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Successful approach
Solid-state physicist meets sacred deer. This meeting was made possible on the sidelines  

of a conference on neutron research within the temple area of Nara Park, Japan. But this is not the  
reason Tobias Cronert travelled so far: he was instead there to establish closer ties with Japanese partners.  
Cronert is planning to conduct experiments using the particle accelerator and neutron source of the RIKEN 

research institute in the near future. As part of the “High Brilliance Neutron Source” project, he wants to 
develop a similar source in Germany, which aims to produce highly focused neutrons.  

This technology allows for small neutron sources to be used in selected laboratory experiments.
Blog written by Tobias Cronert: blogs.fz-juelich.de/neutronsauce/?lang=en
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Behind the scenes
Champions once again! For the fourth time in a row, Mercedes hit the 

jackpot in Formula One, winning both the drivers’ and constructors’ 

championships. Is it a case of their drivers being superior? Not neces-

sarily. Even the best driver cannot win this highest class of auto racing 

without a powerful car. Technicians, engineers, and designers lay the 

foundation for their success by constantly refining the cars, making 

them even better and faster. In the world of science, things are just as 

busy behind the scenes: engineers and technicians in Jülich’s work-

shops design and construct elaborate unique instruments which make 

spectacular experiments and results possible in the first place. How 

much work is put into such masterpieces of engineering and what 

research can they be used for? You’ll find out in our cover story.

But research sometimes needs to call on other arts, for example trans-

lation: scientists from one discipline may speak a completely different 

language than those from another discipline. In this issue, we also 

clarify a host of other questions, such as why the coming century will 

belong to biology or why a certain HIV protein requires a taxi.

We hope you enjoy reading this issue.

Your effzett editorial team

Now also available  
as an online  

magazine

More  
inside!

You can read effzett on  

all devices – from your 

smartphone to your PC. 

Simply access it online:

effzett.fz-juelich.de/en

http://effzett.fz-juelich.de/en
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It’s both a blessing and a curse: every year, the summer monsoon causes devastating floods in southern Asia,  
while simultaneously bringing the rain required by fields and plants. Its role in the global climate system is still largely unknown,  

but new measurement data are set to change that. A European research team headed by Jülich scientists investigated the  
monsoon at high altitudes for the first time in Nepal in July and August. Special instruments on board the research aircraft  

M55-Geophysica recorded trace gases and small particles at altitudes of up to 20 km. The measuring campaign is part  
of the EU project StratoClim. The results are expected to permit more reliable climate forecasts in future.

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

– JÜLICH SUPE RC OMPUTING CE NTRE –

CLIMATE RESE ARCH

Land under water

Nerve cells in the brain migrate along ordered pathways.  
Researchers from Heidelberg, Jülich, and Aachen have discovered 
that the “happy hormone” serotonin plays a key role in this: once 

formed in the brainstem, it is distributed throughout the brain in a 
targeted manner, functioning as a sort of bait for nerve cells. The 
researchers were able to show that nerve cells grow along these 
pathways quickly and in a targeted manner – but only if the cells 

contained a receptor for serotonin.
– INSTITUTE OF NEUROSCIE NCE AND ME DIC INE –

BR AIN RESE ARCH

“Happy hormone”  
as bait

http://blogs.fz-juelich.de/climateresearch
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Scientists from Jülich and Aachen have discovered a phenomenon similar to  
the laser effect with which the structure of organic molecules can be examined  
at unprecedented levels of precision. This “raser” (radiowave amplification by  

stimulated emission of radiation) uses radio waves instead of light to excite  
proton spins in molecules – permitting a precise fingerprint of their structure to  
be analysed. In contrast to nuclear magnetic resonance spectroscopy, which is  

usually used for such analyses, this raser does not need a vacuum or low  
temperatures or strong magnetic fields.

Precise measurements  
using radio waves

Progress in Alzheimer’s research:  
A German–Dutch team has recorded very sharp  

images of amyloid fibrils. The latter occur in the typical 
protein deposits in the brains of Alzheimer’s patients. 

Jülich biochemists headed by Dr. Lothar Gremer, junior  
professor Gunnar Schröder, and Prof. Dieter Willbold  
(pictured) are heavily involved in this research work.

Prof. Willbold, why are these images  
something special? 

The fibrils are extremely thin: about 7 nanometres in  
thickness. No one had previously recorded such precise  

images of their three-dimensional structure.  
They show details that were hitherto unknown.

What is the advantage of seeing these details? 
We can now better explain how the body’s own  

amyloid-beta proteins form the damaging deposits.  
And we are able to better understand how genetic factors 

influence the development of Alzheimer’s disease,  
for example by increasing or decreasing the stability of  

the amyloid fibrils. This is a milestone for science.

Does this have consequences for the  
treatment of Alzheimer’s?

Not immediately. But thanks to these data,  
we can develop active substances to combat the disease  

in a more targeted manner.
THE INTE RVIE W WAS C ONDUC TE D BY CHRISTIAN HOHLFE LD.

THREE QUESTIONS FOR PROF.  WILLBOLD

A milestone

– CE NTR AL INSTITUTE OF E NGINE E RING , E LEC TRONIC S AND ANALY TIC S –
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It just keeps on running.  
For 10 years now, a ceramic  

high-temperature fuel cell developed 
by Jülich scientists has been generat-

ing electricity as part of a lifetime  
test – a new record! This type of fuel 
cell achieves outstanding efficiencies  

and is considered particularly 
low-maintenance. Jülich’s record  
also shows that it is stable in the  

long term.

SLOW  
BURNER

The aim of the EU project  
DEEP-EST is to develop a novel, 

modular supercomputer – tailored 
to highly complex programs.  

According to the building block 
principle, the computer will 

combine different computing 
modules, for example to analyse 

large volumes of data. A prototype 
is expected to be completed  

by 2020.

BUILDING BLOCK  
SUPERCOMPUTER

An international team of  
scientists has succeeded  
in deactivating the PIN1  

enzyme, which plays a key role 
in cancer and neurodegenera-
tive diseases. Tests in cells and 
living systems showed that the 

deactivation of the enzyme  
inhibits the growth and  

spreading of cancer cells.

STRONG  
INHIBITOR

650
litres of hydrogen . . .

… that’s how much can be stored in one litre of the  
organic LOHC carrier liquid dibenzyltoluene. Researchers 
from Jülich and Erlangen have now halved the technical 
and financial expense required to do so: the LOHC can 
now be loaded and unloaded using a single apparatus. 

Previously, two different devices were necessary. Hydrogen 
can store surplus energy from renewable sources such as 

sunlight and wind for later use. Safe and efficient processes 
for this storage system are an important building block  

for the transformation of the German energy  
sector (Energiewende).

– HE LMHOLT Z INSTITUTE E RL ANGE N - NÜRNBE RG  

FOR RE NE WABLE E NE RGY PRODUC TION –

The European Research Council has awarded Starting  
Grants to three Jülich researchers, providing funding to  

excellent early-career scientists: junior professor Dörte Rother 
and Prof. Julia Frunzke (both biotechnologists) and nanotech-

nologist Dr. Christian Wagner (from left to right). The grant  
recipients will receive up to € 1.5 million over the next five 
years in order to conduct basic research. Julia Frunzke is  

concerned with bacterial viruses, called “phages”.  
Dörte Rother develops light-controlled enzyme cascades  
for the tailored production of active-substance molecules  
and Christian Wagner investigates how molecules can be  

manipulated using a low-temperature scanning  
probe microscope (see also p. 19). 

STARTING GR ANTS

Excellent early- 
career scientists 
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Mass merchandise? No chance. Series production?  
Rarely. Tailor-made unique products are routine for Jülich’s  

engineers and technicians. Together with researchers,  
they construct and operate devices that did not previously  

exist. Without these masterpieces, a fair few scientific  
insights would not be possible.

A piece of art
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Jülich’s know-how is in demand beyond the 
campus. “Chopper systems”, for instance, are 
used all over the globe: in Chilton (UK), Grenoble 
(France), Tsukuba (Japan), and Oak Ridge (USA). 
Choppers are rotating precision instruments that 
filter and “chop” neutron, X-ray, and light beams. 
Scientists use them to study highly sensitive 
samples, for example, in order to understand 
physical, chemical, or biological processes. 
What’s so special about Jülich’s systems is that 
thanks to the contactless magnetic bearing and 
clever drive technology, the choppers run for 
years without requiring maintenance – and they 
do so with extreme precision. “To make some-
thing possible that previously did not exist or was 
viewed as technically infeasible: that’s the area 
of expertise of our 170 engineers, scientists, and 
skilled workers.”

THE COLD HEART
When it comes to Yannik Beßler’s moderator, 
the search for suitable materials was a chal-
lenge. “Components for a neutron source have to 
withstand extreme stresses. In these facilities, 
neutrons are released from atomic nuclei and 
then directed towards samples,” says Beßler. This 
way, new materials can be tested and biological 
systems investigated in detail for future medicine. 
Together with other components, the moderator 
cools and decelerates the high-energy neutrons, 
which have temperatures of several thousand 
 degrees, so that they can be directed to the sam-
ples in a targeted manner. “The neutrons have to 
be one hundred million times slower. This means 
that we have to strip them of an enormous amount 
of energy, which can only be done by cooling the 
heart down to  250 °C using liquid hydrogen,” 
explains the engineer. Only very hard and heat- 
resistant materials such as beryllium, the iron–
nickel alloy Invar, or high-strength aluminium 
can be used for these extreme requirements.

“We ended up using a material used in aircraft 
construction. An aluminium alloy seemed suita-
ble,” says Beßler. Processing, however, presented 
a challenge. “In aircraft construction, the alloy 
is riveted – but we had to weld the seams of the 
moderator. Welding the alloy was previously 
viewed as impossible.” Patience and testing was 
required. The models and components destroyed 
by testing – which are lined up like organ pipes 
next to Beßler’s desk – bear witness to this.   

black-and-white video transmission flickers 
slightly out of focus on the screen. It shows a 
heart-shaped metal box which is iced over. Noth-
ing moves. But then, clouds start to loom behind 
the box, it is suddenly thrown to one side, and a 
finger-sized object flies past two armoured cam-
eras. A small hole gapes in the icy metal heart, 
and white fog oozes out. 

To a lay person, it would be difficult to see any 
sense in this experiment. But one thing is obvi-
ous: the metal box has been destroyed. Yannik 
Beßler is pleased nevertheless. “It just passed its 
test,” says the engineer from the Central Institute 
of Engineering, Electronics and Analytics (ZEA-1)  
observing the heart-shaped masterpiece he devel-
oped and constructed. “It’s part of a coolant tank 
for neutrons. The plan is for it to be built into 
the most powerful neutron source in the world, 
the European Spallation Source (ESS) that is 
currently being constructed in Lund, Sweden,” he 
explains. The video stream shows a stability test 
during which the pressure inside the component 
is continually increased. At a certain point, the 
strain became too much: the metal burst and a 
piece was blasted off. “But at 196 °C and a pres-
sure of 200 bar, it was eight times tougher than it 
needs to be,” explains Beßler, closing the video on 
his computer. Destroying his work of art several 
times is part of the creation process. This is the 
only way Beßler can be sure that the component 
is sufficiently reliable.

The heart-shaped box – or “cold moderator” to 
give it its scientific name – is one of many parts 
tailored by Beßler and his colleagues at ZEA-1 
specifically for applications in world-class re-
search. “Scientists obtain products from us that 
you can’t simply choose and order from a cata-
logue. Together with the scientists, we develop 
unique pieces for their specific scientific issues,” 
says Prof. Ghaleb Natour, director of ZEA-1. In ad-
dition to instruments for research with neutrons, 
these include measuring devices for climate re-
search such as AirLIF, which analyses trace gases 
in the atmosphere, or prototypes for imaging 
techniques in medical research. ZEA-1 also con-
tributes to the fuel cells of the energy supply of 
the future: new components and a special joining 
technology for materials were developed here. 

These silvery compo-

nents usually gleam in 

a place that is not vis-

ible to the public: they 

do their work hidden 

away in a “reformer”. 

This device converts 

diesel into fuel gas that 

drives fuel cells. Such 

systems power the on-

board electrical system 

in trucks, for example. 

This helps save power 

and reduce pollutant 

emissions. Jülich en-

gineers developed the 

reformer together with 

colleagues from the 

Institute of Energy and 

Climate Research.
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PRECISION REQUIRED 
It’s not only ZEA-1 that produces small and 
large masterpieces using the art of engineering: 
ZEA-2 – Electronic Systems develops electronic 
and information technology systems in a target-
ed manner. ZEA-3 – Analytics focuses on new 
analysis methods for scientific issues. Some insti-
tutes on Jülich’s campus also operate their own 
workshops, which are adapted to the require-
ments of the individual research fields. “ZEA is 
usually asked to help with the large and complex 
experiments,” says Natour, “because we can pro-
vide the complete package, ranging from project 

The solution was a further, softer aluminium 
alloy that the ZEA experts introduced into the 
weld seam. “This alloy is a bit more flexible and 
acts as a kind of glue under the extreme stresses,” 
according to the engineer. This has made the cold 
heart extremely tough. Beßler and his colleagues 
are now in the process of manufacturing the 
first units for future use at ESS. Before that, the 
components will be put to the test again: using 
X-rays, the experts from ZEA will screen each 
component in order to preclude any hidden flaws. 
After all, the masterpieces should not have any 
shortcomings.
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“The challenge for us is usually that we have to 
manufacture very small parts from a very tough 
material because the experimental conditions are 
often harsh: high pressure or high vacuum, large 
voltages or extreme temperatures.”

Schnitzler has a whole cabinet full of materials 
for a variety of applications, including polyim-
ide (PI, a plastic used in aeronautics), tantalum, 
and tungsten – each of them heat-resistant, very 
tough materials. Their processing is accordingly 
challenging. “We can’t do anything without a 
state-of-the-art collection of instruments,” says 
the industrial mechanic, nodding towards a giant 
device. “There are only about 50 of this type of 
ultrasonic milling machine in all of Germany. We 
can use it to process unusual materials such as 
hard metals, ceramics, and glass.” The conven-
tional area of application for this technology is 
dentistry because ceramic materials for dentures 
can be processed very precisely with it. The little 
artworks created by Schnitzler and his team 
using the milling machine are lined up neatly 
in a display case. Some of the indentations and 
channels in the pieces are so delicate and tiny 
that the engineers can only check their quality 
using the electron microscope in the nearby Ernst 
Ruska-Centre for Microscopy and Spectroscopy 
with Electrons. 

INSPIRATION FROM EVERYDAY LIFE 
The worlds into which Angelina Steier has to dive 
are not quite as tiny. At the Institute of Bio- and 
Geosciences (IBG-2), she faces challenges of a 
different nature. The electrical engineer pre-
dominantly designs flying experimental set-ups. 

planning and simulations to feasibility studies, 
software development, and manufacture.” One 
area of expertise is in particularly high demand 
at the workshop run jointly by the Jülich Centre 
for Neutron Science and the Peter Grünberg In-
stitute: “We specialize in the smallest of precision 
work. Although we are also capable of manu-
facturing larger components, the trend at our 
institutes is in the other direction: tailor-made, 
delicate components,” explains the head of the 
workshop, Jens Schnitzler. The components 
can be for measuring instruments at neutron 
sources or the mounts securing material samples. 

The cold heart and its 

creator: Jülich engi-

neer Yannick Beßler 

designed the cold 

moderator for a coolant 

container that will 

become part of the 

world’s most powerful 

neutron source, the 

European Spallation 

Source (ESS). Such 

components have to 

withstand extreme con-

ditions: for example, 

this “heart” is cooled 

down to  250 °C using 

liquid hydrogen.

Small and highly 

specialized: the joint 

workshop of the Jülich 

Centre for Neutron 

Science and the Peter 

Grünberg Institute is 

focused on producing  

tiny, tailor-made com-

ponents. They must 

not only be delicate 

but also very durable. 

For this purpose, the 

experts use various 

materials ranging from 

polyimide – a plastic 

used in aeronautics  –  

to tantalum and  

tungsten.

“The art lies in 
combining the 

scientific way of 
thinking with the 
creativity of the 

engineers.”
PROF.  GHALE B NATOUR
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“Our scientists mainly need mobile measuring 
instruments which nonetheless have to function 
precisely,” says the automation specialist.

An example of this is a device which Steier 
and her colleagues are developing to conduct 
measurements under special circumstances on 
a field. A ring with a diameter of 17 m is placed 
on the field, supplying plants with additional 
carbon dioxide – a simulation of climate change. 
The scientists measure the plants within the ring 
at regular intervals. When the field is harvested, 
for example, they remove the set-up so that oper-
ations are not impeded. Afterwards, they come 
back and continue measuring. “The challenge is 
in finding the exact locations of the measuring 
points again – and we’re talking about high pre-
cision on a rough, agricultural terrain. We can 
only make statements about long-term develop-

ments if we measure the exact same points again 
and again,” says Angelina Steier. 

Such set-ups require imagination and creativ-
ity. The result is a special piece of art: “For the 
structure of the ring used to supply the CO2, we 
combined scaffolding components with sup-
port elements from stage construction. Using 
a retractable measuring arm, the sensors can 
be moved up and down. The measuring system 
is placed on the trailer of a tractor so that the 
sensors can be moved over the field. This way, we 
cover all three spatial dimensions,” says Steier.

She gets her inspiration from everyday life, for 
example during visits to the theatre: “Sometimes 
I have new ideas if I discover interesting elements 
of stage construction. Or laser sensors like this 
one,” she says, pointing towards an unremarkable 

PowTex is one of the 

largest instruments 

designed and manufac-

tured at ZEA (the image 

shows part of the 

detector). The 30-me-

tre-long neutron spec-

trometer is currently 

being constructed at 

Heinz-Maier-Leibnitz 

Zentrum in Garching. It 

will be used to analyse 

crystal structures of 

materials in a highly 

detailed manner. The 

Jülich Centre for Neu-

tron Science as well as 

experts from Aachen 

and Göttingen are also 

involved. 

“Sometimes I  
come up with new  

ideas when discover- 
ing interesting  

elements of stage  
construction.”

ANGE LINA STE IE R
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grey box in her office. “They are usually used in 
the drinks industry, at conveyor belts: they check 
that crates of beer are actually full. But they can 
also be used in plant research. After all, what 
they measure is differences in height,” says the 
engineer. It sounds surprisingly simple. Some-
times it’s the simple things that help create a 
masterpiece.

BIRGIT PFE IFFE R

The measuring instru-

ment AirLIF, presented 

here by ZEA-1 employ-

ees Christoph Tiemann 

(left) and Knut Dahl-

hoff, has already seen 

a lot of the world. On 

board the research air-

craft HALO, AirLIF has 

already participated in 

numerous measuring 

campaigns for climate 

research. Its task is to 

collect and examine air 

in flight. An elaborate 

system prevents the 

samples from coming 

into contact with the 

walls of the device 

before the analysis. 

Jülich climatologists 

and some of their 

colleagues from Mainz 

and Oberpfaffenhofen 

were also involved in 

the development.

The web version also includes “Chopper 

systems – from Jülich to the world”: 

effzett.fz-juelich.de/en

http://effzett.fz-juelich.de/en
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Not all the secrets of 

plants can be wormed 

out of them in nature.  

Together with col-

leagues from the 

Institute of Bio- and 

Geosciences (IBG-2) 

and a Finnish com-

pany, Jülich engineer 

Angelina Steier has 

developed a special 

spectroscopy facility 

in which researchers 

can take extremely 

precise measurements 

of plants and their  

shoots and roots.

COVER STORY



At the beginning, a masterpiece can only be hoped for. “Most times, 
researchers approach us with a scientific issue for which they need 
an instrument or a component that they were unable to find in the 
catalogues of laboratory equipment manufacturers or instrument 
producers. They can’t manufacture it themselves because hardly 
any scientist learns how to weld, calculate complex circuits, or plan 
devices while at university,” says Dr. Harald Glückler. The physicist 
at the Central Institute of Engineering, Electronics and Analytics 
(ZEA-1) is an expert in the field of feasibility studies. Together 
with the researchers, he and his engineer colleagues search for the 
optimal solution. Initially, this often results in stacks of notes and 
technical drawings. 

“The art lies in combining the scientific way of thinking with the 
creativity of the engineers. Thanks to the great number of differ-
ent experts at ZEA, there is almost always a suitable translation 
connecting both worlds,” says institute director Prof. Ghaleb Natour. 
“Under ideal circumstances, this combination constitutes more than 
a basic one-plus-one-type solution.” According to Natour, ideas that 
neither party thought of previously often develop through contact 
with each other.

However, good ideas also have to be feasible. “In many cases, the re-
quirements of a planned instrument are very complex or are beyond 
what is possible with the current state of the art. This means we have 
to first examine how we can solve the issue technically and imple-
ment what is needed,” says Glückler. Such feasibility studies prevent 
the team from going down the wrong track, avoiding unnecessary 
costs. They also save time since devices often have to be finished by 
a certain deadline – for example if measuring campaigns are planned. 

Development and testing takes up most of the time – usually about 
two thirds of the time that passes between the initial idea and 
the finished component. Before an idea is taken from the drawing 
board to the workbench, it’s down to the ZEA mathematicians: 
using computer simulations, they investigate whether a planned 
design will function as planned. Sometimes, they realize that the 
existing data are insufficient. “We then conduct experiments the 
old-fashioned way to collect more information. Only then can we 
predict whether a component will withstand extreme conditions,” 
says Glückler. In order to shorten the time that the complex calcula-
tions require, the experts from ZEA-1 often use Jülich’s supercom-
puter JURECA. In the case of Yannik Beßler’s moderator reflector 
unit, for example, they simulated in advance whether a weld seam 
would withstand the extreme temperature difference and the 
high pressure. On a conventional computer, this would have taken 
around eight months. With JURECA, it only took a few days. 

“The results from the simulations often help to refine the select-
ed approach,” adds Glückler. Only then can the last phase of the 
creative process begin: the manufacture of components and the 
subsequent assembly of all parts. “Once a device is finished, it’s 
often difficult to tell how much effort we’ve put into it,” says the 
physicist. “But the researchers notice, of course, when – in the ideal 
case – they can simply measure new things without any problems.” 
And that is what Glückler believes is the real art.

BIRGIT PFE IFFE R

The long road  
to a masterpiece

Every now and then, they move along well-trodden paths, but more frequently, the  

technicians and engineers headed by Prof. Ghaleb Natour (left) and Dr. Harald Glückler  

enter uncharted territory in order to develop devices suitable for certain ideas

1 5
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interested in studying AIDS: “During a senior year at school, I 
worked intensively on the illness and the virus that causes it, 
as well as on NEF,” the 31-year-old recalls. 

FOCUS: WASTE REMOVAL IN CELLS
Boeske’s research results and observations concerning the 
protein have attracted a lot of attention, particularly the link 
between NEF and the autophagy process. This mechanism 
recycles “waste” such as broken molecules and cell organelles 
– and also disposes of foreign objects such as viruses and 
bacteria. The cell biologist was therefore invited to attend 
conferences and symposia all over the globe. Her promising re-
sults also formed the basis of a project which was launched in 
2015 by the German Research Foundation (DFG) and is part of 
the collaborative research centre of Heinrich Heine University 
Düsseldorf. “Thanks to this project as well as further funding, 
Alexandra Boeske’s former ‘one-woman show’ has now become 
a research group of five doctoral researchers investigating 
autophagy and NEF,” says a delighted Silke Hoffmann. 

For a long time, the NEF protein – one of the 18 proteins 
which HIV consists of – was viewed as unimportant in the  
development of the disease. “This is attested by its name: 
NEF is short for negative factor,” explains Silke Hoffmann 
from Jülich’s Institute of Complex Systems (ICS-6). Science 
has long since corrected its insights and learned that NEF  
manipulates the human immune system in a multitude of 
ways. It contributes to HIV spreading within the body and 
causing damage. 

Just how important NEF is in the development of the illness 
is reflected in people infected with the virus: the structures 
of over 200 amino acid residues are defective. “These people 
can carry HIV for very long periods of time without the illness 
actually breaking out,” says Hoffmann. For this reason, there 
is great scientific interest in decoding the various functions 
of NEF. The Jülich researchers have contributed important 
insights in this respect, particularly Hoffmann’s former post-
doc Dr. Alexandra Boeske. Even at school, she was already 

Taxi to the cell 
membrane

Around 37 million people around the globe are living with HIV.  
Acquired immunodeficiency syndrome (AIDS) is still not curable and  

the virus poses countless questions for researchers. A working group 
headed by Dr. Silke Hoffmann has solved one such question – and 

gained astounding insights.

GABARAP

NEF
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The Jülich team recently published its latest results. The virus 
needs to reach the cell membrane in order to carry out some 
of the functions that end up weakening the immune system. 
How it gets there, however, is not yet understood. The Jülich 
scientists have now shown that NEF requires a sort of taxi for 
transportation, the GABARAP protein. When the researchers 
switch off this protein taxi, NEF no longer reaches its destina-
tion. This is a decisive finding – especially since the docking 
of NEF to the cell membrane is so important for many effects 
concerning the development of the illness. Fittingly, the 
researchers also observed that NEF transportation from the 
cell is inhibited if GABARAP is missing. The team now want 
to investigate what happens in HIV-infected cells in which 
GABARAP is missing together with virologists from Erlangen 
and Düsseldorf . The most exciting question will be whether 
the processes causing the externally visible weakening of the 
immune system still occur. 

GABARAP is a member of a protein family involved in trans-
port processes inside cells as well as their autophagy – the very 
reason why Silke Hoffmann and her team are now concerned 
with this process. “Some pathogens have learned how to 
escape autophagy or even make use of it for themselves – just 
like HIV. We believe that it ‘hijacks’ parts of the autophagy 
system in order to be transported out of an already infected 
cell and trigger a sort of self-destruct programme in healthy 
neighbouring cells,” explains the group leader. 

SINGLE OR DOUBLE?
In order to verify this theory, the researchers intend to inves-
tigate NEF and GABARAP in detail, or more accurately: tiny 
bubbles in the cell which wrap around the proteins during 
transport. These “vesicles” usually have a simple membrane as 
their outer shell, whereas autophagic vesicles possess a double 
membrane. “If we can use electron-microscopic images to 
show that NEF and its taxi GABARAP are transported by such 
double-membrane vesicles, this would prove that autophagy 
plays an important role in releasing NEF,” explains Hoffmann. 
The structural and molecular biologists are planning to pres-
ent the precise relation between autophagy, GABARAP, and 
NEF in another publication. In the distant future, blocking the 
GABARAP–NEF interaction could permit the development of 
a therapeutic approach. “But that is still a long way off. We are 
conducting basic research,” emphasizes the Jülich researcher. 

K ATJA LÜE RS

GABARAP

NEF
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proteins make up HIV.  
NEF is one of them.

Dr. Silke Hoffmann (left) and Dr. Alexandra Boeske  

investigated how the HIV protein NEF is transported.
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If everything goes as planned, the researchers 
will commence field tests together with 

small farmers. And the future fertilizer 
will come from the loo – more accu-

rately: from a bucket toilet which 
is so named for the fact that urine 

and faeces end up in a bucket. 
The bucket toilet is filled with 
a layer of sawdust or biochar 
that absorbs smells and liquids. 
Biochar is also a waste product, 
which is produced in clay ovens 

used for cooking. They only cost 
€  10 and are set to replace the 

more traditional open fireplaces. 
In the long term, this is a profitable 

investment for the farmers, since an 
open fireplace requires three times as 

much wood as an oven – and wood is a scarce 
commodity and therefore expensive in Ethiopia. 

Furthermore, the oven emits fewer greenhouse gases 
and produces less smoke than an open fireplace. But 
the waste product biochar not only binds smells: it 
is currently being hyped as a mega-soil conditioner. 
As part of the Clim EtSan project it will be composted 
together with human waste in order to further increase 
the efficiency of the fertilizer and reduce greenhouse 
gas emissions. 

JANINE VAN ACKE RE N

The use of cow manure to fertilize carrot, 
 potato, or lettuce fields is considered 
perfectly normal. But using human 
waste as a fertilizer? The thought is 
likely to cause some discomfort. 
And yet, some regions could profit 
from increased crop yields while 
protecting the environment at the 
same time. Ethiopia is one such 
example. The country situated in 
north-eastern Africa frequently 
suffers from famines. The small 
farmers there are often so poor 
that they cannot afford any ferti-
lizer that would increase their crop 
yields. 

It may seem bizarre to us, but the idea is 
not a new one: farmers were using this kind 
of fertilizer as early as 5,000 years ago. Jülich 
researchers from the Institute of Bio- and Geosciences 
(IBG-3) together with partners from the ClimEtSan 
project – which is funded by the Federal Ministry of 
Education and Research (BMBF) and the German 
Academic Exchange Service (DAAD) – are investi-
gating how it could help people in Ethiopia today. 
“On an experimental farm on the campus of Hawassa 
University, we are analysing what effects this kind of 
fertilization has on the food situation of the popula-
tion as well as greenhouse gas emissions,” explains 
project leader Dr. Katharina Prost. “According to 
literature, both values should improve significantly – 
after all, nutrient-rich human faeces are theoretically 
a more effective fertilizer than animal dung. And once 
the faeces have been composted, they release smaller 
amounts of greenhouse gases.” The experimental 
farm is currently under construction. It comprises 
composting facilities, field experiments, and laborato-
ries. Development workers, small farmers, and other 
interested parties will in future be able to learn more 
about the special fertilizer there. 

From the toilet  
to the field

Ethiopia is one of the world’s poorest countries – one in two people suffer from  
malnutrition. A special kind of fertilizer is now set to change this: by mixing human 
waste with biochar, Jülich researchers want to create a compost that will improve 
yields on fields, thus increasing the amount of food available. At the same time,  

the fertilizer could help reduce greenhouse gas emissions.

Project partners

• Forschungszentrum Jülich  
(coordination)

• Wondo Genet College of Forestry  
and Natural Resources (Hawassa 
University), Ethiopia

• Beuth University of Applied  
Sciences Berlin

• Pro Lehm – company specializing  
in clay construction

• Ecopia – Ecological products and 
services of Ethiopia

Ethiopia’s agricul-

tural sector pro-

duced a surplus 

in 2015. However, 

due to the severe 

drought of 2016/17, 

famine has broken 

out again.
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What’s your research all about, Dr. Wagner?

“I want to make molecules visible – while moving them. This is not yet possible.  
My approach uses a scanning probe microscope whose extremely delicate tip I can use to move  

or raise individual molecules. I then measure the force that is exerted between molecule and tip. 
Using these data, the three-dimensional shape and position of the molecule can be made visible. 

Only by knowing what a molecule looks like and how it reacts during such a manipulation  
can I control it in a targeted manner and use it as a molecular building block, for example  
as a switch. My vision is to develop an electric motor made up of individual molecules.”

Dr. Christian Wagner heads an ERC research group at the  
Peter Grünberg Institute – Functional Nanostructures at Surfaces
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What is  
bioeconomy?

An estimated ten billion people are expected to be 
living on Earth in 2050 – that is 2.5 billion more 
than today. How can we supply all these people with 
sufficient food, energy, and raw materials? Fossil 
resources, i.e. oil, gas, and coal, are viewed as a dead 
end since their supply is limited and they also exacer-
bate the greenhouse effect. Research, politics, and 
industry therefore prioritize a sustainable, bio-based 
recycling economy: a bioeconomy. The latter relies 
on plants, bio-waste, and other bio-based materials 
as sources for the raw materials of the future.

The concept is well-established: after all, humanity 
has lived off what nature provided in fields, forests, 
and waters for thousands of years. But the bioeco-
nomy does not represent a return to the supposed 
“good old days”. It is all about a radical rethinking of 
old ways, gaining a fresh perspective of the toolbox  

that nature provides and the variety of renewable 
raw materials, their sustainable cultivation, and the 
economic and creative application of state-of-the-art 
research and technology.

Many nations have introduced bioeconomy-based 
strategies. The energy supply is increasingly fed by 
regenerative or renewable sources. Agriculture cul-
tivates resistant and productive plants, and industry 
has replaced a multitude of previously oil-based 
products with bio-based materials and is researching 
further alternatives. In addition to bioenergy and 
chemicals made from plants – such as the plastic pol-
yethylene furanoate (PEF) from which plastic bottles 
are made – there are also car parts reinforced by nat-
ural fibres, dandelion-based tyres, wall plugs made 
from castor oil, kerosene from algae, and biodiesel 
and lubricants from renewable raw materials. The 
cycle is complete if these products are completely 
recyclable, can be used as energy carriers, or serve as 
fertilizer for plants or nutrients for microorganisms. 

The bioeconomy depends on the expertise and 
cooperation of many different fields of science. The 
Jülich-coordinated Bioeconomy Science Center 
(BioSC) pools the competences of more than 1,200 
engineers, biologists, agricultural scientists, econo-
mists, and technicians from more than 60 institutes 
at the universities of Bonn and Düsseldorf, RWTH 
Aachen University, and Forschungszentrum Jülich. 

Together, they develop plants and microorganisms 
as well as technical processes for the sustainable 
production of foodstuffs, feed, and raw and useful 
materials, as well as the generation of bioenergy. 
They are also working on socio-economic implemen-
tation strategies and concepts in order to drive the 
transformation towards a bio-based economy. 

BRIGIT TE STAHL- BUS SE

Global use of  
agricultural surfaces

10 % 
material use (clothes,  

insulation materials etc.)

14 % 
plantbased 

foodstuffs

17 % 
bioenergy, 

biofuels

58 % 
feedstock, incl.  
for meat and  
milk production

1.6 
billion hectares 

worldwide

Source: Bioökonomie für Einsteiger,  
Joachim Pietzsch (ed.), Wiesbaden 2017



Bio-based recycling economy
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1. Biomass
Plants, fungi, bacteria,  

and algae form the basis of a  
sustainable and biobased economy 

as an alternative to crude oil.

4. End products
Some of the basic products are processed 
further into more complex end products. 

PEF 1 bottles from bioplastics, for example, 
are more gastight and durable than  

oilbased PET 2 bottles.

2. Raw materials
Biomass is decomposed into 

molecular components: the raw 
materials. These include starch, 

sugar, and cellulose.

6. Energy generation
Using waste materials from recycling 
and other steps of the cycle, energy 
can be generated. The CO2 from this 

process serves plants, algae, and 
bacteria as a foodstuff and thus helps 

create new biomass.

3. Basic products
The raw materials can be used  

to produce basic products such  
as biofuels, paper, chemicals,  

or bioplastics.

5. Collection and  
recycling

Products are not considered  
as waste once they reach the end 

of their life. They are recycled, 
converted into energy, or serve 

as fertilizer for new biomass.

1	 PEF	is	short	for	polyethylene	furanoate.	
The	plastic	from	plant	raw	materials	is	
viewed	as	the	packaging	material	of	the	future,	
particularly	for	foodstuffs	and	drinks.

2	 The	oil-based	plastic	polyethylene	terephthalate	(PET)		
is	particularly	known	for	its	use	in	disposable	plastic	bottles.		
In	Germany,	approximately	15	%	of	all	plastic	packaging	is		
made	from	PET.	



RESE ARCH

sues concerning plants. This includes how plants 
can be protected from diseases by means of new 
biotechnological methods, or how they can better 
withstand drought, nutrient stress, or heat. The 
second major task is to develop biotechnological 
processes in a modular manner so that we end up 
with a toolbox that allows us to create a multitude 
of different products. The third topic concerns 
the production of high-quality bio-based products 
in biorefineries, where biomass must be used 
efficiently, novel products developed, and sus-
tainable material cycles established – both within 
biorefineries and in collaboration with agricul-
tural production. And the fourth topic is strategic 
implementation: economy, politics, and society 
must help support the bioeconomy.

Can you give us examples of what you are 
already working on?
We are investigating the sustainable use of the 
biomass of perennial plants such as various mal-
va plants, which return very good yields even in 
poor soils. Components such as sugar, cellulose, 
and lignin can be obtained from these plants 
and used to produce valuable products such as 
biosurfactants. Surfactants are not only found in 
detergents but also in food additives and printing 
ink. The advantage of biosurfactants over the 
crude-oil-based surfactants used today is that 
they are biodegradable and less toxic. Simulta-
neously, we are working on a biorefinery process 
which can be used to obtain such biosurfactants. 
And we are looking for plant-based natural ma-
terials which may serve as the source of bioactive 
substances such as agrochemicals and pharma-
ceuticals.

Prof. Schurr, what has the research alliance 
achieved in the past seven years?
We succeeded in establishing a well-connected 
community of researchers who together advance 
research issues that cannot be dealt with by one 
scientific discipline on its own. At the time of the 
BioSC’s launch, we expressly funded projects in 
which at least two research fields had to collab-
orate. For example, we utilize unused biomass 
from tomato plants to obtain useful materials for 
special chemicals in the food, feed, and chemical 
industries.

How exactly is this done?
First, the desired molecules need to be dissolved 
out of the plants. We require adapted process 
engineering as well as special enzymes that can 
break down plant biomass – but in a way that 
preserves and enriches the useful materials. This 
requires the competences of different disciplines. 

Why?
Plant researchers know the structure of the cell 
walls of various plants. Agricultural scientists can 
tell us about the influence of cultivation methods 
on the plant structure and crop yield. Microbio-
logists develop specifically adapted bacterial 
strains which produce the desired enzymes or 
directly decompose the biomass. Engineers devel-
op innovative processing technologies for the effi-
cient extraction and processing of the biomass. 

What topics will be in focus over the coming 
years?
Four main themes have emerged from the 42 
projects concluded so far: the first comprises is-

The century  
of biology

For seven years, more than 1,200 scientists from the universities  
of Bonn and Düsseldorf, RWTH Aachen University, and Forschungs-
zentrum Jülich have been working together within the scope of the  

Bioeconomy Science Center (BioSC). Prof. Ulrich Schurr, spokesman  
for the managing directors of BioSC and director at Jülich’s Institute  

of Bio- and Geosciences (IBG-2), explains what role bioeconomic  
research today plays at regional and international level.

2 2



What significance does the bioeconomy 
have in Germany and internationally? 
Many experts predict that bio-based products 
and services will become the main drivers of 
future economic and social development, and 
that therefore the century of biology is dawning. 
The German Federal Government is providing 
roughly € 2 billion in research funding as part 
of the National Research Strategy BioEconomy 
2030. Within BioSC, which is supported by the 
state government of North Rhine-Westphalia, 
five “FocusLabs” are currently being estab-
lished at an investment of almost € 12 million. 
These FocusLabs cover the entire value chain 
of the bioeconomy. Renewable raw materials 
are increasingly used even in German industry. 
Globally, 48 nations have developed their own 
bioeconomy strategies. All of these countries are 
concerned with a tailor-made solution specific to 
their region.

Why does every region require its own 
solution?
Every region has different conditions – both 
economic and scientific but also with regard to 
soils, land use, and natural resources. Brazil, 
for example, has large areas which permit sugar 
cane and soy to be mass produced, but also has 
an enormous variety of plants in the Amazon 
basin which could serve as a source of novel plant 
materials or “ideas from nature”. Therefore, 
Brazil requires several strategies: state-of-the-art 
biorefinery concepts for the use of large amounts 
of biomass, but also comprehensive protection of 
and intensive research on the rainforest.

How long will it take for the bioeconomy to 
become established?
Some fields require immediate implementation, 
and this is very much a possibility. Taking crop 
failures and food scarcity as an example, it is not 
only climate change that is a problem: forty per-
cent of what we produce is discarded unnecessar-
ily – either on the field or later during processing, 
or by the consumer. The bioeconomy is also about 
avoiding this type of waste and using resourc-
es in a smart manner. The path to a bio-based 
economy, embedded in other sustainable types of 
economy, will take longer in some fields than in 
others. It will depend on what the aim is – do we 
want foodstuffs, or bio-based materials, or energy 
to be produced from renewable raw materials? 
The bioeconomy will establish itself quickly 
wherever it is competitive and produces better 
results or products that cannot be produced using 
fossil raw materials.

THIS INTE RVIE W WAS C ONDUC TE D  

BY BRIGIT TE STAHL- BUSSE .

Prof. Ulrich Schurr is 

convinced that the fu-

ture belongs to biology. 

Together with other 

scientists, he explains 

the complex principles 

of a bio-based recy-

cling economy in the 

book “Bioökonomie für 

Einsteiger” (“bioecon-

omy for beginners”) by 

Joachim Pietzsch.
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in laboratories where at least physicists and biologists worked 
together on tasks. It wasn’t always easy.” Drawing on his 
great experience in the various disciplines, he often acts as 
a translator these days – in lectures, seminars, and work-
shops. “I start out by simply translating the words,” he adds 
laughing. The next step is much more difficult: uniting the 
different scientific approaches. Each one considers a problem 
from a different standpoint, has “its own grammar behind the 
terminology, as it were”. For example, the trend in biology is 
increasingly towards understanding details: improved investi-
gation methods help the researchers to decode increasingly 
small structures and complex correlations in the smallest 
spaces. 

The trend is heading in the opposite direction in mathematics: 
“Mathematicians ask for the most general possible relation, the 
most abstract scenario, with which they can describe some-
thing,” says Merkel. Physicists are somewhere in between. 
Thus, everyone has a slightly different perspective. On top of 
this, everyone thinks their own issue is the most interesting. 
“An appreciation of other perspectives sometimes falls by the 
wayside, despite the discussion of the various perspectives 
itself being the real gift, in our case the balance between detail 
and principle,” says Merkel. 

Language has many pitfalls – and this also applies to scientific 
language: when physicists talk about a substrate, they usually 
refer to a solid base on which something grows. Biologists 
use the same word to describe a material that is changed by 
an enzyme. Or take the word “function”, for example: certain 
parts of a molecule, called functional groups, will come to a 
chemist’s mind, whereas a biologist will think of the concrete 
functions that a cell has. For mathematicians, a function is a 
relation where every element in a set is assigned exactly one 
element from a different set of elements.

“Communication between mathematicians, biologists, medical 
scientists, chemists, and physicists is unbelievably compli-
cated. We use the same words and mean different things,” 
confirms biophysicist Rudolf Merkel from Jülich’s Institute of 
Complex Systems (ICS-7). At a time in which interdisciplinar-
ity is gaining importance and scientists from all disciplines 
are solving global problems together, collaboration sometimes 
seems to break down over vocabulary. 

Merkel, an expert in cellular biomechanics, knows what he’s 
talking about: “I’m 55 now and have spent innumerable days 

The translator
Scientists sometimes use the same words but mean different things.  

Prof. Rudolf Merkel often has to translate between biologists, mathematicians, 
and medical scientists. But for him, it’s not just about vocabulary,  

it’s also about mutual understanding.
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INTERLINKING “WET” AND “DRY”
Against this backdrop, it is the Jülich scientist’s heartfelt wish 
to ensure that scientists understand each others’ perspectives 
in order to generate added value for the respective research 
topic. A six-month research programme for biologists and 
mathematicians from all over Europe, initiated by Merkel in 
collaboration with scientists from RWTH Aachen University 
and the University of Sussex in the UK, has shown that this 
works wonderfully well. “The aim was to create a unique 
forum where links could be created between the ‘wet’ sciences, 
i.e. biology, medicine, and biophysics, and the theoretical or 
‘dry’ sciences that include applied mathematics, theoretical 
physics, and statistics,” says Merkel. 

The common object of investigation was the cell. The re-
searchers went about this from a perspective that was rather 
alien to them, however: biologists learned how the physics, 
morphology, motion, and pattern formation of cells can be 
described mathematically. Another part of the programme 
involved mathematicians visiting a biological laboratory for 
several days during which they used microscopes, pipettes, 
and centrifuges: “A real adventure! This doesn’t mean that a 
mathematician suddenly becomes a biologist. That’s not the 

point. But they do gain an idea of what a biologist can do,” says 
Merkel. He believes it a useful talent to know how to employ 
the knowledge of others in order to solve a problem; a talent 
that scientists can learn during such workshops, without hav-
ing to spend years in a laboratory. 

“We are pursuing the idea of the programme within Euro-
pean training networks and conference series, although the 
programme itself has come to an end,” adds Merkel. The 
programme has also resulted in a number of fruitful collab-
orations – for example with programme participants of a 
mathematics working group from Trieste, Italy. The group’s 
researchers are experts in modelling differential equations 
used to describe flows through porous media. “If you vigorous-
ly squeeze a sponge, a large amount of water will come out. 
If you squeeze it softly, you will need less force and less water 
will flow. The sponge will deform in different ways, depending 
on how strongly you squeeze it. The scientists from Trieste 
are capable of describing these processes in a mathematically 
exact manner,” explains Merkel. 

Such calculations are needed by him and his team in order to 
understand processes in the human body – more precisely, 
they are investigating the transport of proteins, hormones, 
and nutrients in the part of the breast that produces milk. “The 
breast tissue deforms due to external pressure and the mass 
transport is accelerated – this is essentially the sponge-squeez-
ing process on a microscopic scale,” says Merkel. The reward 
for the multinational collaboration will manifest itself shortly 
in the form of a joint publication outlining their new findings.

K ATJA LÜE RS
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Understanding what others mean: Prof. Rudolf Merkel from 

the Institute of Complex Systems (ICS-7) unites various 

disciplines.
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extremely tough and robust. At room tempera-
ture, it also conducts electrons faster than any 
other material. For these reasons, it is expected 
to be suitable for a whole range of applications: 
extremely robust composite materials, lighten-
ing-fast transistors, and highly sensitive sensors, 
for example.

STICKY-TAPE BREAKTHROUGH 
“Graphene has a purely two-dimensional struc-
ture. It consists of carbon atoms that all lie in one 
plane and are linked together by solid molecular 
bonds to form a lattice. They form a six-sided 
honeycomb pattern,” explains Prof. Stefan 
Blügel from Jülich’s Peter Grünberg Institute 
(PGI-1). “Physicists had described the material 
theoretically as early as the 1970s. The fact that 
it actually exists was long thought impossible, 
however. It was therefore a sensation when it was 

Bare mountain sides, rough stone walls, grazing 
sheep: Borrowdale is a barren region of the Lake 
District in the north west of England. There’s 
no hint of the technological revolution that took 
place here when sixteenth-century farmers dis-
covered a soft black mineral in the remote region. 
The material’s use lay in cutting it into thin bars 
and wrapping it with string: the lead pencil was 
thus invented, a handy writing tool set to replace 
goose quills and inkwells.

Its name is unjustified, however: the shiny 
black material at its core is not lead but pure 
graphite. And this form of carbon could now 
be the catalyst for another innovative boost. In 
2004, researchers at the University of Manches-
ter succeeded in producing an exotic material 
from graphite that is only one atomic layer in 
thickness: graphene. The material is flexible yet 

Graphene is a material whose existence was long thought to be  
impossible. It consists of pure carbon and is only one layer of atoms in 
thickness. Researchers from Jülich are investigating the properties of 

graphene and looking for applications.

From mine  
to lab

Prof. Stefan Blügel heads 

the Peter Grünberg Insti-

tute  – Quantum Theory of 

Materials (PGI-1/IAS-1).
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first produced successfully – especially since its 
production was so easy.”

Blügel is alluding to the sticky-tape method that 
the team of Manchester physicists – headed by 
Andre Geim and Konstantin Novoselov – used 
to produce the atomic carbon layers. The base 
material was a tiny graphite flake. This material 
consists of innumerable graphene layers clinging 
to each other in piles. Using simple sticky tape of 
the kind that can be found in virtually any office, 
the researchers peeled individual layers from the 
flake and transferred them to a silicon disc where 
they could be investigated intensively. In 2010, 
they both received the Nobel Prize in Physics for 
their work on graphene.

Stefan Blügel remembers: “Theorists went and 
opened their drawers, pulling out their old 
calculations. Finally, they had the opportunity to 
review the validity of their models using a real 
system.”

One outstanding property was of particular 
interest to the experts: the electrical conductivity 
of graphene. Every carbon atom in the molec-
ular honeycomb contributes one electron, and 

these electrons pool like a lake above and below 
the carbon layer, according to Blügel: “What’s 
particularly interesting, however, is that the 
electrons in these lakes can move as if they had 
no mass. They can be accelerated effortlessly. 
And this results in the extraordinary conductivity 
of the material.” 

ASTOUNDINGLY DURABLE
The charged particles shoot through graphene at 
around 0.3 % of the speed of light – that’s almost 
1,000 kilometres per second. Although these 
speeds are not quite as high as those that can be 
achieved in large particle accelerators, they move 
so quickly that the rules of Albert Einstein’s theo-
ry of special relativity apply to them. This means 
that graphene permits exotic phenomena to be 
studied in the laboratory which would otherwise 
only occur in expensive accelerator facilities. 
Graphene is not only extremely conductive but 
also extraordinarily tough. Mixing it into plastics 
would undoubtedly increase the durability of 
such composite materials considerably. And 
when foreign molecules come into contact with 
the carbon layer, they produce tiny waves that 
roll over the electron lake, making graphene an 
ideal material for sensitive sensors. In the field 

Dr. François Bocquet from 

the Peter Grünberg Institute 

(PGI-3) researches functional 

nanostructures at surfaces.

The mines of lead pencils actually 

consist of graphite – and therefore 

also contain graphene, i.e. layers of 

individual graphite atoms.
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graphene, a method called doping that is well- 
established in semiconductor technology. Anoth-
er possibility of controlling conductivity is using 
chemical procedures to produce graphene – mak-
ing use of the material on which the graphene is 
deposited. After all, the sticky-tape method is no 
longer the only route to producing the coveted 
material. Chemists have developed much more el-
egant processes involving the surface deposition 
of graphene from gases that contain carbon. 

“This usually leads to interactions between the 
substrate material and the graphene. We were 
able to show that the atomic distance between 
the two is decisive in terms of how strong the 
influence on conductivity is,” explains Bocquet. 
He says that while his work is essentially basic 
research these insights may still make a major 
contribution to potential applications.

WORLD’S SMALLEST BATTERY
The electronic components that Dr. Ilia Valov 
(PGI-7) is working on could also profit from the 
carbon lattice: “We develop data storage systems 
that require extremely little energy, switch very 

of microelectronics, in particular, there is great 
hope that graphene might replace the standard 
semiconductor silicon. But the dawn of the car-
bon age is a while off yet.

“I know of no established application of graphene 
in the electronics sector,” says Dr. François 
Bocquet (PGI-3). And this is due to the prominent 
property of the carbon lattice mentioned earlier: 
high electron conductivity. Conventional tran-
sistors on computer chips consist of the semicon-
ductor material silicon. These components can be 
switched between two states: on and off. The flow 
of electricity in a transistor based on graphene, 
however, can never be switched off completely. 
It is like a leaky tap that constantly drips water. 
Such components are therefore not suitable for 
digital circuits: “If all transistors in a logical cir-
cuit are constantly switched on, they cannot   
be used to make computations,” says Bocquet.

The Jülich researcher is therefore working on 
influencing the conductivity of graphene, for 
example by means of targeted impurities: these 
are atoms of different materials introduced to the 

Farmers first discovered graphite in Borrowdale, in north-west England, in the 16th century.  

The mineral was first mistaken for lead ore, which resulted in the name “lead pencil” being given 

to the writing devices manufactured from it.

 Eavesdropping 
on nerve cells
Cardiac cells and nerve cells have 
one thing in common: they pass 
on information in the form of weak 
electric impulses. Nanoresearcher 
Dmitry Kireev from Jülich’s Institute 
of Complex Systems (ICS8) wants 
to eavesdrop on this whispering 
in the cells and thus gain access 
to the information. He is there
fore developing sensors based on 
graphene, which in future will be 
implanted in the body. “This way, 
signals can be picked up directly 
in the central nervous system and 
forwarded externally,” explains the 
microtechnology expert. Patients 
would be able to use these signals, 
for example, to control leg prosthe
ses. The Jülich sensors have a long 
way to go yet, however. Labora
tory experiments are currently 
under way in which Kireev grows 
cardiac cells and nerve cells on 
pieces of transparent plastic foil 
about the size of a postage stamp. 
Goldcoloured lines lead from the 
edge of the foil towards the centre. 
“These are feed lines; the actual 
graphene sensors are located in the 
centre,” explains Kireev. After just 
a few days, the cells start to fire off 
their characteristic impulses. The 
graphene serves as a tiny electrode 
which collects the electric signals. 
The advantages of the material: it is 
extremely sensitive to the weak cell 
impulses, biocompatible, and can be 
applied to a flexible substrate – all 
of which are important prerequisites 
for use inside the body. And therein 
lies the next challenge: measuring 
the cell signals in a natural organ 
rather than in the laboratory.

Take a listen: Eavesdropping 
on nerve cells – a lab visit 
with Dmitry Kireev:
effzett.fz-juelich.de/en

http://effzett.fz-juelich.de/en
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quickly, and take up remarkably little space. 
We’re talking about the nanometre range.” In 
contrast to normal computer memory systems, 
these ReRAMs maintain their information even if 
the power is switched off. 

Valov and his colleagues were able to show that 
ReRAMs behave like tiny little batteries. But 
this also comes with a number of disadvantages 
regarding long-term stability, says the researcher: 
“We’re familiar with these phenomena from the 
conventional lithium batteries: they age because 
the substances inside them damage the elec-
trodes. This harmful influence in the cell chemis-
try also occurs in our memory systems.”

And this is where graphene comes into play: Ilia 
Valov places it on the electrodes of his memory 
elements as a thin protective layer that allows 
him to keep the cell chemistry in check. Graphene 
is ideally suited to this: the layer is so thin that 
it hardly interferes with the functionality of the 
component. And simultaneously, it is impenetrable 
for the components of the cell that would damage 
the electrode. As Valov says: “The storage cells are 

more stable as a result. Although we have to live 
with slightly poorer switching times, I still believe 
that this structure represents the way forward.

The coming years will show what applications 
the atomic carbon layers are most suited to. As 
for the graphite from the northern English mines, 
it had a totally different purpose for a period of 
time: the black mineral was perfectly suited to 
lining moulds for cannon balls. This application, 
at least, has now been consigned to the history 
books.

ARNDT REUNING

Dr. Ilia Valov from the Peter 

Grünberg Institute – Elec-

tronic Materials (PGI-7) is 

an expert for a special type 

of electrochemical compo-

nents, called “ReRAMs”.

Diverse  
designs

A selection  
of carbon structures

graphite

amorphous carbon

nanotubes

diamond

buckminsterfullerenes
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FIT together

Why there?
Prof. Rainer Waser is a member of the 
“Fundamentals of Future Information 
Technology” section of the Jülich 
Aachen Research Alliance (JARA-FIT) 
and heads two institutes: one at Jülich, 
and one at RWTH Aachen University.

What differentiates the work conduct-
ed by the two institutes? 
Both research the future of nanoelectron-
ics, in particular a special type of storage 
and logic elements called ReRAMs. There 
are two different kinds of ReRAMs – one of 
them is the focus of research at Jülich, and 
the other at RWTH.  

What are the advantages of JARA-FIT?
The alliance offers opportunities that one 
partner alone would not have. By coordi-
nating our research, resources can be used 
more effectively.

What exactly does this mean?
When it comes to expensive instruments, 
we can share one each since our geograph-
ical proximity allows us to both use them 
easily. We also appoint joint academic 
personnel and found institutions together, 
for example the JARA-FIT institute Green 
IT, which was founded in 2016 to develop 
energy-efficient computer chips.

10 

years – that’s how  
long the Jülich Aachen  

Research Alliance (JARA)  
has been in place.

The location
Fingers in the air!
Aachen residents greet each other by 
pointing the little finger of their right 
hand into the air. This greeting, called 
“Klenkes”, is a reminder of the needle 
industry that was prevalent in Aachen 
during the 19th century. Workers, usually 
children, separated flawed needles from 
the good ones using their little finger.

Student town
Around 55,000 of the 245,000 residents 
of Aachen are students. The vast major-
ity of them – 45,000 – are enrolled at 
RWTH Aachen University. 

A large present
20 July 802: Presumably no one in 
Aachen had ever seen an elephant before. 
But on this date, an elephant plodded 
through the streets of Aachen. The caliph 
of Baghdad presented it to emperor Char-
lemagne as a gift.

In 2014, a total 520 statues of Char-

lemagne were situated on the Aachen 

Katschhof square. The red and yellow 

sculptures were part of the city’s cele-

brations honouring the 1200th anniver-

sary of the death of the emperor, whose 

favourite residence was Aachen.

Jülich’s campus measures 2.2 km2. 
But Jülich scientists are active 

beyond the campus – for example 
at RWTH Aachen University, 

which is closely interlinked with 
Forschungszentrum Jülich through 

the Jülich Aachen Research  
Alliance (JARA).

2.2
plus
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THUMBS UP

How are black holes created, how does a wormhole 
work, and why is the death of the Sun – and there-

fore of all life on Earth – inevitable? In entertaining 
comic clips, the YouTube channel “100 Sekunden 

Physik” addresses existential issues of physics, 
explains everyday phenomena, and even attempts 

to find out whether Santa Claus is real. Watch it, and 
you’re guaranteed to learn something new. 

– W W W.YOUTUBE .C OM/100SE KUNDE NPHYSIK –

SMARTER IN 100 SECONDS  
Web videos on

natural phenomena

London’s Natural History Museum and Science  
Museum are among the world’s best museums with 
their impressive exhibits and exhibitions. Which of 

the two institutions, however, has the better range of 
exhibits was recently contested in a Twitter battle. It all 

started when a user asked which of the two museums 
would win a staff battle and which exhibit would help 
them do so. Both institutions were quick to respond, 
and the resulting science battle was one of the most 

entertaining the world has ever seen. And who won?  
Why not check it out yourself!

– STANDARD.C O.UK –

SE ARCH TE RM: 
“ E PIC T WIT TE R BAT TLE E RUP TS”

BAT TLE OF THE MUSEUMS

Twitter battle about 
the best exhibit

In a world of growing populism, social tension,  
and alternative facts, the campaign “Together Science 

Can” is calling for unity in science. The campaign, 
organized by the UK Wellcome Trust and supported by 

global science organizations, encourages people to take 
action for scientific cooperation with a united voice. 

Anyone can contribute – from individual scientists to 
research units and entire organizations. Images and 

statements are shared on social networks using  
the hashtag #TogetherScienceCan.

– TOGE THE RSCIE NCECAN.ORG –

TOGETHER SCIENCE CAN

United for  
science

http://standard.co.uk


The Earth
is under observation: data from the air, the ground, the oceans, 
and from ice will reveal what impact extreme weather phenomena 
has on energy, water, nutrient, and greenhousegas cycles. To
gether with eight other Helmholtz centres, researchers from Jülich 
are developing sensors and instruments for the mobile measuring 
system MOSES. It will be put into operation in 2022.  
 moses.eskp.de

Heat waves and flooding have shocked 
the world in 2017. Researchers are using 
MOSES to investigate what impact ex-
treme weather phenomena have in the 
long term.

 
RESEARCH  
IN A TWEET

http://moses.eskp.de
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