversion effi-
ciency. For instance, the panels should
be built to last, and the catalysts should
be made of widely available, cost-

effective and eco-friendly materials,
in keeping with the “benign by
design” principle.

To demonstrate that solar hydro-
gen production is technically feasible,
the researchers are planning to use
demonstration reactors of at least one
hundred square metres. The outcome
will then serve as the basis to further
develop the SPP reactors. “Using the
same principle but other reactors, we
can also convert the generated hydro-
gen, CO,, biomass and other primary
materials into additional valuable
base chemicals,” David Tilley explains.
Fertilisers as well as renewable build-
ing blocks for the plastics industry are
examples of the materials that could be
produced.

Innovative separation technology

Numerous challenges await the
researchers as they move forward,
including separating and purifying the
hydrogen. For this work, the research
team are planning on further devel-
oping a new technology based on
hydride compressors in which hydro-
gen is accumulated on modified metal
hydrides at low temperatures and low
pressure. Once the system has reached
saturation, the hydrides are heated—
whereupon they release pure hydrogen
at high pressure.

The development of innovative
technologies always goes hand in hand
with economic, social and environmen-
tal risks, and these risks often cause
promising research projects to fail.
To prevent this outcome, the Zurich
team are designing a comprehensive,
future-oriented concept that will serve
as a benchmark for developing new
technologies. Their system covers eco-
nomic viability, international inter-
dependencies and impacts on eco-
systems as well as public opinion.

Al lends a hand

Separate research teams are respon-
sible for addressing these complex
questions: they explore aspects such
as whether the high-tech materials cre-
ated for the SPP reactors could pose
risks to humans and the environment
in the long term. In addition, issues
related to economic viability, life cycle
assessments, dependencies on sup-
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plier nations for essential raw mater-
ials and public perception are closely
examined from the very start.

Various methods will be applied in
this work, including a new tool based
on artificial intelligence. “With the AI
tool, we’re able to calculate and weight
all factors involved,” Greta Patzke says.
This is also useful in choosing the
right materials from the outset. For ex-
ample, if catalyst material A performs
better than catalyst material B in all
assessment categories, the researchers
will work with material A.

The aim is for these tools and tech-
nologies to enable the simple and eco-
logical production of hydrogen and
other materials—Dby literally snatching
them from thin air.
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Maximising efficiency
INn the energy transition

Highly efficient solar cells, virtually loss-free electricity transport,
innovative energy storage: researchers in the WSS100 final
project “Solar energy” want to develop new technologies to drive
the energy transition forward.
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Frank Dimroth (left) and Andreas Bett at the Fraunhofer Institute for Solar Energy Systems and
the Albert Ludwig University of Freiburg conduct research into highly efficient solar cells.

Right now, solar power is booming and
isgenerallyviewed as the key technology
for carbon-neutral energy production.
In order to satisfy the global need for
electricity, however, massive photo-
voltaic plants will have to be built.
“From 2037 onwards, we’re reckoning
with an annual increase of 3.4 tera-
watts in new solar modules. Using
today’s technology, that corresponds
to an expanse larger than a third of
Switzerland’s total surface area,” says
Frank Dimroth from the Fraunhofer
Institute for Solar Energy Systems (ISE)
in Freiburg, Germany.

In addition to taking up a lot of
territory, such an increase would also
eat up huge amounts of material and
energy. And what’s more, converting
sunlight into electricity is only half
the battle, says Andreas Bett from ISE
Freiburg and Albert Ludwig University
of Freiburg: “We also need systems to
transport electricity—or to use electric
power for producing energy carriers
like hydrogen and synthesis gases.”

For their WSS100 proposal, a team
led by Dimroth and Bett have devel-
oped a concept for more efficient and
less extractive technologies—all in
the interest of promoting a sustain-
able energy transition. One of the
team’s initial research priorities is
in the area of photovoltaics. Today’s
solar cells are generally made of crys-
talline silicon. However, due to phys-
ical constraints, their efficiency is less
than thirty percent, and the purifica-
tion processes for silicon consume a
great deal of energy.

Ultra-thin solar cells

The team in Freiburg are proposing
a more efficient, less extractive alter-
native: what they call “III-'V tandem
photovoltaics”. These are solar cells
consisting of several semiconductor
layers made up of elements from the
third and fifth main groups of the peri-
odic table, including gallium, indium,
arsenic and phosphorus. Because each
layer absorbs a different spectrum of
sunlight, these kinds of tandem solar
cells attain high conversion efficiency.
“Compared to today’s cells, the output
with the tandem solar cells is about a
third higher per area,” Frank Dimroth
explains.

In addition to boosting efficiency,
the researchers also want to make the
solar cells ultra-thin and thus reduce
the amount of material needed to a
minimum. Today, a silicon solar cell
is roughly 150 micrometres thick; the
future III-V semiconductors will mea-
sure just 1.5 micrometres. Here, the
researchers developed a method in
which the thin semiconductor layers
can be detached from their growth
substrate. This enables the substance
to be used multiple times, which saves
on valuable materials.

Compact light

Combining the III-V semiconductor
tandem solar cells with high-concen-
tration photovoltaics (CPV) technol-
ogy is particularly promising. In this
process, economical lenses are used
to amplify the sunlight by a factor of
one thousand before a tiny solar cell
converts it into electricity. “Although
we still need a little silicone on glass
to construct the lenses, we now use
one thousand times less semiconduc-
tor material,” Andreas Bett explains.
The team have recently produced a
CPV solar cell that attains an efficiency
of 47.6 percent when exposed to sun-
light concentrated 665 times—a world
record. Overall, the researchers esti-
mate that these new technologies will
reduce energy consumption in solar
cell production by seventy-five percent.

The team also have another major
research priority: energy transport.
Because once electricity is generated, it
also has to be fed into the grid. One of
theirideas is cutting out the transform-
ation of direct current into alternat-
ing current and thus attaining higher
voltages in solar cells, modules and
leads. “This would minimise resist-
ance losses, and we could use thin-
ner cables,” Andreas Bett says. Large
amounts of copper and aluminium
could be saved, especially in applica-
tions that use direct current, such as
electrolysis.

Hydrogen and syngases

CPV in particular work well in regions
with intense solar radiation, includ-
ing southern Africa and Australia. And
these regions are also ideally suited to
convert cheap solar power into hydro-
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gen or other energy carriers that are
easy to transport and store.

This is yet another area of research
for the project team. They want to
investigate new systems for hydrogen
production, in particular electrolysis
using electrolysers with a membrane
exhibiting ionic conductivity prop-
erties able to separate the hydrogen
from the oxygen. “We plan to develop
new polymers for stable, more ecologi-
cal membranes and combine them with
catalysts made of non-critical metals
like nickel and iron,” Dimroth says.

Downstream, sustainable and
energy-saving synthesis processes will
be developed to produce molecules
like ammonia, methanol or dimethyl
ether that can be used to store hydro-
gen—hence energy—and transport it
over long distances.

Attaining maximum efficiency,
achieving high voltage, perfecting
innovative technologies: this is how
the researchers in the “Solar energy”
project are aiming to drive the energy
transition forward.
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A team led by Lutz Ackermann (centre) at the University of Gottingen want to make catalysis—the acceleration of a chemical reaction—better,
faster and “greener”. A development with the potential to revolutionise the entire chemical industry.

Sustainable
catalyses

Using electricity and light instead of gas and oil, developing short
synthesis pathways, employing catalysts made of common metals:
researchers in the WSS100 final project “RenewSusCat” want to
create innovative technologies capable of boosting sustainability in
the chemical industry.
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In Germany, the chemical and pharma-
ceutical industries alone are respon-
sible for around thirty percent of
industrial energy consumption—a
large proportion of which stems from
fossil fuels. For their WSS100 proposal,
ateam led by Lutz Ackermann from the
University of Gottingen have developed
a concept to improve sustainability in
these two industries. Key to the con-
cept are catalyses—which increase
the speed of chemical reactions and
even enable completely new reactions.
Indeed, catalyses are involved in
almost nine out of ten industrial chem-
ical processes.

The team behind the RenewSusCat
project are proposing two lines of
research to help decarbonise the
chemical industry. One step is to
develop new, innovative catalyses that
consume less energy and raw mater-
ials and that generate fewer waste
products; the second is to replace the
fossil fuels used in the catalysis pro-
cess with renewable energy sources.

To make chemical syntheses more
efficient, the researchers are aiming
to reduce the number of intermediate
steps in reactions. “Today, it often takes
more than ten synthetic steps to pro-
duce a typical pharmaceutical agent,”
Lutz Ackermann says. On the basis of
several examples, he and his research
group have proven that such lengthy
production processes can be avoided—
while at the same time minimising the
use of chemical reagents from fossil
sources.

Less effort, fewer solvents

At the crux of this approach is a reac-
tion technique called C-H activation.
Bonds between carbon (C) and hydro-
gen (H) form the backbone of organic
molecules. However, the bond between
these two atoms is strong, making it
difficult to split them selectively. But
once the bond is broken, functional
groups that significantly alter a mol-
ecule’s properties can dock directly
onto the molecule.

Because these carbon-hydrogen
compounds are so commonplace, the
potential scope of application of the
breakthrough method is enormous.
Using the technology, Ackermann
and his team have shown that it takes

only one conversion step from one
precursor structure to produce several
possible agents with different proper-
ties. “By drastically reducing the num-
ber of synthesis steps, we not only save
time, but also large quantities of sol-
vents and chemical waste products,”
Ackermann says.

However, an essential requirement
of making chemical processes as cli-
mate neutral as possible is to ensure
thatthe energy used stems from renew-
able sources. “Today, most reactions
are carried out thermally, by heating—
with gas and oil,” Lutz Ackermann says.
As an alternative, he’s looking at two
other methods: hydrogen production
via electrocatalysis and photocatalysis.

Hydrogen as single by-product

Electrocatalysis involves the use of
electricity rather than heat to drive
chemical activation processes. “As a
rule, these reactions take place at room
temperature,” Lutz Ackermann says.
In electrocatalysis, chemical reagents
are replaced by protons and electrons,
and the synthesis of molecules for the
manufacture of medicines or crop pro-
tection products is coupled with the
simultaneous production of hydrogen
as the sole by-product. The hydrogen
created can then be reused as a sus-
tainable energy carrier. “This coupling
makes such syntheses highly attrac-
tive from a commercial viewpoint too,”
explains Ackermann, whose long-term
ideas include using electrocatalysis to
tackle the world’s mountains of plas-
tic waste—in other words, to break
down plastics such as polyethylene or
polystyrene into reusable polymers by
extracting the hydrogen they contain.
Photocatalysis, on the other hand,
uses the energy of light as a cata-
lyst to accelerate chemical reactions.
Researchers today often use special LED
sources for this purpose, as Ackermann
points out. The aim is to one day be able
to trigger such reactions with sunlight.

Al-assisted software

But the RenewSusCat team aren’t stop-
ping there: they have a whole range
of solutions in the pipeline to make
chemical processes more sustainable.
One example is the plan to replace pre-
cious—often toxic—catalyst metals

57

such as palladium, rhodium or iridium
with cheaper, less toxic and more read-
ily available elements such as nickel,
copper, manganese or even iron.

Or to take advantage of software
applications that use artificial intelli-
gence to evaluate chemical reactions,
enabling them to predict which new
catalysts and synthetic routes will
be most effective and sustainable.
“Molecular data science is often given
short shrift,” Lutz Ackermann says. But
he’s convinced that his field will help
the chemical industry harness all the
resources at its disposal in the interest
of sustainability.
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