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Advanced-level pinball
Instead of a single ball made of metal, many brightly coloured balls roll around here – in the “algae flipper”, which is currently  
touring Germany on board the exhibition ship MS Wissenschaft (ms-wissenschaft.de/en). The pinball machine of the Institute  

of Bio- and Geosciences (IBG-2) and the Bioeconomy Science Center provides a playful way to demonstrate how algae can be used  
to recover nutrients from wastewater: blue, green and red balls, representing water and nutrients, are passed over algal turf.  

The nutrient balls get caught and can be harvested. This principle, AlgalTurfScrubbing, is used in pilot plants in the greenhouse  
and at the sewage treatment plant of Forschungszentrum Jülich.

More about the algae flipper and AlgalTurfScrubbing: go.fzj.de/algenflipper (in German)

https://ms-wissenschaft.de/en/
https://go.fzj.de/algenflipper


3T O P I C S

The lockdown  
as a living lab

The corona pandemic has given 
climate research an unexpected 

treasure trove of data.

32

S EC T I O N S

Editorial
4

Publication details
4

What are you  
researching  
right now?

23

Knowing-it-all 
34

Thumbs up
35

Research in  
a tweet

36

N E W S

5

C OV E R S T O RY

City, country,  
community

How Forschungszentrum Jülich 
supports structural change  

in the Rhineland region.

8

R E S E A R C H

Solar energy  
mobilizes

Driving more climate-friendly  
with photovoltaics on the roof.

20

Closing in  
on a dream

Stefan Tautz observes  
electrons in slow motion.

22

Simply cutting out 
interferences

Quantum computers are still  
very susceptible to errors – Jülich 

researchers are working on  
correction systems.

24

Modelling for  
cleaner waters

There is too much phosphate in  
German waters. A computer model 

from Jülich is helping to  
change that.

26

Always open for 
new things

Silvia Daun works as a  
mathematician in brain  
research – an interview.

30

Read more  
about structural  

change in our brochure  
„New thinking, new oppor-

tunities. How research  
contributes to structural 

change“. (in German)

effzett.fz-juelich.de/ 
strukturwandel

http://effzett.fz-juelich.de/strukturwandel
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Change,  
time and again

Changes shape the history of humankind. Hunters and gatherers be-

came sedentary farmers. We used wood as fuel for centuries, then came 

coal, gas and oil. We rode horses and had plough horses pull the plough 

over the fields. Today, we use cars and machines. There were reasons 

for every change. This is also the case with the coal phase-out. The pro-

tection of the climate, the environment and health, as well as limited 

supplies, are weighty arguments. But what will be phased in when coal 

is being phased out? An area like the Rhineland region in particular, 

which is characterized by coal mining, needs new ideas to maintain its 

economic strength and jobs. Forschungszentrum Jülich wants to drive 

this structural change forward with innovations from science. Starting 

with the conversion of the former opencast mining areas, this ranges 

from sustainable agriculture, energy supply and chemical industry to 

high-tech industry and a bio-based circular economy. Our cover story 

invites you to some of the places and beginnings of the change.

In other articles, you can read how solar cells can make vehicles more 

climate-friendly, how errors in quantum computers can be corrected, 

and how simulations from Jülich help to get a grip on the phosphate 

content in waters.

We hope you enjoy this issue, 

Your effzett editorial team

Read the
online magazine

now

There’s
even more!

mailto:email: info@fz-juelich.de
https://effzett.fz-juelich.de/en/
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Formic acid and other organic acids in the atmosphere contribute  
to the formation of aerosol particles as precursors of raindrops.  

They thus influence cloud formation and our climate. Researchers  
at Jülich have now deciphered the chemical process by which  

most of the formic acid present in the atmosphere is produced. This 
makes it possible to improve atmospheric and climate models.

Link to the blog blogs.fz-juelich.de/climateresearch

– I N S T I T U T E O F E N E R GY A N D C L I M AT E R E S E A R C H –

AT M O S P H E R I C C H E M I S T R Y

Knowing more about 
cloud formation

Structural changes in the brain that cause Alzheimer’s and other  
neurodegenerative diseases do not start in random places.  

They do not spread randomly either. Instead, they run along functional  
networks that are active in the healthy brain such as when the person  

reads or performs movements. An international team with Jülich  
participation found this out using a meta-analysis, in which the researchers  

statistically evaluated several studies on the same topic. 

– I N S T I T U T E O F N E U R O S C I E N C E A N D M E D I C I N E –

B R A I N R E S E A R C H

Places of decline

http://blogs.fz-juelich.de/climateresearch
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Proteins normally need water to perform their functions,  
such as transporting oxygen. Polymers – which are long-chain  
molecules – can replace water. An international research team  

has used the muscle protein myoglobin to explore how  
the proteins can move and be controlled in the unfamiliar  

environment. To do this, the team used the SPHERES neutron  
backscatter spectrometer, which Forschungszentrum Jülich  

operates at Heinz Maier-Leibnitz Zentrum in Munich.  
The protein-polymer combination could help in the medical  

field to regenerate cells of heart attack patients. 

– J Ü L I C H C E N T R E F O R N E U T R O N S C I E N C E –

S T R U C T U R A L B I O LO GY

Protein without water

Heads or tails?  
If we toss two coins in the air,  
the outcome of one coin toss  

has nothing to do with the  
outcome of the other. The case  

is different with quantum  
particles: they can be entangled 
and can then only be described  

in conjunction. Jülich researchers, 
together with partners from  
TU Wien, have succeeded in  

producing beams of quantum- 
entangled atoms. Among other 

things, these could help to  
build more precise sensors  

in the future, for example for  
gravity measurements.

– P E T E R G R Ü N B E R G I N S T I T U T E –

Entangled  
atoms

2.3
million euros

has been awarded to Prof. Ulf-G. Meißner as an 
Advanced Grant by the European Research Council 

(ERC). The physicist, who conducts research at 
Jülich and Bonn, works on the strong interaction; 

this is the force that, among other things, holds 
neutrons and protons together in atomic nuclei. 

With the ERC funding, he wants to explore, among 
other things, what happens when the light quarks 

– the components of neutrons and protons – are 
replaced by strange quarks in atomic nuclei.

– I N S T I T U T E F O R A D VA N C E D S I M U L AT I O N –
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Prof. Frauke Melchior and Dr. Astrid Lambrecht 
complete the five-member Jülich Board  
of  Directors. Physicist Astrid Lambrecht  

took office at the beginning of June.  
Previously, the 54-year-old headed the  
scientific physics division of the French  

National Centre for Scientific Research (CNRS) 
in Paris. She also brings a great deal of  

experience from numerous international  
science organizations. Her research on  

quantum fluctuations and the forces they  
excite extends from the basics to application. 

Prof. Frauke Melchior has been on  
the Board since April. As a professor at  

the Centre for Molecular Biology (ZBMH)  
at Heidelberg University, the 58-year-old  

biochemist researched the control of  
cellular processes by the protein SUMO.  

As a member of the Senate of the  
German Research Foundation (DFG)  
and as Dean at Heidelberg University,  

she was also active in science management. 

Board of Directors  
complete

“It is particularly im-
portant to me to expand 
existing interdisciplinary 

interfaces and to find new 
ones. However, we must 
not forget to strengthen 

the disciplines them-
selves so that they can 

continue to achieve  
great things.” 

D R .  A S T R I D L A M B R E C H T

The muon puzzles physicists. The elementary particle –  
a short-lived cousin of the electron – generates a magnetic  
field around itself whose measured value is greater than  
theoretically expected. Experts see this as an indication  
of new, uncharted physics. However, the gap between  

the two values may be smaller than previously thought:  
uniquely precise calculations, carried out for the most  

part on Jülich supercomputers, led to a higher theoretical  
value. Independent measurements in the USA showed a  
minimally lower experimental value. More investigation  

is necessary to show whether the values need to be  
adjusted further and whether there is actually a new  

physics behind the deviation.

– J Ü L I C H S U P E R C O M P U T I N G C E N T R E –

T H EO R E T I C A L P H Y S I C S

Gap narrowed,  
puzzle remains

Read more in the interview with Prof. Kalman Szabo  
go.fzj.de/Szabo (in German)

“The promotion of  
young talent from  

doctoral researchers  
to temporary group  
leaders has been a  

topic that has stayed  
with me for years  

and that is very near  
and dear to me.”

P R O F.  F R A U K E M E L C H I O R

https://go.fzj.de/Szabo
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The rise and fall  
of lignite

1800 1810 182017501700 1710 1720 1730 174016901680

Second half of the 17th century
After the Thirty Years’ War, lignite is discovered  
as an alternative to the coveted firewood.

1738 
In Kierdorf, farmers dig  
systematically for lignite  
for the first time.

1826 
Mining of a 7.5-metre-thick 

seam begins near Inden.
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The Rhineland region
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Germany will phase out lignite fully by 2038. 
This threatens to result in a loss of jobs  

in the Rhineland region. In order to maintain  
the economic strength of the region,  

municipalities and companies are looking  
for alternatives. Know-how from Jülich  

helps to shape structural change.

Lignite-fired power plant  
in Weisweiler

1900 1910 1920 1930 19401850 1860 1870 1880 18901830 1840

1949 
The village of Bottenbroich is relocated 

to make way for the opencast mine near 
Frechen. Further resettlements follow.

1914 
The first power plant  

in Weisweiler produces  
electricity from lignite.

1895 
Start of industrial lignite mining: in the  
Donatus pit near Liblar, an overburden  

excavator is used for the first time.

From 1927 
Thanks to cheap energy and 
lignite, several chemical 
sites are built.

From 1918 
Hard coal shortages after World War I 

increase the importance of lignite  
in Germany.

1877 
Steam-driven dewatering  

pumps open up areas near  
Brühl for opencast mining.
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It has shaped the Rhineland region for over 200 years: 
lignite. Deep opencast mining pits criss-cross the 
landscape in the triangle between Aachen, Düsseldorf 
and Cologne. The few hills, such as Sophienhöhe near 
Jülich, consist of the dredged and backfilled earth from 

coal mining. Not only the landscape is shaped by the rise of 
the brown rock, but also the industry in the region with its 
power plants and chemical plants.

However, the long-established structures are now breaking 
down. It is a done deal that lignite will be phased out by 
2038 at the latest. Plus, Germany wants to become climate- 
neutral by 2045. The Rhineland region is thus facing an 
enormous economic and social challenge: tens of thousands 
of jobs could be on the rocks if the structural change in the 
region cannot be managed in a socially, economically and 
ecologically acceptable way. 

“What the region needs is reindustrialization. New jobs 
have to be created for the ones that are lost, and this 
applies to a wide variety of educational qualifications,” 
says Prof. Wolfgang Marquardt, Chairman of Forschungs-
zentrum Jülich’s Board of Directors. In his view, three 
 prerequisites need to be met: the development of an effi-
cient and modern infrastructure, the transformation   
of industry to open up new business fields, and the settle-
ment of companies from new, promising industries.

“As a centre of research, we can make an important con-
tribution to all three points. Above all, we can be a driving 
force, helping to establish a new high-tech industry with in-
novations from science,” emphasizes Wolfgang Marquardt. 
There are a few approaches: with digitalization, CO2 
neutral industrial processes and plant-based products, for 
 example, industry and agriculture could gain new momen-
tum. A sustainable hydrogen infrastructure could make the 
region a beacon, both nationally and also internationally. 
Artificial intelligence and new computer technologies such 
as quantum computers could give rise to new businesses.

“Together with partners from science, business, politics 
and society, we want to contribute to making the change 
a success,” says Wolfgang Marquardt. Funding from the 
federal government and the state already makes various 
projects possible. A few examples allow us to demonstrate 
the ideas and locations with which Forschungszentrum 
Jülich is  supporting structural change in the Rhineland 
region.

How lignite came into being
In the Miocene period 23 million years ago, a process lasting 
millions of years began: the formation of the large lignite 
deposits. In this process, layers of incompletely decomposed 
plant remains, known as peat,  around 300 metres thick 
form in bogs. More and more sediment accumulates on 
the layer. Under the pressure of the sediment, the water is 
squeezed out of the peat and the plant mass is transformed 
into lignite.

1950

1953–1972 
The power plants at Weisweiler (newly built in 1953/55), 
Niederaussem (1963) and Neurath (1972) are connected to 
the grid. Neurath is now the largest power plant in Germany.

1957 
Development  
of the Inden  
opencast mine.

1983 
Merger of several mining 
fields to form the Garzweiler I 
opencast mine, which will  
be expanded to include Garz-
weiler II from 2006 onwards.

1978 
Development  

of the Hambach  
opencast mine.

198019701960
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Coal is on the way out, hydrogen is on the 
way in – so stipulates the hydrogen roadmap 
of North Rhine-Westphalia. Accordingly, the 
energy source plays a key part in structural 
change. Forschungszentrum Jülich brings 
its many years of expertise to bear here, 
from production and conversion to the 
economic aspects of hydrogen. Jülich is also 
designated as the location for the  Helmholtz 
Cluster HC-H2, which is financed from 
structural change funds and is intended to 
cover the entire scientific value chain from 
basic research to technical application. 
Approaches to chemical hydrogen storage 
in liquid form, for example in methanol and 
other alcohols or in liquid organic hydro-

gen carrier (LOHC) systems, are primarily 
being pursued at the HC-H2. By using liquid 
hydrogen carriers, existing infrastructures 
such as filling stations can continue to be 
used. “With the cluster, we want to establish 
the Rhineland region as an innovation region 
for hydrogen, where new technologies are 
invented, developed and demonstrated in 
order to export them throughout the world. 
This would be an important contribution to 
creating new jobs here and to successfully 
mastering the energy transition at the same 
time,” emphasizes Prof. Wolfgang Marquardt, 
Chairman of Forschungszentrum Jülich’s 
Board of Directors.

In addition to the cluster, other Jülich activ-
ities on structural change are underway: in 
the Agency for Cognitive Computing (ACC) 
project, for example, the regional economy 
is to be supported in the upcoming digital 
transformation. In the planned Center for 
Quantum Science and Engineering (CQSE), 
Forschungszentrum Jülich and Fraunhofer 
ILT Aachen want to enable local companies 
to develop and use quantum technologies. 
The expansion of the Ernst Ruska-Centre 
for Microscopy and Spectroscopy with 
Electrons “ER-C 2.0” is intended to create a 
platform for characterising and developing 
innovative materials.

From hydrogen to quantum computing

7,757 
million tonnes
of lignite was mined in the  
Rhineland region between  

1930 and 2020. That is about  
one third of the total production  

in Germany in this period.

Lignite excavator in 
the Inden opencast 
mine

2000

2021
The state of North Rhine-West-
phalia is reducing the size of 
the three remaining opencast  
lignite mines. 

2005
The river Inde is diverted because of the opencast  

mining. Its new bed, 12 kilometres long, is being  
constructed on an ecological basis.

1994 
Rheinbraun, RWE Energie and the North Rhine- 
Westphalian state government agree on a climate- 
friendly modernization of lignite-fired power plants.

2020 
Germany decides to phase out coal by 
2038. Coal regions in the Rhineland 
and eastern Germany receive funding 
for structural change.

2018 
Partially violent protests against 

 the clearing of further parts of the 
Hambach Forest to make way for 

opencast mining take place.

20101990 2020



C OV E R S T O RY1 2

Places  
of change

Green chemistry 
thanks to CO2

1

An industrial area on the edge of a settlement near Bergheim 
west of Cologne: grouped around a substation, a forest of 
power poles looms on the horizon. The soft murmur of the 
motorway drifts over to three silver barrels rising up as tall as 
houses here in the flat landscape. 

“These are the digesters of the Paffendorf biogas plant. It 
is  operated by one of our cooperation partners, RWE AG,” 
explains Prof. Rüdiger-A. Eichel, Director of the Institute of 
Energy and Climate Research (IEK-9). In the towers, bacteria 
convert plant residues into a mixture that consists largely of 
energy-rich biomethane. It can be used to generate electricity 
and heat very efficiently with the help of a high-temperature 
fuel cell. This produces much less CO2 than when electrici-
ty is generated from lignite – an important step towards 
climate-friendly energy production. However, the Jülich 
physicist envisions even more for the plant: the dawn of a 
climate-friendly chemical industry.

“Chemistry is a key industry for the Rhineland region area,” 
says the researcher. “Almost half of the total value added in 
this region is generated by the chemical industry. Around 
48,000 people earn their daily bread in this sector. Our task is 
to secure these jobs today to ensure them for the future.”

FROM EXHAUST GAS TO RAW MATERIAL
The sector is increasingly coming under pressure: it currently 
still covers its demand for energy and raw materials from 
the fossil sources of coal and oil. But that will be over in the 
foreseeable future. Germany wants to massively reduce its 
greenhouse gas emissions resulting from the combustion of 
fossil raw materials and become climate neutral by 2045. 

“We will only succeed in this if we can feed part of the most 
important greenhouse gas, carbon dioxide, into a cycle – that 
is, if we reuse the CO2 produced by industrial processes as a 
raw material for other processes,” Eichel argues.

The iNEW project, which is funded as part of the Federal 
Government’s immediate action programme for structural 
change and coordinated by Jülich, is researching this. “We 
are developing a toolbox for recycling carbon dioxide,” says 
Rüdiger-A. Eichel. 

The German abbreviation iNEW stands for “incubator for 
sustainable electrochemical value added”. The idea behind it: 
special electrolysis cells use electricity from renewable sources 
to convert CO2 and water into a mixture of carbon monoxide 
and hydrogen. This synthesis gas has so far been obtained 
through the reaction of water vapour with natural gas, crude 
oil or coal. It serves the chemical industry as a starting mate-
rial for a broad range of products such as hydrocarbons and 
alcohols. “We have also already developed electrolysis cells 
that not only supply synthesis gas, but immediately important 
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platform chemicals such as ethylene or formic acid. These can 
then be refined into high-quality products, for example for the 
pharmaceutical or coatings industry,” explains the researcher.

The biogas plant in Paffendorf could supply the raw material 
CO2. For this purpose, the gas that is produced there as a waste 
product during the conversion of biomethane into electricity 
must be captured and processed further in special electrolysis 

cells. The advantage of this over CO2 from lignite-fired power 
plants: it is a high-purity gas and, therefore, does not have 
to be extracted from exhaust gases contaminated with other 
substances. 

CLIMATE-NEUTRAL PRODUCTION
However, the CO2 could also come from other sources where 
emissions of the greenhouse gas cannot be avoided and where 
the CO2 is not as contaminated: from cement plants or waste 
incineration plants. “Our vision is for the Rhineland region to 
be the first of the world’s approximately 50 major coal regions 
to build a fully climate-neutral chemical industry that does not 
need any fossil raw materials at all,” says Rüdiger-A. Eichel. 
To achieve this, it is necessary to train and develop competent 
employees at an early stage. Schools for young talent and 
summer academies are therefore an integral part of iNEW, 
says the Jülich researcher: “One thing’s for sure: The skilled 
workers we need for tomorrow’s change are still attending 
school today."

“Our vision is for the  
Rhineland region to build  

a fully climate-neutral 
chemical industry that 

 does not need any fossil 
raw materials at all.”

P R O F.  R Ü D I G E R -A .  E I C H E L

Paffendorf

Jülich
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From opencast 
mine to cropland

2

“Caution! Danger of falling!” A yellow sign warns of the 
 precipice that suddenly opens up here. Nicolas  Brüggemann 
takes another careful step closer to the edge. In front of 
him lies the enormous pit of the Inden opencast mine, 
which stretches out like a desert over several kilometres. 
The 250-metre-deep hole dwarfs the huge bucket-wheel 
 excavators. The machines nibble at the terraced rising edges 
of the crater like bizarre insects. 

“On kilometre-long conveyor belts, the soil above the coal is 
transported to the so-called stackers. The crane-like machines 
use it to backfill the pit where the coal was mined," says 
the Jülich professor of terrestrial biogeochemistry, whose 
research at the Institute of Bio- and Geosciences (IBG-3) 
includes the recultivation of opencast mining areas. 

At the Inden opencast mine, together with RWE AG, he and his 
team from IBG-3 are investigating how the excavated soil can 
be used again as fertile farmland as quickly as possible. “This 
is like a big outdoor lab for us,” explains Nicolas Brüggemann. 
Researchers are investigating two farmland areas on the edge 
of the pit as part of the project Digitales Geosystem Rheini-
sches Revier (digital geosystem of the Rhineland region – 
 DG-RR), an innovation lab of the structural change project  
BioökonomieREVIER (see page 18/19). 

EXCAVATION REDUCES SOIL QUALITY
The scientist crouches down and reaches into the ochreous 
earth with his right hand. “Basically, this is the best farm-
land soil you can imagine,” he says. A topsoil layer rich in 
humus, in which crops thrive excellently, rests on a thick 
layer of  calcareous loess soil, which is an unbeatable moisture 
 reservoir. 

When the bucket-wheel excavators remove the soil above the 
lignite, however, the topsoil mixes with the soil underneath, 
the loess. The nutrients and humus are effectively diluted by 
this, and the pH value also changes as a result of the lime. 
As a consequence, the soils yield less after excavation and 
 reapplication than before.

The remedy: humus, nitrogen and phosphorus must be 
added to the soil so that it can again be used profitably for 

 agriculture. This is initially done in the form of a three-year 
green manuring using lucerne with the addition of phos-
phate fertilizer. The lucerne binds nitrogen from the air and 
converts it into a form that can be utilized by plants. After 
that, compost is spread on the area. “RWE has now spread 
compost for us on two test fields on the edge of the opencast 
mine: the normal amount of compost on one of the fields and 
twice the usual amount on the other,” says the Jülich scientist. 
The researchers tested this procedure in the BonaRes project 
Inplamint. This simple measure in fact significantly increased 
the yield of wheat or barley. 

“The recultivated areas  
of the opencast mine  
are like a big outdoor  

lab for us.”
P R O F.  N I C O L A S B R Ü G G E M A N N
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The method also has another benefit: the soils bind 
 significantly more carbon through the introduced compost. 
“This is of course important with regard to the aspired CO2 
neutrality by 2045,” says Nicolas Brüggemann. 

COMPOST AS AN EXPORT HIT
If compost is applied at the right time in autumn, it can even 
prevent unwanted and environmentally harmful losses of 
nitrogen: microorganisms bind the excess nitrogen that the 
plants cannot absorb from the soil. 

Nicolas Brüggemann plans to further optimize the compost 
and other soil improvers, such as modified plant charcoal, 
in cooperation with local companies. At the moment, these 
companies are using a by-product of lignite mining to pro-
duce soil conditioner. When, in a few years’ time, the large 
bucket-wheel excavators in Inden will come to a standstill, 
an organic product based on green waste or other residual 
materials could fill this gap and possibly prove to be an export 
hit. After all, nutrient-poor soils can be found everywhere in 
the world.

Digital agriculture
Digitalization has arrived in agriculture. Today, GPS 
positioning already helps to till, fertilize and harvest a 
field with pinpoint accuracy. But there is more in the 
wings: aerial drones assessing the condition of entire 
fields or networked sensors, ensuring that the soil 
provides enough water for the plants.

Structural change offers the Rhineland region the 
opportunity to test such new approaches to digital 
 agricultural technology. To this end, science, agricul-
ture and companies are working closely together in 
a total of 15 innovation labs of the structural change 
initiative BioökonomieREVIER, for example on a field 
of around six hectares near the Brainergy Park Jülich. 
“For me as a researcher, it is exciting to share new 
technologies with users in the region – and learn 
their opinions about them. This also applies to jointly 
developing ideas with start-up companies, which 
then design user-friendly products,” says the project 
 manager of the Brainenergy Field Lab (BFL), Dr. Onno 
Muller from the Jülich Institute of Bio- and Geosci-
ences (IBG-2).

The innovation lab “Bioeconomy and Digitalization” 
(SL-BioDig) also uses the area. The aim is to collect, 
analyze and make available large amounts of data on 
the condition of soils and plants. The data could be 
used to determine, for example, how much fertilizer 
is needed or how much water the plants are currently 
absorbing.

Jülich
Inden

More about the digital geosystem  
innovation lab DG-RR: 
go.fzj.de/DG-RR (in German)

https://go.fzj.de/DG-RR
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New hardware  
for AI

3

“We are rebuilding,” says Rainer Waser with an impish 
smile. “A state-of-the-art research building is currently being 
constructed here on the site of the previous Walter Schottky 
House,” explains the physical chemist, looking up at the glass 
façade of the new building on the Melaten campus of RWTH 
Aachen University. 

Rainer Waser, professor at RWTH Aachen University and 
director of Jülich’s Peter Grünberg Institute (PGI-7), also has  
another conversion of a completely different kind in mind. 
“With lignite being phased out, we want to create industrial 
jobs in the Rhineland region in a promising field, namely 
in hardware for artificial intelligence applications.” In the 
 NEUROTEC project, which is funded by the immediate action 
programme for structural change, the researcher and his team 
want to tackle one of the fundamental challenges of informa-
tion technology: the energy problem.

AS EFFICIENT AS THE BRAIN
“Some 15 per cent of electrical energy is consumed by IT 
applications.” Computers modelled on the human brain, so-
called neuromorphic systems, are much more economical than 
conventional computers. Such chips have previously worked 
with conventional semiconductor technology, that is, with tiny 
electronic switches. Rainer Waser intends to supplement these 
transistors with a new type of component: a memristor. This 
“resistor with a memory” is similar to the synapses in natural 
nerve cells, which makes it particularly suitable for artificial 
neural networks such as those used for artificial intelligence 
applications. 

“Research institutions here in the region are world leaders 
in terms of basic research in this still young field,” explains 
Rainer Waser. “We are also fortunate to have several high-tech 
companies here that are showing interest in expanding their 
expertise towards neuromorphic systems. We hope that, in 
this way, a nucleus for this computer generation of the future 
will develop in the Rhineland region.”

For example: AIXTRON in Herzogenrath, partner company 
in the NEUROTEC project, supplies machines that deposit the 
thinnest layers of semiconductors on surfaces. These units 
could also be used to join memristive circuits and conven-

“In the past, lignite 
was the resource in 

the Rhineland region. 
The resource of  

the future will be 
knowledge.”

P R O F.  R A I N E R WA S E R
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tional silicon technology, says Rainer Waser: “This would be 
a first step on the way to neuromorphic systems: computer 
chips with additional functional layers based on memristors.” 
A location of cutting-edge research could emerge this way that 
will also offer an attractive environment for a large number of 
other companies.

POOLING EXPERTISE
AMO GmbH in Aachen, a research institute in nanotechnol-
ogy, is another interface to small enterprises and start-ups. It 
collaborates with RWTH Aachen University and Forschungs-
zentrum Jülich in the Clusters4Future initiative NeuroSys. 
This regional innovation network is to be established as a 
scientific and economic ecosystem for neuro-inspired comput-
ing. In addition to the memristor experts from Jülich, it brings 
together specialists from materials science, computer science, 
electrical engineering, neuroscience and the social sciences 
from the  entire Rhineland region. Ethics is also on board, 
emphasizes Max Lemme, professor of electrical engineering 
at RWTH Aachen University, scientific managing director of 

AMO GmbH and spokesperson for the cluster: “How will AI 
influence our everyday lives in the future? What does this 
technology mean for the labour market? Questions like these 
are important to us.”

Considering the concentrated expertise, Rainer Waser sees 
the region well-positioned for the change to come: “In the 
past, lignite was the resource in the Rhineland region. The 
resource of the future will be knowledge. That includes the 
know-how for building neuromorphic computers for artificial 
intelligence.”

A R N D T R E U N I N G

Aachen

Herzogenrath

Jülich
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Model region
BioökonomieREVIER
Bioeconomy has potential. Sustainable and bio-based 
economic activity, in which the circular society replaces 
the throwaway society, merges three important tasks for 
the future: food security, raw materials supply and energy 
transition. The Rhineland region offers very good condi-
tions for exploiting the opportunities of the bioeconomy:  
it has a strong agricultural and food industry thanks to 
good soils and a mild climate, a diversified economy, a 
dense research landscape and numerous  conurbations 
as sales markets. Supported by structural change 
 programmes, the Rhineland region is to become a model 
region for the bioeconomy, officially “Modellregion  
BioökonomieREVIER Rheinland” – and thus a shining 
 example for others. The coordination office is located at 
the Jülich Institute of Bio- and Geosciences (IBG-2). It 
also supports 15 innovation labs in which Jülich, together 
with partners from science and industry, tests promising 
research ideas in practice.

Benefits for the people and  
the region
• Cooperations: bringing together science, business, municipalities, 

associations and civil society 
• Transfer of knowledge: rapid implementation of scientific 

 innovations in the economy
• Founding of companies: turning ideas from bioeconomy into 

 business models
• Jobs: circular economy provides new raw mate-

rials and products – and thus new sources of 
income and jobs

• Education and training: new professions 
emerge, old ones change, educational 
opportunities prepare for them

• Citizen participation: people cannot only 
find out what the bioeconomy has to 
offer, but also get involved themselves

• Building a profile: identifying and using 
strengths and potentials of municipalities 
in bioeconomy

Waste

Products

Industry

Science
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Harvesting plants and electricity 
Arable land is to yield double benefits, with 
plants growing on the ground and solar panels 
installed on high scaffolding above them, gen-
erating energy. Livestock farming would also be 
possible. Jülich researchers and their partners 
in the Agrophotovoltaics 2.0 innovation lab 
APV2.0 are currently building a demonstration 
plant. 

Bioplastics from sugar waste 
The region’s sugar, jam and chocolate produc-
tion leaves behind tonnes of sugar waste. In the 
UpRePP innovation lab (upcycling of regional 
residues for the production of platform chem-
icals), Jülich and Aachen researchers want to 
apply microorganisms to the sugar waste in 
order to produce starting materials for bio-
based plastics. These are intended to replace 
chemicals made from petroleum. 

Turning grass into paper 
Paper is mostly made from wood or recycled pa-
per. The company Creapaper, by contrast, relies 
on grass fibre, which it supplies to the paper and 
packaging industry from its Düren premises. 
The conversion enabled Creapaper to massively 
reduce both water and electricity consumption 
as well as CO2 emissions. With Jülich’s support, 
the raw material and production are to be further 
improved.

From research  
into practice

More information on  
the BioökonomieREVIER  
(in German):  
biooekonomierevier.de

Biomass

Raw materials  
& residuals

Industry

Bio-based circular econ-
omy: science, agriculture 
and industry jointly develop 
solutions to integrate organic 
raw materials, products and 
waste into a closed, regional 
cycle of materials. 

Digital
agriculture

1,170,000 
tonnes

of biomass per year could potentially be processed into 
higher-value products in the Rhineland region. The biomass 

consists of organic waste, crop waste and residues from 
sugar production, among other things. 

http://biooekonomierevier.de
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Traffic is responsible for around 20 per cent of the greenhouse  
gases emitted in Germany. Therefore, vehicles are to become more  

climate-friendly – with the help of solar cells, for example.

Solar energy  
mobilizes

As early as the mid-1980s, inventors were build-
ing quaint cars that ran on solar energy. They 
competed in races like the “World Solar Chal-
lenge” all the way across Australia. These solar 
cars were nothing like series-produced vehicles 
suitable for everyday use. However, established 
car manufacturers such as Toyota or Hyundai and 
start-up companies have since then adopted the 
concept of integrating solar cells, for example into 
the roof of the car or the outer part of its body.

The reasons for this: “There are more and more 
hybrid and fully electric vehicles out on the 
roads. They can use the solar power directly for 
propulsion,” explains Dr. Kaining Ding from the 
Jülich Institute of Energy and Climate Research 
(IEK-5). The current trend towards electric cars is 
also bringing new momentum to vehicle-integrat-
ed photovoltaics. Adding to this, “Solar modules 
have become so inexpensive and efficient by now 
that it can pay off to use them to extend the range 
of electric vehicles,” says the researcher. 

The German start-up Sono Motors, for instance, 
says it plans to mass-produce a car starting in 
2023 that, with  248 solar cells built into its body, 
can achieve an average of 112 kilometres of addi-
tional range each week from solar energy. With 
long hours of sunshine in the summer, the solar 
cells should even be able to power the car up to 
245 kilometres a week.

USING THE SUN MORE EFFICIENTLY
Such figures can probably be increased even 
further – with a new generation of solar cells 
that generate more electricity from sunlight per 
square centimetre of surface area than standard 
cells achieving an efficiency of around 20 per 
cent: Jülich photovoltaic experts developed cells 
with a design known as silicon heterojunction 
(SHJ) and with an efficiency of 24.5 per cent. 
This is a German record for solar cells of this 
type. What makes this special: this record was 
achieved with cells of a size that is commercially 
available and not on a smaller laboratory scale, as 
is often the case with efficiency measurements.

SHJ solar cells differ from standard solar cells, 
which currently account for more than 95 per 
cent of the entire photovoltaic market, primarily 
in that they have ultra-thin layers of disordered 
silicon atoms surrounding a wafer of crystalline 
silicon. On the wafer surfaces, the layers inhibit 
the rapid recombination of negative and positive 
charge carriers generated by sunlight. Recombi-
nation would lead to lower efficiency.

The efficiency of SHJ solar cells is less temper-
ature-dependent than that of standard cells. 
As a result, the solar cells efficiently generate 
electricity even when the car roof in which they 
are installed heats up to 70 degrees Celsius in the 
blazing summer sun. On the other hand, even 
sub-zero temperatures are no trouble. Kaining 
Ding underlines another advantage with regard 
to use in the car: “The construction of SHJ solar 
cells can be exceptionally thin, which makes SHJ 
modules lighter and more flexible than conven-
tional solar modules.”

Kaining Ding has headed the 
Silicon heterojunction (SHJ) 
solar cells and modules 
department at Jülich since 
2014. At that time, SHJ solar 
cells had an efficiency of 
just 19 per cent.
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FLEXIBLE IN COLOUR
The Jülich researchers can alleviate potential 
buyers of solar electric cars of one concern: 
the appearance of the vehicle does not have to 
suffer from the solar cells. The scientists have 
found the correlations between the thickness 
of a certain layer of the SHJ solar cell and the 
perception of colour by the human eye. With this 
knowledge, solar cell and car manufacturers 
could ensure in the future that solar modules on 
cars look uniform in colour. This way, they are 
less  conspicuous and can even be used as design 
elements. 

F R A N K F R I C K

Utility vehicles, trucks and motor homes offer 
more surface area for solar modules than passen-
ger cars. IEK-5 is a member of a consortium that is 
equipping a light electric utility vehicle with pho-
tovoltaic modules as part of the STREET project. 
A life cycle assessment by the Jülich researchers 
has shown that such a vehicle, in operation for 
at least eight years, has less of an impact on the 
environment and climate than a corresponding 
electric vehicle charged exclusively using the 
German power grid. “We expect that the consor-
tium’s electrically powered utility vehicle could 
cover more than 30 per cent of its annual mileage 
from the electricity generated by the photo voltaic 
modules if it were used for parcel delivery in 
Munich, for example,” says Kaining Ding.

15 square metres of solar 
 modules supply electricity 
to a StreetScooter. With the 
 demonstrator, industry and 
 research partners, including 
Jülich, are currently testing the 
use of photovoltaics in vehicles 
in the STREET project.  

More about the STREET project 
and the partners involved at:  
t1p.de/fzj-STREET-EN

https://t1p.de/fzj-STREET-EN
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Electrons play a central role in chem-
istry: they bind atoms. In chemical 
reactions, electrons move, breaking 
bonds and forming new ones in 
the process. Reaction equations 
can be used to describe exactly 
which substance donates or 
accepts how many electrons. 
However, researchers would 
like to know more details. “For 
many years, it has been a goal 
to precisely track electrons in 
time and space over the course of 
a reaction,” says Prof. Stefan Tautz 
from the Peter Grünberg Institute 
(PGI-3). Beneath this lies a big dream: 
to explain chemical reactions based 
solely on the spatial distribution of elec-
trons in molecules. 

Researchers from Jülich, Graz and Marburg have 
taken an important step towards this dream: 
they observed electrons transferring through an 
interface between a molecular layer and a metal. 
Using a combination of innovative methods, they 
captured the excitation paths of the blazingly 
fast particles in a series of individual images 
and were thus able to follow the process in slow 
motion. 

This is a complex challenge, as electrons in a 
molecule do not have a fixed location at any 
point in time. It is only possible to specify areas 
where they are very likely to be: the orbitals. 
With the help of photoemission orbital tomog-
raphy, which was developed jointly in Graz and 
Jülich a few years ago, researchers can record 
such orbitals experimentally. To do this, they 
bombard a molecular layer with light particles. 
This releases energetically excited electrons 

from the layer – not randomly, but 
according to a specific pattern that 

directly reflects the spatial distri-
bution of electrons in the orbitals 

of the molecular layer. 

However, this only provides a 
snapshot. In order to obtain a 
time sequence, the team used 
a special laser that gener-
ates ultra-short pulses with 

sufficiently high energy in the 
femtosecond range. Lasting 

only a quadrillionth of a second, 
each pulse produces a new image. 

The researchers used the organic 
molecule PTCDA on a copper substrate 

as a sample, with an extremely thin oxide 
layer between the two substances. A highly 

sensitive momentum microscope detected the 
direction and energy of the released electrons.

“The experiments have shown that, with our 
combination, it is possible in principle to follow 
the excitation paths of the electrons in space 
and time. We now want to prove this with other 
samples as well,” says Stefan Tautz. For example, 
the findings could help to optimize interfaces 
and nanostructures for processors, organic solar 
cells and catalysts, among others. 

C H R I S T I A N H O H L F E L D

They are fast as lightning, tiny and almost impossible to  
capture: electrons. Tracking their movements closely could reveal a lot  

about chemical reactions. Previously seeming impossible, a mix of  
laser and electron spectroscopy could now change that.

Closing in on a dream

The scientists tracked the 
orbital tomograms with 
ultra-high resolution over 
a period of time. For this 
purpose, the electrons in 
the molecules were excited 
into a different orbital using 
femtosecond laser pulses.

Watch ultra-fast orbital tomography  
in this video:
go.fzj.de/Orbital-Tomographie

https://go.fzj.de/Orbital-Tomographie
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“I am investigating how artificial intelligence (AI) makes decisions. Trees play  
an  important role in this. Their branches serve as the model for a special machine 

 learning technique: decision trees. Here, AI checks step by step whether data  
have  certain properties or not. The more criteria, the more a solution path  

branches out. With a whole forest of decision trees working in parallel,  
we want to analyze air quality data and predict, for example, ozone levels for  

places that have no measuring stations.”

Dr. Scarlet Stadtler, Jülich Supercomputing Centre, research group Earth System Data Exploration

What are you researching right now, Ms Stadtler?

2 3
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The record hunt has begun: while the first 
quantum computers run with some 50 qubits, US 
companies such as IBM and Google are already 
planning systems with thousands of quantum 
bits, or qubits for short. Germany’s quantum 
roadmap is aiming for 500 qubits, in any case. 

For Prof. Frank Wilhelm-Mauch, however, head 
of Quantum Computing Analytics at Jülich’s 
Peter Grünberg Institute (PGI-12), the number 
of qubits alone does not provide the right tools 

to measure the performance of a quantum com-
puter, considering the state of technology. This 
is because the formula “many qubits means high 
performance” is not true. The fault lies with the 
computing units, which are susceptible to errors: 
even the smallest of interferences can cause 
qubits to lose their quantum state – and thus 
their special computing capabilities. For this 
reason, all known types of quantum computers 
have to be isolated from the environment – some 
by ultra-high vacuum, some by temperatures 

Everyone makes mistakes, they say. However, it becomes annoying when errors 
 accumulate. This is exactly what happens in today’s quantum computers: their 

 computing units, the quantum bits, are extremely susceptible to interference and 
thus to errors. Researchers at Jülich are looking for ways to find and remedy these.

Simply cutting out 
interferences

Good headphones shut out 
interference or even prevent 
it from intruding in the first 
place – the error correction 
methods that Jülich research-
ers are developing for quan-
tum computers work along 
similar lines.
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Müller from PGI-2, who is an expert in theoretical 
quantum technology. Cooperation partners at 
the University of Innsbruck have demonstrated 
with a small ion trap quantum computer that 
the  method works in practice. Markus Müller 
assumes that it can be combined with methods 
for correcting bit flip and phase flip errors.

PROTECTIVE CIRCUIT
In a way, all of the above methods work similarly 
to active noise cancellation in headphones: these 
block out noise disturbances from outside by 
means of anti-noise. This way, only the selected 
music is heard. In the case of qubits, a detected in-
terference is followed by a computational opera-
tion that removes the interference. What remains 
is the information in its pure, original form.

A completely different approach was presented 
by Martin Rymarz and Prof. David DiVincenzo, 
head of PGI-2, together with partners from the 
University of Basel and QuTech Delft: they have 
designed a circuit that is intended to passively 
protect the qubits from interference – a head-
phone, so to speak, that does not even allow 
 external noise to reach the ear and thus, in the 
best case, manages without anti-sound. At the 
core of this circuit is a gyrator, an electrical 
 component with two ports that couples current 
 at one port with voltage at the other. 

“In superconducting quantum computers, active 
error correction could be omitted or at least made 
less complex thanks to our circuit,” says doctoral 
researcher Martin Rymarz. He is convinced that 
this would greatly simplify the construction of a 
superconducting quantum computer with a large 
number of qubits. DiVincenzo is aware that this 
concept may still be a little ahead of its time, but 
he is optimistic: “Given the expertise available, 
we see the possibility of testing our proposal in 
the lab in the foreseeable future.”

F R A N K F R I C K

close to absolute zero at – 273 degrees Celsius. 
Any minute deviation as may occur, for example, 
during programming can disrupt the system. 

In order to still be able to perform calculations, a 
large part of the computing units have previously 
been used to diagnose and correct errors. “Of the 
50 or more qubits currently achieved by leading 
quantum computers, 12 at most are used for ap-
plications,” says the researcher. What’s more, the 
error rate increases ever more rapidly the more 
complex a calculation is. At some point, there are 
so many faulty qubits that the system no longer 
functions properly. “Therefore, it is currently 
more important to reduce the error probability 
than to increase the number of qubits,” Frank 
Wilhelm-Mauch is convinced. 

But even the recognition of errors is a problem, 
because the qubits must not be measured while 
a quantum computer is computing. This, as well, 
would disturb and destroy the quantum proper-
ties that are important for further information 
processing. What complicates matters further is 
the fact that there are different types of quantum 
errors. 

There is the so-called bit flip error, for example. 
To understand it, you can think of a qubit as a 
pointer that can indicate any direction. For com-
parison: the bit of a conventional calculator only 
points vertically upwards, corresponding to the 
number 1, or vertically downwards, correspond-
ing to the number 0. In the case of the bit flip er-
ror, the “pointer” suddenly indicates the opposite 
direction. If the pointer rotates around its vertical 
axis, experts speak of a phase flip error. In both 
cases, the qubit provides incorrect information. 

DETECTING AND CORRECTING
Over the last two decades, researchers have 
developed various computational methods to 
detect these types of errors. They do not directly 
observe the qubits that are needed for computing, 
but use auxiliary qubits as warning lights that in-
dicate when a qubit has “flipped out”, so to speak. 
The procedures also make it possible to correct 
the errors immediately after detecting them.

Another type of error occurs when a qubit disap-
pears from a collection of qubits. Here, a quantum 
particle is either no longer recognized as such by 
the others or even lost altogether. “We were the 
first to develop a method to detect and correct 
this type of error using auxiliary qubits without 
disturbing the calculation,” says Prof. Markus 

“It is currently 
more important to 
reduce the error 
probability than 
to increase the 

 number of qubits.”
P R O F.  F R A N K W I L H E L M - M A U C H

For more about Jülich 
quantum research,  

check us out online:
t1p.de/bcd9

COMPUTING
QUANTUM

https://t1p.de/bcd9
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There is too much phosphate in German rivers and lakes, which damages   
ecosystems. Germany hopes to meet the water quality targets in all bodies of water in the  

country by 2027. A simulation model from Jülich is helping to meet this goal.

Modelling for 
cleaner waters
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“To determine the phosphate concentrations 
in every region, measuring points alone are 
not enough,” explains Dr. Björn Tetzlaff from 
the Institute of Bio- and Geosciences (IBG-3). 
He developed a model called MEPhos around 
15 years ago, which can be used to determine 
the phosphate pollution in surface waters and its 
causes. It can precisely calculate the sources of 
phosphate pollution in a particular section of a 
river and the route the nutrient took to get there. 
The continually upgraded model has been in use 
for ten years in Hessen and Schleswig-Holstein. 
Now, it is being used in nine states and at the 
federal level.

MEPhos uses geodata on soil, rock, and relief, 
as well as climate data and phosphate input 
measurements as the basis for calculations. 
The majority of the phosphate can be traced to 
wastewater from sewage treatment plants or 
the use of fertilizers in agriculture. Additional 
sources include industrial facilities and even 
natural sources, such as rock containing phos-
phate (see image). To check how well the model 
calculations line up with reality, the researchers 
compare the simulated phosphate values with 

Around 25,000 tonnes of phosphorus seep into 
German rivers and streams every year through 
the use of fertilizers and sewage treatment 
plants. This has a number of consequences. 
According to the German Federal Environment 
Agency, concentrations of phosphorus are too 
high at more than half of all measuring points in 
Germany. Just tiny amounts of this nutrient are 
enough to stimulate plant growth – for example, 
one gram can cause around 100 grams of algae 
to grow, which sometimes leads to significant 
ecological problems, such as fluctuating oxygen 
levels that threaten fish and microbes.

Phosphate concentrations decreased significant-
ly, particularly in the 1980s and 1990s, because 
sewage treatment plants were technically 
refitted and maximum levels for phosphate were 
set for products such as detergents and cleaning 
agents. However, this still isn’t enough. Phospho-
rus pollution is partly responsible for the poor 
ecological condition that 90% of surface waters 
in Germany are currently in.  However, the Euro-
pean Union’s Water Framework Directive (WFD) 
aims to ensure that “good status” of these waters 
is achieved by 2027. 

Phosphate pollution in 
Schleswig-Holstein
The phosphate pollution in the 
coloured areas exceeds the permis-
sible water quality target in the 
Water Framework Directive. With the 
MEPhos model, the Jülich researchers 
were able to determine which source 
is primarily responsible for the ex-
cessively high phosphate levels. In 
most parts of Schleswig-Holstein, 
that source is agriculture. This infor-
mation helps the authorities to im-
plement targeted countermeasures. 
The concentration of the substance 
is below the water quality target in 
the white areas of the state. 

Björn Tetzlaff investigates 
the sources of phosphate 
in bodies of water. To do 
this, he has developed the 
MEPhos model, which can 
be used to determine the 
sources and pathways of 
phosphate.

  Agriculture
   Sewage treatment plants/ 
sewer systems

  Industry
  Natural and other sources
  River basins with low P loads

Source: Forschungszentrum Jülich/Ministry of Energy, Agriculture, the Environment, Nature and Digitalization of the State of Schleswig-Holstein/State Agency for Agriculture, 
the Environment and Rural Areas of Schleswig-Holstein
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those from the measuring points in rivers and 
streams. 

REGIONAL DIFFERENCES
The simulations for the state of Hessen showed 
that municipal sewage treatment plants are 
responsible for the largest share of phosphate 
pollution in surface waters. “That means this is by 
far the most important element to work on,” ex-
plains Tetzlaff. However, there are major regional 
differences, which is why it is not enough in some 
districts in Hessen just to improve sewage treat-
ment plants. That is one reason why the Jülich 
researcher warns against generalizing results – 
for example extrapolating results from one state 
and applying them to another state or even to all 
of Germany. In Schleswig-Holstein for example, 
the situation is very different from that in Hessen. 

Calculations with MEPhos showed that agricul-
tural sources play the key role there. “Here, the 
farmers need to be held accountable,” he says. 
Nevertheless, old sewage treatment plants should 
of course also be technically refitted should they 
represent a significant source of phosphate in a 
section of river. 

Using a combined model system consisting of 
MEPhos and the GROWA model – which was 
also developed by Jülich researchers and takes 
the entire water balance of a region into con-
sideration – it is possible to break down the 

distribution of phosphate in even more detail. 
The map of Schleswig- Holstein that this system 
produced shows that the phosphate pollution was 
too high in more than half of the analyzed areas 
(see figure). “The analysis allowed us to show 
emission sources and to calculate the amount 
by which the phosphate input has to be reduced 
in order to reach certain target concentrations 
in rivers or lakes,” says  Tetzlaff. According to 
the calculations, there needs to be 269 tonnes 
less phosphorus entering the bodies of water in 
Schleswig- Holstein each year to comply with the 
EU’s figures. This is equivalent to a third of the 
current total emission. 

Suggestions on where measures should be imple-
mented to improve the water quality are in high 
demands. Jülich’s water expertise is regularly 
called upon by federal and free states and the 
Federal Environment Ministry (BMU). In the long 
term, the goal is to use MEPhos to acquire na-
tional data for phosphate pollution. “Our model 
supports the authorities to achieve the environ-
mental quality targets specified in the WFD,” 
Tetzlaff says enthusiastically. Sometimes working 
to protect the environment starts at a computer.

J A N O S C H D E E G
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How phosphate finds its way into bodies of water
The paths can be calculated exactly with the help of the MEPhos model.

In every river basin with different land uses, 
phosphate seeps into the river from a number 
of sources. Research generally distinguishes 
between point and diffuse sources. A single 
wastewater pipe from a sewage treatment 
plant or an industrial facility, for example, 
is a point source, since the location can be 
 precisely identified. If there is no clearly de-
fined point of origin, the source is described 
as diffuse. 

This includes examples such as excess 
 fertilizer, which is washed out of fields by 
 rainwater. The nutrients are either flushed 
directly into the rivers or seep into the soil and 
from there travel into the rivers through what 
hydrologists call interflow or through agricul-
tural drainage systems. Part of this eventually 
even enters the groundwater. Phosphate can 
also be released from rock and then be distrib-
uted in water. 

“Point sources can generally be attributed 
to wastewater management, while diffuse 
sources are attributed to agriculture or nature,” 
concludes Jülich water expert Björn Tetzlaff. 

Averaged over the whole of Germany, diffuse 
and point sources each provide about half of 
the total annual phosphate input. All these 
inputs and numerous other parameters such 
as properties of the landscape are incorporated 
into the MEPhos model developed by Tetzlaff. 
It allows the user to simulate the phosphate 
concentration in the water – not just overall, 
but even for specific sections of a body of 
water. With the help of this detailed screening, 
the researchers can determine what source 
the substance came from and what route it 
took to reach a particular section of a river, so 
that they can then suggest targeted measures 
based on that information. 
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You are one of the 12 per cent of women in science who 
have made it in academia and gained a professorship. Is it 
easier for women today to get to the top – especially in the 
natural sciences and mathematics? 
We’ve already achieved a lot. We’re seeing more and more 
female students and doctoral researchers in these degree 
programmes, for example. However, there’s still a lot of work 
ahead of us: more needs to be done, especially at the level 
above the doctorate, to get women into leadership positions. 

How did you make it to the top? 
I tried to steer clear of the opinions of others, to just not 
let things get too close. That helped me a lot. When I was 
 studying, for example, I quite liked to go to maths lectures in 
high heels and a short skirt – no matter the gossip. And yes, 
I heard professors say that women don’t really belong with 
mathematics. There was deliberate provocation to make us 
girls feel insecure. But I couldn’t have cared less. I knew I 
could do it. Just let me take the exam – then we’ll see whether 
I belong here or not. However, I also always had a plan B in 
mind in case plan A wouldn’t work or I would have to turn my 
back on science.

What was your professional alternative? 
The economy. After my doctorate in 2006, I was still not 
quite sure whether I wanted to do science or business. Then I 
received an offer from the USA. One of the things I did at the 
University of Pittsburgh was work as an external consultant 
and test my market value in business. It was then that I rea-
lized: “Life is so varied, it has so much to offer.” As a mentor 
and tutor, I always pass this life lesson on to my students: open 
your eyes, there is not only science – even though I love what I 
do. One must not allow oneself to be tied down. There are also 
other areas for you to develop. 

You then decided to go into science after all. Why? 
After I returned from the USA, the German Research Founda-
tion granted me my own junior research group in the Emmy 
Noether Programme – so my scientific career gained momen-
tum.

What fascinates you about mathematics? 
It’s the application in particular. Until 2014, at the Universi-
ty of Cologne, I focused on the walking movements of stick 
insects – the results are interesting for robotics. But also in 

She already achieved her biggest professional goal four years ago:  
a research professorship. Today, Silvia Daun heads the Computational Neurology 

research group at Jülich and teaches Computational Neuroscience at the University 
of Cologne. The 41-year-old loves maths and singing. Her motto in life:  

life is too varied to focus on just one thing. 

Always open  
for new things

Mathematician Silvia Daun 
works at the  Institute 
of Neuroscience and 
 Medicine (INM-3), where 
she develops methods 
to understand the brain. 
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energy or finance, in biology or cryptography or, as here at 
Jülich, in neurological and neurodegenerative diseases such 
as stroke and Parkinson’s – you need mathematics to under-
stand the phenomena. 

What are you researching at Jülich? 
My focus is on human biology. The emphasis is on neuronal 
information processing in the human brain, specifically in 
the control of motor functions: when we move, various motor 
systems in the brain engage with each other and control our 
muscles by means of the spinal cord. We're interested in how 
this happens – in healthy and in sick people. I used to get 
the data from biologists. Now – and this is new territory for 
me – I conduct the experiments with the test persons myself, 
that is: I collect data with the help of imaging techniques, 
but also with the classic EEG – in other words, the measure-
ment of brain waves. I use the data to develop new methods 
and network models to predict how ageing and neurological 
diseases, such as stroke, affect the coordinated interaction 
between motor brain areas, and how changes in the activity 
and connectivity of these brain areas are related to impaired 
motor  behaviour. Since we use large data sets to calibrate 
and validate the  models, we also develop procedures for data 
analysis. 

Is this work already part of the new Collaborative Research 
Centre “Key mechanisms of physiological and disease-re-
lated impaired motor control”? 
Exactly, we started the work in 2021. It’s the first CRC in the 
field of motor skills in neuroscience ever approved by the 
DFG. The focus is on neurological diseases such as stroke, 

Parkinson’s disease or spinal muscular atrophy, but also on 
tics or depression. These are disease patterns that are usually 
accompanied by motor deficits such as paralysis or disturbed 
movement sequences, thus influencing individual indepen-
dence. We – meaning molecular biologists, neurobiologists, 
neurologists, mathematicians and psychologists – want to 
develop an overview of the neurobiological basis of motor 
control and its disorders in the CRC, but also individualized 
therapy approaches. In this, we think across all levels and age 
boundaries: from the individual molecule to the entire system 
and from child to retiree. 

Professionally, you have reached your career goal with 
your professorship. What scientific goal are you pursuing? 
My vision is to be able to treat a patient immediately after the 
stroke: that our methods enable me to see in real-time where 
the disturbance is in the brain and how this disturbance 
affects the neuronal network in the brain. Based on these 
real-time results, doctors in the hospital could immediately 
initiate individualized treatment. 

I N T E R V I E W B Y K ATJ A L Ü E R S . 
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The corona pandemic and its lockdowns did 
not only provide an unobstructed view of the 
 Himalayas or surreal images of a deserted 
Venice. It also provided scientists with an as yet 
unique opportunity: they were able to observe 
live how the chemistry of the atmosphere chang-
es when in fact fewer air pollutants are emitted. 

This in turn benefits the predictive power of the 
models. 

“The measures to contain the spread of SARS-
CoV-2 have turned the world into a living lab for 
us,” confirms Prof. Astrid Kiendler-Scharr, who 
heads the Troposphere section at the Institute of 

What happens when mankind blows fewer pollutants into the air?  
Climate research typically relies on complex calculation models to  

answer this question. In the spring of 2020, all that changed. 

The lockdown 
as a living lab

Link to the COVID-19 Air 
Quality Data Collection: 

covid-aqs.fz-juelich.de

https://covid-aqs.fz-juelich.de
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A central – and not so surprising – result of the 
study: lockdowns, which were solely aimed at 
slowing down the spread of infections, also re-
duced atmospheric pollution in terms of nitrogen 
dioxide and particulate matter from man-made 
sources worldwide. “The stricter the restrictive 
measures, the stronger the effect,” explains the 
researcher. The values of ground-level ozone, 
on the other hand, which is harmful to living 
organisms if it is above a certain concentration, 
increased during this phase. “This is due to 
atmospheric chemical processes caused by less 
nitrogen oxides in the air,” she explains. 

IMPORTANT PARAMETER
These data provide the basis for more accurate 
calculations on how air pollutants emitted by 
humans affect atmospheric chemistry and the 
Earth’s radiation budget. “By reducing emissions 
of short-lived climate pollutants such as aerosols, 
particulate matter, hydrocarbons, ozone and its 
precursors, as well as methane, we have an enor-
mously important parameter on our hands to ful-
fil the Paris Climate Agreement. Rapid reductions 
in these pollutants leave an impact in a short 
period of time and can thus make a significant 
contribution to meeting the 1.5- degree target,” 
emphasizes Astrid Kiendler-Scharr. “Moreover, 
it is not only the climate that suffers from these 
short-lived air pollutants, but also people’s health, 
so a rapid reduction meets two major social 
 challenges at once.”

Therefore, the publication of the chapter “Short-
lived Climate Forcers” from the Sixth Assess-
ment Report of the Intergovernmental Panel on 
Climate Change (IPCC) in August 2021 is highly 
anticipated. Astrid Kiendler-Scharr is the lead 
author of the chapter. In this role, together with 
an international team, she is currently reviewing 
and analysing the scientific literature on the topic 
that is available worldwide. “We will comment 
at great length on the details of our analyses in 
August,” she indicates. 

B R I G I T T E S TA H L- B U S S E

Energy and Climate Research and recently be-
came Chairwoman of the Board of the German 
Climate Consortium (DKK). “Researchers from 
around the world are measuring, comparing and 
evaluating how the composition of the air we 
breathe has changed during these lockdowns 
and what happens when lockdown restrictions 
are lifted again,” she adds.

OZONE LEVELS INCREASED
In April 2021, an international team led by 
Jülich researchers presented a first comprehen-
sive overview study, initially including data up 
to September 2020, of these worldwide mea-
surement campaigns. “Other studies covering 
further periods will follow,” says Astrid Kiend-
ler-Scharr. “It always takes a while to correctly 
evaluate and finally publish all the measurement 
data.” To speed up the transfer of knowledge, 
the Jülich team set up a website where research 
teams can continuously add measurement 
results. 

Big differences 
The concentration of short-lived 
climate pollutants in the atmo-
sphere decreases rapidly as soon 
as they are no longer emitted – 
within weeks or a few years, 
depending on the substance. The 
situation is different for the CO2 
present in the atmosphere today. 
Without countermeasures, the 
current high concentration will 
persist for centuries, even if a 
zero-emissions quota is achieved. 

Astrid Kiendler-Scharr 
and her team used a 
zeppelin to measure 
trace gases and par-
ticulate matter at high 
altitudes during the 
corona pandemic. An 
overview study com-
bines such measure-
ment campaigns from 
around the world.
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THUMBS UP

COVID-19 has been holding the world in  
its grip for over a year. During the pandemic,  
policymakers have to make serious decisions  

every day in the fight against the coronavirus.  
A new online game by ScienceAtHome, a team of  

researchers, designers, artists and game developers  
from Denmark, shows how difficult this is. As Corona 

Minister, the player takes responsibility for the  
fictitious country of Randomburg. Balancing health, 

economics and civil rights and getting the country 
through the pandemic as quickly as possible  

is at stake in the game. 

– S C I E N C E AT H O M E . O R G /G A M E S / C O R O N A - M I N I S T E R - G A M E –

False reports on the Internet have not only  
been a problem since corona. Misleading information 

is spread again and again, particularly on scientific 
topics: on climate change, the effectiveness of  

vaccinations or the health hazards of car exhaust 
fumes. To make it easier for laypersons to recognize 

disinformation, klimafakten.de has summarized 
tricks and methods often used by spreaders of  

false news: fake experts, logical fallacies,  
impossible expectations, cherry picking  

and conspiracy theories. 

– T 1 P. D E / F Z J - F L I C C –

Fascinating images of the embryonic  
development of a clownfish or a microscopic boat  
that can propel itself through a chemical reaction:  
the journal “Nature” has selected the best science  

images of the past year. One of them is an  
impressive photograph showing our Helmholtz  
colleagues from the Alfred Wegener Institute  
for Polar and Marine Research: they heave a  

measuring device across the ice in the freezing  
cold during the MOSAiC research  

expedition in the Arctic. 

– N AT U R E . C O M / I M M E R S I V E / D 4 1 5 8 6 - 0 2 0 - 0 3 4 3 6 - 5 / I N D E X . H T M L –

O N L I N E G A M E “ C O R O N A M I N I S T E R ”

Lead your country 
through the pandemic

D E T EC T I N G FA L S E R E P O R T S

The five methods  
of disinformation

S P EC TAC U L A R I M AG E S

“Nature”  
selects science  

images 2020

http://scienceathome.org/games/corona-minister-game
https://t1p.de/fzj-FLICC
http://nature.com/immersive/d41586-020-03436-5/index.html


   
 RESEARCH  
IN A TWEET

The postdoc physicist from the Institute of Neuroscience and 
Medicine (INM-1) is developing a measuring system to map 
nerve fibre tracts in the human brain even more precisely than 
before. For this purpose, she combines polarization and scat-
tered light measurements. With the Boost Fund, the foundation 
Klaus Tschira Stiftung, together with the German Scholars Or-
ganization, enables young researchers to embark on new career 
paths and to carry out their own riskier and interdisciplinary 
projects.  t1p.de/fzj-Menzel-EN

Showing nerves – those in the brain! 
That’s what junior researcher Miriam 
Menzel wants to do with € 80,000 in fund-
ing from the Klaus Tschira Boost Fund.

http://t1p.de/fzj-Menzel-EN

