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The artwork on the front cover, is a graphic interpretation on Moore’s Law,

an observation that, over the history of computing hardware, the number

of transistors in a dense integrated circuit doubles approximately every two years.
The observation is named after Gordon E. Moore, co-founder of the Intel Corporation.
Original seen at the Heinz Nixdorf Museum, Paderborn, Germany.
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Accelerating,

Thinking Strategically

Reflecting on the past year as Head of
Department of Engineering | can't deny

it has been a challenging year with cut-
backs and organisational adjustments.
Despite that, it has also been a year that
has justified my great expectations to what
we can achieve and how far we can go.
Our strategy and focus on building deep,
technical, discipline-oriented engineering
skills to support this are already unfolding like
a spring flower. Our accelerating progress
provides unbelievable possibilities within
both excellence and growth. For our core
business - education and research - we
have accomplished things previously
believed impossible. During the last 3 years
the uptake in engineering master students
has almost doubled and the annual external
research activities have consistently
increased by almost 20 percent.

One of the greatest engineering strengths
is the ability to anticipate and embrace
change with a willingness to break new
ground and transform established fields.
Noticeable advances in knowledge are
shaping today’s society with incredible op-
portunities for engineers from all disciplines.
We see how disruptive technologies have a
remarkable influence on our global society
and how exponential growth comes out of
young, innovative, high-tech companies
that are able to exploit the new technolo-
gies even in markets dominated by large
well-established global companies.

We have initiated even more research ac-
tivities within technological fields generally
believed to have enormous societal impact
in the coming decades, like precision agri-
culture, sustainable energy, healthcare tech-
nology, advanced materials and manu-
facturing. Our early multidisciplinary focus
has stimulated and allowed us to initiate an
impressive number of projects in these fields,
projects ranging from national to European,
from basic engineering science to applied
strategic research, funded by public institu-
tions as well as private companies.

2015 will take us the next step towards
achieving our long-term ambition of bring-
ing Aarhus University into the European elite
within engineering. Based on the deep en-
gineering disciplines, we are in the process
of shaping the 2025 engineering strategy.

A strategy anchored in a culture focused

on excellence in everything we do, with a
strong desire to support our society national-
ly, regionally as well as locally.

In this Profile 2015, | am proud to highlight
some of our latest engineering achieve-
ments and impacts accomplished by our
researchers.

Sincerely yours,
Thomas S. Toftegaard,

Head of Department of Engineering
Aarhus University
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ENGINEERING DISCIPLINES

Department of Engineering at
Aarhus University creates innovative
and sustainaple solutions to some of
the major problems humanity face.
We keep a strong focus on techno-
logy's Impact througnh-out all our
engineering activities — in deep
research, applied and strateqgic
research, partnersnips with industry.
education, development of PhD
orogrammes, and In our public
sector consultancy services.




ENGINEERING DISCIPLINES

* Biological Engineering

* Chemical Engineering

* Civil Engineering

* Architectural Engineering
* Electrical tngineering
 Computer Engineering

* Mechanical Engineering
* Materials Engineering
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Continued exponential growth
performance within digital
technologies accelerates
socletal iImpact from disciplines
ke cyber-physical systems,
INnternet of Things. cloua
computing, mobille Internet,
bIg data and artificial
intellgence.
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Improved interaction between
virtual and physical worlds

With a new EUR 8 million research project, Aarhus University will
spearhead a project that aims to develop a new form of interaction
between physical objects and their computer control using different
software models. The technology will make it easier to develop
credible cyber-physical systems (CPS) which will be important

for industry’s ability to innovate in the future.

Among the growing number of physical
objects that surround us, small comput-
ers control a considerable number of
different functions. Development has ex-
ploded in recent decades and this has
placed new demands on industry. The
main challenges can be described with
two central questions: What do you do
when the many computers need to talk
to each other? And how do you ensure
that they adapt as well as possible to the
context in which they will be used?

Fewer physical prototypes

In a major European research project
called INTO-CPS, with a diverse con-
sortium made up of 11 partners from
industry and academia, researchers will
spend the next three years creating new
methods and tools that will make it both
easier and cheaper to validate com-
puter-based products. And there is an
urgent need to get started, according to
Professor Peter Gorm Larsen who is the
coordinator of the project.

to find out what's wrong. But we now
find ourselves in a reality with so many
computer-based systems that it can be
almost impossible to take in. Industry in
particular is facing an acute challenge
with more and more ‘cyber’ control of
physical objects, and we therefore need
to develop new tools that are capable
of combining different models of both
‘cyber’ and ‘physical’ elements in a
virtual world to design and validate new
products in the innovation process long
before investments in physical proto-
types come into question,” he says.

Physical prototypes are often extremely
expensive, and it is therefore hoped that
the new tools can eventually reduce
their numbers significantly.

100 computers in your car

TWT in Germany is one of the project’s
case companies, and it helps car-manu-
facturers such as BMW and Audi with
simulations and models of prototypes.
Professor Larsen specifically mentions
the car industry as an illustrative exam-
le of this technological development.

“If you're driving a car built around the
turn of the millennium, there probably
aren't many computers controlling its
functions. If you buy a modern car,
however, you can be pretty sure that it
involves more than 100 different small
computers that control everything from
the keys and brakes to cruise control
and automatic parking functionality. It is
clear that this development provides the
car industry with completely new chal-
lenges in both the development and the
test stages,” says Professor Larsen.

Quite specifically, the researchers will
design a new development and test
platform for the project’s four European
case companies. In addition to TWT,
these include a manufacturer of train
doors, a manufacturer of air condi-
tioning systems and a manufacturer of
agricultural machinery. Common to all
the companies are products that have
close integration between their ‘cyber’
and ‘physical’ parts, with development
activities that are extremely expensive
- particularly due to prototype develop-
ment and tests.
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With a large research grant from the European Union, Aarhus University is now strengthening its research activities in cyber-physical systems.

This project is producing a cyber-physical modelling technology that in the coming years is expected to have great significance for the way people
can interact with the physical world around us and for industry’s innovation processes. The photo shows the international project consortium gathered
at Aarhus University. 7 i _

Faith in computer-

controlled products

The test platform will be based on
technology that makes it possible to
produce different models that can
be simulated together and providing
virtual 3D model videos of both spe-
cific prototypes and their application
contexts.

In the example of the car, this could be
a virtual prototype of a vehicle linked to
a physical prototype of a new type of
wheel. In this way, the researchers hope
to gain more knowledge of the interac-
tion between a product’s physical parts,
its computer systems and its surround-
ings.

‘A new technological approach is re-
quired if we're to have complete faith in
our computer-controlled products. For
example, how do the many computers
in the car react to the new wheels?

What does it mean for their ability to
communicate with each other? How
do the wheels work if you're driving at
200 kilometres per hour and suddenly
brake? And what if the road is dusty or
wet? There are so many different possi-
ble failure scenarios and situations that
we need to have better tools for devel-
oping, testing and carrying out quality
assurance,” says Professor Larsen.

The researchers aim is to use the tools
to try out many scenarios and describe
and clarify how different types of prod-
ucts behave in different surroundings
and usage situations in a virtual world.
This is the first step on the way to-
wards a more systematic method for
prototype development and failure
prevention, which could be extremely
valuable in a considerable number of
industrial contexts.

project facts

TITLE
Integrated Tool Chain for Model-based
Design of Cyber-Physical Systems

SCHEDULE
2015-2017

FINANCIAL FRAMEWORK
8 million EUR, Horizon 2020, EU

PARTNERS

Newcastle University, University of York,
Linképing University, Controllab Products,
ClearSy, TWT GmbH - Science & Innovation,
Kongskilde Industries, United Technologies,
Softeam

CONTACT
Professor Peter Gorm Larsen
pgl@eng.au.dk
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Next generation computer chips

In a new international collaboration, engineers at Aarhus University

will play a key role in designing integrated circuits using new transistors.
These can be used in nanocomputers with super memory capacity
and ultra-low power consumption.

\

The world’s growing need for nanocomputers that are even smaller, faster, and more energy-efficient can possibly be met within a few years.

Researchers are in full swing designing circuits with very large memory capacity and very low power consumption. They anticipate that this can be

particularly important for the spread of portable, wearable, or implantable chips for monitoring different body functions and storing biomedical data.
- o

The photo shows Assistant Professor Moradi.




project facts

TITLE
Low Voltage/Low power design in future
nodes (FinFET and nanowire based devices)

SCHEDULE
2014-2017

PARTNERS
Imec

CONTACT
Assistant Professor Farshad Moradi
moradi@eng.au.dk

Researchers at Aarhus University have
entered into a formal three-year collabora-
tion with the Interuniversity Microelectronics
Centre (imec) to develop and test a com-
pletely new and potentially ground-break-
ing technology.

Imec is a strong partner and a world leader
in new developments in microelectronics
and nanoelectronics.

Industrial restructuring in sight

In the coming years, researchers will look
at opportunities for a new type of electrical
circuit that could very well pave the way for
a historically large industrial restructuring,
according to Assistant Professor Farshad
Moradi.

He has been working extensively for years
with digital and analogue circuits in nanos-
cale technologies, and he has a privileged
insight in the latest computer technology
trends.

‘Development in computer technology has
been exponential for more than forty years
where the number of transistors in micropro-
cessors has doubled about every second
year according to what computer scientists
know as Moore’s law. There's much to indi-
cate that we're at a turning point and that -
with the latest technology - we can develop
chips with properties that could pave the

way for a new chapter in the world history of

electronics,” he says.

Microprocessors are traditionally manufac-
tured using a so called complementary met-
al-oxide-semiconductor (CMOS) technology.
One of the major disadvantages of using

this technology in its nano-scale regime is
that the leakage current of the electronic
device increases significantly. This means, in
practice, that whether referring to a mobile

I —
COMPUTER SYSTEMS AND NETWORKS 13

phone, an ECG monitor or some other
sort of device, it will relatively quickly
run out of power because it uses the
battery’s capacity even when on
standby mode.

Low power consumption

and super memory

As computer technology gets used in
new contexts in which battery capaci-
ty is crucial, this leakage current be-
comes a bigger and bigger problem.
In other words, the current technology
does no longer match the world’s
expanding need for small computer
chips with low leakage and high scal-
ability. It applies particularly within the
field of biomedicine where very small
computers can be sewn into clothes
or implanted in the body.

Here it is memory and power con-
sumption that represent the major
innovation challenge by far.

“Just to take an example, if you want
to measure brain activity over a peri-
od of time via a small computer surgi-

cally implanted under the scalp, then
it's obvious that it must be capable

of saving battery power and storing
large amounts of data,” explains Assis-
tant Professor Moradi.

Three-dimensional

transistor structure

The technology that can make this

a realistic scenario is called FinFET
and, fundamentally it is based on a
three-dimensional transistor structure
that conducts the power.

According to Assistant Professor Mo-
radi, this can reduce power consump-
tion in digital circuits by several orders
of magnitude, at the same time as
making it possible to provide small-
er units with more functionality and
memory.

The Aarhus University researchers
have the task of testing and further
developing the technology and pre-
paring for an industrial conversion to
new nano-sized circuits.

FinFET Transistor

The traditional transistors in microprocessors are planar structures. The next generation
of transistors has an advanced geometric pattern in three dimensions, and this provides
considerably better control of the channel, less leakage current, low-voltage memory.,
and lower power consumption. As the illustration shows, the scientists are designing new
types of transistors where the gate is controlled from all sides.
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The human body and the Internet

Researchers at Aarhus University are working on new solutions for
Wireless Body Area Networks, making them reliable, secure,
lightweight and energy efficient so it will not be

necessary to change the batteries so often.

The idea of Wireless Body Area Net-
works (WBAN]) is close to becoming
reality. Before long it will be possible
to wear electronic devices with multi-
ple sensors, computing capability and
radio transmitters.

This can be used to record and

report details of your movements,
your health or your surroundings in a
wireless network carried on your body
- or even implanted into your body, for
that matter.

The technology is predicted to play
an important role in the health servic-
es of the future, as well as elderly care,
the entertainment industry, sport and
a wide range of professions.

Using WBAN, doctors can keep an
eye on a heart patient’s vital signs
even while the patient is at home, a
diabetic can be notified immediately
if blood sugar levels are too low or too
high, athletes can optimise their train-
ing, and a fireman'’s uniform can send
an alarm to both the firefighter and
the commander about high tempera-
tures and hazardous gases.

WBAN also provides numerous
options for interaction with machines.
Computer games, robots and drones
can be controlled by body move-
ments and provide feedback that can
be felt by the operator or player on
their bodies.

A hot topic

It is only close to becoming a reality,
however. Using current technology, it
is certainly possible to build WBANS,
but they still demand so much energy
that they are not particularly practi-
cable. They either require large bat-
teries or they have to be recharged
too often. In addition, when electro-
nic components use a lot of power,
they get hot so called tissue heating
problem- so no one wants to have
them close to or inside their bodies.

In order to develop truly applicable
WBANSs, the researchers must meet
the crucial requirements of optimal
energy efficiency and low complex-
ity - and at the same time overcome
the challenges of a highly dynamic
channel with inconsistent propa-
gation characteristics due to body
tissue, mobility and randomness.

Those are the problems that the
researchers at Aarhus University are
trying to solve. Their tools are primari-
ly mathematical equations, formulae
and algorithms.

“We address the algorithmic and the-
oretical part of the problem while we
are concerned about the practical
and technological constraints. We

try to make everything as efficient,
agile and simple as possible without
compromising the system’s fidelity

or consuming extra resources such
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Associate Professor Qi Zhang (right) and PhD student Mohammad Sadegh Mohammadi are working on new solutions to
improve Body Area Network Technology. They want to make it more reliable, secure, lightweight and energy efficient.

as spectrum, energy and computational
power at the sensor nodes,” says Associ-
ate Professor Qi Zhang.

The researcher’s solutions span in both
physical and medium access control
layers in the network protocol stack, as
well as the sensor’s hardware such as
analogue to digital converters.

Fewer errors mean less power

The project is focused on subjects from
coding theory, signal processing and
wireless communications.

“The conventional methods in designing
wireless systems are based on assump-
tions that do not fit well to WBANs. They
are usually not designed for optimal en-
ergy efficiency and minimum complexity
and do not take into account channel
issues imposed by near-body operation,”
says Associate Professor Zhang.

Together with her research group she
is trying to develop advanced coding
techniques to boost the system’s per-
formance, combined with the latest

| -

techniques in signal processing such

as Compressive Sensing. Basically, the
aim is to send data packets through the
network as efficiently as possible.

“We propose a system that reconstructs
an accurate picture of the sent infor-
mation, although some of the received
packets are damaged or missing bits due
to for example noise and interference. A
conventional system discards such pack-
ets and asks for re-transmission, which
reduces the speed and costs energy. Our
system, on the other hand, only needs to
receive enough coded packets to fix the
damaged parts and recover the whole
“picture’. The recovery procedure is the
main challenge,” explains Zhang.

The right transmitter

The reseachers work is not completely
limited to the theoretical work. The new
protocols and ideas are of course tested
in models and computer simulations or
implemented using the available soft-
ware defined radio platforms.

“We are looking at all the ways we can
optimise WBANs. We have, for example,
developed techniques to improve Ultra
Wideband systems (UWB). This is interest-
ing because the UWB transmitter is very
simple, its signal is low energy, almost im-
mune to fading, and provides excellent
ranging capabilities,” says PhD student
Mohammad Sadegh Mohammadi.

It is still too early to say when the tech-
nology will become a reality.

“This is an emerging field of research.
We're discovering new challenges all the
time,” he says.
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The future is arriving
at the speed of light

The increasing demand for wireless Internet necessitates

new technology. Now researchers are challenging the art of

the possible by creating new applications for extremely fast data
transmission systems and networks. Along with the changes in
technology development, we can expect that many more of our
electronic devices will be linked to cyberspace.

It is expected that 50 billion devices
will be connected to the Internet in less
than 10 years, many of them wirelessly.
However, the present day technologies
are, by far, not able to deliver this sort of
capacity.

One bright solution might lie within the
field of photonics which includes several
great engineering tasks such as design
and characterisation of optical nano-
scale components.

Silicon based optical chips
Photonics is the study of light particles,
i.e. photons, and photons are already
being used with great success in tel-
ecommunications where optical fiber
cables transfer data at much higher
speeds than copper cables could ever
dream of.

“You only succeed if you can do it well.
If you cannot do it well, basically you
have a useless technology,” associate
professor Martijn Heck says.

With this particular project Martijn Heck
aims to expand the use of photonics into
wireless communications. The goal is to
invent silicon based optical chips that
are cost-effective, high-speed and also
environmentally friendly compared to
the conventional technology of elec-
tronics, thus providing a technology to
deal with the increasing demands of
future ubiquitous Internet connections.

Silicon has dominated in microelectron-
ics for several decades. Due to its trans-
parency in the range of optical wave-
lengths, silicon can be used for optical
Internet solutions with larger bandwidth,
lower power consumption, smaller delay
and better resistance to electromagnetic
interference than conventional electron-
ic connections. Silicon based transmis-
sion of data is carried by light and can
be integrated with microelectronics.

Photonics beat electronics
Creating a working technology is of
course just one of the things on Martijn

Heck’s list and his collaborators at the
Technical University of Denmark (DTU).
The photonic technology will also have
to be able to compete with present
technologies.

“In principle we know that we can make
photonics beat electronics. But when

a scientist says ‘in principle’, it means
that at the moment we can’t. Hopefully,
in three years, we can. What we know

is that this is big. The development of
new wireless network technologies is
spreading rapidly. This makes it possible
to include more and more embedding
sensors and actuators in machines and
other physical objects to a degree that
will not only transform the way we com-
municate but also our life and the global
economy,” Martijn Heck says.



Martijn Heck is developing a new silicon-photonics technolgoy that can make computing significantly more efficient
and replace conventional data cables with faster optical data links.

dnieni] siepuy :010yd



ADVANCED
MATERIALS
AND
PROCESSES




Materials that encounter novel

and Improved engineered properties
within weight, strength and formability.
Credted through the abllity to
characterise and synthesise even
down to nano-scale. One facilitator

S advanced manufacturng through
specidlised processes and new
technigues like high-precision
Mmicro-scale 3D printing.



— I
20 ADVANCED MATERIALS AND PROCESSES

dnieoi] siepuy :010yd

Farewell to conical flasks

Imagine a small machine about the size of a suitcase. You put some
carefully selected chemical ingredients in one end and a little later the
finished medicine comes out the other end as pills. This is just one
of the prospects for a new chemical technology that handles all
reactions and purifications in a closed system.
]
.

o

In flow syntheses, chemical productions take place in a closed system where it is possible to regulate
temperature and pressure, thereby improving the reaction conditions in a safe environment.
The photo shows Assistant Professor Anders Thyboe Lindhardt in his laboratory.




The field of organic chemistry is con-
stantly renewing itself and industry
requires new synthetic methods for
constructing increasingly complex mole-
cules. We are on the threshold of a new
chapter in the world history of chemistry,
where we can possibly say farewell to
conical flasks, fume hoods and batch
processes, and bid an entirely new
method of chemical reactions welcome
to the laboratory and to industry in the
ton scale.

Industrial paradigm shift on the way
The method is called flow chemistry
which is a new approach for manufac-
turing large quantities of chemicals and
- as the name implies - in a continuous
reaction sequence. The principle is
simple. You feed the necessary precur-
sors or chemical ‘building blocks' into

a machine that uses pumps, tubes and
small reactors to carry out a chain of
reactions in a closed system where you
can very accurately regulate pressure
and temperature with no limitations
regarding safety.

Flow chemistry is a developing scientific
field, and something of an international
research race is in full swing. This is be-
cause the technology is promising and
heralds an industrial shift in which virtu-
ally all chemical processes can be taken
out of the laboratory, made cleaner and
more efficient, and be carried out on

a far greater scale than anyone dared
dream of just a few years ago.

“Everything we know about good
chemistry and good chemical batch
processes can be turned upside down

ADVANCED MATERIALS AND PROCESSES 21

by flow chemistry. The technology
provides some completely new reaction
conditions and thus makes it possible

to take some decisive innovation steps
towards new products with new proper-
ties in areas such as the pharmaceutical
or material industries,” says Assistant
Professor Anders Thyboe Lindhardt.

No toxic fumes

or danger of explosion

Safety is another obvious advantage of
flow chemistry processes. There is no
danger of toxic fumes, dangerous gases
or explosion. In contrast to traditional
organic synthesis that chemists carry
out in round-bottomed flasks in fume
hoods with exhaust fans, flow chemistry
takes place in a small machine with no
human contact.

The advantages of flow chemistry - in
addition to increased safety - include
the possibility to work with more rapid
exchange of heat and cold and at a
higher pressure, thus enabling reaction
conditions that have not previously been
possible. In other words, researchers can
safely and accurately take all the good
aspects of the traditional chemistry
laboratory and use them in a production
context.

“Flow chemistry is really a shortcut from
basic research to application. Only

a few years ago, we were pottering
around with good chemistry and good
chemical processes in flasks in the fume
hoods, but we had no chance of scaling
up the production of compounds in
large amounts,” says Assistant Professor
Lindhardt.

“Today it's possible to upgrade the
reactivity of the chemical ingredients
and thereby increase the amount of
the substance you want to produce. But
this requires a special flow chemistry
machine - and we have one at Aarhus
University,” he adds.

Chemical chain in

a closed system

It does not look anything like a
high-technology wonder, but looks can
be deceiving. It is built from scratch with
advanced equipment for every tiny part
of the chemical chain and with a clear
engineering focus on creating the best
possible reaction conditions for the sub-
stances being put in the system.

According to Assistant Professor Lind-
hardt, one of the main architects of

the machine, it works as intended. It
converts the chemist’s technical batch
procedure into a continuous process
and works, in principle, as a small chem-
istry factory. It can mix, cool and heat
precisely in one and the same process,
and thereby reduce the reaction time
significantly.

To start with, the researchers are investi-
gating how flow synthesis could improve
on already known batch processes.
They will subsequently develop chem-
ical processes that can only be carried
out in a flow machine, and thereby
produce new chemical entities or every-
day commodities in a better and more
enerqy efficient way.
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Super strong plastic

on the way

Researchers will develop a new
type of strong plastic using graphene.
The aim is to use a 3D printer to

produce prototypes in specific shapes.
The technology has great potential
In the wind and plastic industries.

Graphene is a new type of carbon with
some unique properties that make it
the thinnest and strongest material in
the world. It will now come out of the
research laboratories and enter the
industrial world where researchers and
companies will join forces to demon-
strate the value of graphene and 3D
printing in connection with developing
advanced technology products.

“Graphene is a material with an enor-
mously large theoretical potential. We'd

like to investigate how to use graphene
in the plastic industry for manufactur-
ing new products and developing new
production processes,” says Industrial
Postdoctoral Fellow Bettina Bregger
Jensen.

In the coming years, she will work with
other partners in the project to research
areas including graphene modification
and production. The aim is to develop
a method to strengthen plastic with
graphene, use it for 3D printing, and

thereby create entirely new opportu-
nities for optimising and developing
a number of advanced technology
products.

Using graphene for 3D printing of plastic
material is new in both the wind and
the plastic industries, and the project’s
partners hope to demonstrate new
full-scale application potentials in the
coming years.

Graphene is the thinnest and strongest material known. It is lightweight and flexible and at the same time

- §

extremely electrically and thermally conductive. Researchers are now trying to find out how to
benefit from these extraordinary properties in the wind and plastic industries.
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Mobile robots for the wind turbine industry

Researchers and companies have come up with an idea that
could have far-reaching implications for the wind turbine industry.
They will make a portable robot that can process the largest wind
turbine cast steel components. If successful, it could save billions.

Why let the mountain come to Mohammed
when Mohammed can come to the mountain?
Transferred to the wind turbine industry, this
saying could very precisely describe the ambi-
tions for a new Danish research project called
InnoMill.

The situation today is such that large wind
turbine components are transported to central-
ly located large machine shops. This is both a
time-consuming and costly part of the produc-
tion chain.

Mobile robot can

provide huge savings

Many Danish motorists have been
witness to large road trains trans-
porting wind turbine cast steel com-
ponents. In the future, this could be
a rare sight because the researchers
and companies involved in the
InnoMill project will develop mobile
machining robots that have unique
properties and can be moved and
placed directly near or on large
wind turbine components.

The challenge is to make the robot
system so accurate that components
measuring several metres can be
machined on site with such preci-
sion that they comply with the very
stringent quality standards demand-
ed by the wind turbine industry.

And talking about precision, this also
means vibration.

“‘One of the greatest challenges

in the project is to gain constant
knowledge of the currentstiffness
and vibration level in the overall pro-
cessing system. It involves controlling
the cutting forces that arise when
you're working with the largest wind
turbine components. We're trying to
solve this by combining mathemati-
cal models of the material mechan-
ical properties and dynamics of the
flexible structure with continuous
process monitoring,” explains Profes-
sor (Docent) Ole Balling.

Wind turbines are getting bigger
The consortium behind the InnoM-

ill project is an amalgamation of
industrial companies and univer-
sities led by DAMRC - the Danish
Advanced Manufacturing Research
Centre.

The trend in the wind turbine indus-
try is that the wind turbines are con-
stantly larger increasing in size.This
is adding pressure on the current
production chain and logistics.

‘In a few years, the cast steel struc-
tures that make up the load-bearing
elements in large offshore wind
turbines will increase from 3x3x3
metres and a weight of 15 tons to at
least twice as much. This will make
it next to impossible to place the
large components into the milling
machines that are currently used for
processing,” says Professor (Docent)
Balling.

The InnoMill project aims to develop
mobile robots that can be easily
transported and placed on the very
large components, thereby chang-
ing the machine shop concept that
dominates the industry today.

According to Professor (Docent)
Balling, this will make wind turbine
production much more efficient, and
thereby cut a significant amount of
production costs.
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Print-on-demand body implants

Researchers are giving birth to a new method for the manufacture
of bones, cartilage and joints to cure or ease tissue injuries.

The method involves the printing of 3D implants for the

human body to stimulate the growth of different cell types.

Musculoskeletal diseases affect an
increasing part of the population, and
they cause pain, functional loss, sick
leave or, in the worst cases, the disability
of approximately 120 million people in
the European Union alone.

This is a trend that is expected to contin-
ue concurrently with the demographic
development in the number of older
people and the fewer young people in
the Western countries.

“From a social point of view, we are
extremely challenged by a growing

population of old people. With age, our
physical abilities are weakened as a
result of the biological changes in our
bodies and external influences through
our lifestyle. Our locomotor function is
reduced, and our capacity to withstand
loads on muscles, tendons and joints
also becomes lower. For the individual
person, this often causes fewer years in
good health and loss of life quality. For
society, it results in many costly opera-
tions and loss of work power,” says Asso-
ciate Professor Jens Vinge Nygaard.

Nanostructure determines

type of stem cell

Associate Professor Nygaard works with
the development of new types of surgi-
cal implants for worn or damaged body
parts. In the print lab at Aarhus Universi-
ty, he and his research team have cre-
ated some of the most significant results
within the field of tissue engineering,
and this indicates that you may have to
look in the direction of nanotechnology
and materials technology to find new
solutions to the increasing number of
cases of osteoarthritis, rheumatoid arthri-
tis and osteoporosis.



Aarhus University has established a new 3D print laboratory, where researchers carry out experimental design of implants for the body. =

The special feature of using the print-
ing technique in tissue engineering is
that the mechanical properties of the
implant material, defined by the specific
nanostructure of small holes, determine
the type of stem cell to grow on the
implant.

Within a period of a few years, the
researchers hope to be ready with a
new method for the treatment of tissue
damages based on a combination of
nanotechnology and modern 3D print-
ing technology.

So far, it works as expected in experi-
ments with rabbits and pigs, and with
a new six-digit grant from the Dan-

ish National Advanced Technology
Foundation, the researchers will adapt
the method for surgical treatment of
humans in the coming three years.
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Dirt on the heat exchanger surface inhibits the heat transfer properties and necessitates frequent cleaning,

thus becoming a costly affair for companies. Researchers are working on a new energy-saving coating
e ———

that might solve the problem.




Huge savings on the surface

Researchers in the fields of surface chemistry, surface structuring
and biofouling are teaming up with industrial partners to develop
energy-saving coatings for heat exchanger surfaces that may
last up to four times longer than normal.

Fouling on heat exchangers involves the
gradual build-up of undesired materials
of diverse origin - microorganisms such
as bacteria, organic matter and inor-
ganic minerals - on surfaces that are in
contact with liquid.

This layer of dirt on the heat exchang-
er surfaces inhibits the heat transfer
properties and necessitates frequent
cleaning, thus becoming a costly affair
for companies.

Conventional solutions cannot
handle the heat

Conventional antifouling coatings used
in marine installations are unsuitable for
heat exchanger applications because
they are so thick that they reduce the
heat transfer efficiency to an unaccept-
able level.

The aim of the new research project is
to develop a new genre of antifouling
coating technology for heat exchanger
applications without compromising heat
transfer efficiency. Due to the complex
types of fouling matter, the coating
chemistry will be optimised to incor-
porate anti-adhesive, anti-scaling and
anti-microbial properties.

Good for the pocket
and the environment
Developing antifouling solutions for heat

exchangers in water installations will

not only provide a competitive advan-
tage for industrial partners, but will also
lead to significant financial and energy
savings for many industries that use heat
transfer processes. Such savings are
expected to apply to maintenance and
energy costs in particular.

The researchers believe that the
proposed coating technology could
achieve a three- to four-fold decrease
in maintenance time without compro-
mising the heat transfer property. This
means dramatic financial savings for
companies while the reduced energy
consumption benefits the environment
as well.

Knowledge for the future

The project will also include systemat-
ic studies of mineral fouling on metal
surfaces to gain a fundamental new
understanding of the phenomenon. The
new knowledge will be published in sci-
entific papers and will also be included
in future teaching material.

“It's important to save energy and
money, but it's just as important for us to
make knowledge available for future
generations,” says Assistant Professor
Joseph Iruthayara;.







The substantial transformation of
the global climate and energy
system calls for new sustainable
technologies designed for a resource-
Imited and carbon-constrainead
world. Combined solar and wind
power distributed intelligently
through a smart grid are key arivers
for this as well as novel energy stor-
age technologies.




The dream of changing the
energy consumption of the Europeans

In the coming years, Aarhus University will be the head of a large
European energy research project and thus be examining patterns
In the energy behaviour of private consumers. The goal is to make
the Europeans better to use power when there is plenty of it.

Today, the production of electricity from
renewable sources such as solar and
wind power is very large. This means
that sometimes we cannot use the
amount that we have at our disposal
from our energy system. This is one

of the biggest climate-technological
challenges, explains Associate Professor
Rune Hylsberg Jacobsen from Aarhus
University.

“We have an electricity production
which we are unable to use in a way
that is environmentally or economically
optimal. If we want to succeed with our
climate visions in Europe, it is crucial that
we create a better balance between
our electricity consumption and our
electricity production from renewable
energy sources.”

As the wind blows

Especially through the latest decade we
have become much better at utilising
the energy from sun and wind. This has
a large number of environmental bene-
fits, but at the same time the drawback
that it has become significantly more
difficult to plan our total production of
electricity.

Electricity must be used immediately
when it is available, and since the re-

searchers after all do not have the pow-
er to change the weather conditions,
they will now try to affect the consump-
tion of the Europeans:

“Solar and wind enerqy is fluctuating,
and the more we have at our disposal
in our energy system, the more difficult
it is to plan and manage our produc-
tion. For the individual country or areq,
this means that there is often a surplus
of electricity production. If we want to
reduce the emission of greenhouse
gases, we need to find out how to make
people use the energy when it is availa-
ble from the renewable energy sources,”
says Rune Hylsberg Jacobsen.

A better understanding

of energy behaviour

This is the background for the European
research project in which Rune Hylsberg
Jacobsen and his research colleagues
abroad in the coming years thoroughly
will study the private consumers’ energy
behaviour and find new opportunities
for balancing the electricity consump-
tion with the electricity production from
fluctuating energy supplies in the future.

“Basically it is all about, getting better
understanding of the consumers and

their needs. We have to provide detailed
knowledge about when, how much

and in which way the energy is used in
households and in which way we can
influence the consumer behaviour. Is it,
for instance, possible to move electric-
ity consumption to the time of the day
where it is most accessible and thus also
cheapest? How much is it possible to
relocate? And what needs to be done
to make the individual family begin
create new habits?" says Rune Hylsberg
Jacobsen.

Among other things, researchers will
develop an information technological
system to be installed in 200 European
households. The purpose of the system is
to gather consumer information and cor-
relate it with information about both the
immediate and the expected electricity
production.

“It will become one of the most detailed
studies so far in which the consumption
of each and every power socket in the
individual homes in principle can be
monitored. The potential is very large. If
we succeed in creating a solution which
can actually move some of the con-
sumption without inconveniences for the
consumet, it can provide huge savings



Aarhus University will be the head of one of Europe’s largest investments so far - to change the public’s energy consumption.
The objective is to develop an energy management system which can make the future use of electricity more flexible.

The photo shows Assistance Professor Rune Hylsberg Jacobsen. &%
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in the total CO, account.” says Rune
Hylsberg Jacobsen.

Less surplus

production of electricity

The present energy system in Europe
is dimensioned with a capacity for
the most extreme demand from the
consumers, and it may get expensive
if we look just a few years into the fu-
ture where our energy consumption
is expected to be further increased.

“If we are to provide Europe with
energy according to the same model
as today, we need to implement a
costly expansion of the infrastructure.
That is why we would like to find an
alternative solution that can change
our energy habits. And thus, the tech-
nology plays an important role”, says
Rune Hylsberg Jacobsen.

The researchers expect to have a
finished prototype of an information
technological system within three
years, which can help the private
consumer to move his energy con-

Bl =1

sumption to other parts of the day
when the enerqgy is far more availa-
ble.

“We will get a unique insight into
why people use electricity as they
do and where it pays to change
their practice. Much of this will take
place automatically. Maybe you turn
on your washing machine when the
electricity is cheapest. And when
you turn on your oven, you may be
informed about the fact that the
electricity is expensive at the mo-
ment, and maybe you will be asked
whether you want to wait for an hour
besauce the electricity prices are
expected to be lower. Actually, it is

a question of identifying the many
small contributions that might grow
bigger when it comes to how much
electricity is consumed by the house-
holds in Europe,” says Rune Hylsberg
Jacobsen.
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In the SunTune project researchers want to develop techniques to convert more of the rays into usable light.
T T e




On wavelength

with the Sun

The Earth is enveloped by a vast blaze of
light from the Sun, supplying all the en-
ergy we could ever dream of. Every year,
the Sun provides us with an amount of en-
ergy that is almost 10,000 times as much
as our annual global energy consump-
tion. Currently it is possible to use solar
cells to harvest sunlight and convert it into
electricity but with a loss of more than 70
percent. This loss could be reduced if we
were to succeed in getting solar cells to
utilise a larger part of the solar spectrum.
More efficient solar cells would be an
important step towards Denmark’s goal of
being independent of fossil fuels by 2050.

Changing the color

spectrum of sunlight

A research team based at Aarhus Uni-
versity will now try to ‘tune’ into the Sun's
wavelength. The consortium behind the
project consists of a unique collection
of Danish and foreign researchers and
representatives from Danish companies.
Some of these actively manufacture
solar cells while others would like to use
them for electricity production.

One reason for the low efficiency of
standard solar cells is that a large part of
the solar enerqgy is in long-wavelength
light, which is not converted to electricity
in solar cells. If we want to make solar
energy more cost-effective in the future,
the trick is therefore to capture a larger
portion of the light's enerqy.

“We want to develop new nanostruc-
tured materials that can change the
color spectrum of sunlight to better
match the absorption of solar cells. This
can boost the efficiency of the existing
technologies,” says Associate Professor
Seren Peder Madsen.

The ambition of the SunTune project is
to find ways to utilise long-wavelength
light from the Sun. This will take place by

project facts
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SunTune
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changing the color spectrum for sunlight
in the cell so that it better matches the
area where power generation is effec-
tive.

The researchers hope to be able to
increase efficiency by as much as 4 per
cent points for silicon solar cells, and
potentially even more for other types of
solar cells.

Researchers want to develop a new nanostructured material that can change
the color spectrum of sunlight to better match the absorption of solar cells.
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Sustainable construction in Indonesia
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Indonesia is one of the world’s most
rapidly growing economies and is
in the midst of a historically large
building boom. There is therefore an
urgent need to create a sustainable
construction culture, and there is
enormous potential in making sav-
ings on the CO, account.

Aarhus University researchers within
the field of civil and architectural
engineering have entered into col-
laboration with Bakrie University to
integrate more knowledge about en-
ergy technology in research environ-
ments and education programmes.
They are teaching the Indonesians to
work with a sustainable principle at
all stages of the building process.

Knowledge will transform

the building culture

The collaboration will strengthen the
Indonesian engineers’ knowledge
about how to optimise energy effi-
ciency throughout the entire life cycle
of the building, from production of
materials to design, construction and
disposal. At the same time, they will
gain basic knowledge about how to
construct buildings that can operate
with low energy consumption, par-
ticularly regarding ventilation, cooling
and heat recovery.

“It's basically all about transferring
knowledge across borders. We're
well ahead in Denmark in terms of
sustainable construction, and we've
got some interesting cases. You need
to understand energy processes at
all stages of construction - this is

essential if you want to change a
culture. And it's fundamentally about
building up knowledge, which means
the university collaboration is a good
place to start,” says Professor (Docent)
Seren Wandahl.

New engineers as change agents
Researchers from Aarhus University
are helping Bakrie University to make
adjustments to the curriculum for civil
and environmental engineers. The
first group will graduate during the
course of the coming years. They will
meet the labour market with a signif-
icantly enhanced environmental pro-
file, and Professor (Docent) Wandahl
hopes that early action in the degree
programmes can contribute to a
change of mindset in Indonesia - not
only in terms of technology, but also
at the economic and social level.

“It's very likely that the next genera-
tion of civil and environmental engi-
neers will get to boost more sustaina-
ble construction. They'll be the agents
of change in the Indonesian building
branch and put the environment on
the agenda with more solid technical
knowledge of building construction.
This can lead to a crucial shift in con-
sciousness in a society experiencing
an extreme level of industrialisation
and a culture that is different from the
Danish because it has never experi-
enced a shortage of fossil fuels,” he
says.

So far the Aarhus University research-
ers have identified the problem areas
in the Indonesian building culture

with a focus on the content of the civil and
the environmental engineering degree pro-
grammes, and they will use this to design new
courses.

In addition to acquiring technical core compe-
tences, the Indonesian engineering students
will learn completely new procedures, and the
Danish researchers will train their teachers in
using some of the educational and didactic
methods that characterise the engineering de-
gree programmes at Aarhus University.

project facts

TITLE

Educational Strengthening and Capacity
Building of the Energy Efficient Building
Sector in Indonesia

SCHEDULE
2013-2014

FINANCIAL FRAMEWORK
750.000 DKK, Danida’s DBP programme

PARTNERS
Danish Energy Management
Bakrie University (Universitas Bakrie)

CONTACT
Professor (Docent), Seren Wandahl,
swa@eng.au.dk



Indonesia is a growth economy that is experiencing an historically large building boom.
But is it possible to create a sustainable building culture in a society that has never experienced a shortage of fossil fuels?
In any case, that is the intention of the Danida project in which Aarhus University is participating.
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Complete DNA profiles
for biogas bacteria
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Many chapters in the story of microbiological evolution still remain to be written. With the help of new technology, researchers have begun
the monumental task of mapping microorganisms at DNA level. This will produce new knowledge about ways to optimise biogas production.

The photo shows Associate Professor Lars D.M. Ottosen in front of the biogas plant at Aarhus University, Foulum. "1 -_—
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It is possible that neither expensive pro-
cessing methods nor advanced technol-
ogy will pave the way for economically
viable biogas production. It appears that
we can achieve a much greater gas
output by closely studying bacteria and
fine-tuning the conditions at the biogas
plant to create the right environment for
the microbiological processes.

“We'd like biogas production to be both
enerqgy-efficient and cheap, and this
means getting microorganisms to work
better. We'd therefore like to acquire
new knowledge about the type of
bacteria that exists in the biogas reactor
and how they behave. It's essential for us
to increase the current level of methane
yields in the reactor,” says Associate
Professor Lars D. M. Ottosen.

Analytical work of

historic proportions

Today, organic waste and residual
products are converted into biogas in
large tanks mainly based on practical
experience with what works. In recent
decades, science has been able to
describe parts of the microbiological
processes that influence biogas produc-
tion, but this is far from sufficient if we
want to optimise the output on the basis
of evidence.

Over the coming years, researchers at
Aarhus University will therefore map in
great detail the complex interplay be-
tween the microbial processes involved

in biogas production in the hope of mak-
ing energy production more effective.

The task involves analysing the com-
position of microorganisms and map-
ping the genomes of relevant species

- something that was impossible only a
few years ago. Today, Aarhus University
has access to new DNA sequencing
technology, and the researchers can
use specialised equipment to extract an
individual bacterium from the mass and
study its entire genome.

“It will require extremely detailed knowl-
edge of the microbiological processes
that take place in the biogas plants if
we're to become better at controlling
these processes. This is where the tech-
nological development can help us. In
principle, we can currently identify a
complete DNA profile for each and every
microorganism and thereby describe
their specific properties and how they
work in the methane-producing food
chain. We can also test how they react
when we feed them different types of
substrates or use different pre-treatment
methods,” says Associate Professor
Ottosen.

Good and bad microorganisms

The researchers aim to optimise the con-
ditions for the bacteria in biogas plants,
and the research project therefore
includes comprehensive analyses of the
composition of the microbial community
under different operating conditions.

project facts
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Initial results are promising and make it
possible to begin identifying indicator
organisms for good and bad biogas
production.

“We can conclude that some biogas
plants perform better than others. We
just don't know what the exact reasons
are, and we need to get much better
at troubleshooting to ensure a reliable
and high level of gas production,” says
Associate Professor Ottosen.

According to the associate professor, it is
currently more or less coincidental that
some biogas plants end up with a better
composition of microorganisms than
others and thus a higher methane yield.

Once the researchers have a compre-
hensive understanding of the microbial
processes, they can begin much more
targeted work on process control at
biogas plants, including temperature
requlation, addition of nutrients and
groups of bacteria.
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Bacteria convert CO, and
power to methane

Researchers ha
methane in the |

ENERGY 39

succeeded in getting bacteria to convert CO, to
atory. This discovery may constitute a step on
s storage of excess energy from

turbines.
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When bacteria convert biomass to methane,
they produce a relatively large amount of
carbon dioxide in the same process. This
means that the finished biogas often consists
of approximately 40-50 percent CO,, which
is a residual product lowering the ener-

gy density of biogas. However, a group of
researchers have now described how excess
power from wind turbines can convertiarbon
dioxide to biogas in anaerobic microbial pro-
cesses with a possibly 100 percent methane
yield. The next step is to study options far cre-
ating economically viable and safe full-scale
operating solutions. |
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What do we do with

the excess power?

Our current energy system is based
on demand-controlled energy
production that always has the
capacity to meet the most extreme
user demands. This entails increased
implementation of renewable sourc-
es that depend on immediate wind
and sun conditions, which means
that we often have an excess of en-
ergy that we have to waste or export
to other countries at a price that
might be much lower than average
production costs.

“This excess power constitutes one of
the main challenges in the conver-
sion to a sustainable energy society,
and there’s an urgent need for new
ways to store power from fluctuat-
ing energy sources,” says Associate
Professor Lars D. M. Ottosen.

Together with his research col-
leagues, he has identified a new
solution that may make it possible to
store wind power at biogas plants.

Using hydrogen to feed bacteria
The principle is quite simple. The
researchers take the surplus power
from wind turbines and use it to split
water into oxygen and hydrogen by
means of electrolysis. The hydrogen
is used to feed the bacteria that can
then convert CO, to methane.

“By adding hydrogen to the reactor,

we can shift the microbial balance

and significantly increase the meth-
ane yield from a given amount of bi-
omass. Today, biogas from standard
plants consists of CO, and methane
in equal proportions. In the labora-
tory, we can increase the methane
proportion to almost 100 percent b

adding hydroqussoc'

Professor Ottosen.

Using hydrogen to produce meth-
ane is Ing new. The method has
previously been used in connection
with fuel cells, but this technology is
so expensive that it is unlikely to be
used outside the laboratory.

“We use the excess power and let
the bacteria do the work for us. All
we readlly do is use a process that's
been around for billions of years.
The challenge we're facing is to fully
understand this process in detail and
create a system that allows us to
control it,” says Associate Professor
Ottosen.

The researchers expect that the new
microbiological method for meth-
ane production can be implement-
ed within the next five years and
become an important technology
for the storage of electricity within
the existing energy infrastructure.

Photo: Anders Trcerup
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More energy out of the wind
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By recording vibrations in wind tur-
bine blades, researchers can acquire
previously unavailable data about
wind turbine performance and there-
by new knowledge about how to
optimise wind power. The research-
ers have entered into an agreement
with Vestas Wind Systems A/S, the
world'’s largest manufacturer of wind
turbines. In the years ahead, they

will further develop a sensor-based
measuring method that can be used
for purposes such as monitoring
operating conditions and wear and
tear, as well as predicting durability.

“Our fundamental ambition is to gain
more detailed knowledge about
what goes on in the blades when the
wind blows and the turbine produces
electricity. We want to know more
about the factors that have an im-
pact on wind turbine durability and
the turbine’s ability to boost its output
of wind energy. We hope to be able
to use the sensor technology to learn
about the vibrations and gain a bet-
ter understanding of what's required
to maximise power production for
the same cost,” says Professor Rune
Brincker.

Vibrations reveal damage
Vibrations occur all the time in all
constructions. They originate from
sources such as ordinary seismic

activity in the ground surface and
from wind. By following the devel-
opment in the vibration patterns,
the researchers can provide precise

characteristics of the main properties,

such as mass and rigidity, and there-
by determine the start of structural
damage.

“Today we actually have to over-di-
mension our wind turbines to ensure
that they can withstand years of
wear and tear. But it's a strateqgy the
wind turbine manufacturers have
used for want of a better solution.
Using the sensors, we can not only
learn something new about the
structure’'s wear and tear, but we can
also predict damage long before it
becomes visible or is symptomatic.
This means that we can carry out
maintenance and repair with higher
accuracy and thereby save on mate-
rials,” says Professor Brincker.

So far the researchers have docu-
mented that sensor-based moni-
toring of wind turbines can provide
material savings of 20 percent in the
tower's expensive steel construction
alone.

No more ice on the blades

The same method has proved to be
useful for detecting ice on wind tur-
bine blades, and this solves a major
problem - especially in the Nordic

countries where layers of ice impair the wind
turbine’s aerodynamic properties and cause a
risk of dangerous ice throw.

In low temperature conditions, wind turbines
stand still for approximately 10 percent of the
year because of ice. This percentage is signifi-
cantly higher in arctic or mountain regions.

The researchers will use computer-based
models to study how to reduce the humber of
sensors on the wind turbine and thereby make
the technology cheaper.
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Using sensors Professor Rune Brincker can record vibrations in wind turbines and thereby learn more about the conditions that affect energy conversion.
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The researchers are carrying out experiments with sandbags on the blades to investigate the effect of a change in mass
on the vibration pattern. This can help reveal factors such as layers of ice or wear and tear. [l
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New oil extraction technology
could yield gigantic profits

The Danish subsurface consists of limestone, which makes it
particularly difficult to extract oil. However, researchers are
spearheading the development of a potentially
game-changing technology.

It takes a good deal of technological innovation to get access to more oil from the calcareous Danish subsurface.
Associate Professor Mogens Hinge is working on promising new nanotechnology that could prove to be the first chapter of a new fuel adventure.
—




Billions in profits could be the result if
the new - as yet unnamed - enhanced
oil recovery (EOR) project succeeds at
Aarhus University. The project deals
with extracting more oil from limestone
oil fields.

Today we only benefit from a small
percentage of the oil as it is difficult

to extract it in limestone using current
technologies. However, things might
look very different in the future be-
cause research at Aarhus University has
already showed promising laboratory
results which could have a significant
impact on Denmark’s oil recovery.

New oil adventure in the North
Sea?

The research group behind the EOR
project makes no secret of the fact that
the North Sea subsurface is enormously
complex with porous calcareous layers,
which means that a good deal of
technological innovation is required to
increase the level of extraction.

On the other hand, not much more oil is
needed to make the project a success.

“Even if we only increase recovery by

1 percent, this alone will cover about
ten whole years of spending in Den-
mark, which is worth about DKK 50
billion. So just imagine a success rate of
10 percent or - for that matter - 60 per-
cent. It would be huge,” says Associate
Professor Hinge.

Nanomaterials to change

the water flow

Danish oil is currently extracted by
pumping water into the oil field and
thereby pushing out the oil. However,
quite a lot of oil remains in the Danish
subsurface because the water makes
channels in the limestone and bypasses
the oil. The new technology currently
being developed by engineering spe-
cialists in analytical chemistry and geol-
ogy is intended to change the channels
with nanomaterials so that the water is
forced to take another route through the
limestone - the oily route - thus pushing
out more ail.

“Our idea is to make nanomaterials that
can change the permeability of the
calcareous layers, and thereby make it
more difficult for the water to pass the
empty channels. This will force it to push
the oil up,” says Mogens Hinge.

The researchers are planning to develop
their own nanomaterial for the purpose.

“Extremely high precision is required
when you're working with the subsur-
face. We'd like to design nanomaterials
that can trickle down and create chang-
es where the water runs in the calcare-
ous layers, which means they need the
right properties to be attracted by the
limestone at exactly the right strength,”
explains Associate Professor Hinge.
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If the nanomaterials are attracted too
strongly, their intended function might
be reduced. In addition, it is crucial that
the nanomaterial can be removed after-
wards for environmental reasons.

project facts
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Enhanced Oil Recovery (EOR)
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Associate Professor Mogens Hinge
hinge@eng.au.dk
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Can you store solar energy and retrieve it again when you need it? And can you do it in a way that is not only inexpensive,

= but also energy-efficient and environmentally responsible? Researchers have developed a new technology for
| charging flow batteries with solar power. It looks as though this could be very significant for the supply

—

' A small electrode made of glass and haematite is one of the key ingredients | |

in a new type of solar cell that not only converts solar energy into electricity, but also stores it
ii';"--: ';.I.-".V" I:;i"i;i_!".' | I Il
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Storage capacity in new solar cells
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There is much to indicate that a tech-
nology capable of storing energy from
the sun and subsequently converting it
into electricity can be a redlity. The key
to its success is a new technology for
charging flow batteries with solar pow-
er, developed by researchers at Aarhus
University in collaboration with a group
at the University of Porto. In the coming
years, they will improve the technology
in international collaboration, making
it cheaper and more efficient.

“Storing solar energy currently involves
such large costs that it’s far from being
profitable. We'll change the way we
use energy and therefore work with

a new technology that can charge
flow batteries with solar enerqy. Flow
batteries are interesting because they
make it possible to store and convert
enerqgy from sustainable sources.

The question is just how efficiently it
can be done. We're looking at some
specific photoelectrodes and liquids
that seem promising,” says Associate
Professor Anders Bentien.

A flow battery basically works the
same way as a fuel cell, but with the
difference that the electricity is stored
in liquids as opposed to hydrogen and
oxygen in fuel cells.

Solar energy stored in two liquids
Today, solar cells immediately convert
the energy available from sunlight
into electricity. The disadvantage is
that solar energy varies depending
on the time of day and the weather
conditions. It has to be used while

it is there - or else it goes to waste.
And this is precisely the problem the
researchers are trying to solve with

the new type of solar cells which can
charge a flow battery directly.

They are using a technology based
on photoelectrochemical principles to
store the enerqy in two liquids. These
liquids can subsequently be pumped
into a flow battery where the enerqy is
converted into electricity. The tech-
nology works according to the same
principle as fuel cells where hydrogen
and oxygen are produced photo-
electrochemically from water, and
can subsequently be converted into
electricity in afuel cell.

The advantage of using liquids is that
it makes it possible to store electric-
ity much more efficiently in the flow
battery. The technology for solar
charging is also both simple and in-
expensive because the flow battery’s
photoelectrode is made of ordinary
glass, and the solar-active material
simply consists of a thin layer of hae-
matite - also known as rust.

The initial laboratory experiments have
demonstrated that the principle of
charging flow batteries directly with
solar power works, but it is still too early
to say anything about the degree of
efficiency the researchers can achieve.

The perfect match

The key issue in relation to efficien-
cy - and the really great challenge
faced by the researchers - is to iden-
tify a liquid that matches a specific
photoelectrode in order to optimise
the charging of flow batteries with
solar power. The researchers have a
handful of different photoelectrode
materials in their sights, and even

more liquids that look interesting.

“Until now, we've shown that it's possible to
directly charge flow batteries with solar power,
and the major challenge in terms of research
is to identify the optimal match between the
liquid and the material for the photoelectrode.
We'd like to reach a solution that provides the
greatest effect and the lowest enerqy loss, and
that is both cheap to produce and environ-
mentally responsible at the same time,” says
Associate Professor Bentien.

For the time being, it appears that a special
combination of water, sulphuric acid and
organic molecules could be the answer to this
challenge.

During the course of the next four years, the
researchers in the project will spend time stud-
ying how to make the technology for charging
flow batteries with solar power as efficient as
possible in the laboratory.

project facts
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Photo-electrochemical charging of redox
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SCHEDULE
2014-2018
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READY for a historically
large energy project

project facts
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Resource Efficient cities implementing
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With a total investment of DKK 144 mil-
lion, the European Union is now focusing
massively on a demonstration project
that aims to determine how to reduce
as well as possible the overall energy
consumption in private households in a
residential area.

The project involves 1,000 houses and
apartments in the city of Aarhus, which

in the coming years will function as a
full-scale laboratory for researchers at the
Department of Engineering.

Entire neighbourhoods as

energy laboratories

It is currently possible to calculate how
individual households and private con-
sumers can conserve the most energy.
However, very little is known about what
works best if the aim is to reduce CO2
emission in an entire housing area.

The researchers will use the large grant
to find answers to this overall question.
They are now moving out of the labora-
tories and will spend the next three years
establishing the largest ever full-scale
experimental set-up, consisting of several
suburban streets and apartment blocks.

This is a crucial step towards acquiring
the necessary knowledge to create the
intelligent energy supply of the future,
according to Assistant Professor Steffen
Petersen who is the energy specialist on
the project.

“We need to think more holistically and
look at ways to optimally reduce energy
consumption in entire residential areas
and not just in individual households. We
must go all the way round and consider

behavioural consumption, materials for
energy renovation and new technology
for energy storage in homes. As research-
ers, we now have a great chance to put
our knowledge into play in real circum-
stances and thereby demonstrate how to
convert to sustainable energy as well and
economically as possible in an existing
housing areq,” he says.

The project is called READY and it
involves more than 1,000 households in
Aarhus, as well as approximately 30,000
square metres of multi-family houses in
Sweden. The Department of Engineering
will carry out energy analyses and identi-
fy the potential for energy savings and a
reduction of greenhouse gas emissions.
At the same time, several private compa-
nies are involved in the project because
the hope is to develop new technologies
with commercial potential.

The optimal mix for green cities
One of the project’s greatest challenges
is to handle the surplus production of
electricity from sustainable energy sourc-
es such as solar and wind power. The
researchers will therefore demonstrate
how to manage the supply and demand
of electricity on a neighbourhood scale.

They will also study whether the energy
renovation of homes is possible so that
district heating suppliers can lower the
flow temperature.

“In reality, the energy renovation of
residential areas is a jungle. Nobody
really knows the optimal combination of
efforts. What is most worthwhile - add-
ing 10 centimetres of extra insulation to
the houses, establishing heat pumps or

investing in smart control of electricity
consumption so that it matches en-
ergy accessibility as well as possible?
Naturally we've got some theoretically
well-founded hypotheses, but there’s no
evidence-based foundation to say how
to achieve optimal energy reduction,”
says Assistant Professor Petersen.

Approximately nine out of ten households
in the European Union need energy
renovation in the course of the coming
decades if the member states are to

live up to the target of fossil-free energy

supply.

New model for energy renovation
One of the aims of the READY project is
therefore to design a universal model that
can be used to calculate optimal energy
renovation efforts for neighbourhoods
with specific issues throughout Europe.

“Nowadays, we're seeing a trend towards
trying to save on enerqy in all ways pos-
sible. Our expectations are that we need
to make greater efforts in connection
with using energy when it's available and
building small energy stores in our homes.
We now have a unique opportunity to try
out our hypotheses in full-scale demon-
stration trials,” says Project Manager Peter
Harling Lykke who is the administrative
manager of READY at Aarhus University.

The researchers will carry out experi-
ments such as converting food waste to
biogas by installing kitchen waste dispos-
al units in the households involved, and
using electric car batteries to store power
in houses.



Energy reduction for residential areas
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» The project aims to provide new knowledge about the most optimal energy renovation
of residential areas to prepare them for the intelligent energy supply of the future.

* The project’s experimental platforms are Aarhus City Council and Vaxjé in Sweden.
This involves two residential areas with almost 500 houses and 413 apartments.

*» The European Commission has awarded the project a grant of DKK 144 million
and the overall budget is DKK 250 million.

» READY is supported by a consortium of 23 different public and private partners.

How can we achieve optimal energy reduction for residential areas? In the coming years,
@ the Aarhus University will provide research for READY - the historically large EU project.
% This photo is taken from the top of the Navitas Building looking towards Aarhus. 1\
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Navitas Building
as a laboratory

The Navitas Building at the Port of Aarhus is also

a building laboratory, which makes it unique in
: h context. The supporting structures are
S Py~

|'-'|

Navitas opened in 2014 and now it houses Aarhus University's education and
research activities in civil and architectural engineering and mechanical
engineering.

The building is fitted with highly specialised laboratory facilities and
experimental equipment and constructed as a full-scale energy laboratory.
Here the supporting structures, energy management systems, and cooling
and ventilation systems are fully accessible to researchers and students.

In addition, the building's energy monitoring system is an extended user
interface that continually visualises the building's operating status with
particular focus on the indoor climate and energy consumption.

Navitas on a summer’s day.



- Navitas complies with all principles for integrated
energy design. This means that the building intuitively
adapts to the needs of its users with the lowest possible
energy consumption.

- A total of 1280 solar cells mounted on the roof provide
the building with energy.

- Sea water is used to cool the lower floors.
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Digital medicine can potentially
reduce Inefficiencies In healthcare
delivery, Improve access, reduce Ccosts,
INCrease gquality and make treatment
mMore persondlised and precise.
Disciplines like telemedicine,
communication systems, biomedicdl
Sensors, wearable electronics,

tissue engineering and Neuro
engineering empower tnis.
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project facts

TITLE
Anti-angiogenic antibodies

FINANCIAL FRAMEWORK

Different foundations: Danish Council for
Independent Research, European Research
and Technological Development 6th
Framework Programme and 7th Framework
Programme, and private foundations

CONTACT
Associate Professor Peter Kristensen
pk@eng.au.dk

New antibodies for cancer treatment
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A research team at Aarhus University
has developed ten new antibodies
that can possibly be used in the battle
against cancer. They work by inhibiting
the body’s blood vessel formation close
to the tumour which is thereby cut off
from oxygen and nutrient supply.

Up to now, the researchers have tested
some of the antibodies on mice and, in
the laboratory, they have succeeded in
using them to stop the development of
malignant tumours.

“The antibodies we've found prevent a
cancer tumour from growing. They ap-
pear to work perfectly in the laboratory
and this means, of course, that they've
got incredibly interesting therapeutic
potential that we'll investigate further.
However, we're still quite early in the
experimental stage,” says Associate
Professor Peter Kristensen.

He is the main architect behind the
new antibodies, but he stresses that the
results are preliminary.

Antibodies stifle cancer

The antibodies neutralise the effects of
signal substances released by carcino-
ma cells to get blood vessels to repli-

cate, thus cutting off the blood supply to
the tumour.

A cancer tumour deprived of oxygen
and nutrients becomes dormant and is
thereby made harmless. If it receives a
supply from the bloodstream, however,
it grows and spreads, and the research-
ers appear to be able to prevent this
deadly process.

They are among the world’s lead-

ing specialists in developing artificial
antibodies for cancer treatment and, in
recent years, they have worked on com-
positions of genes for a collection of
several billion new types of antibodies.
To date, they have actually identified
ten that appear to be able to impede
the development of cancer.

A small number of therapeutic anti-
bodies already exist, some of which
have the same effect as the antibodies
developed by the Aarhus University
researchers. However, the existing
antibodies are extremely expensive to
produce. The new antibodies are easier
to extract, and they also appear to be
more effective because they hit other -
and possibly stronger - signal molecules
from the cancer cells. The demand

for therapeutic antibodies for cancer
treatment is steadily increasing. In 2013
alone, worldwide sales amounted to
more than DKK 340 billion.

The art of finding a

needle in a haystack

Establishing an extensive library of
artificial antibodies is no major research
achievement in itself. The difficulty is
singling out the few that work, and

this is something the Aarhus University
researchers are good at.

“We've got a large library of anti-
bodies that can supplement the body’s
own fight against disease. The major
engineering challenge is identifying
the ones that are relevant regarding
the specific purpose. In this case, we've
found those that have an inhibitory
effect on blood vessel formation, and
this is crucial for our better understand-
ing of disease mechanisms and possibly
developing new forms of therapy,” says
Associate Professor Kristensen.

The researchers isolated their antibodies
from a library consisting of billions of dif-
ferent antibodies, and they subsequently
analysed the ability of the individual an-
tibodies to inhibit blood vessel formation.



A research team has succeeded in identifying ten new antibodies that can keep cancer dormant. 4
From the left: Associate Professor Luis Alvarez-Vallina, Associate Professor Peter Kristensen and Associate Professor Edzard Spillner.

7

This sounds like incredibly extensive
laboratory work, and it would have
been far from possible just a few
years ago. However, they used a bi-
ological technology for this purpose
that they developed and published
in Nature Protocols three years ago.
It helps them to identify and extract
the antibodies with specific binding
properties regarding the surface
proteins in blood vessel cells.

In the coming years, the researchers
will work on gaining a more in-depth
understanding of the ten antibodies.

“We're at the stage where we've
identified some antibodies that bind
something or other that makes blood
vessel replication behave differently.

In the coming years, we'll study how lllustrated here is one of
they behave in different test systems. the antibodies that bind
. . . L to blood vessel cells
This will provide us with insight that ) e e e
can be valuable in the long term forming new pathways

when developing new cancer drugs,” into cancer cells.

says Associate Professor Kristensen.
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Numerous electrodes on the head are currently necessary to achieve sufficiently high-quality
data when recording the pattern of electrical activity in the brain. However, researchers at

Aarhus University have developed a small ear computer that can pave the way for
completely different applications of EEG. ‘
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Neuro-Engineering of the future
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Electroencephalography (EEG) is far
from being a new technique. For dec-
ades, EEG has been used to measure
electrical activity in the brain in a num-
ber of diagnostic contexts, for example
in connection with the investigations
of epilepsy and sleep disorders, or to
localise tumours.

Using a large number of small elec-
trodes placed on the patient’s scalp, it
is possible to measure electrical brain
signals for a limited period of time in
laboratories or neurophysiology depart-
ments.

With the help of extremely advanced
data processing, it is now also possible
to not only study neurological distur-
bances, but also to acquire insight into
normal mental conditions such as levels
of concentration, intentions or feelings.

Out of the laboratory

and into everyday life

The potential of the technology is enor-
mous. EarEEG can be integrated into
devices that can be used in everyday
life situations outside the laboratory,
and this provides a paradigm shift as

it enables researchers to decode the
signals of the brain in natural settings
over extended periods of time.

Professor (Docent) Preben Kidmose,
who is one of the world’s leading

experts in the measurement of EEG
through the ear, explains:

“In the long term, EEG measurements
may become very important in our
day-to-day lives. The entire field
involved in studying how humans and
electronic devices interact is undergo-
ing major changes. Once this technol-
ogy becomes fully available for use
outside the laboratory for extended
periods of time, we'll all notice the dif-
ference,” he says.

Today, it is already technologically
possible to establish direct communi-
cation between the brain and different
computer-controlled devices.

“We've seen some of the first far-reach-
ing examples of how EEG can be used
in brand new ways. When a lame
woman in the USA can control the
computer mouse with her thoughts,

or when she drinks her coffee using a
robot-controlled arm merely by thinking
of the physical movement, it's because
her brain signals are reqgistered and
translated to computer instructions,” he
continues.

Discreet measurement

though the ear

According to Professor (Docent) Kid-
mose, neuro-engineers have long been
researching how signals from the brain

can be recorded non-invasively, with
sufficient high quality, and in a manner
that is discreet and does not disturb the
person being investigated.

This is a large, international research
field with the common goal to con-
vert conventional EEG systems used in
laboratories to new, discreet wearable
systems.

At Aarhus University, researchers have
specialised in measuring EEG in the ear,
and so far this appears to be a promis-
ing method.

‘In research contexts, it would be valu-
able to carry out EEG studies over ex-
tended periods of time without the test
subjects being affected by the measur-
ing equipment. It would often be a great
advantage to study brain activity for
longer periods of time without interrup-
tions and outside the laboratory or clinic.
Our results indicate that EarEEG is an
attractive method as it is user-friendly,
discreet and comfortable,” says Preben
Kidmose.

EEG in new contexts

The ear technology paves the way for
using EEG in completely new contexts.
Within the clinical field, for example, it
will thus be possible to use EarEEG de-
vices to monitor mental and neurolog-
ical conditions, to optimise therapeutic
treatments, or to obtain neuro feedback.

TO BE CONTINUED ON NEXT PAGE ...
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At Aarhus University, researchers have specialised in measuring EEG in the ear.
They have developed a discreet wearable device that enables them to study brain activity

with high signal quality for longer periods of time outside the laboratory or clinic.

As far as healthy individuals are con-
cerned, it will be possible to use the
technology to monitor stress loads and
sleep, or for simple forms of controlling
electronic devices in the home by
means of thought.

Last year, researchers at Aarhus Uni-
versity received a major grant that
enabled them to develop a new form of
EEG technology suitable for measure-
ment through the ear.

The first early prototype, which is no
larger than an earplug, is already avail-
able. According to the plan, the small
device will use three tiny electrodes
and a micro-computer that can inter-
pret the activity of the brain. It looks a
bit like a normal modern hearing aid
and is almost invisible in the ear canal.
Processing the signals and the ana-
logue electronics uses very little energy
so the researchers are not dependent
on new battery technology.

The dream of the pure

signal from the brain

On the other hand, new knowledge is
required to develop the optimal elec-
trode technology to capture the faint
signals from the brain. This includes
both material technology for the elec-
trodes, analogue electronic instrumen-
tation for measuring the signals, and
comprehensive studies of physiological

artefacts and the electric field lines
from the brain in order to determine the
optimal electrode configurations.

This is the view of Simon Lind Kappel, a
PhD student at Aarhus University who is
working on this very topic.

“The design of the electrode is one of
our main challenges. What is the best
possible position of the measuring
points? And how do we identify and
diminish the electrical activity pro-
duced by movements of the head or
jaws, for instance, so we're left with a
signal from the brain that is as clear as
possible?” he says.

The way ahead is anything but
straightforward and involves repeated
laboratory tests.

“We're working systematically with

test subjects in the laboratory. We ask
them, for example, to clench their jaws
or make controlled movements with
their heads. That way we're able to
describe the different noise compo-
nents and thus optimise the electrode
technology so that the signal we meas-
ure is as pure as possible,” says Simon
Kappel.

The initial design of the device for
measuring brain activity through the
ear looks promising, and the research-

ers expect to obtain the same quality
data as is currently produced by tradi-
tional EEG measurements.

Better treatment of epilepsy

The researchers are currently working
on using the EarEEG technology to
warn diabetic patients of impending
hypoglycaemia. In the coming years,
they will also investigate how the tech-
nology can be used for people with
epilepsy. The aim is to make the ear
computer's data quality so good that
it can provide the same clinical infor-
mation as what can be achieved using
current technology where patients are
monitored over a period of several days
in hospital.

“We'd like to show that we can monitor
epileptic patients in their daily envi-
ronment over time and with good data
quality. This will save the patients from
long and tedious investigations in hos-
pital, and it provides us with a unique
opportunity to learn much more about
the disease at the same time,” says
Preben Kidmose.

The researchers will use the EarEEG
technology to gain a more detailed
understanding of epilepsy and the
neurological variations in their seizures,
thereby providing better conditions

for tailoring treatment and controlling
medication dosages for individual
patients.



The method for measuring brain
activity is interesting in a considerable
number of other diagnostic contexts

- such as psychological disorders -
where the importance of neurology is
not completely understood today.
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medical design
urpasses evolution
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It's a bit like breeding a hunting dog with
a super-sensitive nose and extremely
strong muscles - and then teaching it to
shoot.

Only this hunting dog is microscopic
and, instead of hunting hares or pheas-
ants, it preys on a wide range of viruses,
bacteria, parasites or cancer cells in our
bodies.

Oh, and it hasn't been bred, but was
designed in a laboratory at Aarhus Uni-
versity. Moreover, its future siblings will
probably be produced in yeast tanks.

Antibodies with six arms
The super hunting dog is a multivalent
antibody.

Antibodies play an important role in our
immune system: they identify potentially
undesirable elements (termed anti-
gens) in the body and bind to them so
that other immune cells can neutralise
them - just like when a hunting dog has
tracked down a prey and immobilises it
until the hunter arrives.

Natural antibodies are bivalent, i.e.
they have two points of interaction with
the antigen. An antibody molecule is
shaped like a Y in which two identical
binding sites are located in the two up-
per ‘arms’ while the lower arm interacts
with the immune system.

By recombining the genes in strands

of DNA (hence the term recombinant),
scientists have so far managed to create
multivalent antibody molecules with up
to six binding sites. Instead of a Y, they
will thus look like a XK.

A better grip

The extra antibody binding sites pro-
vide a great advantage because each
one creates only a weak binding to the
‘prey’, making it difficult in many cases to
create sufficiently strong interactions by
means of conventional antibodies.

“An antibody with six ‘arms’ is more effi-
cient than one with two arms because
the cumulative binding is stronger, and
because it provides a better bridge

between the targeted antigen and the
immune system. This is of particular im-
portance for the prevention of tumours
which can be quite resistant to ordinary
antibodies,” explains Associate Professor
Luis Alvarez-Vallina.

Adjustable functionalities

Not only do the new antibodies have
several arms for gripping, they can also
be made smaller than normal, making
them more effective, particularly against
cancer cells. In addition, they are much
more versatile than the conventional
recombinant antibodies presently used
in healthcare.

Since the first usable copy of an anti-
body molecule was produced in 1975,
39 different monoclonal antibodies have
made it into clinical use.

They are called monoclonal antibodies
because they are produced by cells

that are all clones of a single cell from

a mammal - typically a mouse - immu-
nised with a human molecule or cell that
its antibody is supposed to react with.

The monoclonal antibodies are typi-
cally engineered to resemble human
antibodies so that the patient’s own
immune system does not attack them.
However, each one of them is still ‘pro-
grammed’ to bind to one specific target
- namely that which was injected into
the mouse.

“We now have the technology to adapt
the recombinant antibodies to many dif-
ferent tasks. For example, we can adjust
their penetration ability and their ability
to inhibit growth factors (in conditions
such as arthritis and other autoimmune
diseases). Within the same molecule,
we can also combine an antibody and
a toxin, which can be aimed directly

at tumour cells. It's like having a very
versatile tracker dog with arifle,” says
Associate Professor Alvarez-Vallina.

Expensive but good

The artificial antibodies are gaining
importance in research as well as in the
diagnosis and treatment of diseases.
Scientists and doctors use them not only
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to detect bacteriq, viruses or metastases,
but also to treat them.

In principle, the monoclonal antibodies
can be produced in unlimited quantities.
By artificially fusing the plasma cell that
produces the desired antibody with a
specific myeloma cell, it is possible to
create a hybrid that divides into millions
of cells, all of which are genetically
identical to the first one. The technique
is called hybridoma and it is expensive.

However, Associate Professor Alva-
rez-Vallina and his colleagues have
caused yeast cells to produce fragments
of antibodies with three binding sites.
The yeast Pichia pastoris is often used

to express the genetic information in
DNA into proteins, and it does so very
efficiently and cheaply.

In this case, the yield was approximately
20 times higher than with human cells.

“This way we can produce more and
better antibodies more efficiently and
cheaply. In a few years, the method
will be ready for industrial use,” predicts
Associate Professor Alvarez-Vallina.

project facts
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New Cardiovascular
Experimental Lab

Aarhus University is noticeably stepping
up its engineering research and devel-
opment activities within the area of car-
diac disease. Researchers and students
will work in close collaboration with
doctors from the Aarhus University Hos-
pital in a new laboratory that provides
the opportunity to conduct very detailed
research and experiments relating to
testing and developing implants and
new treatments.

Collaboration between doctors and en-
gineers has existed in Aarhus for several
years, resulting in a number of scientific
and commercial breakthroughs. This is
mainly due to a relatively rare interdisci-
plinary focus on biomedical engineer-
ing, and the new laboratory will lead the

V4

way for much more research results to

come, according to Associate Professor
Peter Johansen, head of the new Cardi-
ovascular Experimental Lab (CAVE Lab).

“The new laboratory provides a facility
where engineering and medicine can
join forces to create significant research
results for the benefit of future cardiac
patients,” he says.

Testing new surgical procedures
The CAVE Lab is equipped with vari-
ous fluid models that can simulate the
pressure and flow conditions in a beat-
ing heart. This provides a platform for
performing detailed testing of isolated
factors that cannot be investigated to
the same extent in a living heart. Such

doctors can
collaboration.

types of investigations.are important
and a prerequisite for developing new
types of implants with improved function
and durability or for testing new: surgical
procedures.

Assessing the durability of various heart
implants is currently performed through
different types of accelerated fatigue
tests. However, the actual life span of a
device is first known when clinical data
revealing this are available, which may
be several decades after implantation.
In the new cardiovascular laboratory,
the researchers will work on measuring
the physiological loads the implants.are
exposed to during short time experie-
ments and based on this estimate the
expected durability.

The heart in the new laboratory is a fluid flow model that can simulate the physiological conditions in the
human cardiovascular system. The model can be used for studies of both normal and

pathological conditions in the heart.

"-——-__
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30,000 measurement points
on asingle heart valve

A method to me
In cardiac struc
unprecedented
IS attracting int

The researchers spray paint the heart valve with the equivalent of more than 30,000 dots or—l'l "
measuring points. The camera captures the movement of the leaflets with 2,000 images per second.
For each image the system recognises the pattern of the dots and uses this to calculate the strain in ;- .

the tissue. The method has been used many years in the automotive industry, where it
is used to test the robustness of materials, but it is new in a biomedical context. ‘\
\ }

—

What happens when a prosthetic heart
valve is implanted in a patient? What
impact does it have on the hemody-
namic and the biomechanical condi-
tions? Will it affect the work load of the
heart and how?

After many years of development, re-
searchers have found a new method to
measure the strain in cardiac structures
with an extremely high level of detail.
Combined with hemodynamic meas-
ures of pressure and flow this enables
an acute assessment of the overall load
conditions of the cardiac structures
under investigation. Potentially, this may
provide means of estimating the dura-
bility of different types of heart valve
prostheses.

¥y

Cameras measure heart beats in 3D
Based on high-end high-speed camer-
as, it is possible to perform 3D analysis of
heart valves during the entire heart cy-
cle in the laboratory and, with advanced
data processing of the images, the strain
on the leaflets of the aortic valve can

be measured along with motion pattern
analysis. Soon new equipment will even
provide visualisation of the flow through
and around the heart valve.

And this is something that is attracting
attention far beyond the borders of
Denmark because this type of measur-
ing tension in the heart was previously
carried out using much fewer measuring
points.

project facts

TITLE
Performance of TAVI valves

FINANCIAL FRAMEWORK
Karen Elise Jensen's Foundation

PARTNERS

Department of Cardiothoracic Surgery,
Aarhus University Hospital

Department of Cardiac Surgery,

Georges Pompidou European Hospital, Paris

CONTACT
Associate Professor Peter Johansen
pj@eng.au.dk

How surgery affects force

balance and blood flow

As a contribution to the already very
thorough testing of artificial heart valves,
the researchers use the model and
system to carry out even more detailed
measurements of the valve leaflet stress
and strain during various load condi-
tions.

“This can be used to compare the stress-
es in the native valves to the stresses in
the prosthetic valves. Increased stress
may indicate a reduced expected life
span,” says Associate Professor Jo-
hansen.

In the long term, the method used by the
researchers - and what takes place in
the new interdisciplinary cardiovascular
laboratory at Aarhus University - may
have a significant impact on develop-
ments of prosthetic devices and surgical
procedures.

“When you know exactly how an
implant or cardiac surgical procedure
affects the natural force balance and
blood flow of the heart, you have an
indication of how the work load of the
heart may be altered. Moreover, know-
ing the exposed stress and strain on an
implant may tell you if there is a risk of
reduced durability. As many implants
and surgical techniques are continuous-
ly improved, it takes years of experience
from now before you can document
any late clinical complications and the
durability of implants,” says Associate
Professor Johansen.
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Simulation technology predicts late
complications of surgery

Researchers at Aarhus University can
now for the first time measure how the
repair of the aortic root affects the long-
term stress distribution in the affected
parts of the heart and the aorta. They
are using a method that may lead to
qualification of new surgical procedures
in the treatment of patients with aortic
root aneurysms or outpouchings at the
aortic root.

Tommy Kragh Bechsgaard is a PhD
student at Aarhus University, and he

has been granted financial support

from sources including the Danish Heart
Foundation to complete his experiments.

“We examine how the repair techniques
used by the surgeons affect the stress
distribution of the heart immediately
after surgery and in the long term. Once
we have these data, we may be able

to optimise both the surgical techniques
and the geometry of the implants so that
the stress distribution after surgery is as
close as possible to the native setting,”
says Tommy Kragh Bechsgaard.

An aortic aneurysm is an outpouching
on the aorta, and today it is treated by
means of a surgical procedure in which
the diseased tissue is replaced with an
artificial tube made of a flexible mate-
rial.

Surgery can affect the

stress distribution of the heart

With the new flow simulation technol-
ogy, the researchers hope to be able to
predict how the current surgical tech-
niques and implant materials will affect
the heart.

“‘Maybe we will be able to predict inap-
propriate shifts in the stress distribution at
a very early stage and long before the
patient experiences any symptoms. In
this context, the technology really gives
us a lead since we do not have to wait
for empirical evidence and long-term
studies of how the patients are manag-
ing,” says Tommy Kragh Bechsgaard.

Aarhus University recently established

a heart research laboratory associated
with the engineering sciences. Engineers
and doctors collaborate here to map
cardiac stress.

“In principle, you can think of the heart
as a pump integrated in a closed system
with an accurately balanced stress
distribution. We try to identify what kind
of stress is present in the healthy heart,
and we use this as a reference when we
carry out experiments to find out how
different surgical procedures can be reg-
ulated. What will happen if we change
to different sutures, for instance? Or the
geometry of the implants? Or maybe
the material? We are looking for new
contexts and we must feel our way in the
experimental stage,” explains Tommy
Kragh Bechsgaard.

Engineers will predict problems

At first, Toommy Kragh Bechsgaard will
carry out his experiments on a pig's
aorta mounted in a custom-made flow
simulator that can simulate physiological
pressure, flow and heart rhythm.

During the next couple of years, he
hopes to be able to provide fundamen-
tal insight into how the heart is affected

by a change in the stress distribution
caused by different surgical techniques-
knowledge the doctors will need when
they are performing surgical repairs or
reconstructions of the aorta.

“We can reach new milestones in the
treatment of heart diseases when
doctors and engineers work together on
their research. With modern technolo-
gies, we will be able to prevent the long-
term complications that we do not know
yet,” says Tommy Kragh Bechsgaard.

project facts

TITLE
Impact of aortic valve on the stress
distribution of the aortic root

FINANCIAL FRAMEWORK

The Danish Heart Foundation,

The Danish Council for Independent
Research, Helga og Peter Kornings fond,
Holger Rabitz og hustru Doris Mary fedt
Philipp's Mindefond, Snedkermester
Sophus Jacobsen og hustru Astrid
Jacobsens Fond, Direkter Jacob
Madsens & Hustru Olga Madsens Fond,
Direktor Kurt Bennelycke og hustru

fru Grethe Bennelyckes Fond,

Edith og Olfert Dines Hansens Legat

PARTNERS
Aarhus University Hospital

CONTACT
PhD student Tommmy Kragh Bechsgaard
tobe@eng.au.dk
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The biological age

In the Mark-Age project researchers have conducted a population study with
3.300 probands. The biological age of a person is estimated by 50-70 unique
biomarkers in the blood - for example cholesterol level and different
molecules, proteins and cells related to the immune system of the body.

The result is calculated as a weighted average of the different
markers relative influence on the body’s biological age,
and therefore it is more precise and statistically
solid than any marker in isolation.
v
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Blood reveals your

biological age

project facts

TITLE
European Study to Establish Biomarkers
of human Ageing (MARK-AGE)

SCHEDULE
2008-2014

FINANCIAL FRAMEWORK
16 million EUR, EU’s 7th Framework
Programme for Research

CONTACT
Associate Professor Peter Kristensen,
pk@eng.au.dk

Your birth certificate says 40 years, but
your body is perhaps 60 years, or 20
years. Until now, we have been left with
a number of more or less uncertain body
age-tests in e.g. fithess centres if we want
to know our body'’s biological age, but
now the researchers have succeeded in
developing a more precise method.

The large EU project ‘Mark-Age’ with
participating researchers from Aarhus
University has mapped a large number
of biological age markers in the blood
on the basis of over 4000 blood samples
from different individuals in Europe. Asso-
ciate Professor Peter Kristensen says:

“We have identified 50-70 age markers in
the blood, among others different proteins
which combined can quantify the body’s
biological age. When you measure one
marker, you will find that there is a major
biological variation, but this biological
variation will be evened out when you
measure 50-70 markers. This will give you
a statistically more precise expression of
the biological age”

The project still needs to be implemented
in practice. But the future scenario indi-
cates that anyone can get to know their
biological age by means of a blood sam-
ple taken by their general practitioner.

Towards healthy aging

When the doctor knows your biological
age, it gives you the opportunity to obtain
a better old age with fewer diseases. If
your biological age is measured to be

80 but you in reality are only 50 years
old, then your doctor can start preventive
treatments of a number of age-related
diseases.

“It is basically about being at the fore-
front and in this way creating the best
conditions for healthy aging,” says Peter
Kristensen.

The biological age score can also tell

us something about the development in
society. Inthe future it is estimated that
the costs related to the health system will
increase because there will be more and
more senior citizens in society. But will
they actually increase?

“People will probably get older accord-
ing to their birth certificate, but they will
also be more and more healthy. If the
biological age decreases, the costs of
e.g. nursing homes will not increase,” says
Peter Kristensen.

Cancer or old age?
The knowledge of the body’s biological
age will have a significant impact on the

individual's health. One of the biological
markers which the researchers have
studied is the protein PSA, prostate anti-
gene, which is found in men’'s blood.

The amount of the protein in the blood
can tell us whether a man will be at

risk of getting prostate cancer. But the
problem is that the amount of PSA will
increase with age, and therefore an in-
creased level of PSA does not necessarily
mean that you have cancer.

“When you as a 50-year-old have your
PSA-volume measured at your general
practitioner and you are told that your
PSA level is too high, it does not nec-
essarily mean that you are about to

get prostate cancer. It can also just be
because your biological age is not 50
but 80 years. If the doctor knows your bi-
ological age, he or she will have a much
better basis on which to assess whether
you are at risk of getting prostate cancer,”
says Peter Kristensen.
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How to measure architectural atmosphere?
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A new Danish study indicates that
the layout of rooms has a greater
impact on human well-being than
previously thought. Good architec-
ture and good design could pos-
sibly be much more than a matter
of taste as indicated in initial trials
with humans where researchers re-
corded different types of physiolog-
ical responses to room conditions.

two different room experiences.
The rooms were identical, but the
sections of windows were larger in
one of them than in the other.

The test subjects were asked to
solve a series of tasks with a vary-
ing degree of stress load.

While they were doing so, record-
ings were made of their pulse,
blood pressure, respiration rate,
“We can see some clear signs that heart rhythm and cortisol level.
the quality of architecture may not
be as subjective as we'd thought.
The reaction of the test subjects
was remarkably uniform in a phys-
iological sense in the rooms they
occupied throughout the experi-
ment,” says Professor Poul Henning

Kirkegaard.

Large windows provide less
stress

According to Professor Kirkegaard,
the experiments showed a clear
correlation between the physical
signs of acute stress and the spatial
surroundings.

“We saw a correlation between
architecture and stress load. The

" The size of your windows influences your stress level tht
and heart activity. By using 3D-simulations of rooms,
researchers have identified a number of different

physiological responses to architecture. The researchers subjected a total

of sixty-five male test subjects to

test subjects in the room with small

Tectonic Architectural Engineering

Aarhus University has established
Tectonics as a new science disci-
pline within Architectural Engineer-
ing. It focuses on the interaction
between traditional engineering
and architecture. The aim is to
integrate technology with aesthetics
and meet society’s rapidly growing
demand for knowledge about how
to design functional buildings with
inherent architectural qualities.

It is an ambitious initiative, which
requires comprehensive interdis-

ciplinary studies of new materials,
building systems, digital design
methods and production processes.

Researchers focus on the early
stage of the building design process
in particular with a considerable
number of theoretical studies of how
to change the perception of build-
ing components from simply being
technical elements to also being
architectural features that have an
impact on users.

In addition, researchers are involved
in developing new advanced tech-
nology methods to test and verify
the way in which building aesthetics
or the overall layout of a build-

ing and its architectural qualities
affect people’s physical and mental
well-being.

In terms of education, the tecton-

ic focus results in an enhanced
academic profile for the graduate
engineers who will make their mark
in future on the existing building



windows had a stronger physiological
response when we measured the cor-
tisol levels in their blood and recorded
their heart rhythm variability,” he says.

None of the test subjects reacted with
increased stress load in the room with
large windows, and there is possibly a
biological explanation for this.

“Our sympathetic nervous system is
activated when we're subjected to
acute stress, which quite simply makes
it possible for the body to react to dan-
ger in a faster and more targeted way.
We feel a strong flight instinct, and this
can be one way of explaining why we
react with an increased stress response
in closed rooms than we do in open
rooms,” says Professor Kierkegaard.

In many Western countries, we spend
50-80 percent of our waking hours
inside and, according to Professor
Kierkegaard, just a small shift in heart
rhythm variability, blood pressure or the
amount of stress hormones we produce
can thus have serious consequences
over the years.

Virtual room as a laboratory

The research project is the first of its
kind to work with the physiological im-
pact of architecture on people. And this
is a difficult discipline because it actu-
ally requires the setting up of a kind of

culture and carry their tectonic
understanding out into the building
branch.

‘sterile’ environment, where it is possible
to measure and document responses to
the physical layout of the room alone.

For this purpose, the researchers make
use of an advanced virtual room sim-
ulator that can provide a completely
authentic 3D experience of a room by
means of techniques such as computer
tracking of head and eye movements.

The computer-generated room can

be varied an infinite number of times,
which makes it a completely new
experimental platform in architectural
research. This makes it possible for the
first time for researchers to isolate the
effect of architecture and atmosphere,
and to control all other stimuli imagina-
ble, including light, acoustics, air and
view.

“Our aim with the study is to demon-
strate that we can use modern tech-
nology to create virtual rooms in our re-
search. A considerable number of new
opportunities are now opening up for
gaining more evidence-based knowl-
edge about how we physically react

to our surroundings and to a specific
architectural atmosphere. We've only
scraped the surface and shown that the
method can be used. Now it's up to our
imagination to see what else we can
study,” says Professor Kirkegaard.

HEALTHCARE 6/

The quality of architecture can be
measured in the blood

The research group’s results are inter-
esting because they show for the first
time that it is possible to measure the
effect of room conditions and atmos-
phere on human health using an empir-
ical approach. This is a break from the
dominant phenomenological tradition
in architectural research and - accord-
ing to the professor - it can lead to so
much new knowledge in the long term
that a start could be made by deter-
mining some objective quality criteria
for architecture and design.

“Our study documents that virtual
rooms can be used to explore the cor-
relation between our environment and
our physical health. And if you could be
so bold as to push this to its logical con-
clusion, you could say that when you
can measure the impact of architecture
on people by means of a simple blood
test, it's a step in the right direction
away from the so-called experts,” says
Professor Kirkegaard.

In the coming years, the researchers
will use virtual rooms for purposes
such as testing human physiological
responses to a number of different
architectural conditions.
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~Farm yield optimisation pased

on advanced Information and
communication technologies

Jsing big data, ropots and drones.
Detalled understanding of crop
variapbillity, geo-located weather
data and precise sensors provides
the ability to benefit from automated
decision-making and optimisead
planning methodologies.
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Robots invade farmland

project facts

TITLE
SAFE - Safer Autonomous Farming Equipment

SCHEDULE
2014-2017

FINANCIAL FRAMEWORK
29 million DKK,
Innovation Foundation Denmark

PARTNERS

KKongskilde Industries A/S (projektejer)

Aarhus Universitet, KeyResearch Aps,

CLAAS Agrosystems, Conpleks Innovation ApS,
Syddansk Universitet og

Innovationsnetveerket RoboCluster

CONTACT
Senior Researcher Rasmus Nyholm Jergensen
rnj@eng.au.dk

For years farmers and their machinery
have been partners in shouldering the
heavy jobs that have to be done in the
field. Now a new type of partnership with
machinery is emerging where machines
are asked to not merely do the heavy
jobs. These new roles are taken up by ro-
bots that are making their entrance onto
farmland. Within certain limits they are
able to work on their own and can thus
relieve the farmer of his driving duties.

“The farmer no longer has to sit on the
machine but can do other jobs that ma-
chines do less well, such as monitoring
and optimising work routines and repair-
ing components,” says senior researcher
Rasmus Nyholm Jergensen.

Conducting an orchestra

Robots are everywhere in farming, but
their role is still very fixed. In the future,
they will play a more emancipated role
and be less directly controlled by a driver
in a tractor cab. Instead, the robots will
be increasingly autonomous. In this way,
the farmer is freed from the cab and can
instead do other jobs and also monitor

several robots at a time - like a conduc-
tor directing several instruments in an
orchestra.

“We imagine that the machine opera-
tor will be physically present where the
essential processing of field operations
takes place. The driverless machines do
not need a cab and other expensive de-
vices because the machines are integrat-
ed with the tool or act as tool carriers. The
operator can monitor several machines
in interaction with virtual operators from
other fields or operations. For example,
for crops such as sugar beets, potatoes
and carrots this will mean that more than
one field operation can be carried out at
the same time and by a single person,”’
explains Rasmus Nyholm Jergensen.

The work on developing the next genera-
tion of field robots is already well under
way and some robots have already been
put to use in the field. There are robots

for weed control in transplanted crops in
open field plant nurseries, and in recent
years the mechanical weed control in
sugar beets has become possible. There

are also robots capable of weeding
lettuce crops.

“The operator does not have to sit on the
machine, but can walk behind it and
check the quality of the work until the
machine has to be manually turned in
another direction,” says Rasmus Nyholm
Jorgensen.

Safety first and foremost

If there is no driver in the cab, then safety
is crucial. This is not yet the case with the
existing systems, but it is possible to make
them so if the operator can stop the ma-
chine immediately with a remote safety
device. Researchers and companies are
working together on developing sentient
robots that can recognise people, ani-
mals and obstacles in the field.

This is achieved in the project SAFE -
Safer Autonomous Farming Equipment
- where Aarhus University is one of the
participants.



Fal
For the past decade scientists have set milestones in the development of agricultural robots w:thout drivers. However safety is st:ll
an issue and must be optimised before we can take full advantage of the technology in the field. This requires more
automisation of the robots so they can interact with thelr environment oprlmally '{ " oy 3
.

v L] LY (LAY e Y ArLr

X0QIN0|0D) :0}0yd



77 PRECISION AGRICULTURE

wooduIqll] :0}0yd

Computer systems optimise
field operations for farmers

project facts

TITLE
Off-line and on-line logistics planning
of harvesting processes

FINANCIAL FRAMEWORK
10 million DKK,
Danish Innovation Foundation

PARTNERS
AGCO A/S

CONTACT
Senior Researcher Claus Aage Gron Sgrensen
claus.soerensen@eng.au.dk

Field operations in today’s farming in-
volve several machines, and it is a huge
logistic puzzle for the farmer to plan and
coordinate a wide range of machines
and operations all at once.

A considerable amount of agricultural
machinery is now equipped with dif-
ferent information systems, and farmers
are therefore bombarded with data and
information about operations and crops.
However, the value of this stream of
information is minimal without an overall
system that can make use of the data to
coordinate the machines and optimise
production.

Combine harvesters

must work together

Scientists are now coming to the rescue
of the farmers in a major research

project. They are well on the way to de-
veloping commercial computer systems
for the automated route planning and
management of harvest operations and
the coordination of all the machines
involved in the same operation. The
project is financed by Innovation Fund
Denmark, and is scheduled to run over
three years in collaboration with AGCO
A/S - the global manufacturer of agri-
cultural machines and equipment.

The project focuses particularly on
harvest operations which often require
resource-intensive logistical planning of
the operations involving combine har-
vesters, collection wagons, transport ve-
hicles and machines for handling crops.
The aim is to provide a commercial
decision support system that can help
farmers to plan their harvest as well as

possible, according to Senior Researcher
Claus Aage Gron Serensen.

‘Agriculture has undergone rapid de-
velopment to meet society’s growing
demands for increased food production
of higher quality and lower prices. In the
complex farming operations of today,
there’s a considerable unexploited po-
tential in optimising the interaction be-
tween the individual machines instead
of just continuing to make the machines
larger,” he says.

The decision support system that the
researchers are working on continually
optimises the logistics chain in harvest
operations cutting across all the vehi-
cles, machines and computers involved
in the process.



Smart weed recognition

reduces pesticide consumption
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To prevent their fields from becoming over-
grown with weeds, farmers have to use herbi-
cides. However, it is impossible for individual
farmers to know and recognise all species of
weeds and/or find time to visit all fields within
the present time window. They therefore often
end up spraying suboptimal mixtures and
amounts of herbicides right across the field,
even though the weeds could be eradicated
with smaller doses and better mixtures.

project facts

TITLE
RoboWeedSupport

SCHEDULE
2014-2016

FINANCIAL FRAMEWORK

6.3 million DKK,

Green Development and
Demonstration Programme, GUDP

PARTNERS

Maersk Mc-Kinney Moller Institute (University
of Southern Denmark), SpectroFly ApS, I-GIS,
SEGES

CONTACT

Senior Researcher

Rasmus Nyholm Jergensen
rnj@eng.au.dk

Camera spots 105 different
kinds of weeds

Researchers will now try to improve
this spray behaviour by means of
the RoboWeedSupport system. They
have collected all the necessary
information about types of weeds
and recommended herbicides in

an online decision support system

called Crop Protection Online (CPO).

And now they are taking the next
step towards making it available for
practical use by farmers.

“The farmer takes a photo of his
fields every 100 metres using his
mobile phone or by using a relative-
ly cheap consumer drone. He then
sends the photos to an expert, who
determines the type of weed and
registers it in an online database.
The database can subsequently
recommend the optimal pesticide

dosage, and the farmer receives
notification within 24 hours,” explains
Senior Researcher Rasmus Nyholm
Jorgensen, Aarhus University.

The researchers plan to further de-
velop the system with an algorithm
that can use image recognition to
differentiate between 105 types of
weeds.

Technology prevents resistance
If successful, the system could be

a key factor in efforts to reduce
herbicides consumption, thereby not
only providing savings for farmers,
but also protecting the environment
from the emission of unnecessarily
large quantities of herbicides.

In the long term, smart weed recog-
nition can also help prevent resist-
ance to certain herbicides in weeds.




Bee brother is watching

project facts

TITLE
Application of information technologies
in Precision Apiculture (ITApic).

SCHEDULE
2013-2016

FINANCIAL FRAMEWORK
1.5 million DKK

CONTACT
Associate Professor Peter Ahrendt
pah@eng.au.dk

Bees are dying at an alarming rate
on a global scale, a problem that
can have enormous consequences
because bees pollinate flowers and
crops. In fact, the decline in bee
populations could have an impact
on the entire ecosystem. However,
the key to stopping the current de-
cline could lie in a camera lens.

Sophisticated camera
algorithms

A new bee project aims to create an
affordable and reliable prototype of
a device that can measure different
parameters in the hive, such as the
number of bees that come and go,
the time of day at which this occurs,
the temperature, sounds, outside
weather, etc.

The project is a collaboration be-
tween German, Turkish, Latvian and
Danish universities. Associate Profes-
sor Peter Ahrendt is the team leader
for the Danish part of the project,
and he is responsible for the visual
aspect. He is working on creating a
camera that is able to ‘see’ the bees,
count them and recognise different
attachments on their bodies, such as
pollen or mites.

He will achieve this by using ad-
vanced algorithms in a camera with

an integrated computer. And this is
the tricky part - making a camera
that can actually make sense of
what it sees.

“Our aim is to make a camera that is
capable of recognising patterns and
sensing whether there is something
wrong in the hive - or even pre-
dicting this before it happens,” says
Associate Professor Ahrendt.

Mites could be murderers

The parasitic bee mites could be
responsible for the decrease in bee
populations, and further research will
shed more light on this matter.

“Once we've tested our prototype,
we'll know a lot more,” says Associ-
ate Professor Ahrendt.

This knowledge will be of great
benefit to people all over the world
because bees play an essential role
in the global ecosystem. The new
technology will be particularly val-
uable for beekeepers, and will pro-
vide precise data about conditions
in the beehives. If a case of bee mite
infection occurs, the beekeepers will
know the exact amount of insecti-
cide to use and - equally importantly
- when to stop using it.
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Bees play an essential part in our ecosystem. A new camera technology makes it possible to recognise patterns of behaviour,
monitor whether something is wrong in the hive and even predict bee mite infection. Associate Professor Peter Ahrendt is

a signal processing specialist and he might be able to play a key role in preventing the current decline in bee population.
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Who would have thought that mathematics would come to play a part in balancing our ecosystem? Researchers have shown iy \

i that sophisticated algorithms are extremely valuable for beekeepers when they want to handle mite infections in their hives.
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, anyone?

It may sound a bit illogical that something
becomes more acidic if you add sugar to
it, but this is nevertheless true of slurry.

And this does in fact have a large poten-
tial. Acidic slurry (i.e. slurry with a low pH)
does not emit nearly as much ammonia
as neutral slurry. Acidification of slurry can
actually reduce evaporation of ammonia
by up to 70 percent. An increasing num-
ber of Danish farmers have therefore, over
the past 10 years, started adding sulphu-
ric acid to their slurry. In 2014, 12 percent
of Danish slurry was thus acidified.

Acidification of slurry with sulphuric acid
is an effective alternative to other meth-
ods that farmers use to reduce ammonia
emissions, but it is not a universal tool. Or-
ganic farmers may not use it, and biogas
reactors should preferably not receive
more than 10 percent of their feedstock
as acidified slurry - if the concentration is
higher it negatively affects the production
of biogas.

Now researchers from Aarhus Universi-
ty in partnership with the commercial
sector have found out that sugar is just
as effective as sulphuric acid at acidify-
ing the slurry. And sugar does not pose
a problem for organic farmers or biogas
producers.

Why does slurry need to be so sour?
Ammonia emission from manure is one of
the largest sources of air pollution in Den-
mark. Not only do emissions burden the
environment with surplus nutrients to the
detriment of a number of ammonia-sen-
sitive habitats such as certain types of
woodland, bogs, moors and lakes, they
also impair the health of thousands of
people.

Neither is ammonia good business for
the farmer who would prefer instead
to put the nutrients to better use in the
field.

So there are good reasons why the au-
thorities would like agriculture to reduce
emissions. In Denmark, the requirements
are much tougher than in most of the
EU, which is probably why the technol-
ogy for slurry acidification has not yet
caught on outside Denmark.

Researchers track

sugar alternatives

But how can sugar replace sulphuric
acid?

“The sugar acts as a substrate - in other
words a feed - for the bacteria that
produce lactic acid. And the lactic acid
has the same effect on ammonia as sul-
phuric acid,” explains Assistant Professor
Maibritt Hjorth.

She explains how the research has
been conducted:

“Initially, we tested how the slurry react-
ed when we added a combination of
lactic acid bacteria and sugar. It turned
out to work very well, and we could
even make the pH drop even further
than was necessary. But we have since
found that you do not need to add
microorganisms because the organ-
isms already present in the manure can
easily manage the job themselves if
you make sure to give them the right
growing conditions. And this is done by
adding sugar,” says Maibritt Hjorth.

Sugar should here be taken in its wider
sense; we are not going see tractors

queuing up at the supermarket for sugar
because soya molasses, beet molasses,
cheese whey, maize silage, straw and
fodder beet can probably be used as
alternatives. The extent to which they
can replace sugar in this context is what
Maibritt Hjorth and her colleague, Sen-
ior Researcher Anders Peter Adamsen,
are now in the process of investigating.

“The big advantage is that the individ-
ual farmer will to a certain extent be
able to use the by-products that are
produced continuously on the farm. And
the sugars will be easier to handle than
sulphuric acid which has to be procured
from a factory,” she adds.

Basis for new markets

The development of the new acidifica-
tion method was done in a collabora-
tion between Aarhus University, Agro-
Tech, SEGES (which is the new name
for the erstwhile Knowledge Centre for
Agriculture and Pig Research Centre),
the biotech company Lallemand and
JH Agro A/S, one of the world’s lead-
ing suppliers of manure acidification
systems.

Maibritt Hjorth estimates that the new
method is quite close to being mar-
ket-ready.

“We have yet to get a handle on the
delicate balances: what is broken down
at what speed and in what order, and
how do we achieve the desired pH val-
ues without spending too much mon-
ey? We will conclude soon with some
laboratory tests and a pilot experiment
by AgroTech, and then JH Agro can
upscale and sell the technology,” says
Maibritt Hjorth.



I\

i NN &‘ -
e \ia

iy

. W
R R L

\

bt

project facts

TITLE
Reduced nitrogen emission by
bio-addification of cattle slurry

SCHEDULE
2014 -2016

FINANCIAL FRAMEWORK

6.9 million DKK,

Green Development and
Demonstration Programme, GUDP

PARTNERS

Seges P/S, AgroTech A/S,

Jorgen Hyldgard Staldservice A/S,
Lallemand Nordic

CONTACT
Assistant Professor Maibritt Hjorth
maibritt.hjorth@eng.au.dk

l Ammonia emissions from manure are one of the largest sources of air pollution in Denmark. The nutrients harm the environment.
Farmers therefore try to limit the evaporation by, for example, applying the slurry to fields using trailing hoses.
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Mapping groundwater from the air

Using a helicopter-borne antenna system, scientists can identify
underground water resources, even in areas where the
subsurface is very complex.

WA LAIS :0304d

Engineers will develop a new type of signal processing that can lead to o
deeper and more precise mapping of groundwater resources from the air. /
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in the ground, creating a secondary magnetic field.
An induction coil is now used to measure how long
it takes for the secondary magnetic field to die out.

resources.

Clay and deposits containing salt water are con-

In the coming years, researchers at
Aarhus University will contribute to
developing the world-renowned SkyTEM
technology for mapping subsurface
water resources.

SkyTEM was developed at Aarhus
University in the 1990s and was one of
the first technologies to enable air-
borne groundwater measurements. The
technology consists of a large frame
with highly advanced equipment that
can be attached to the underside of a
helicopter. This makes it possible to cover
large areas in the search for aquifers or
geological formations that contain or
conduct groundwater.

Seeing through the subsurface

A coil is placed in the frame, and it gen-
erates a strong magnetic field that pene-
trates into the ground. The magnetic field
disappears when the power is switched
off, and this change induces eddy cur-
rents in the soil. The eddy currents give
rise to a secondary magnetic field that
can be measured by advanced equip-
ment, and the rate at which it decreases
provides information about the conduc-
tivity of the material in the subsurface at
the specific measurement point.

Researchers currently use the technol-
ogy to identify the material in the layers
in the subsurface, which is enabled by
more sophisticated computer modelling
methods.

“When you're familiar with the corre-
lation between geological structures
and conductivity, you can use com-
puter modelling of measurement data
to very precisely identify subsurface
water resources,” says Assistant Professor
Jakob Juul Larsen who works with signal
processing.

Mathematical models

provide new details

According to Assistant Professor Larsen,
the challenge facing the engineers
with SkyTEM is to identify better ways to
process the signals from the magnetic
field and to find mathematical models
that can enable them to record more
details in the eddy currents when the
signal drops.

“We'd like to develop the technology
and be better at characterising the
ground’s response to the magnetic field
we send from the air,” he says.

The technology makes it possible to map the subsur-
face and its conductivity, thereby identifying water

The researchers hope to be able to
reduce noise in the signal within three
years and carry out deeper and more
precise mapping of groundwater re-
sources from the air.
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New antioxidant protects omega-3

A new type of antioxidant can be used in connection with
micro-encapsulation of fish oil and thereby protect the
healthy omega-3 fatty acids against rancidification.

A PhD student from Aarhus University has developed a new type of antioxidant which can be
used for micro-encapsulation of fish oil and protection of healthy active substances against

oxidation. Mia Falkeborg’s invention may be of great importance for the functional JF
food industry, and she has received an international prize for her research. [ D

Every day, millions of people worldwide
take some kind of dietary supplement
based on fish oil due to the omega-3 fatty
acids’ documented effects on human
health.

Meanwhile, the researchers in the labora-
tories work hard to improve the encapsu-
lation technologies and thereby the possi-
bilities of protecting the active substances
in fish oil against oxidation or the so-called
rancidification.

Rancid omega-3 fatty acids

lose nutritional value

Omega-3 fatty acids are in fact fragile,
and they often risk to get destroyed even
before reaching the shelves.

This happens when the so-called free rad-
icals break the chemical bonds in the oil
and thereby bring the fatty acids to oxida-
tion, explains PhD student Mia Falkeborg
from Aarhus University:

“We know that the active substances in
fish oil have a low shelf life. Omega-3
fatty acids are destroyed in the meeting
with free radicals which in small amounts
exist where oxygen, light and heat are
represented - both in foodstuffs and in the
body’s own cell metabolism. Even a very
small amount of the free radicals can start
a chain reaction and make the oil rancid,
and this affects its nutritional value.”

For this reason, Mia Falkeborg has spent
the last many years of her researcher life
on developing a chemical antioxidant
which can be used for micro-encapsula-
tion of fish oil with the purpose of pro-
tecting the valuable fatty acids optimally
against the free radicals.

‘I have designed the antioxidant so it can
be used for micro-encapsulation of fish



It looks most of all like ground coffee, but make no mistake. It is a new substance that researchers will use to microencapsulate fish
oil. This can solve the problem of fatty acids going rancid when they are exposed to the free radicals that are found

everywhere and which are formed when chemical bonds are broken by heat and light, for example.

oil with an optimal protection against
oxidation. At the same time, it makes the
oil soluble in liquid by which there are far
better opportunities to add the healthy
omega-3 fatty acids to other foodstuff
products”, says Mia Falkeborg.

Today, nutritional experts assess the
western food to contain too little ome-
ga-3, and therefore Mia Falkeborg hopes
that her invention can make the healthy
and essential fatty acids more available
for more people.

Omega-3 will sneak into our food
The antioxidant developed by Mia Falke-
borg should be used for encapsulation
of fish oil in micro and nano scale where
it will be invisible to the naked eye. The
advantage of this form of encapsulation
is the fact that it will be possible to add
the fish oil to foodstuffs such as bread or
liquid and thereby enrich our food.

So far, it has been both a difficult and a
costly affair. Because when you want to
merge fatty acids with another prod-
uct, you need a so-called emulsifier to
prevent the oil from clumping like small
perls.

The problem with the emulsifiers is that
they make the fish oil oxidise much
easier than it would have, and t
the food manufacturers must add an
oxidants which are both expensive and

which make the manufacturing process
more difficult.

To some extent, the antioxidants can halt
the attacks from the free radicals and
thus the destruction of the omega-3 fatty
acids. However, even the most powerful
of its kind are not protecting one hun-
dred percent against oxidation, and this
affects the quality and shelf life of the
food products.

Full protection of

delicate fatty acids

The research results from Aarhus Uni-
versity attract attention beyond the
borders of Denmark since Mia Falkeborg
has succeeded in developing a super
antioxidant which, in the laboratory,
provides full protection to the omega-3
fatty acids.

“We have tested the effect of the anti-
oxidant by means of different types of
oxidation, and it behaves just as intend-
ed. It neutralises the free radicals and in
this way it protects the active substances
in the oil,” says Mia Falkeborg.

The super antioxidant is extract
sugary substance o

7’

and turns into an antioxidant with greater
strength than ever.

‘I started right from the ground by
making a lot of reactions with enzymes.
Now, it appears that finally | have found
one which can convert alga sugar into a
specific chemical functional group of al-
ginate oligosaccharides. The advantage
of these alginate oligosaccharides is
that they have a very strong antioxidant
effect and that they are soluble in water
and thus easy to make immiscible,” says
Mia Falkeborg.

Antioxidant and emulsifier at the
same time

Thus, the protection of the fish oil against
oxidation is not the only great property
of the antioxidant - it also functions as
emulsifier. And precisely this dual ca-
pacity is totally unique and may result in
a large number of new opportunities to
enrich foodstuffs with fish oil.

“Some researchers focus on develop-
ing new technologies to emulsify fish
oil. Others are focussil i
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The perfect taste of sweetness

In recent decades, the artificial sweetener industry has experienced a
massive boom in global demand. However, it is difficult to produce

a synthetic substance that only contains a few calories as well as
authentic sweetness. Scientists are now using alternative methods

to create the perfect sugar substitute.

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

In recent years, sugar consumption has
increased significantly in large parts

of the world, resulting in epidemics of
obesity, diabetes and other lifestyle-re-
lated diseases. The same applies to

the consumption of ‘light’ products with
alternative sweeteners. Consumers typi-
cally choose these products with regard
to calorie and blood sugar balance and,
in this way, they are helping to create an
enormous market for the functional food
industry.

This explanation is provided by PhD
student Camilla Rotvel who has followed
the development in consumption in
recent years.

“There’s a marked increase in demand
for low-calorie alternatives to sugar. New
synthetic or natural sweeteners are hitting
the market all the time, and these have a
low physiological calorific value. Howev-
er, we're all familiar with the somewhat
quirky sweet taste of light products, and
that's because some sweetener man-
ufacturers haven't yet succeeded in
finding the perfect match to the taste of
ordinary white sugar,” she says.

The ‘real’ taste of sweetness with no
calories can therefore be compared
with a hidden goldmine being pursued
by companies all over the world in an
innovation race.

Sweetness defined by brain activity
Camilla Rotvel is possibly the woman
who can lead the sweetener industry
one step closer to the perfect sugar sub-
stitute. She is actually well on the way
with a research project in which she
uses advanced electroencephalogra-
phy to study what happens in the brain
when we eat or drink sugary foods.

With 128 electrodes mounted on the
scalp, she records the electrical activity
patterns between the neurons when we
taste and recognise something sweet. In
terms of pure physiology, the taste cells
on the tongue are activated and they
send signals to different areas of the
brain - although the strongest concen-
tration occurs around the taste cortex.

She is looking at how this brain activity is
distributed in 12 test subjects when they
ingest white sugar, aspartame and other

sweetener mixtures. The aim is to gain
new knowledge about the way humans
recognise the taste of sweetness at a
preconscious level.

“We know quite a bit about what hap-
pens when we identify sweetness at a
conscious level - in other words, the area
where we experience pleasure. This
knowledge is all about sensory informa-
tion. But we know very little about what
happens in the brain a little earlier in the
process - where we start to recognise
something as sweet. And it's here that it's
interesting to monitor brain activity,” says
Camilla Rotvel.

According to the researcher, this pre-
conscious identification of sweetness
actually plays a far greater role in our
overall taste sensation than previously
thought. She hopes that her experiments
will pave the way for a new method that
can help companies to test flavours and
develop new sweeteners using evi-
dence-based principles.

“Seeing as we can characterise brain
activity and its processes when white



It appears that researchers have discovered how to measure the sensation of taste in the brain at a preconscious level.
This could be the key to identifying the perfect taste of sweetness without calories. Camilla Rotvel is pictured here
in the laboratory. She is using 128 electrodes mounted on the scalp to record the electrical activity patterns

between the neurons when we taste and recognise something sweet. R

sugar is ingested, we can also begin
to experiment with the development
of new sweetener mixtures that can
get very close to the authentic taste
sensation of sugar. In principle, it's just
a matter of recreating the same brain
activity,” she says.

The objective

assessment of taste

Food companies currently use taste
panels to evaluate and characterise
the taste of new sweeteners com-
pared with real sugar. This means
that development in most of the light
industry is based on the ability of a
number of panellists to taste, and this
is where Camilla Rotvel believes the
EEG technology could provide the
companies with an enormous inno-
vative advantage.

“With the help of extremely ad-
vanced data processing, we can
see what actually happens in the
human brain during taste sensation.
This way we're getting much clos-
er to a measurable and objective
assessment of taste. We can simply

study how a particular substance
works compared with sucrose, and
what happens when we make slight
changes to the composition of chem-
ical substances,” she says.

Artificial sweeteners are often in-
volved in complex chemical mixtures
with a considerable number of syn-
thetic or natural substances. The best
possible mixture is that which comes
closest to sugar in terms of taste.

For the next four years, Camilla
Rotvel will collaborate with her
colleagues at the university and
researchers at DuPont Nutrition &
Health, to further develop and vali-
date the method for measuring the
taste of sweetness. Part of the project
involves work using new electrode
technology so that the EEG equip-
ment can capture the purest possible
signals from the brain.
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Michael Bjerg-Nielsen

PROJECT DESCRIPTION

As part of the NomiGas biogas project, one important aspect is to
improve the utilisation of the inherent biogas potential of substrates such
as animal manure.

The main components of the biogas product resulting from Anaero-
bic Digestion are CO2 and CH4. These gasses are synthesised by a
consortium of microorganisms through several steps beginning with the
hydrolysis of larger molecules such as celluloses, lipids and proteins.
Hydrolysis of cellulose to simple sugars is considered the rate-limiting
step of Anaerobic Digestion when treating recalcitrant lignocellulosic
substrates e.g. straw in cow manure and pure straw for co-digestion.

The rate of enzymatic hydrolysis is determined by the species of micro-
organisms present, the physical and chemical environment in which
they exist as well as the pre-treatment prior to the Anaerobic Digestion
process.

The objective of this study is to investigate the effects of temperature

differences in Anaerobic Digesters on enzymatic hydrolysis and biogas
production, isolate and examine microorganisms responsible for high
methane yields as well as produce models based on a variety of physi-
cal and chemical production variables.

ABOUT THE PROJECT

Title: Optimisation of Pre-Treatment Methods for Animal
Manure as a Biogas Substrate - Enzymatic Activities
and Temperature Dependence

Project period: Dec 2014 to Nov 2017

Main supervisor: Assoc. Prof. Lars Ottosen

Co-supervisor: Senior Researcher Henrik Bjarne Maller

Research section: Biological and Chemical Engineering

Contact: michaelbjerg@eng.au.dk

Christoffer Bjerremand Hansen

PROJECT DESCRIPTION

The aim of this project is to get an enhanced knowledge of high-friction
polymer coatings of paper, specifically in the areas of foods, water re-
pellant properties and time-temperature dependencies. Both micro and
macroscopic interactions of the various properties will be investigated
to obtain a complete understanding of the tribological process (friction,
adhesion, wear, etc.).

A series of scientific methods is to result in a model for tailor-made
coating design solutions. The coatings are specifically designed for the
transportation sector where various situations require easily applicable
packaging with high friction and low adhesion. The coatings are not
intended for direct food contact but rather as a secondary packaging

layer.

ABOUT THE PROJECT
Title: High Friction and Water Repellent Polymer
Coated Paper for Transportation and
Secondary Food Packaging
Project period: Nov 2014 to Nov 2017
Main supervisor: Assoc. Prof. Mogens Hinge
Co-supervisor: Johnny Larsen, PAL-Cut A/S
Research section: Biological and Chemical Engineering
Contact: xoffer@eng.au.dk

Bjern Sjegren Kilsgaard

PROJECT DESCRIPTION

Lignin is an important constituent of all biomass amounting to 15-30 wt%
or up to 40% by energy. To render biorefining processes attractive, it is
important to get a higher value out of this stream. Project 6 will apply an
integrated conversion and refining approach, aiming at developing sus-
tainable processes for value-added products such as phenolic binders,
quaiacol, other phenols and methanol.

This project will focus on pilot-scale conversion of different waste prod-
ucts with a high content of lignin in sub and super-

critical conditions (~300 bar, 350-450°C). The pilot plant is currently
under construction and will start commissioning in

the beginning of 2015 in Foulum.

The main goals are to gain knowledge on the conversion process going
on in the extreme conditions and develop products to be used in indus-

trial processes, specifically binders used in mineral wool processes.

ABOUT THE PROJECT

Title: Value-Added Products from Lignin

Project period: Nov 2014 to Oct 2017

Main supervisor: Assoc. Prof. Ib Johannsen
Co-supervisor: Erling Hansen

Research section: Biological and Chemical Engineering
Contact: bsk@eng.au.dk



Jingbo Li

PROJECT DESCRIPTION

Lipid ingredients based on vegetable oils are essential elements in mod-
ern food industry, representing high nutritional value and functionality.
Present industrial refining processes and technology, however, often
result in the loss of valuable accompanying minor lipid ingredients which
are released as waste streams in different refining stages.

This project aims to develop industrially viable processes for a more effi-
cient utilisation of the lipidic components in vegetable oils for the benefit
of resource efficiency and economic sustainability of the industry.

Continued research and development in emerging bioprocessing
methods and technology is required to ensure an increasingly more
efficient and sustainable production of food ingredients and bioenergy.
The ultimate goal of this project includes development of scientific and
technological toolboxes covering the full production line of a vegetable
oil biorefinery where the efficiency and ecological footprint of the
process and the quality and physical indexes of the products are beyond

state of the art.
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ABOUT THE PROJECT

Title: Processing Technology for Value Proposition of Lipid Ingredients
Project period: Oct 2014 to Sept 2017

Main supervisor: Assoc. Prof. Zheng Guo

Research section: Biological and Chemical Engineering

Contact: jingboli@eng.au.dk

Steinar Birgisson
PROJECT DESCRIPTION

This project aims to develop new nanomaterials for application in Li-ion
batteries.

The research is focused on synthesis methods that are industrially
relevant and are based on the solvothermal reaction of the materials
being studied. The main focus is on synthesis in supercritical fluids which
has great potential as a new, environmentally friendly way to produce
chemicals industrially.

After the synthesis, the nanoparticles are structurally characterised with
the help of X-ray diffraction, neutron diffraction, TEM/SEM, SAXS, XRF,
ICP, BET and potentially X-ray absorption techniques (XANES/EXAFS).

Our group has developed and implemented a novel way for in-situ
measurement of solvothermal reactions with great success. Therefore,
the research will focus on in-situ synchrotron X-ray diffraction measure-
ment especially to study reaction mechanism and nanoparticle growth.

The electrochemical characteristics of these materials will also be

studied using the newly developed battery-lab at the Department of
Chemistry, Aarhus University.

ABOUT THE PROJECT
Title: Li lon Nanomaterials

for Improvement of

Large Scale Energy Storage
Project period: Feb 2013 to Jan 2017
Main supervisor: Prof. Bo Brummerstedt Iversen
Co-supervisor: Seren Dahl, Haldor Topsee A/S
Research section: Biological and Chemical Engineering
Contact: steinar@eng.au.dk

Jakob Ege Friis

PROJECT DESCRIPTION

Fouling is an ubiquitous and complex process in which materials of diverse
origin - biological, organic and inorganic - adhere to surfaces that are in
contact with a liquid medium. Fouling is detrimental in many industrial
installations causing inefficient process output, reduced lifetime and
thereby necessitating frequent cleaning and/or replacement of parts,
leading to increased maintenance costs. One industrial installation that is
often exposed to fouling is heat exchangers; a piece of equipment built for
efficient heat transfer from one medium to another. The current anti-fouling
coating technology offers only thick coatings, which results in poor heat
transfer properties.

The purpose of this project is to develop stable heat transfer effective
anti-fouling coatings for heat exchanger installations. These anti-fouling
coatings are to be made by a combination of surface modification tools in
order to chemically attach different types of hydrophilic polymers and/or
metal nano-particles of sub-micron thickness to stainless steel surfaces.
Several parameters will be studied systematically to optimise the coating
performance in terms of thermal and solvent stability, anti-fouling and heat

transfer efficiency. The surface analytical techniques include: Ellipsometry,
contact angle, XPS and ToF-SIMS. The anti-fouling property of the coated
surfaces will be evaluated using microscopes equipped with a flow cell.
The heat transfer efficiency will be tested by mimicking the relevant
conditions employed at the industrial site. Finally, the optimised coatings
will be tested on commercial heat exchanger installations in collaboration
with industrial companies.

ABOUT THE PROJECT
Title: Anti-Fouling Coatings for
Heat Exchanger Surfaces
Project period: July 2014 to June 2017
Main supervisor: Assistant Professor Joseph Iruthayaraj
Co-supervisors: Prof. Kim Daasbjerg and
Assoc. Prof. Rikke Louise Meyer
Research section: Biological and Chemical Engineering
Contact: fris@eng.au.dk
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Maja Nielsen
PROJECT DESCRIPTION

The government's desire and ambitious goal of phasing out fossil fuels
by 2050 creates high demands on the development and optimisa-

tion of existing alternative energy sources including the production of
biogas. Biogas contains a high amount of methane which is utilised

as a high-energy fuel in several devices. The production of biogas is
microbially catalysed during anaerobic digestion of various substrates
such as household waste and organic waste from livestock production.
The production process is complex and catalysed by different microbial
groups. Unfortunately, the knowledge on the specific bacteria catalysing
the different processes is very limited.

The goal of this PhD project is to identify and describe the involved bac-
teria classes. A number of Danish biogas plants have been selected for
further studies. Different techniques will be applied for the examination
including microbial molecular techniques. The microbial data will be
compared to the process data from different biogas plants in order to
determine the influence of the microbial composition on the methane
yield. The data obtained in this project is expected to form the basis for

future process optimisations and design of biogas plants.

ABOUT THE PROJECT
Title: Novel Microbiological
Platform for Optimisation of
Biogas Production (NomiGas)
Project period: May 2014 to April 2017
Main supervisor: Senior Researcher Henrik Bjarne Moller
Co-supervisor: Assoc. Prof. Lars Ottosen
Research section: Biological and Chemical Engineering
Contact: maja.nielsen@eng.au.dk

Sofie Haldrup

PROJECT DESCRIPTION

The major goal of the project is to screen among ion-conductive
membranes to select the most promising ones in terms of high conver-
sion efficiency, stability, lifetime, etc. that are suitable for electrokinetic
and thermoelectric conversion processes.

The basic ideas behind the project are:

1. to study the physical transport properties, e.g. ion-conductivity,
hydraulic permeability, streaming potential, Seebeck effect
and thermal conductivity, of commercially available ion-
conductive membranes for which no specific data can be
retrieved in the pertinent literature.

2. to synthetise novel ion-conductive membranes with tuned
transport properties.

Indeed, current commercially available ion conducting membranes are
optimised for fuel cell or electrodialysis applications in which a large
ion-conductivity is wanted. This does not necessarily hold for
electrokinetic and thermoelectric membrane conversion processes.

The basic tasks of the PhD project:

+ Syntheses of ion-conductive polymer membranes and in this
process control the parameters: pore size from a few nm up to
hundreds of nm, ion exchange capacity and water content in order
to increase the water/ion coupling.

» Measurement of different transport properties with varying
electrolytes and concentrations on specialised equipment.

- Estimate the electrokinetic and thermoelectric conversion efficiency
of specific membranes, electrolytes and concentration, and asses
the feasibility for larger scale use.

ABOUT THE PROJECT

Title: Synthesis and Characterisation of Nano Porous lon-Conductive
Membranes for Energy Conversion Purposes

Project period: Jan 2013 to Dec 2015

Main supervisor: Assoc. Prof. Anders Bentien

Research section: Biological and Chemical Engineering

Contact: haldrup@eng.au.dk

Casper Clausen

PROJECT DESCRIPTION

The ability to accurately measure velocities, concentration and size of
nano- and micro-particles in liquid and gas flows is a cornerstone in
many environmental, medical and industrial technologies.

The scope of the project is related to research and development of

a low-cost optical sensor technology that can measure micro/nano
particle size, concentration and velocities simultaneously. The overall
goal is to investigate the feasibility of the optical technologies in relation
to specific applications.

The tasks of the PhD project include to:

- develop integrated optical components in Aarhus University's
cleanroom facilities,

- build lab-scale facilities for testing optical components,

- build functional models for test of specific applications,

- develop advanced signal processing techniques,

- use and integrate innovation models into the project in order
to create specific goals with respect to applications and

specification,
« increase knowledge on innovation and know how within
applications and techniques through cooperations with

external partners (EU, USA).

ABOUT THE PROJECT

Title: Research and Development of Optical Components and
Technologies for Simultaneous Measurement of
Micro/Nano Particle Size, Concentration and Velocities

Project period: May 2012 to Sept 2016

Main supervisor: Assoc. Prof. Anders Bentien

Research section: Biological and Chemical Engineering

Contact: casperc@eng.au.dk



Mette Birch Kristensen
PROJECT DESCRIPTION

One of the big topics these years concerns the transition from a fossil
fuel based society to a society that will rely mainly, if not completely, on
renewable energy resources. Many proposals on different scales (from
household to whole of Europe) and with different perspectives (storage,
conversion, new materials, grid, etc.) are being investigated and dis-
cussed in both academia, industry and on a political level in order to find
good and responsible solutions. Renewable energy resources such as
biogas, wind and solar power are well known technologies that are al-
ready implemented into society today. One of the big challenges is how
these energy resources can be used in the best possible way at the time
and place where it is needed. This angle towards the energy problem is
the focus area of the research in the Membrane Technology group.

In this specific project, the main focus will be on synthesis of polymeric
membranes for use in biogas plants with the goal of separating the
different gases. The main goal will be to separate CH4, CO2 and H2. The
objective is to synthesise membranes with high selectivity ratios, high
permeability, good stability and good chemical resistance. Depending
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on the driving force for the separation different types of membranes
should be synthesised. Polymeric ion conductive membranes are one
option which can be used in electrokinetic processes. Another option is
polymeric membranes with inorganic or metal organic frameworks. For
the characterisation of the last type of membranes, a gas permeability

setup will be built as part of this project.

ABOUT THE PROJECT
Title: Synthesis and Characterisation of
Nano-Porous Perfluorinated Membranes
Project period: Aug 2013 to July 2017
Main supervisor: Assoc. Prof. Anders Bentien
Research section: Biological and Chemical Engineering
Contact: mettebk@eng.au.dk

David Nicolas @stedgaard-Munck

PROJECT DESCRIPTION

Energy conversion technology plays a vital role in many industrial
applications today e.g. in the conversion of energy from electric into
electrochemical as in batteries, or the conversion of kinetic/mechanical
into electrical energy as in generators.

Converting energy from one form into another, e.g. from electric to
kinetic energy, also holds potential for creating alternatives to devices
such as vapour compressors for cooling cycles.

The aim of this project is to investigate the potential use of nano-porous
ion-conductive membranes in an industrial setting. The project is split
into two parts. The first is the construction and use of specialised equip-
ment for measuring the electrokinetic and thermoelectric conversion
efficiency of nano-porous ion-conductive membranes with respect to
electrolytes and concentration.

The second part of the project concerns the application of the mem-
branes. The initial idea is to apply the energy converting ability of the

membranes to convert electric energy into kinetic energy and thus use
the resulting set-up as a vapour compressor. When this compressor has
been characterised, it will be applied in a cooling cycle where the over-
all efficiency of the cycle will be investigated. Ultimately, the feasibility
for larger scale use of this technology will be assessed.

ABOUT THE PROJECT

Title: Characterisation and Application of Nano-Porous
lon-Conductive Membranes for Energy Conversion Purposes

Project period: Aug 2013 to July 2017

Main supervisor: Assoc. Prof. Anders Bentien

Research section: Biological and Chemical Engineering

Contact: dnmunck@eng.au.dk

Kristina Wedege

PROJECT DESCRIPTION

The European energy production is expected to change in the coming
years from being based mostly on fossil fuel and into having a larger
contribution from renewable energy sources such as solar and wind
enerqgy. This is a great challenge for the electrical grid as these energy
sources are inherently variable in their energy output. Consequently, sta-
tionary large-scale energy storage is of great interest, which motivates
research into the field of so-called redox flow batteries. In these batter-
ies, redox couples in two separate chambers are charged electrochem-
ically by changing their oxidation states. During discharge, the reverse
redox reaction takes place and charge balance is kept by ion-exchange
through a selective membrane between the chambers.

The aim of the project is to improve the efficiency and lower the cost of
such a battery, e.g. by searching for new redox couples and improving
the membranes. Study of various catalytic effects and possibly direct
coupling of the battery with solar charging is also part of the research
areas.

ABOUT THE PROJECT

Title: Energy Storage with Redox Flow Batteries

Project period: May 2014 to Aug 2018

Main supervisor: Assoc. Prof. Anders Bentien

Research section: Biological and Chemical Engineering
Contact: wedege@eng.au.dk
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Pernille Kasper
PROJECT DESCRIPTION

Emissions of odorous compounds from livestock and biogas produc-
tion cause nuisance in the vicinity of the production sites and limit the
development of these industries in populated areas. Part of the project

is focused on abatement of these emissions with emphasis on reduced
sulfur compounds which are identified as key odorants. Desulphurization
with chelated iron is a well-known and proven technology in the natural
gas and oil refining industries. The focus of this work is to evaluate and
optimise this process for deodorization purposes.

In order to make sure that the air cleaning technique has a significant
and measurable impact on perceived odor, a part of the project is fo-
cused on odor measuring and sampling techniques. Currently, common
practice is to store odor samples in bags and quantify them by olfactom-
etry with human panelists. However, due to their volatile and reactive
nature, many of these compounds are lost during sampling and, hence,
the results of this method may become misrepresentative. To ensure the
validity and scientific credibility of odor measurements and evaluations
of abatement methods, these losses are investigated and the technique

is sought improved through direct measurement of odorous compounds
with Proton Transfer Reaction Mass Spectrometry.

ABOUT THE PROJECT

Title: Volatile Sulfur Compounds from Livestock and Biogas Production:
Emission Control by Dissolved Iron Catalysts and Impact
of Odor Removal Assessment

Project period: April 2014 to March 2017

Main supervisor: Assoc. Prof. Anders Feilberg

Research section: Biological and Chemical Engineering

Contact: peka@eng.au.dk

Hongqing Yao

PROJECT DESCRIPTION

Originally, Advanced Oxidation Processes (AOPs) as a set of chemical
treatment procedures have been used extensively to remove organic
and inorganic contaminants in wastewater treatment by oxidation.

Generally, AOPs are based on generation of high concentrations of high-
ly reactive hydroxyl radicals. Recently, AOPs are considered to be new
technologies for application in livestock buildings and industrial facilities
to reduce the emissions of volatile organic compounds and H2S.

The introduction of cost-effective AOP technologies requires new re-
search on the function and efficiency of the process involved. Examples
of AOPs for air treatment are photocatalysis based on UV radiation with
catalysts and O3 treatment and catalytic scrubbers such as Fenton’s
system.

The objectives of the project are to:

- explore the aqueous surface reactivity of hydroxyl radicals towards
relevant volatile organic compounds and H2S,

« investigate the efficiency of odorous compounds by using AOPs,

- assess the most promising technologies in field application.

ABOUT THE PROJECT
Title: Application of Advanced Oxidation Processes for
Treatment of Air from Livestock Buildings and Industrial Facilities
Project period: Feb 2011 to May 2015
Main supervisor: Assoc. Prof. Anders Feilberg
Co-supervisor: Senior Researcher Anders Peter Adamsen
Research section: Biological and Chemical Engineering
Contact: hongging.yao@eng.au.dk

Daniel Girma Mulat

PROJECT DESCRIPTION

The production of methane from agricultural and industrial wastes in an-
aerobic digestion (AD) has been used as pollution control and for energy
recovery purposes. However, the advantages of anaerobic digestion for
treating organic wastes have not been brought into full play. This process
is still far from optimised due to incomplete process understanding.

The overall aim of the project is to generate an in-depth knowledge
about the degradation mechanisms of key intermediates and the most
important methanogenic pathways for the formation of CH4 in anaero-
bic digestion.

Analytical techniques based on stable isotope labelling combined with
isotope ratio determination by optical spectroscopy and mass spectrom-
etry will be developed and applied for understanding methanogenic
pathways.

The aim of the project is to obtain new knowledge about the relative
contribution of methanogenic pathways and the role of intermediate

precursors such as hydrogen, formate and acetate to the total CH4
production which will be combined with a technology to optimise the
production of biogas production from organic waste.

ABOUT THE PROJECT

Title: Methanogenic Pathways in Anaerobic Bioreactors
by Stable Isotope Techniques

Project period: Dec 2011 to Jan 2015

Main supervisor: Assoc. Prof. Anders Feilberg

Co-supervisors: Senior Researcher Anders Peter Adamsen

and Postdoc Alastair James Ward

Research section: Biological and Chemical Engineering

Contact: danielg.mulat@eng.au.dk




Radziah Wahid

PROJECT DESCRIPTION
The aim of this project is to improve biogas potentials through pre-treat-
ment and co-digestion processes.

Pre-treatment is important as it can increase the accessibility of microor-
ganisms to cellulose during anaerobic fermentation, especially for highly
lignified substrate, and thus increase the biogas potential. Different sub-
strates such as agricultural crops, algae and animal manures are used

in this research. Briquetting and extrusion are two main pre-treatment
techniques that will be analysed in depth. Different control parameters
are manipulated to find the optimal settings and configuration of the
machinery for the highest biogas yield and lowest costs in terms of
energy.

The influence of co-digestion of plant materials with animal manures is
another focus area as it may offer a range of process benefits. Animal
manures provide buffering capacity and a wide range of nutrients while
plant material with high carbon content balances the carbon to nitrogen
(C/N) ratio, thus reducing the risk of ammonia inhibition.
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Fundamental knowledge about anaerobic digestion of animal manures
is investigated first before co-digestion with different substrates is
initiated. This is important to fully understand the synergies of anaerobic
digestion involved in biogas production from animal manures alone.

ABOUT THE PROJECT
Title: Co-Digestion of Mixed Substrates and
Its Pre-Treatment for Biogas Production
Project period: Dec 2012 to Nov 2015
Main supervisor: Senior Researcher Henrik Bjarne Moller
Co-supervisor: Postdoc Alastair James Ward
Research section: Biological and Chemical Engineering
Contact: radziah.wahid@eng.au.dk

Theresa Meldgaard

PROJECT DESCRIPTION

The work of this project is a sub-project within an innovation consortium
called Center for Cellulcer Sygdomsanalyse (CCS). CCS is a cooperation
between six smaller biotechnological companies with complementary
skills and two academic partners.

The mutual goal is the development of new technology for character-
ising and, in the end, analysing tumour material with a view to design
individualised and effective treatment strategies. The consortium puts
emphasis on breast cancer.

The objective of this particular sub-project is to discover unique or better
markers of different breast cancer cell subpopulations. By employing the
phage display technology in which libraries of antibody fragments are
displayed on the surface of bacteria specific virus particles called phag-
es, antibody fragments are selected against different breast cancer cells.
Through the identification of antibodies showing specific recognition

of different cancer cell subpopulations, their cognate antigen can be
identified and applied as markers.

The intention is to apply a panel of such antibodies in the development

of analysis platforms. These platforms, such as a flow based cell-capture
platform, can hopefully aid in the characterisation of the composition of
tumour cell sub-types within a given tumour. This will allow decisions on
treatment choices to be made for a given patient.

ABOUT THE PROJECT

Title: Identification and Analysis of Functional and Cell Specific
Bio-Markers supporting Individualised Treatment Strategies

Project period: April 2010 to April 2015

Main supervisor: Assoc. Prof. Peter Kristensen

Research section: Biological and Chemical Engineering

Contact: tmm@eng.au.dk

Mathias Jergensen
PROJECT DESCRIPTION

Cancer cells display vast amounts of genetic mutations leading them to
divide, grow and invade neighbouring tissue. However, not all cancers
are restrained within the adjacent tissue but can also change morphology
and start to circulate via the blood. These cells are the so-called circulating
tumour cells (CTCs) causing the cancer to spread to otherwise healthy
tissue. CTCs are rare in a patient sample, accounting for about 5-50 cells
per teaspoon of blood.

This project is concerned with isolating and characterising CTCs through a
screening platform based on the phage display technique.

From the phage display technique platform, antibodies will be selected
and used for coating microchips. The development of such microchips is
a part of a collaboration with engineers from the fluid dynamics research
group.

ABOUT THE PROJECT
Title: Screening and Selecting Antibodies against
Rare Circulating Cancer Cells
Project period: Aug 2013 to July 2016
Main supervisor: Assoc. Prof. Peter Kristensen
Research section: Biological and Chemical Engineering
Contact: mlindh@eng.au.dk
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Mohamad Firdaus Bin Mohamad Yusoff

PROJECT DESCRIPTION

This project is divided into two main parts. The main goal of both parts is
to investigate and possibly develop a model that describes the mecha-
nism and kinetics of interesterification.

The first part of the project focuses on how to utilise a specific kind of
lipase to produce biodiesel. The reaction using enzymes is relatively
complex and because of that a unique strategy of disassembling the
whole mechanism of the reaction is conducted.

The enzymatic reaction is divided into hydrolysis pathway and ester-
ification pathway. Within these parts, an investigation of kinetics and
reaction mechanism is carried out using the Michealis-Menten function.

When all the information is collected, a computer model that illustrates
the whole reaction will be developed. The investigation also involves to-
tal fatty acid consumption, total water effect and enzyme concentration.
The second part of the project aims at developing a chemical catalyst
including Brensted acid functionalised ionic liquid and sulfonic func-

tionalised MCM-41. Several solutions will be tested to investigate their
function as a catalyst for biodiesel production and also as a solvent that
facilitates the reaction.

The analysis of the reactivity of the catalyst will be conducted using
several analytical instrumentations such as gas chromatography,
mass spectrometry, high performance liquid chromatography

and UV-spectrometry.

ABOUT THE PROJECT

Title: Heterogenous Catalysis for the Production of Biodiesel
Project period: July 2012 to May 2015

Main supervisor: Assoc. Prof. Zheng Guo

Research section: Biological and Chemical Engineering
Contact: firdaus@eng.au.dk

Mia Falkeborg

PROJECT DESCRIPTION

This project aims at developing a range of new food emulsifiers which, in
addition to having surface-active properties, also possess antioxidative
properties. Such emulsifiers find potential applications in the encapsula-
tion of fish oil for use in food products.

A high intake of fish oil has been associated with several health benefits,
and the addition of fish oil to regularly consumed food products is
believed to contribute to an increased health.

Encapsulation of the fish oil is necessary however as fish oil is very un-
stable and oxidizes easily. Fish oil can be encapsulated with emulsifiers,
and antioxidants should be added for improved protection of the fish oil.

This project aims at developing innovative ingredients with combined
emulsifier and antioxidant properties. The ingredients are developed
from natural raw materials using environmentally friendly production
processes. The ingredients are believed to be able to encapsulate fish
oil in a stable emulsified form in which the fish oil is protected from

oxidation through the action of the antioxidants. Such a fish oil emulsion
could potentially be added to various food products.

ABOUT THE PROJECT
Title: Development of Innovative Ingredients for
Improved Microencapsulation
Project period: Sept 2011 to Aug 2014
Main supervisor: Assoc. Prof. Zheng Guo
Co-supervisors: Assoc. Prof. Marianne Glasius and Prof. Xuebing Xu
Research section: Biological and Chemical Engineering
Contact: miafalk@eng.au.dk

Kristian Peter Andreasen

PROJECT DESCRIPTION
The introduction of radically new technology into the market is a complex
and often very costly and time consuming process.

In this project, the development process of the hydrogen and fuel cell
innovation system in Denmark and the introduction of these technologies
into the current energy system will be analysed. The hydrogen and fuel cell
innovation system is comprised of the network of actors involved in research,
development, production and commercialisation activities for the hydrogen
and fuel cell technology.

The outcome of this research will be a set of strategic recommendations for
the actors involved in the innovation system in order to benefit the future
socio-technical development.

The hydrogen and fuel cell technology is a very interesting technology

to follow for the energy systems of the future since it has the potential to
solve many of the challenges involved in the transition to a fully sustainable
energy system. This could be as an energy storage solution for intermittently
produced electricity from wind power in order to be able to supply the power
when consumers demand it and, hence, not necessarily when it is produced.

Another advantage is related to the transportation sector which is the
largest emitter of man-made greenhouse gasses today and, hence, should
be among the most important focus areas for technological transition.
However, the transportation sector is also the most difficult area in which

to intervene because it requires changes at all levels of society, namely at
consumer, organisational, industry, society and governmental level. In time,
hydrogen and fuel cell technology can potentially eliminate transportation
emissions without sacrificing the benefits of the current technology.

ABOUT THE PROJECT
Title: The Future of Hydrogen and Fuel Cell Technology
in the Sustainable Socio-Technical Transition Processes of
the Danish Energy System
Project period: Aug 2011 to July 2014
Main supervisor: Prof. Michael Evan Goodsite/Prof. Benjamin Sovacool
Co-supervisor: Assoc. Prof. Torben René Jensen
Research section: Biological and Chemical Engineering
Contact: kristiana@hih.au.dk



Hakimeh Mohammadhosseini

PROJECT DESCRIPTION

The exponential growth of the use of mobile devices, the interconnected
environment and ‘smart’ cities require a dramatic increase in network
capacity over the next decade. By 2020, it is expected that 50 billion de-
vices are connected to the internet, a large part of these wirelessly. The
required wireless bandwidth is, however, far beyond what technologies
like WiFi can deliver.

Governments all over the world have opened up new frequency bands
for such wireless communications. The current level of technology is

not able yet, though, to provide low cost and compact transceivers for
these frequency bands, which is a crucial requirement for ubiquitous and
mobile interconnected devices. Moreover, no feasible technology exists
for the next generation higher frequency bands.

Optical chips are far more suitable than electronics to generate
high-bandwidth signals at these frequencies, but until recently this tech-
nology was too experimental and not robust. Over the last few years,
however, foundries with mature fabrication processes have been set up
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to fabricate silicon based optical chips. For the first time, we can now use
this optical chip technology to realise low cost, compact and high-band-
width transceivers that enable the next generations of wireless internet.
This project aims to achieve scientific and technical breakthroughs
required to leverage on silicon photonics co-design of transceivers for
high speed wireless communications.

ABOUT THE PROJECT
Title: Silicon Photonics for High-Bandwidth
Wireless Links and Remote Sensing
Project period: Dec 2014 to Nov 2017
Main supervisor: Assoc. Prof. Martijn Heck
Research section: Electrical and Computer Engineering
Contact: hmohammadhosseini@eng.au.dk

Mohammad Tohidi

PROJECT DESCRIPTION

Therapeutic and prosthetic devices have emerged as a promising
candidate for treatment of patients with neurological disorders ranging
from epilepsy and Parkinson’s disease to motor impairments. The

ability to acquire targeted neurological information from the brain is an
essential requirement for the advancement of these systems. Thus, brain
monitoring introduces key challenges for electronic systems in terms of
both instrumentation and information extraction.

The focus of this project is to design a low-power and low-noise
mixed-signal IC design in Nano-scale technologies such as CMOS,
Fin-FET and Tunnel-FET (TFET). This design will be used to handle brain
signal (EEG) acquisition and feature extraction from an analogue chan-
nel into the digital domain. The main focus of the project is on designing
ultra-low power digital and analogue components especially for neuro-
logical disorders such as seizure in a system-on-chip (SOC).

In this system, an Instrumentation Amplifier is used to acquire the micro-
volt signals from electrodes in the presence of numerous physiological

and environmental interferences. These amplified signals are processed
using a DSP or custom digital/analogue circuits in CMOS technology

in an extremely low power mode. In this project designing high-speed
photonic Analog-to-Digital Converters (ADC) will be explored in collabo-
ration with the photonics group.

ABOUT THE PROJECT
Title: Ultra-Low Power Device in Nano-Scale Technology
for Biomedical Applications
Seizure Detection
Project period: Oct 2014 to Sept 2017
Main supervisor: Prof. (Docent) Jens Kargaard Madsen
Co-supervisors: Assoc. Prof. Martijn Heck and
Assistant Prof. Farshad Moradi
Research section: Electrical and Computer Engineering
Contact: m.tohidi@eng.au.dk

Armin Ghasem Azar

PROJECT DESCRIPTION

The Smart Grid represents an unprecedented opportunity to move the
enerqgy industry into a new era of reliability, availability and efficiency
that will contribute to our economic and environmental health. The Smart
Grid will consist of controls, computers, new technologies and equipment
working together and with the electrical grid to respond to our constantly
changing electric demands. Also, demand response provides an opportu-
nity for consumers to play a significant role in the operation of the electric
grid by reducing or shifting their electricity usage during peak periods in
response to time-based prices. This project aims at developing a novel ICT
infrastructure for the implementation of Demand Response in households.
This infrastructure will enable the shifting of energy consumption from
high energy-consuming loads to off-peak periods with high generation of
electricity from Renewable Energy Sources.

The chief purpose of this project is to develop a novel, comprehensive and
optimal scheduling strategy for varied-specific households. In this strategy,
the aggregator system will optimise and manage a large number of
partial loads simultaneously according to the generation of electricity from
Renewable Energy Sources to shift the households’ demands to off-peak
hours. The scheduling strategy needs to take into account constraints from

household comfort, grid stability, market mechanisms, etc. Also, trying to
optimise conflictive objectives of households and aggregator simultane-
ously creates a multi-objective optimisation problem. As a result, the main
question is how much and when the power consumption should be shifted
taking into account the inclusion of scalable and diverse-characteristic
householders, different appliance types and dynamic energy price strate-
gies. Answering this question helps the householders to benefit financially
and the aggregator to balance the system optimally.

ABOUT THE PROJECT

Title: Scalable Energy Management Infrastructure for
Aggregation of Households

Project period: Sept 2014 to Aug 2017

Main supervisor: Assoc. Prof. Rune Hylsberg Jacobsen j

Research section: Electrical and Computer Engineering

Contact: aga@eng.au.dk
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Jakob Pilegaard Juul

PROJECT DESCRIPTION

When storing grain and other farm produce, proper drying and storage
are important. Using wireless sensors distributed in the storage enables
a farmer to monitor how the drying/storage is progressing and to take
action if something is not as it should be. This helps to reduce losses and
get a higher overall quality.

A number of challenges face a wireless sensor network deployed in
such a scenario. Farm produce can contain relatively high amounts of
water as well as high concentrations of salts leading to an unfavourable
environment for wireless communication.

To help in the process of monitoring storages, the aim of this project is to
develop a wireless sensor network capable of functioning reliably under
the specific conditions. The system should also be able to localise the
sensors of the network as this enables targeted intervention in problem
areas.

ABOUT THE PROJECT

Title: Localisation of Wireless Sensor Network Embedded in Biomass
Project period: March 2010 to July 2015

Main supervisor: Assoc. Prof. Rune Hylsberg Jacobsen
Co-supervisor: Ole Green, Kongskilde Industries A/S

Research section: Electrical and Computer Engineering

Contact: jakobj.larsen@eng.au.dk

Seren Aagaard Mikkelsen
PROJECT DESCRIPTION

In the battle for lowering CO2 emissions, many countries encourage and fi-
nancially support the deployment of renewable energy sources for generat-
ing electricity. These energy sources are typically non-dispatchable, i.e. they
do not produce energy on demand. Currently, no energy storage technology
exists that efficiently store the energy when it is produced for later use. Thus,
it is necessary to have an Information and Communication Technology (ICT)
system that can support the grid operator in accounting for these fluctuations
on the grid so the energy can be consumed when it is produced:; a so-called
smart grid system. This need is only exacerbated further with the advent of
solar panels and electric vehicles distributed on the electric grid.

The challenge of balancing the electric grid with non-deterministic gen-
eration of electricity calls for ICT solutions that can monitor and manage
consumption and production in real-time. Such solutions will be based on
data generated from sensors placed e.g. in residential houses. A large ma-
jority of the data produced in residential homes is, however, directly related
to the residents’ behaviour within their own private sphere. If security and
privacy going to and from the residential homes are not carefully considered,
a possible resistance towards adapting these ICT solutions could emerge.
Additionally, the solution must be economically attractive for both the

residential consumer and grid operator such that the potential benefit (such
as energy cost savings) from getting the monitoring equipment outweighs
the price of the equipment.

The aim of this project is to facilitate an economically viable ICT solution for
both the residential consumers and the grid operators by using the existing
Internet connection in the residential houses as pathway for communicating
and transferring data. On top of a service-oriented architecture and an open
communication infrastructure, the research will focus on preserving data
privacy and enforce cyber-security for the residential consumers while not
compromising robustness and service guarantees for the grid operators.

ABOUT THE PROJECT

Title: Cybersecurity and Privacy Enforcement in an
Internet-based Smart Grid

Project period: Oct 2012 to Sept 2015

Main supervisor: Assoc. Prof. Rune Hylsberg Jacobsen

Research section: Electrical and Computer Engineering

Contact: smik@eng.au.dk

Sergi Rotger Griful

PROJECT DESCRIPTION

In the near future, there will be a higher penetration of renewable
energy sources into the electrical grid. The entrance of these distributed
energy resources into the system will require smarter solutions to balance
the electricity production and consumption. This future grid is known as
the Smart Grid.

The aim of this project is to make a large residential complex and its
consumers "Smart Grid Ready” through the development and operation
of a Virtual Power Plant (VPP). A VPP can be understood as a power
plant which, instead of just producing electricity, is also able to modify
the energy consumption of the end-user, thus providing demand
response. The designed VPP will monitor and control the energy usage
in the building. Furthermore, the VPP of the building will pool and offer
the overall demand response to an external entity at a higher tier in the
aggregation hierarchy.

The new student'’s residence at Aarhus harbour will be used as a test
bed under the name of Grundfos Dormitory Lab. This is a 1569 apartment

building with a very low consumption profile, equipped with more than
3200 sensors.

The project deals with the Information and Communication Technology
(ICT) for the construction of a VPP at building level. Specifically, this
involves concept development, demand response engineering, sensing
and actuation technology, data mining and forecasting as well as
system integration for demonstrating part of the concepts developed.
The project aims at advancing the state-of-the-art in VPP technologies
for the Smart Grid.

ABOUT THE PROJECT

Title: Virtual Power Plant for Residential Demand Response
Project period: May 2013 to April 2016

Main supervisor: Assoc. Prof. Rune Hylsberg Jacobsen
Research section: Electrical and Computer Engineering
Contact: srgr@eng.au.dk



Seren Rasmussen

PROJECT DESCRIPTION
The project is part of a collaboration between the company SkyTEM,
the Department of Geoscience and the Department of Engineering

at Aarhus University. SkyTEM is a technology leader in groundwater
measurements using a helicopter-based TEM (Transient Electromagnetic
Method) system for sub-surface exploration.

TEM consists of measuring the earth response to a magnetic signal
generated by a large induction coil which, in this case, is towed by a
helicopter.

For this project, SkyTEM is currently developing a new hardware platform
that enables advanced processing of the measured signals. The purpose
of this project is to explore and make use of the possibilities enabled by
this new platform.
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ABOUT THE PROJECT

Title: Optimised Signal Processing of SkyTEM Data
Project period: Aug 2014 to June 2017

Main supervisor: Assistant Prof. Jakob Juul Larsen
Research section: Electrical and Computer Engineering
Contact: sras@eng.au.dk

Behzad Zeinali

PROJECT DESCRIPTION
The past few decades have seen the evolution of a semiconductor

industry driven by technology scaling. Miniaturisation of bulk Field Effect
Transistors (FETs) along with the scaling of power supply voltage have
provided the benefits of higher performance, lower power and larger
integration density. However, future scaling will face considerable
challenges e.q. short-channel effects (SCEs) causing the design and
optimisation of circuits to become very challenging.

One approach to counter these effects is to introduce alternate devices
which possess inherently better robustness to SCEs in comparison to ex-
isting technology. Among these alternatives, multiple-gate FETs such as
FinFETs or gate wrap-around FETs are emerging as promising candidates.
FinFETs have the potential for analogue applications as well as for im-
proving the performance of digital circuits such as static random access
memories (SRAM) which are widely used in most digital and computer
systems. In this respect, Intel will use the 3-D trigate transistors commer-
cially in 22-nm technology node and so a strong interest has emerged
among semiconductor industries in forming 14 and 10-nm bulk FinFET.

In this project, FINFET devices are utilised for SRAM modules in both
circuit and device level designs. Also, we will investigate FINFET and its
potentials for low-power applications and design some analogue and
mixed-signal building blocks by FinFET in sub 14-nm technologies using
the Design Kits provided by IMEC.

ABOUT THE PROJECT

Title: Low Voltage/Low Power Design in Future Nodes
(FinFET and Nanowire-based Devices)

Project period: May 2014 to April 2017

Main supervisor: Assistant Prof. Farshad Moradi

Co-supervisors: Prof. (Docent) Jens Kargaard Madsen

and Praveen Raghavan, IMEC

Research section: Electrical and Computer Engineering

Contact: beze@eng.au.dk

Daniel Siboska

PROJECT DESCRIPTION
For most of the population, our eyes have become the primary access to
the world around us. However, much of the visual stimuli that enter our

eyes is filtered out before it reaches our consciousness/visual awareness.
Our visual system is extraordinarily good at this filtering process, though
sometimes important information is filtered away which can be devas-
tating e.q. in traffic situations.

This project seeks to explore the mechanisms that control whether visual
information reaches our visual awareness or is filtered out. We will do
this by measuring magnetic signals (magnetoencephalography - MEG)
generated from specific areas in the brain when this process occurs and
see how these mechanisms modulate the activity in the brain.

The first such mechanism we explore is how spatial attention, i.e. where
we are directing our eyes, modulates this filtering process. To do this, we
need to be able to control how much spatial attention the test subjects
are able to allocate to a given visual stimulus. This will be achieved
through the use of a gaze contingent display which can change the

visual content on the screen depending on where the subject is looking.

The development of such a gaze contingent display with a faster
response time than the human eye and which can be used while
recording MEG signals is a prerequisite for the examination of the effect
of spatial attention on our visual awareness.

ABOUT THE PROJECT

Title: Visual Awareness Negativity and Spatial Attention
Project period: Jan 2012 to April 2015

Main supervisor: Prof. (Docent) Henrik Karstoft
Research section: Electrical and Computer Engineering
Contact: dasi@eng.au.dk
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Thomas Jensen
PROJECT DESCRIPTION

The aim of this project is to research and develop a system for sensor
based online control of the degree of tillage for a seedbed cultivator
moving in the field.

The system will include a vision system for characterising the seedbed
quality. The vision system will consist of a series of laser range scanners
positioned on the seedbed cultivator which continuously generate a
map of the raw and processed soil. The quality of the seedbed is corre-
lated with aggregate size in the soil surface, i.e. the cloddiness of the soil.
Large clods result in a too airy seedbed and thus the risk of drying out
the seeds. On the other hand, a too processed seedbed has the risk of
sealing the soil surface after heavy rain and thus resulting in bad germi-
nation. Additionally, it is a sign of too intensive seedbed cultivation and
thus of an unnecessarily high energy consumption while cultivating.

The online control of tillage intensity is based on image analysis, and
the seedbed cultivator is adjusted continuously while running in the
field. Since the same field often consists of many types of soil, the system

must be able to react to the changes in soil type and adjust the tillage
intensity accordingly.

ABOUT THE PROJECT

Title: Intelligent Soil Tillage using Image Sensors

Project period: Sept 2012 to Aug 2015

Main supervisor: Prof. (Docent) Henrik Karstoft
Co-supervisors: Senior Researcher Lars Munkholm

and Ole Green, Kongskilde Industries A/S

Research section: Electrical and Computer Engineering
Contact: thie@eng.au.dk

Kim Arild Steen

PROJECT DESCRIPTION
The purpose of this project is to develop methods and algorithms for
automation in agriculture.

The main focus is wildlife management systems where new technology
could automate or improve existing methods.

The main contribution of the work is the development of pattern recogni-
tion algorithms which are capable of detecting and recognising wildlife
in an agricultural setting. This includes audio and video based systems
that are capable of measuring the presence and behaviour of wildlife.
The expected result of this work is a proof of concept solution which can
be used in further development and full-scale tests.

ABOUT THE PROJECT

Title: Pattern Recognition Methods for Reduction of
Human-Wildlife Conflicts

Project period: Feb 2011 to April 2014

Main supervisor: Prof. (Docent) Henrik Karstoft

Co-supervisor: Ole Green, Kongskilde Industries A/S

Research section: Electrical and Computer Engineering

Contact: kim.steen@eng.au.dk

PROJECT DESCRIPTION

Extensibility is a desirable property of many software systems. It can be
defined informally as the ability of a system to support the addition of
new and unplanned functionalities.

Overture tool for VDM (Vienna Development Method). | assess the exten-
sibility of Overture through various perspectives such as tool architecture,
coding patterns and underlying semantics.

My work is based on a series of extensions to the Overture tool that act
as case studies and drivers for the research. Particular focus is given to
extending proof obligation generation to support the Rely/Guarantee
specification style.

Parallel to the above, | will also investigate a connection between
extensibility and formal modelling by developing techniques for the
construction of extensible models.

This project explores extensibility of formal methods tools, specifically the

Luis Diogo Monteiro Duarte Couto

ABOUT THE PROJECT

Title: Extensibility and Extensions of Formal Methods Tools
Project period: Oct 2012 to Sept 2015

Main supervisor: Prof. Peter Gorm Larsen

Co-supervisor: Joey Coleman, PhD

Research section: Electrical and Computer Engineering
Contact: Idc@eng.au.dk



José Antonio Esparza Isasa
PROJECT DESCRIPTION

An embedded system is a special purpose computing device commonly
operating with low computing power and sometimes under limited
energy availability.

One of the techniques that can be used to develop these kinds of systems
is model-driven engineering. Under this design approach, the engineer
uses modelling technologies to represent the system at a high level of
abstraction. Following this initial representation, the model is progressively
transformed into a final implementation.

The aim of this project is to adopt this approach to design and implement
embedded systems that operate under tight energy budgets. The chal-
lenge is to incorporate the notion of energy consumption into different
modelling paradigms. The reason behind applying several paradigms
resides in the fact that embedded systems’ energy consumption can

be studied from different angles, i.e. the physical, communication or
computation angle.
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By using different modelling approaches, one can select the most
suitable for each angle and obtain energy estimations from different
points of view.

The results of this project are being applied progressively in a case study
in which an electronic compression stocking to treat leg venous insuffi-
ciency is developed. The aim is to evaluate how the energy consumption
predictions determined by the models relate to the actual implementa-
tion, and how the modelling process benefits system development.

ABOUT THE PROJECT

Title: System Level Power-Aware Design for
Mission-Critical Embedded Systems

Project period: May 2012 to April 2015

Main supervisor: Prof. Peter Gorm Larsen

Co-supervisor: Prof. (Docent) Finn Overgaard Hansen

Research section: Electrical and Computer Engineering

Contact: jaei@eng.au.dk

Peter Wurtz Vinther Jergensen
PROJECT DESCRIPTION

In this project, the development of software tools for efficient mod-
el-based development of Cyber-Physical Systems (CPSs) is explored.
These are systems in which computational units are collaborating on
controlling physical entities such as mechanical or electrical actuators in
order to achieve a common goal.

| am interested in how the insight obtained during modelling can be
transferred most efficiently to the implementation phase where the
system is realised. | am working with automated transformation of VDM
(Vienna Development Method) models into code that can be executed
on the target platform of the CPS. In particular, | intend to address the
general case where the target platform is distributed, i.e. the system is
composed of several computers communicating across a network.

In addition, | have been considering ways to move gradually from a
model to the realisation of the system. For this, | have been working with
Hardware-In-the-Loop (HIL) simulation where VDM components of func-
tionality are being transformed into implementations and co-executed

with the model. In this way, one can benefit from the abstraction mecha-
nisms of modelling and the fidelity of using component implementations
during development.

ABOUT THE PROJECT

Title: Enablers and Methodologies for Cyper-Physical Systems
Project period: May 2013 to April 2016

Main supervisor: Prof. Peter Gorm Larsen

Research section: Electrical and Computer Engineering
Contact: pvj@eng.au.dk

Simon Lind Kappel

PROJECT DESCRIPTION

Ear-EEG is a novel EEG (electroencephalography) recording approach
in which the EEG signal is recorded from electrodes embedded on an
ear-piece placed in the ear canal. The ear-EEG has great potentials
within continuous brain monitoring in everyday life and will have appli-
cation within both medical and consumer electronics devices.

The integration of brain monitoring based on EEG into everyday life has
been hindered by the limited portability and long set-up time of current
wearable systems as well as by the invasiveness of implanted systems.
To address these issues, the ear-EEG has been introduced which is a
discreet, unobtrusive and user-centred approach to brain monitoring.
The ear-EEG recording concept has been tested by using several
standard EEG paradigms and benchmarked against standard on-scalp
EEG.

All ear-EEG recordings made so far have been based on wet-electrode
technology. In order to improve the usability and user-friendliness, this
project will exploit so-called dry-contact electrode technology. This has

impact on the design of the electrode itself, the supporting mechanics
and the electronic instrumentation for acquiring the EEG signal.

ABOUT THE PROJECT
Title: Characterisation and Evaluation of

Dry-Contact Electrodes for Ear-EEG
Project period: Oct 2013 to Sept 2016
Main supetrvisor: Prof. (Docent) Preben Kidmose
Research section: Electrical and Computer Engineering
Contact: slk@eng.au.dk
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Camilla Arndal Rotvel
PROJECT DESCRIPTION

During the last decade, overweight and obesity have become an
increasing global issue. According to WHO, in 2008, around 1.4 billion
people over the age of 20 were overweight, at least 500 million were
obese and at least 40 million children under the age of five were
overweight.

The Food Industry’s response to the obesity epidemic has been to
produce a number of low fat and sugar food products that enable

the consumer to eat the same food while consuming fewer calories.
However, an investigation conducted by the Food Administration shows
that people tend to consume extra-large servings of the light products,
negating any benefits the light products might offer.

A solution to the above-mentioned obesity epidemic requires a more

thorough understanding of the brain’s response to varying salt, sugar and
fat levels and subjective satiation. Traditionally, food ingredient selection
is based on physical and sensory analysis methods. However, in connec-
tion with salt, sugar and fat substitution products, objective measurement

methods lack the ability to describe what we can register with our
senses. In this regard, brain recordings are particularly interesting.

The idea behind the project is to utilise EEG methods to screen salt, sug-
ar and fat substituents when selecting new food ingredients. The goal

is to compare EEG results with physical or sensory data for new food
ingredients with the hope of supplementing selection criteria for new
food ingredients with objective physiological EEG responses.

ABOUT THE PROJECT
Title: Development of Methods for Objective EEG Analysis of

Brain Activity induced by Sugar, Salt, Fat and their Substitutes.
Project period: Sept 2013 to Aug 2018
Main supervisor: Prof. (Docent) Preben Kidmose
Co-supervisors: Stine Meller, DuPont Nutrition BioSciences, Ole Larsen,
Syddansk Universitet and Gert Christoffersen, Neural Scientific
Research section: Electrical and Computer Engineering
Contact: caro@eng.au.dk

Faisal Farooq
PROJECT DESCRIPTION

Brain Computer Interfaces (BCls) are an emerging technology that uses
electrical activity in the brain, measured by non-invasive electroen-
cephalography (EEG), to enable direct communication between the
human brain and external devices such as computers. Over the past
several years, BCls have become an important research topic because
of their ability to help patients suffering from severe loss of motor
functions such as ALS, stroke, etc. Indeed, such interfaces can increase
an individual's independence leading to an improved quality of life and
reduced healthcare costs.

The recently introduced ear-EEG methodology is a promising enabling
technology for wearable EEG systems. Ear-EEG records EEG signals
within the ear canal by embedding electrodes on a customised ear
piece similar to ear-plugs used in hearing-aid applications. Ear-EEG is,
compared to alternative technologies, a discreet, unobtrusive, robust
and user-friendly technology.

Whereas most BCls are based on visually evoked potentials, the objec-

tive of this project is to develop auditory BCls based on the Ear-EEG
platform. This is feasible because it has been shown that auditory
evoked potentials (AEP) can be recorded with good signal quality from
ear-EEG.

The aim of the project is to develop new auditory paradigms where the
AEPs can be easily controlled by the user’s attention, and to develop
advanced signal processing algorithms for detection of the AEP
modulations.

ABOUT THE PROJECT

Title: Ear-EEG and Applications to Brain Computer Interface (BCI)
Project period: Sept 2012 to Aug 2015

Main supervisor: Prof. (Docent) Preben Kidmose

Research section: Electrical and Computer Engineering

Mohammad Sadegh Mohammadi

PROJECT DESCRIPTION

Body Area Network (BAN) consists of multiple, tiny, low-power, intel-
ligent, wearable or implanted sensor nodes which are radio-enabled
and can communicate wirelessly. The sensor nodes can collect various
important physiological data for diagnosis or fast emergency response,
and deliver various personalised therapeutic, treatment-related applica-
tions and services.

BAN is a new emerging technology that is used in areas such as health-
care, entertainment, games and sport science. It is expected to enhance
the patient health care experience by providing independent living
solutions for people that need constant healthcare. Furthermore, BAN
can reduce the demand on the healthcare infrastructure and medical
staff in the hospitals. Essentially, there is a unique combination of four
major requirements in a realistic BAN:

- Energy efficiency

- Low complexity

« Robustness against harsh fading conditions

« Protection against interference and error

The aim of this project is first to investigate the characteristics of the typ-
ical BAN applications and the corresponding difficulties and limitations.
The next step is to analyse these limitations to provide remedial solutions
to achieve the performance requirements. The analysis is meant to
address both Physical (PHY) and Medium Access Control (MAC) layers.

ABOUT THE PROJECT

Title: Reliable Communication in Body Area Networks
Project period: Aug 2013 to Feb 2017

Main supervisors: Assoc. Prof. Qi Zhang, Aarhus University
and Eryk Dutkiewicz, Macquarie University

Research section: Electrical and Computer Engineering
Contact: msmo@eng.au.dk



Xiong Zhou

PROJECT DESCRIPTION

The need for healthcare devices for everyday life is increasing. These
devices can provide a long-term, unobtrusive monitoring to prevent
chronic diseases which are the biggest killers according to the statistics
of WHO, e.qg. heart disease, stroke, hypertension, diabetes, etc. Past
devices are bulky and high-power and have limitations to the use away
from specific places e.g. clinics and hospitals. Ultra-low-power, wireless,
small-size and user-friendly are the basic requirements of today's
healthcare system.

For a long time, there has been a continued expectation that the
biomedical system can be power autonomous which can be facilitated
by energy harvesting from the ambient energy sources such as thermal
energy, kinetic (motion, vibration) energy, radio frequency and solar
power. However, current works have not reached this point yet.

The topic of this project is the utilisation of low-voltage techniques to
decrease the system’s power as much as possible as the potential of

low-voltage techniques to aggressively reduce power has not been well
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addressed in the literature. To satisfy this task, the system's total power
must decrease to ~100uW including analogue front-end (AFE), uP
(digital processing) as well as data transmitting and receiving via radio
frequency. A potential application is the Ear-EEG.

ABOUT THE PROJECT

Title: An Ultra-Low Power Wireless Biosensing SoC Utilising
Low-Voltage Techniques for Body-Worn Healthcare Applications

Project period: June 2013 to June 2016

Main supervisor: Prof. (Docent) Jens Kargaard Madsen

Co-supervisors: Prof. (Docent) Preben Kidmose and

Assistant Prof. Farshad Moradi

Research section: Electrical and Computer Engineering

Contact: xizh@eng.au.dk

Martin Peter Christiansen

PROJECT DESCRIPTION

This project deals with the challenges faced when designing and
deploying an autonomous vehicle guidance system in the agricultural
domain. Automatic guidance systems for agricultural machines, i.e.
auto-steering systems, employ sensory input from the Global Navigation
Satellite System (GNSS) and/or other localisation systems. The au-
to-steering systems can increase efficiency in terms of reduced overlap,
less operational time and fuel.

Before an auto-steering solution can be operational on a given

vehicle, it is necessary to calibrate several (control) parameters of the
auto-steering system. These calibration parameters are dependent on
the technical performance of the vehicle. We believe that better control
parameters could be selected by utilising a simulated model of an
agricultural machine. The simulated model will be able to execute and
evaluate multiple candidate solutions using optimisation and search
algorithms. The conjecture is that modelling and simulation would be
less costly than selecting parameters and try to manually fine-tune an
auto-steering system.

ABOUT THE PROJECT
Title: Modelling, Simulation and Evaluation of

Autonomous Agricultural Vehicle Guidance
Project period: Sept 2011 to June 2015
Main supervisor: Senior Researcher Rasmus Nyholm Jergensen
Co-supervisor: Prof. Peter Gorm Larsen and Ole Green,
Kongskilde Industries A/S
Research section: Electrical and Computer Engineering
Contact: mpc@eng.au.dk

Morten Larsen

PROJECT DESCRIPTION
Software development for agricultural robotics is complicated and
hence time-consuming and expensive.

Agricultural robots are particularly challenging with respect to the
development of software due to the combination of an open, unpre-
dictable environment and a complex, open-ended range of tasks.
Model-driven software development is a systematic approach to
automatically generated software within a given domain based on a
model.

The scientific goal of this project is to improve and develop model-driv-
en software techniques, domain models, underlying software architec-
ture and code generation techniques. This will enable us to create a
software platform for automatic generation of control programmes that
suit the specific requirements of agricultural robots.

The developmental goal of this project is to provide systematic and

automated techniques for the development of a software platform

that can be utilised for field robots in various scenarios. This software
platform will be directly applicable in the development of control
programmes for specific agricultural robots.

ABOUT THE PROJECT

Title: Model-Driven Software Development for Agricultural Robotics
Project period: May 2013 to April 2016

Main supervisor: Senior Researcher Rasmus Nyholm Jergensen
Co-supervisor: Prof. Peter Gorm Larsen

Research section: Electrical and Computer Engineering

Contact: mola@eng.au.dk
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Claus Ballegard Nielsen
PROJECT DESCRIPTION

A System of Systems (SoS) is a system type that has risen from the
increased complexity found in present-day system engineering. An SoS
denotes a collaborative system which consists of many independent,
heterogeneous constituent systems that combine information and func-
tionality in order to reach a synergistic functionality that is greater than
the sum of the constituent systems’ abilities.

The SoS Engineering field faces the challenge of its constituent systems
being individually owned and developed, which means that there is

no centralised authority to take action or make decisions. As a result,
decisions have to be agreed on, collaboratively, between the individual
owners/developers of the constituent systems. Therefore, the interfaces,
data types, communication channels and interactions between the
systems need to be agreed upon during development.

The purpose of the project is to research how existing and new methods
can be adapted, combined and innovated to improve the foundation
of SoS engineering. The research is focused on aiding collaboration by

utilising a combination between the field of software engineering and
the field of systems engineering.

ABOUT THE PROJECT

Title: Well-Founded Engineering of System of Systems
Project period: May 2011 to April 2014

Main supervisor: Prof. Peter Gorm Larsen

Research section: Electrical and Computer Engineering
Contact: clausbn@eng.au.dk

Femina Hassan Aysha Beevi
PROJECT DESCRIPTION

Ambient Assisted Living (AAL) systems integrate different technologies to
provide healthier and safer living environments for the elderly. The AAL
systems provide AAL services such as monitoring the activities of daily
living. It is important to ensure the quality of context information in the
AAL system as it reacts and responds to the events that occur by making
use of the context information derived from the context data. A lapse in
quality could be life-threatening as it leads to a failure in anticipating
and reacting to the user's needs, and a failure in adapting to the chang-
es in the environment.

The objective of this project is to investigate how the quality of context
data can be assured in high-risk physical activity contexts in the AAL
systems. During this project, the context data quality in AAL systems is
analysed from different data quality dimensions and novel methods will
be developed for quality assurance.

The work being done in this project is part of the European FP7 Care-
Store project. The CareStore project aims to develop a marketplace for

the easy deployment of applications and device drivers in a healthcare
scenario, and develop an ambient assisted platform for the home to
integrate the CareStore marketplace.

ABOUT THE PROJECT

Title: Quality of Context in Ambient Assisted Living Systems
Project period: Feb 2013 to Jan 2016

Main supervisor: Assoc. Prof. Stefan Hallerstede
Co-supervisors: Assistant Prof. Christian Fischer Pedersen
and Assistant Prof. Stefan Wagner

Research section: Electrical and Computer Engineering
Contact: feay@eng.au.dk

Lars Glavind

PROJECT DESCRIPTION
This project is in the field of fiber optical sensors for measuring the load
on a wind turbine blade.

The advantages of using an optical sensor instead of typical electronic
sensors in a wind turbine blade are the immunity to lightning and the
longer longetivity of the sensor. A system that measures the load of
the blades can provide information which can be used to optimise the
production and design of a wind turbine.

The focus is on applied research on a new type of sensor that can meas-
ure the load on a wind turbine blade and provide better information
about the shape of a blade during operation of the wind turbine.

ABOUT THE PROJECT

Title: Fiber Optical Load Sensors for Wind Turbines
Project period: Sept 2009 to Feb 2014

Main supervisor: Prof. Martin Kristensen

Co-supervisor: Assoc. Prof. Bjarne F. Skipper

Research section: Electrical and Computer Engineering
Contact: lagla@eng.au.dk



Gareth Edwards

PROJECT DESCRIPTION
Carrying out agricultural operations at an opportune time can have
great benefits, both for the field/environment and for the farmer.

The aim of the project is to develop a system which is able to evaluate
and predict the readiness of many fields, perhaps covering a large
area, to determine the best time for given operations to be executed.
Furthermore, based on this evaluation, another aim is to produce a sys-
tem capable of planning when and where machinery is needed so that
operations can be executed in the most efficient manner.

The readiness of a field can be considered as a combination of the traf-
ficability and workability. Trafficability is the ability of the soil to support
vehicles without causing irreversible damage, whereas, for harvest, the
workability is the maturity of the crop and the grains’ moisture level.

Knowing the readiness of all the fields which need to be harvested al-
lows a plan to be made for the order in which the field must be harvest-
ed to produce the best results, rather than simply harvesting the nearest
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field first. The system can also be used at the beginning of the season to
examine the benefits of changing production to different non-traditional
crops, or to see the benefit of investing in new machinery.

ABOUT THE PROJECT

Title: Development of a Field Readiness Indicator and
Decision Support System

Project period: Sept 2010 to Feb 2015

Main supervisor: Senior Researcher Claus Gran Serensen

Co-supervisor: Senior Researcher Lars Munkholm

Research section: Mechanical and Materials Engineering

Contact: gareth.edwards@eng.au.dk

Evelien de Olde

PROJECT DESCRIPTION

The aim of the project is to analyse the application of sustainability
assessment tools in farm management and governance to navigate
towards a more sustainable development of food production. A wide
range of sustainability assessment tools and frameworks have been de-
veloped to accommodate a shift towards sustainable agriculture. None-
theless, utilisation of the knowledge produced is still one of the main
shortcomings of research on sustainability assessments in agriculture.

Operationalising knowledge produced in sustainability assessments into
farm management information systems could facilitate precision farming
and enable, for example, efficient use of nutrients. Similarly, integration
of sustainability assessment tools into policy-making is considered to
contribute to decision-making and regional governance for sustainable
agriculture. The research will evaluate the sustainability performance of
different farming systems to distinguish pathways to apply sustainability
assessment tools in farm management and agricultural governance.

ABOUT THE PROJECT

Title: Sustainability Assessment Tools to Navigate towards
Sustainable Development of Food Production

Project period: March 2014 to Feb 2017

Main supervisor: Senior Researcher Claus Gren Serensen

Co-supervisors: Assistant Prof. Frank W. Oudshoorn

and Imke de Boer, Wageningen University

Research section: Mechanical and Materials Engineering

Contact: evol@eng.au.dk

Martin Andreas Falk Jensen

PROJECT DESCRIPTION

The objective of this project is to provide methodologies and the
corresponding software systems for the optimisation of tasks performed
by vehicles involved in field operations including both primary units, e.qg.
combine harvesters and organic fertiliser applicators in area coverage
tasks, and supporting units, e.q. transport carts in in-field and inter-field
travelling tasks.

The selected optimisation criteria include the minimisation of
- fuel consumption,

« soil compaction and

- operation completion time.

Advanced research methodologies originated from the engineering
management discipline are being developed in order to match the
complexity of the biological systems and provide robust solutions for
operations executed in a natural environment. In parallel, the practical
realisation of the developing methods is of high concern.

ABOUT THE PROJECT

Title: Real-Time Optimised Path Planning for Machinery
in Agricultural Field Operations

Project period: Nov 2010 to July 2014

Main supervisor: Senior Researcher Dionysis Bochtis

Co-supervisor: Senior Researcher Claus Gren Serensen

Research section: Mechanical and Materials Engineering

Contact: martinf.jensen@eng.au.dk
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Hans Henrik Pedersen

PROJECT DESCRIPTION

Wide span is a new tractor concept that allows you to grow crops in
wide beds. The tractor is wide when driving in the field. When transport-
ed, it is long and narrow. By use of wide span, tractors’ compaction of
the soils due to field traffic can be reduced to cover approximately 10
per cent of the field area only.

The overall hypothesis of wide span technology on farms is that crops
can be produced at lower costs and with reduced environmental impact
compared to traditional growing systems. During my project, | will:

- specify design requirements for growing systems and a wide span
technology. These are based on structured interviews with potential
farm users from Europe, Australia and New Zealand.

- evaluate the impact of a compaction on the soil conditions through a
field trial with onions.

- assess the environmental impact of the wide span growing system
compared to traditional growing systems.

ABOUT THE PROJECT

Title: Wide Span Technology for Efficient and Environmentally
Friendly Vegetable Production

Project period: March 2011 to July 2014

Main supervisor: Senior Researcher Claus Gren Serensen

Co-supervisors: Assistant Prof. Frank W. Oudshoorn

and Senior Researcher Lars Munkholm

Research section: Mechanical and Materials Engineering

Contact: hansh.pedersen@eng.au.dk

Vicent Gasso

PROJECT DESCRIPTION

The general objective of the project is to explore and advance the
existing methods to assess sustainability of agricultural supply chains.
Specifically, it aims to shed more light on the optimum assessment scope
design in terms of physical boundaries and degree of specificity for
efficiently informing about the sustainability performance of agricultural
systems.

To develop a design approach sensitive to a wide range of challenges
present in the global agricultural market, two case studies from very
different contexts are analysed:
1. The supply chain of the maize energy-crop production in

southern Denmark.
2. The supply chain of the Sustainable Winegrowing framework

in New Zealand.

The project results will provide an assessment framework that stimulates
stakeholders’ trust and learning which, in turn, will help to enhance
change towards more sustainable agricultural production systems.

ABOUT THE PROJECT

Title: Assessing Sustainability of Agricultural Supply Chains:
Scoping the Assessment in a Pluralistic World

Project period: June 2011 to June 2014

Main supervisor: Senior Researcher Claus Gran Serensen

Co-supervisor: Assistant Prof. Frank W. Oudshoorn

Research section: Mechanical and Materials Engineering

Contact: vicent.gasso@eng.au.dk

Kun Zhou

PROJECT DESCRIPTION

Most agricultural field operations, e.qg. sowing, fertilising and harvesting,
require a vehicle, e.g. a tractor with an implement, to drive in the field
along a route such that the field area is completely covered.

The farmer is interested in finding an optimal field coverage plan in
order to minimise the time, distance or fuel spent, and at the same

time minimise areas with missing or overlapping treatments. In farming
operations, multiple operations have to be performed during the annual
production of a crop and any one of these operations may have its own
operational feature e.g. working width, working speed, etc. In order to
achieve the maximum field efficiency in the system, there is a need to
develop an approach for predicting the overall operational performance
of all machines in a crop production system and the operational costs.

The overall aim of this research is to develop algorithms and models for
optimised coverage planning supported by web-based applications.
This aim involves three specific challenges: The first is to find the optimal
route for the agricultural vehicles to cover a field with multiple obstacles

such as trees and wet areas. The second challenge is to develop a
model for simulating the machines’ activities e.q. fertilising, spraying
and transporting the grain. Farmers can then use the model as a
decision-supporting tool. The third challenge is to develop a web-based
coverage path planning system that can provide farmers with timely
and helpful decisions ahead of the field operations.

ABOUT THE PROJECT

Title: In-Field Coverage Planning with Multi-Objective
Optimisation in Field Operations

Project period: Feb 2012 to Jan 2015

Main supervisor: Senior Researcher Allan Leck Jensen

Co-supervisor: Senior Researcher Dionysis Bochtis

Research section: Mechanical and Materials Engineering

Contact: kun.zhou@eng.au.dk



Alex Mgberg

PROJECT DESCRIPTION

The focus of this project is on the non-linear material model which can
be used in calculations of fiber composite. The model has been derived
analytically in 2D and has been implemented in the Abaqus finite
element software package.

The further work in this project will involve testing and implementing
the model in the commercial finite element software Nastran/Marc to
be able to efficiently analyse real structural components to final failure.
Afterwards, the model will be generalised into a 3D model.

Once the model has been built in, it can be applied to study effects such
as buckling including buckling-driven delamination, elastic spring back
due to residual stresses, etc.
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ABOUT THE PROJECT
Title: Simulation of Composite Structures based on

Micro Mechanical Modelling
Project period: Sept 2013 to Aug 2016
Main supervisor: Prof. Henrik Myhre Jensen
Co-supervisor: Prof. (Docent) Flemming Mortensen
Research section: Mechanical and Materials Engineering
Contact: alexm@eng.au.dk

Jens Lycke Wind

PROJECT DESCRIPTION

Designing with fiber composites has many good properties. In general,
composites are light and stiff and, in most cases, they have a high
strength as well. This all sounds very good so why not use them in any
structural application? While there are many advantages, there are also
many difficulties in knowing how to handle the material response of
fiber composites. One of the difficulties is how to handle compression.
For example, the compressive strength of an epoxy matrix reinforced
by unidirectional carbon fibers in the direction of the loading is often
less than 60 per cent of the tensile strength. During the years, different
material models have been suggested to account for this compression
complexibility.

The aim of this project is to verify one of these simpler smeared out
models using the finite element method. The main focus is on kink band
formation which is a common failure in fiber composites in compression.
By mapping mechanisms of deformation, we can better exploit the
good properties of composite materials and thereby produce lighter and
stronger structures.

The results of the research can be used in the development of commer-
cial finite element software. In general, it can be applied in all contexts
where composite materials are used, e.g. the wind turbine, aerospace
and automotive industries, and can contribute to developing the green
energy sector.

ABOUT THE PROJECT

Title: Instability of Unidirectional Fiber Composites in Compression
Project period: Aug 2011 to Nov 2014

Main supervisor: Prof. Henrik Myhre Jensen

Research section: Mechanical and Materials Engineering
Contact: jlw@eng.au.dk

Mads Krabbe

PROJECT DESCRIPTION

Hard coatings can be applied on materials to enhance their mechani-
cal properties. The coatings can be applied on e.g. cutting tools which
can be coated to enhance wear resistance, or on gears and bearings
to reduce friction and enhance life.

In this interdisciplinary project between the Department of Physics and
Astronomy and the Department of Engineering, the aim is to develop
methods to link microstructural characterisation with measurements
and calculations of the coating system including the mechanical and
especially the fracture mechanical properties.

The mechanical data will be obtained by nano-indentation which
yields hardness, Young's modulus and possibly creep. By comparing
nano-indentation data with theoretical fracture mechanical models,
quantitative values of fracture toughness are obtained. Better under-
standing of the fracture mechanisms in hard coating and the influence
of coating/substrate interaction on the fracture mechanisms is also
needed.

To understand the wear properties of a coating, it is of paramount impor-
tance to know both the hardness and the fracture toughness. It is of key
interest in the project to establish a link between the mechanical and
fracture mechanical properties and the wear resistance of the coating.

ABOUT THE PROJECT

Title: Optimal Mechanical Properties of Nano-Composite Hard Coatings
Project period: April 2010 to July 2014

Main supervisor: Prof. Henrik Myhre Jensen

Research section: Mechanical and Materials Engineering

Contact: makr@eng.au.dk
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Per Christian Hyldahl

PROJECT DESCRIPTION
When designing complex mechanical systems, design engineers often turn
to computer-aided engineering tools to help them in the design process.

If the mechanical system is dominated by large rigid-body motion
rather than deformations, multibody dynamics can be used. In recent
years, the multibody approach has been expanded to incorporate
deformations to enhance simulation results and gain detailed insight
into the performance of systems that include components that cannot
be assumed rigid.

Current methods for modelling flexible components in the multibody
framework are limited by assumptions of small and elastic deforma-
tions. Tendencies in later years’ product development have challenged
the capabilities of these methods to the utmost. Especially the design
of large, slender and lightweight components such as wind turbine
blades is in need of new and specialised modelling techniques. Such
techniques must be able to capture complex deformations due to large
and time varying loading scenarios.

This project aims to investigate current state-of-the-art research within
methods for modelling components that undergo large deformations.
The focus of the project is on formulation and modelling techniques but
with the applicability and computational performance kept in mind.

ABOUT THE PROJECT

Title: Nonlinear Flexible Bodies for Multibody Simulation
Project period: Aug 2011 to July 2015

Main supervisor: Prof. (Docent) Ole Balling

Research section: Mechanical and Materials Engineering
Contact: pchy@eng.au.dk

Kennet Olesen

PROJECT DESCRIPTION
GEA-Liquid in Skanderborg, Denmark is developing liquid/liquid mixing
equipment for the dairy, food and pharmaceutical industry.

To further develop and optimise their mixing processing equipment, it is
mandatory to obtain a better understanding of the dynamics of mixing. A
common mixing situation at GEA-Liquid involves two or more immiscible
fluids such as water and oil. To form a stable, homogeneous emulsion,
large shear forces are required which a high-shear mixer can produce.

Solution of momentum equations for complex liquids in complex geom-
etries requires use of advanced numerical methods. A system of partial
differential equations is the basis for the mathematical model used to
describe the motion of fluids. Different discretisation techniques such as
finite difference, finite volume and finite element methods have been
developed to reduce the differential equations to an algebraic system.
Although the mentioned discretisation methods are being used to solve
flow problems, they suffer from inferior convergence rates compared to
high order discretisation methods such as spectral element methods. It is

therefore desirable to further develop spectral methods to obtain detailed
information about flow processing in complex geometries for complex
fluids.

The aim of the project is to develop an in-house CFD code based on
spectral discretisation techniques with an emphasis on a stable de-
scription of the in-stationary formulation. The application will be used to
characterise and extract detailed information about the flow field of the
high shear mixer from GEA with the objective of optimising their design
with respect to energy consumption.

ABOUT THE PROJECT

Title: Liquid/Liquid Mixing of High Viscous Fluids

Project period: June 2013 to May 2016

Main supervisor: Assoc. Prof. Bo Gervang

Co-supervisors: Prof. Henrik Myhre Jensen and Marc Gerritsma
Research section: Mechanical and Materials Engineering
Contact: keol@eng.au.dk

Mads Knude Hovgaard

PROJECT DESCRIPTION

For decades, the prevailing material for very tall chimneys for power plants
has been concrete. Combined, Rambell and MT Hejgaard have been
involved in all phases of the construction of the very highest in Denmark.

Most modern wind turbine towers are tubular steel towers, and until now
the high labour costs have tipped the scale in favour of steel towers. But
as technology advances rapidly towards larger turbines, it is only natural
to assume that concrete will be the new first choice for multi MW designs
as it did for chimneys. For this scale of structures, the mechanical proper-
ties of concrete can be superior to those of steel if the experiences and
know-how from concrete chimney construction are applied throughout
the project.

Structural health monitoring (SHM) is the perpetual process of monitoring
the structures’ integrity. By equipping SHM to a civil structure, the owner is
provided with decision support. So far, for the structures that have been
equipped with SHM, the value in terms of total life-cycle benefits has
rarely been estimated.

By associating a risk optimised decision policy. the SHM effort can be op-
timised and the initial target safety of the structure may be recalibrated
upfront. In some cases, this translates into reductions on the Partial Safety
Factors, leading to reductions on initial cost.

This project implements the risk based SHM system design, which is a
research heavy topic, on the development of cast concrete wind turbine
towers for multi MW turbines.

ABOUT THE PROJECT
Title: Incorporating Structural Health Monitoring in
the Design of Slip Formed Concrete Wind Turbine Towers
Project period: Feb 2012 to Jan 2015
Main supervisor: Prof. Rune Brincker
Co-supervisor: Jens Christian Kirk, Ramball
Research section: Civil and Architectural Engineering
Contact: mkho@eng.au.dk



Peter Olsen

PROJECT DESCRIPTION

In the future, the application of Structural Health Monitoring (SHM) will be
a key element when considering structures such as large span bridges,
high-rise buildings or wind turbines.

SHM is a network of sensors placed wisely on the structure, monitoring

the physical parameters of the structure. The sensors inform the control
centre or the maintenance crew if any change in the structure is detected
revealing crack growth or failure of secondary structural elements. This
increases the safety of the structure and makes it possible to replace parts
or fix the structure before failure.

The SHM system consists of sensors and an analysis part to process the
measured signals. In this process, the identification of the structures’ physi-
cal parameters is essential. As it will be an enormous amount of data
which have to be analysed, this procedure will have to be automated.

The focus of this project is on Automated OMA. OMA is short for Oper-
ational Modal Analysis and is used in modal testing to find the modal
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parameters such as eigenfrequency, modeshapes and damping ratio

of a machine or a structure. The process of automating the estimation
process when working with OMA demands development of an algorithm
that is stable and need no interaction from the user.

The main objective of the project is to investigate the use of well-known
identification techniques in both time domain and frequency domain
in combination with filtering techniques to automate the identification
process. The identification of several criteria for choosing the physical
parameters is another main focus of the project.

ABOUT THE PROJECT

Title: Automated Operational Modal Analysis
Project period: Nov 2012 to Oct 2017

Main supervisor: Prof. Rune Brincker

Research section: Civil and Architectural Engineering
Contact: pto@ase.au.dk

Anders Skafte

PROJECT DESCRIPTION

When measuring the dynamic properties of a civil structure, the informa-
tion is always limited to the amount of sensors placed on the structure.
This often results in sparse modal models and rough estimations.

The main focus of this project is to develop a model that provides
information about the dynamics of a structure in points where no sensors
have been placed.

This is done by making a transformation between a set of experimentally
obtained mode shapes and a set of mode shapes from a Finite Element
Model (FE). The overall principle is that a set of mode shapes can be
described as a linear combination of another set of mode shapes as
long as the changes between the two models are small. This is known as
the Local Correspondence Principle.

The set of experimentally found mode shapes can be found by making
an Operational Modal Analysis on the measured response and has the

advantage of providing “true” information in a limited number of points.
On the other hand, the FE model provides a set of “fictive” mode shapes

in a large number of points. As long as the FE model doesn't differ too
much from the real structure, the estimated mode shapes can be found
successfully, making a linear transformation of the FE mode shapes.

The method will provide new ways of analysing structures. Displace-

ments can be transformed to stains and stresses, which will be a helpful
tool when analysing fatigue where the stress history is an important fac-
tor. Furthermore, the method will be suitable for monitoring of structures.

ABOUT THE PROJECT

Title: Fullblown ODS

Project period: Oct 2011 to Sept 2016

Main supervisor: Prof. Rune Brincker

Research section: Civil and Architectural Engineering
Contact: ask@ase.au.dk

Jannick Balleby Hansen

PROJECT DESCRIPTION
The main focus of this project is on vibration-based damage detection
on civil as well as mechanical structures.

This subject can, in a global context, be classified as a “Structural
Health Monitoring” (SHM) discipline. The SHM term covers a broad
range of different methods and techniques with the coincident goal or
purpose of detecting damage, position and magnitude in a structure.

For researchers as well as commercial companies, SHM is an area of
great interest due to the fact that SHM has the potential to replace
traditional damage detecting techniques which, in most cases, are
mere visual inspections supplemented by material samples extracted
from the structure.

It is commonly known that damage, e.g. holes or cracks, in a structure
will have an impact on the global dynamic properties, in other words

the modal parameters. These parameters can be extracted by means
of “Operational Modal Analysis”, sophisticated sensors and data

acquisition equipment, even on large civil structures. Hence, damage in
a structure can be detected if modal property shifts are observed. The
aim of this project is to develop a method which is able to detect and
pin-point damage on an arbitrary structure.

ABOUT THE PROJECT

Title: Vibration-Based Structural Health Monitoring
Project period: Nov 2011 to Dec 2016

Main supervisor: Prof. Rune Brincker

Research section: Civil and Architectural Engineering
Contact: jpha@ase.au.dk
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Michael Dahl Knudsen

PROJECT DESCRIPTION
Much can be achieved by making the energy consumption of buildings
more flexible so that the use of energy takes place at times when it is
most convenient for the overall energy system.

This project examines the flexibility potential in relation to controlling the
enerqgy system of a building. This is done by using a model of a building
that includes weather forecasts, energy prices and occupant behaviour.

The approach is essential to finding the combination of future actuator
set-points that result in the best outcome with respect to indoor climate
and economy.

ABOUT THE PROJECT
Title: Smart Grid Flexibility Potential in Model-Based Building Control
Project period: Aug 2013 to July 2016

Main supervisor: Assistant Prof. Steffen Petersen

Research section: Civil and Architectural Engineering

Contact: mdk@eng.au.dk

Hao Li

PROJECT DESCRIPTION

The aim of this project is to improve animal welfare and reduce environ-
mental impact. A new concept for monitoring the thermal and airflow
conditions in animal zones will be introduced. Furthermore, we will

set up a dynamic predictive model to create a precision environment
control strategy at individual animal or defined zone level.

Micro-complex ventilation involves integrating precision local ventila-
tions in animal zones and near manure fouled floors or manure surfaces
within the building ventilation. In order to gain knowledge about air
motion and distribution in animal occupied zones and about system
effects on emission reduction, an integrated micro ventilation concept
in livestock housing will be investigated.

Data will be gathered by using both Computational Fluid Dynamics
(CFD) simulations and full scale experiments. After the establishment

of the system, optimisations are also needed. Then, to validate the
optimal system, varied techniques including local cross ventilation, heat
exchange and passive earth-air heat/cooling will be investigated. The

proposed system combines the advantages of natural, mechanical and
displacement ventilation, making it a technology with great efficiency
and potential.

ABOUT THE PROJECT

Title: Complex Ventilation and Micro-Environmental
Control in Livestock Housing

Project period: Oct 2013 to Sept 2016

Main supervisor: Senior Researcher Guogiang Zhang

Research section: Civil and Architectural Engineering

Contact: hao.li@eng.au.dk

Xiaoshuai Wang

PROJECT DESCRIPTION

Natural ventilation is an increasingly popular approach to offer a good
indoor climate without any mechanical technology aid. Comparing
with the mechanical ventilation, natural ventilation has a very significant
advantage in terms of energy savings. However, obvious defects such
as the absence of precise control of the air movement, vulnerability to
the persistent severe situation and lack of adaptability restrict the natural
ventilation in becoming more widespread. Therefore, innovative design
and control are needed to improve its performance to ensure optimal
indoor climate.

To achieve this goal, knowledge on animal heat loss and thermal well-be-
ing influenced by air temperature, speed, radiation and evaporation
effects in a space is crucial.

The aim of this project is to develop an adaptive smart (natural) ventilated
barn for cattle. An investigation of integrated climate sensing methods
and precision zone ventilation techniques will be conducted. Both experi-
ment and numerical simulation methods will be applied in the project.

ABOUT THE PROJECT
Title: Adaptive Smart (Natural) Ventilation Control for
Cattle Housing and Integrated Climate Sensing
Project period: Oct 2014 to Sept 2017
Main supervisor: Senior Researcher Guogiang Zhang
Co-supervisor: Prof. Christopher Choi, University of Wisconsin, USA
Research section: Civil and Architectural Engineering
Contact: xiaoshuai.wang@eng.au.dk



Chao Zong

PROJECT DESCRIPTION

The ventilation system of animal houses is important in livestock produc-
tion due to its significant influence on local thermal conditions, indoor
air quality and emission to the neighbouring atmosphere.

Precision zone ventilation consisting of direct air supply into the Animal
Occupied Zone (AOZ) and precision exhaust ventilation from the source
zone can provide more efficient climate control and improved air quali-
ty. The objective of this project is to develop the knowledge of precision
zone ventilation in pig production buildings, aiming at achieving more
effective ventilation and improving indoor air quality as well as reduc-
ing the required capacity of air cleaning devises.

Experimental investigations are carried out both in a pig production
facility and in a 2-D chamber in the laboratory. The two-dimensional
Laser Doppler Anemometry (LDA) is used for measuring velocity speed
and characterising flow type in the boundary layer. N2O is applied as
tracer gas. The artificial pigs developed at APL are used to simulate
the heat production of pigs at different locations. Computational Fluid
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Dynamics (CFD) is used for computer modelling.

ABOUT THE PROJECT

Title: Precision Zone Ventilation Design and Control in Pig Housing
Project period: Oct 2011 to Sept 2014

Main supervisor: Senior Researcher Guogiang Zhang

Research section: Civil and Architectural Engineering

Contact: chao.zong@eng.au.dk

Michael Rosenlund Lodahl
PROJECT DESCRIPTION

Understanding the high plasticity Palaeogene clay has been a chal-
lenge for the geotechnical community in Denmark for decades. The
settlement and heave potential of this type of clay exceeds what is
commonly expected for Danish clay deposits. Typically, the Palaeogene
clays have high strengths but a rather large settlement and heave
potential, which means that they do not follow what is normal for most
clays where strength and stiffness follow one another. Many relationships
exist linking the plasticity index (a state parameter easy to assess) to the
engineering properties for clays based on rules of thumb. However, they
rarely fit with the behaviour of the Palaeogene clays.

The latest research has indicated that the clay mineral smectite may
govern the behaviour of a clay, which means that the settlement

and heave potential may be dependent on this content. This project
investigates this theory by execution of multiple tests of clays containing
smectite.

ABOUT THE PROJECT
Title: Influence of Smectite Content on the
Deformation Behaviour of Clays
Project period: Aug 2014 - July 2017
Main supervisor: Prof. (Docent) Kenny Kataoka Serensen
Co-supervisors: Helle Trankjcer, COWI A/S and Niels Mortensen, nmGeo
Research section: Civil and Architectural Engineering
Contact: mirl@eng.au.dk

Lise Kjcer Andersen

PROJECT DESCRIPTION

Confinement is known to significantly improve the compressive strength
and ductility of concrete. two properties which are highly desirable to
exploit in practical designs. The main issue in applying the existing con-
stitutive confinement models in practical design is the determination of
the confining stress. In the most common models, the confining effect

is defined as an uniform external stress which actively confines the
member. In actual reinforced concrete members, the confining effect
is, however, provided as a passive effect by the reinforcement.

Thus, the aim of the project is to relate the passive and active con-
finement to fully understand the confining effects that the reinforcing
arrangement has on the concrete member.

The first step is to study the physical behaviour of the confining effect
through a theoretical understanding on a micromechanical level.
The knowledge of the behaviour on a micromechanical level will be
compared to the already existing models which describe the effect of
external confining pressure.

The principal approach to the project will be based on analytical mod-
elling. However, experimental studies will be essential in verifying any
theoretical models and to conduct parametric studies on the topic.

ABOUT THE PROJECT

Title: Ductility of Confined Concrete

Project period: Oct 2014 to Sept 2017

Main supervisor: Prof. (Docent) Lars German Hagsten
Co-supervisor: Prof. Rune Brincker

Research section: Civil and Architectural Engineering
Contact: lian@eng.au.dk
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Annette Beedholm Rasmussen
PROJECT DESCRIPTION

Initially when designing reinforced concrete structures, focus is on the
ultimate limit state (ULS), assuring the structure'’s strength by preventing
failure from happening. Afterwards, the serviceability limit state (SLS) is
investigated where stress limits as well as requirements concerning crack
widths and deformations should be met. Due to the fact that stress levels
and crack development are highly dependent on the reinforcement ratio
and configuration, the choices made in the ULS concerning the design of
the reinforcement have a high impact on the behaviour of structures in SLS.

The stiffness of a material with non-linear behaviour like reinforced con-
crete is closely associated with the level of crack development. Though,
often, the material is assumed fully cracked or not cracked at all where
the effect of tension-stiffening is disregarded. This can have consequenc-
es on the behaviour, for example in statically indeterminate structures
where the static system in the elastic stage is dependent on the stiffness.

Tension-stiffening is an effect that causes the stiffness to be considerably
larger than the one of a fully cracked member. The concrete between

adjacent cracks is modelled to carry tensile stresses which are transferred
from the reinforcement to the concrete by means of the bond.

The aim of this project is to establish the link between ULS and SLS
through understanding of the actual physical behaviour. This will be
described through analytical models based on concrete mechanics
combined with principles of elastic energy. Advantage is taken of numer-
ical modelling to support experimental results as well as to investigate
relevance and reliable magnitudes of different material parameters
concerning tension-stiffening.

ABOUT THE PROJECT
Title: Analytical and Numerical Modelling of

Reinforced Concrete including Tension-Stiffening Effects
Project period: May 2014 to April 2019
Main supervisor: Prof. (Docent) Lars German Hagsten
Research section: Civil and Architectural Engineering
Contact: abra@ase.au.dk

Jakob Fisker
PROJECT DESCRIPTION

The vast majority of concrete slabs are only supplied with longitudinal
reinforcement while expensive shear-reinforcement is only placed in
case of shear forces of extraordinary magnitude. Thus, in most situations,
the capacity of the slabs with respect to shear-forces is provided by a
combination of the concrete itself along with the longitudinal reinforce-
ment. Unfortunately, the fundamentals of this vital mechanism that allow
for such structures to be designed are still not fully understood, and most
models used for design are empirical and lack a physical and rational
basis.

In addition, such slabs are often designed as statically indeterminate
structures. In order to achieve a certain level of robustness, the final
structure must possess a certain level of ability to withstand larger defor-
mations without failing.

It is well known that the ability of reinforced concrete to deform is due
to development of cracks. Hence, in this respect, the progressive devel-
opment of cracks is beneficial. However, when considering members

without shear-reinforcement, the same cracks also introduce certain
“weakened"” regions which effectively reduce the capacity with respect
to shear.

The aim of the project is, among others, to increase the understanding
of this rather delicate relation between the inevitable development of
cracks and the shear-capacity of slabs.

ABOUT THE PROJECT

Title: Continuous Members in Reinforced Concrete
Project period: Aug 2012 to July 2014

Main supervisor: Prof. (Docent) Lars German Hagsten
Research section: Civil and Architectural Engineering
Contact: jafi@ase.au.dk
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