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Helle Thorning-Schmidt

Danish Prime Minister

Denmark’s six month stint in the role of EU presidency has come and gone.
Blessed with a reputation for building bridges and brokering compromise, the
Danish Prime Minister reflects on her country’s term at the helm…

Passing the baton
D

enmark s ter m as the EU prsidenc y
countr y came to an end in July and
the baton was passed to Cy pr us. The
role of EU presidency works on a rolling
basis between the 27 member states and this spell
in charge was Denmark’s seventh since they ﬁrst
joined the European Union in 1973.
The six months in charge have certainly been
a tumultuous time for Europe as the continent
continues to suffer shockwaves from the
ongoing debt crisis. Despite the economic
rollercoaster ride, Denmark welcomed the role
of presidency as an opportunity to bring
stability to Europe, brandishing their turn in
the driving seat with the title ‘Europe at Work’.
“Budget discipline, growth and jobs, green
policies and ensuring the safety to our citizens
and the voice of Europe in the world – these are
our priorities,” Danish prime minister Helle
Thorning-Schmidt told MEPs in Strasbourg in
January 2012.
“In the middle of an economic crisis, I don’t
expect the Danish presidency to be easy, but I can
assure you that the presidency will not be daunted
either. We are not built like that.”

A Danish focus
At the outset of their presidency, the Danish
government clearly outlined their four objectives as
the creation of a responsible, dynamic, green and
safe Europe.
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In a bid to strengthen Europe’s economic
position and provide a stable foundation for
future growth - a more ‘responsible’ Europe Denmark was keen to oversee the
implementation of a set of ﬁscal agreements
between member states. Despite the ﬁscal
treaty being vetoed by the UK and Czech
Republic, progress has been made and the
Danish presidency has received support from
all the EU countries on its compromise
proposal on new EU rules on capital
requirements for banks.
The Danish EU presidency also saw some success
in their objectives for a more ‘dynamic’ Europe. In
February 2012, the Danish minister for Business and
Growth, Ole Sohn, received broad support to adopt
various key initiatives in the Single Market Act.
The Danes also look set to meet some of their
green ambitions as Danish Environmental
Minister, Ida Auken, has promised to provide a
strong European voice at the Rio+20 conference in
June.
The Danish period of EU presidency came soon
after the announcement of Horizon 2020, the
proposed replacement for the Seventh Framework
Programme for research and Innovation (see page
16 for our feature on Horizon 2020). An
overarching ambition of Horizon 2020 is to secure
Europe’s future through innovation and research
bringing it into partnership with industry.
This sits nicely with Denmark’s internal policy of
melding science and society in order to create
stability and growth.
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foreword
“Faced with economic crisis and extensive
unemployment, especially among young
Europeans, it can be difﬁcult to focus on the
horizon,” said Danish Minister for Science,
Innovation and Higher Education Morten
Østergaard at a conference on Horizon 2020 in
February, “but we must remember than this
programme is not only a matter of research and
innovation, but about creating future jobs for those
same young people.”
Denmark has responded to the proposals set
forward by Horizon 2020 in the report, Visions for
Horizon 2020 from the Copenhagen Research
Forum – a group of 600 researchers from Denmark
and across Europe.

Over to Cyprus
Denmark will continue to work alongside its
predecessor Poland and its successor Cyprus under
the arrangement of the Trio Presidency to craft a
political programme for an 18 month period. While
each presidency will establish its own national
agenda, the Trio Presidency aims to ensure a higher
degree of consistency and coordination between
the three countries.
Cyprus picked up the baton of EU presidency in
July 2012. As a relatively new member of the Union
having joined in 2004, this will be the ﬁrst time
Cyprus has taken up the responsibility of the
presidency.
The Cypriot government has enthusiastically
welcomed the challenge. “Cyprus aspires to rise to
the expectations that the role entails and also to
inﬂuence and assist substantially in furthering EU
ideals and enhancing the proﬁle of the Union
internationally,” says the Cypriot EU presidency
website, www.cy2012eu.gov.cy.
“Cyprus is strongly committed to acting fairly
and to ensuring outcomes that conform to the spirit
of cooperation in which the EU was conceived.”
As Europe continues to suffer from political and
ﬁnancial turmoil, Cyprus needs to be prepared for
choppy waters.
The President of the Republic of Cyprus,
Demetris Christoﬁas is conﬁdent, however, that the
inaugural Cypriot EU presidency will be an
auspicious one.
“One of our main aims as presiding country is to
contribute our utmost to the European Union’s
efforts to act, through its various policies, as a force
generating progress, peace, stability and prosperity
on the international stage.”
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Editor’s comment

William Davis

O
Denmark has a long
tradition of exploration
and invention and a
proven track record in
pioneering change
through scientiﬁc
research and innovation,
but there is more to its
current success than a
national characteristic
based on an apparent
appetite for discovery.
This is important,
naturally, but it all needs
direction to work and a
collective drive by the
country’s institutions
and frameworks that
encourages and supports
speciﬁc research aims

ver the past ﬁve years Insight has published many very special
editions of Projects, focussing on some of the most groundbreaking
research to have taken place in the world and highlighting the work
of researchers that has, quite literally, changed the way we live our
lives today. We are, of course, very proud of this record.
Some of our most successful and well-received reports have been those in
which we have chosen to focus on a speciﬁc country. These special editions
give a voice to policy makers, industry ﬁgureheads and, of course, researchers
all working in the same state, with the same aim – the pursuit of excellence.
Sweden, Hungary, Israel, the UK, Finland and Estonia have all been the
subject of this special Projects focus over the years and we hope to continue
this ﬁne tradition by casting our journalistic eye over many more, giving all
EU member states and EU research friends the chance to shine.
In this issue, we turn our attention on Denmark, one of Europe’s heavyweight
centres of successful research, with an impressive record of innovation that,
head for head, far outweighs many larger countries and keeps the country
consistently at the top of our research league tables.
Of course, Denmark has a long tradition of exploration and invention and a
proven track record in pioneering change through scientiﬁc research and
innovation, but there is more to its current success than a national characteristic
based on an apparent appetite for discovery. This is important, naturally, but it
all needs direction to work and a collective drive by the country’s institutions
and frameworks that encourages and supports speciﬁc research aims.
And it is this direction and drive that Denmark has seemingly honed to
perfection over the past 30 years or so; a tradition that appears to be in safe
hands with the current government. “We have developed many good
instruments to encourage excellence,” says Morten Østergaard, Denmark’s
latest Minister for Research, Innovation and Higher Education, in his interview
on page nine of this edition. And, from ﬁnancing the country’s universities,
structuring Danish business to be research-focused, establishing a clear
research strategy and positively encouraging young Danes into further and
higher education, Denmark is ensuring that it is well set to continue its
successful programmes in the future.
Perhaps one of the most important lessons to learn from this Danish Miracle,
as we have labelled this issue, is the clear-minded insistence that it is through
research and innovation that a country will guarantee its economic and social
prosperity. It is an important lesson in these difﬁcult times and, as Østergaard
also points out, we must remian resolute in the lead-up to the start of Horizon
2020 and the doubling of Europe’s research grant if we are to drag ourselves out
of recession and into more prosperous times.
This is a view Projects will continue to champion. We will continue to provide
a platform for research dissemination, so that projects can share their results
and foster collaboration and the spread of ideas and we will continue to offer a
platform for debate and analysis of the important issues that those driving the
European research agenda have a duty to consider.

William Davis
Managing Director, Insight
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Interview Morten Østergaard

The Minister for Research, Innovation and Higher Education in Denmark
talks to Projects Magazine about how the Danish government aims to
boost Denmark’s research capacity over the next few years

Investing in future
research success
H

aving universities that are ﬁnancially capable
of being excellent research facilities and
communities has been one of the cornerstones
of Denmark’s success in research in recent years. So
says Morten Østergaard, Denmark’s Minister for
Research, Innovation and Higher Education as he
talks about how his country consistently appears at
the top of Europe’s research league tables. “These
universities attract the top researchers, who in turn
provide good results and a higher level of education
and the new government has also promised to
further strengthen research appropriations for our
more successful universities in the coming years.
“We have developed many good instruments to
encourage excellence,” he continues. “The Danish
Research Council gives very large and lasting grants to
the most talented researchers, and then we have the
Strategic Research Council that provides grants for
projects that are in areas of particular interest.”
Overall, Denmark has a broad spectrum in terms of
how it supports research, based on a foundation of
strong universities which the new government is
pledged to continue improving under a bold new set of
initiatives.
Laying the path to an innovative future
Another key point that helps the Danish research
system is the country’s business structure. Fifteen of
the largest 20 companies in Denmark are owned by
foundations that provide many research grants. “For
example, some of our largest pharmaceutical
companies are owned by foundations that ﬁnance a lot
of research,” explains Østergaard. “Of course, they tend
to invest mostly in areas which they have a particular
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interest in, but they also do a lot of basic research
because they understand the importance of having an
impact on education, for example by creating new
masters degrees. It is in the interest of these companies
to see students coming out of universities with very
high levels of education, and they realise that the best
way to do this is to be directly involved.”
In the coming years, Østergaard hopes to develop
Denmark’s very ﬁrst innovation strategy, which will
help to give a better division of labour between
government appropriations, university appropriations
and private money from foundations. “We hope to
develop a new strategic level that will help to boost us
further,” he explains. “Our innovation council has also
spent a lot of money on instruments designed to
further innovation, and this is why the EU currently
sees us as one of its innovation leaders.”
Business and research working in harmony
There is one area in which Østergaard would like to see
major improvement – the way in which businesses and
universities collaborate, and this is something he will
be focusing on in the coming years. “Through the
innovation research council, we are ﬁnancing some
government-approved technology centres that are
spread over the country that will be working on
technology transfer,” he explains. “It will also be
funding what we call ‘science pilots’, in which
companies that don’t have academics working for them
will be offered the chance to have one working for
them for a while. In most cases, the companies go on to
not only hire the academic, but also hire others, and
we know from our research that having academics
working within a company increases both productivity
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Morten Østergaard
and innovation. We’ve asked the European
Research Area Committee, ERAC, to evaluate these
instruments and assess how they are performing, as
we still feel there is room for improvement.”
Another mechanism that the government is
looking to develop further is one in which small
businesses do research and development for the
public sector. They will spark this growth by
identifying problem areas in the public sector in
which research and knowledge are needed and then
small businesses with the right experience will be
brought in to provide innovative solutions.
Research and development as a way out of
ﬁnancial gloom
It is just one area in which Denmark’s government
believes it is leading the way in helping Europe
recover from recession. “There is a general
consensus in EU countries that investment in
research and innovation is part of the solution to
the crisis that we are in,” explains Østergaard. “If
we don’t develop our common European research
area, we are not going to rid ourselves of our debt.
The way out of Europe’s ﬁnancial crisis is to be
globally competitive, and so it is important that
there is strong ﬁnancial support.”
Of course, the EC has already made a bold
statement in this regard by proposing a major
increase in ﬁnancial support for Horizon 2020,
which replaces FP7 in 2014. With a doubling of the
budget the new funding programme will become the
world’s largest collaborative research programme.
“One area where this extra funding can really be
justiﬁed in is in the development of joint
programming,” says Østergaard. “This is where we
take our national resources, and, hand in hand with
other countries with similar interests, use EU funds
to make sure that we are getting more value for the
money put in.
Challenges in moving towards Horizon 2020
“Horizon 2020 has been very inspirational for
people, and everywhere we look, in science and
business, there is a lot of positivity,” he continues.
“What is important now is that we make today’s
research policy a match for it, and to do this we
must win three important battles.
“The ﬁrst of these is that we must raise our level
of education in Denmark. We need to aim to have
60 per cent of young people in higher education,
and we believe it is important that a lot of this
education is research based, meaning that it takes
place in environments in which research is also
done. It would also be good to see this happening in
areas where we haven’t seen it before, for example
in universities of applied science, and this will help
to strengthen their research efforts.
“The second battle that we must ﬁght is for
excellent research. We need to make sure that our
fundamental basic research is developed and
therefore it is very important that the European

Research Council is strengthened within Horizon
2020. In Denmark, 16 per cent of patents taken out
of publicly funded research programmes came from
Danish research foundation funds, which only
constitute for two per cent of the budget. This shows
us that the common view that putting money into
basic research is like giving to charity is a
misconception; investment in research helps to
provide for better education and larger growth.
“The last important challenge that we face is on
the side of innovation. There are some very
interesting instruments in Horizon 2020 regarding
technology transfer, and although there are some
good things being done in this respect in Denmark,
there is deﬁnitely room to improve. For this, strong
political leadership is needed, and the best place to
start is to create a national innovation agenda. In
Germany, they have a hi-tech development plan
that has identiﬁed ﬁve key areas in which they will
look to enable projects in. This sort of system is
needed in Denmark to further exploit our
innovation capacity.”
Danish legacy to the EU
Østergaard believes that the time put in to securing
agreement on the scope of Horizon 2020 will pay
off. “We are optimistic that we’ll see an increase in
the budget for research, and that other countries
will see that this is the best area to invest in if we
want the euros that are spent through the EU
system to come back in terms of jobs and growth,”
he says. “What we hope for within Horizon 2020 is
that we manage to achieve simpliﬁcation. We need
researchers to be doing research, not
administration. For example, the time for getting a
grant has been reduced from 12 months to nine
months, but we think this should go even further.
The Commission has a proposal to make one rate for
ﬁnancing, making it a lot simpler for companies
that wish to work alongside research institutions to
do so. It is steps like this that will help to create a
much more agile and ﬂexible research programme.”
The role of dissemination
Dissemination is one area where Østergaard believes
Denmark is lagging a little behind many parts of
Europe. “We have not had enough emphasis on these
activities,” he says. “So our new government has
proposed that we have a new partnership to make
research available for businesses and other parts of
society. One thing that we would like to see in the
future is to give credit to experience such as working
in the private sector or having created a business
when considering people for professorships. We need
to break down the barriers between the research
institutions and the business community. The more
researchers that have experience in the private sector
under their belt, the easier it will be to create a
connection between the two, and although a lot of
researchers are keen to do this, our system does not
value this enough – yet.”
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News from the world of Research and Development with Ellen Haggan

New developments in voice recognition

A

utomatic speech recognition may
be revolutionised by a new
technology that allows computers
to recognise any language without
pre-learning. Speech recognition is
already available on phones and computers
but can be quite limited. Improving the
technology could pave the way for
commands to be given by voice rather
than via a keyboard.
Achieving good speech recognition is a
difﬁcult task as spoken language differs
widely from written language and there is
wide variation in spoken language such as
dialects and accents. Now scientists at the
Norwegian University of Science and
Technology (NTNU) have been testing an
innovative approach to creating next
generation speech recognition technology.
The technology relies on the ﬁndings
that the production of human speech is

fundamentally the same across languages,
meaning the technology will be applicable
to any language and not reliant on speech
data to train the machine. The scientists
have also incorporated phonetics into their
research, studying such aspects as the
correspondence between sound frequency
and words.
The scientists train a computer to
determine which parts of the speech
organs are active, based on analysis of the
pressure of the sound waves captured by
the microphone.
Speech patterns differ due to variations
in the physiology, dialect, education and
health of individuals. This all affects the
production of voice and sentence
structure. In order for a machine to learn
how to understand speech, it must be able
to discern among the most common
variations in normal speech and language.

“We are currently developing a computer
program which determines the probability
of various distinctive characteristics being
present or absent during sound production
– for example, if there is vocal cord
vibration, this indicates the occurrence of
a voiced sound. This is our method of
classifying sounds,” Professor Svendsen
relates.
The next step for the Norwegian
researchers is to develop a languageindependent module for use in designing
competitive speech recognition products.
“The solutions will result in savings both
in terms of time and money. It is an
important technology, not only for people
who are part of a minor language group
such as Norwegian. There are a staggering
number of languages with only a few
million speakers that would beneﬁt greatly
from such tools,” concludes Dr Svendsen.

Salvaging blood could transform surgery

A

pioneering new technology could
transform the way major surgery is
carried out by reducing blood loss in
patients.
The device is designed to recover blood spilled
during open-heart and major trauma surgery
and concentrate the blood cells for transfusion
back to the patient.
The process is known as autotransfusion and is
set to reduce the volume of donor blood required
and the problems associated with transfusion
reaction.
HemoSep is set to revolutionise the health care
sector after gaining the CE mark and receiving
Canadian national approval, following highly
successful clinical trials in the world leading
University of Kirikkale University Hospital in
Ankara, Turkey.
Professor Terry Gourlay, who led the
development of the technology at the
University’s Department of Biomedical
Engineering, said: “This is a fantastic example
of real collaboration between the University of

12

Strathclyde and the medical device industry to
take this device from concept to clinical
delivery.
“The introduction of HemoSep to the medical
device ﬁeld will make a signiﬁcant difference to
people’s lives and greatly reduce the cost and
risks associated with blood transfusions. The
technology has distinct advantages over
traditional techniques which are not only costly
but technically challenging and involve the use
of a complex centrifuge and pumping apparatus
by specialist technicians. We expect further
developments in the form of a derivative of this
technology for use in children undergoing
open-heart surgery where the challenges of
blood conservation are even more critical.”
In the clinical trials, carried out in over 100
open-heart surgery operations, the use of the
HemoSep device signiﬁcantly reduced the need
for blood transfusions together with
preservation of normal clotting mechanisms and
a reduction in the inﬂammatory reaction often
encountered after such surgical procedures.
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ESO Image of the month

Eco-friendly toilets
Scientists from Nanyang
Technological University(NTU)
have invented a new Ecofriendly toilet system. It turns
human waste into electricity
and fertilisers, and also reduces
the amount of water needed
for ﬂushing by separating the
liquid from the solid waste using
vacuum suction technology, also
used in aircraft lavatories.
The NTU scientists are now
looking to carry out trials by
installing the toilet prototypes
in two NTU restrooms. If all goes
well, the world can expect to see
and even sit on the new toilet in
the next three years.

This image shows the most detailed image ever taken of the galaxy NGC 1187 taken by ESO’s Very
Large Telescope. This impressive spiral lies about 60 million light-years away in the constellation of
Eridanus (The River) and has hosted two supernova explosions during the last thirty years, the latest
one in 2007.

Getting semiconductor lasers in tune

S

cientists at the TU Darmstadt have
developed semiconductor lasers that
emit light over a wavelength range of
100nm – the new world record for a single
semiconductor laser. These kinds of lasers
may open the way for more efﬁcient and lower
cost operation of future ﬁberoptic
telecommunications networks.
Semiconductor lasers require very little
power for their operation and are often used
as light sources, for example in computer mice
and laser printers.
The scientists involved in this new
development focussed on exploiting another
of the beneﬁts of surface-emitting
semiconductor lasers – their large resonatorlength/emitting-area. This increases the
spacings of their wavelengths and allows
scientists to ‘tune’ the wavelength over a
broad range – effectively converting them
into transmitters that can be tuned to a
frequency much like a radio.
The scientists succeeded by applying a
ﬂexible membrane to the emitting surface that
acted as an output mirror. Each laser is
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equipped with two facing mirrors and the
distance between them determines the
wavelength that is emitted.
One scientist explained the implications of
the new technology, “The telecommunications
industry is extremely interested in this
technology because in the future it will need
to service households via ﬁberoptic networks
operating at various wavelengths.” If there
were no tunable lasers, a special type of
semiconductor laser would have to be
fabricated for each wavelength, but the new
discovery means that only a single tuneable
laser will be required.
The wavelength range centered on 2.0 mm is
of particular interest to sensors for detecting
the presence of gases. The presence and
concentration of gases such as carbon dioxide
can be identiﬁed precisely using the
wavelengths at which they absorb radiation.
One scientist commented, “Since that
absorption is very strong, gas sensors based
on our technology have high responsivities, in
addition to being extremely compact and
highly energy-efﬁcient.”

The benefits of
caffeine
If you drink coffee regularly in
moderation (about two typical
American coffee shop beverages
per day), you could reduce your
risk of heart failure by as much
as 11 per cent. Habitual coffee
consumption is also associated
with a lower risk of type 2
diabetes, with most studies
showing the greatest reduction
in risk with higher levels of
coffee consumption.

The future is smart
The Internet of Things involves
the technology we use when the
things around us are talking to
each other. The chips and sensors
that identify these things also
enable them to ‘talk’ to each
other, or talk via the Internet
and thus share and transfer
information to the rest of the
world. Soon your fridge will be
able to tell you that a chicken
ﬁllet is on the verge of its expiry
date. Your electric car will be
able to transfer power back
to the grid so that it doesn’t
become overcharged, and if you
have a chronic illness, you can be
medically monitored and cared
for via wireless sensor systems.
We will soon have smart houses,
smart trafﬁc and smart health.
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Gluten-free
pasta tastes
better

Researchers from the University
of Brazil have developed a
gluten-free pasta product from
green banana ﬂour, which tasters
found more acceptable than
regular whole wheat pasta.
The product has less fat and
is cheaper to produce than
standard pastas and is a new
option for patients with Celiac
Disease.
Fifty testers who did not have
celiac disease and 25 celiac
disease patients compared
the pastas. In both groups,
the modiﬁed pasta was better
accepted than the standard
in aroma, ﬂavour, texture,
and overall quality, indicating
that the product can possibly
be commercialized to a wider
market than just those with
celiac disease.

The fight against
Parkinson’s disease
The effects of
childhood trauma
The legal system needs to
take greater account of new
discoveries in neuroscience that
show how a difﬁcult childhood
can affect the development
of a young person’s brain and
subsequently increase the risk
of adolescent crimes, according
to researchers.
Neuroscientists have
recently shown that early
adversity – such as a very
chaotic and frightening home
life – can result in a young
child becoming hyper vigilant
to potential threats in their
environment.
This appears to inﬂuence
the development of brain
connectivity and functions.
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A

recent discovery in the ﬁght against
Parkinson’s disease could redeﬁne how
scientists think about the disease and
explain why it often causes lasting damage to
memory. Scientists have been examining a key
player in Parkinson’s, the ?-Synuclein(?-Syn)
protein, observing that it does not only pass
from one neuron to another but also exist
outside of neuronal cells.
Parkinson’s is still known as an incurable and
fatal motor disease, affecting 7-million people
worldwide and increasing as the global
population ages. Scientists now know that one
of the major causes of the disease is linked to
?-Syn – a protein apparently involved in
neuronal function – which, when incapable of
working properly, deposits in the brain and
provokes malfunction and eventual death of
affected neuronal populations.
The new discovery that ?-Syn can exist
outside of the cell was the starting point for this
new research into why the symptoms of the

disease include memory loss and cognitive
problems. Synaptic plasticity is the ability of a
synapse (the connection that carries the nerve
impulse between neurons) to change its
strength (so the intensity of the synaptic
transmission) in response to either use or disuse.
Scientists examined the effect of ?-Syn on
these processes, and discovered that the
abnormally aggregated protein over-stimulated
several receptors crucial for synaptic plasticity,
creating such a high basal level of stimulation
that these synapses were now unable to respond
with further increases. This effectively
produced an ‘overload’ reaction with negative
consequences on memory and cognitive
function.
A positive outcome for the discovery is that
scientists were able to effectively block the
overactive receptors and restore synaptic
transmission as normal, which could be the ﬁrst
step to developing a treatment for the symptoms
of Parkinson’s.
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In a special section focusing on
Danish research and innovation, we
highlight a healthy cross section of
work led by Danish researchers taking
place in the country and also look at
just why the country is so successful
in attracting world-class projects
that develop world-class results

Focus on
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With Europe facing ‘grand challenges’ we look at the solutions
offered by European Commission’s new programme for research
and innovation, Horizon 2020, and how the proposals have been
greeted by universities and the last Danish EU presidency

Looking to the Horizon
E

urope is poised to tackle some imposing social,
economic and environmental challenges in the
near future. An increase in population,
diminishing resources and a world economy that
continues to teeter on the edge of uncertainty are
imminent issues for us all.
In the light of such looming concerns, the European
Commission has declared a commitment to research
and innovation as the exit strategy out of difﬁcult
times and released a set of ambitious proposals to
replace the existing Seventh Framework Programme
(FP7).
Boasting the title Horizon 2020, the proposed
programme will embrace all existing Union research
and innovation funding including the Framework
Programme for Research, the Competitiveness and
Innovation Framework Programme (CIP) and the
European Institute of Innovation and Technology (EIT).
There are high hopes for its success: “Horizon 2020
provides direct stimulus to the economy and secures
our science and technology base and industrial
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competitiveness for the future,” says the commissioner
for research, innovation and science, Máire
Geoghegan-Quinn.

Three priorities
Boosted by an €80 billion budget and running from
2014 to 2020, Horizon 2020 has three overriding
objectives. Horizon 2020’s ﬁrst priority is to support
European science research and innovation with a
dedicated budget of €25 billion, including an increase
in funding of 77 per cent for the European Research
Council. Secondly, Horizon 2020 will aim to strengthen
Europe’s global competitiveness and create new growth
and jobs in Europe.
Horizon 2020 will allocate €18 billion to improve
industrial leadership in Europe including, say the
European Commission, “major investment in key
technologies, greater access to capital and support for
SMEs”. Thirdly, Horizon 2020 will help to address
major social concerns by committing €32 billion to six
societal challenges. The grand challenges identiﬁed by
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Horizon 2020 are: health, food, energy, transport,
climate and inclusive, innovative and secure societies.
At a recent conference in Copenhagen the Danish
minister for science, Morten Østergaard, was optimistic
about Horizon 2020. “These days have been a fruitful
and promising beginning to the makings of what will
not only be the world’s largest, but also strongest
research programme,” he said. “I get the impression
that there is strong support for [it] and that the way
out of the European crisis is paved with research and
innovation.”

A focus on excellence
One overarching principle of Horizon 2020 is its
proposed commitment to excellence in science.
“Horizon 2020 will raise the level of excellence in
Europe’s science base and ensure a steady stream of
world-class research to secure Europe’s long-term
competitiveness,” says the European Commission.
While there is undoubtedly a consensus that
‘excellence’ is a noble objective, questions have been
raised regarding the deﬁnition of excellence and what
it means in terms of funding allocation. In a bid to
bring some clear deﬁnition to the term, the Danish
presidency organised a conference entitled, Excellence
Revisited – the Value of Excellence’ in which 300
participants discussed the literal deﬁnition and
practical application of the principle within EU
scientiﬁc research.
The resulting Aarhus Declaration states: “Excellent
research should be identiﬁed by careful evaluation of
research proposals and applicants, carried out in an
open competition by internationally acclaimed
experts. The evaluation should follow internationally
acknowledged standards and criteria in a fair and
transparent assessment procedure that prevents
national, social or gender bias. By doing so, it is
possible to identify and support the very best people
with the most ambitious ideas.”
The Copenhagen Research Forum, a group of 600
researchers who have produced a report entitled
Visions of Horizon 2020, agree that the criteria for
Horizon 2020’s project selection should be based on
principles of “openness, dialogue and competition” to
ensure “quality and rate of progress”.

Simple is best
With research and innovation placed centre stage to
deliver the solution to Europe’s major concerns,
Horizon 2020 needs new ideas, more researchers and a
commitment to taking more risks in order to succeed.
The European Commission hopes that by simplifying
application and funding processes Horizon 2020 will
encourage fresh blood into European research.
The overbearing weight of paperwork and complex
drawn-out application processes have long been a
bugbear for European Union researchers. It’s also
proved to be a threat to risk-taking in research and the
FP7 interim report ﬂagged up the need for
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simpliﬁcation. Horizon 2020 has made a commitment
to streamlining the funding process by dovetailing
existing funding (Framework Programmes, CIP and
EIT). The system will have a single point of access, less
paperwork, increased use of electronic tools for EU
project management and fewer audits with the goal of
reducing the average time to grant by 100 days. To the
relief of researchers, Horizon 2020 also proposes the
abolition of time sheets for full-time staff. The
Copenhagen Research Forum welcomes these
simpliﬁcation proposals, particularly the abolition of
time sheets.
They also recommend that this is rolled out to
part-time staff.
In a further bid to encourage participation into
European research, the Horizon 2020 model proposes a
reduction in administrative costs and a more straightforward reimbursement of costs where participants
will receive 100 per cent of direct costs and 20 per cent
of indirect costs. The League of European Research
Universities (LERU) expressed guarded support for
H2020’s proposal for 100/20 reimbursement but says,
“this is a minimum of what is acceptable for
universities. Any changes to the proposed model that
involve a reduction in the proposed rates of
reimbursement would be a major step backwards and
would make it difﬁcult for LERU members to
participate in Horizon 2020. A further increase of the
reimbursement rate of indirect costs would be much
welcomed.”

Encouraging collaboration
While cutting red tape will hopefully encourage a
fresh intake of researchers, Horizon 2020 is also keen
to stimulate international collaboration in order, says
the EC, “to address effectively many speciﬁc objectives
deﬁned in Horizon 2020”. The welcome is extended to
those in the higher education sector, in particular
Erasmus For All and the Knowledge alliances.
In recognition of the value of collaboration, the
Copenhagen Research Forum is keen to emphasise that
the key to the success of Horizon 2020 lies in its ability
to encourage cross-discipline research.
“The six societal challenges are not to be seen as silos
wherein experts are isolated from each other in
academic disciplines,” says the CRF report. “Only by
collaboration, both in planning and doing research
will we succeed. We need collaboration and real
dialogue between all areas of science, technology, life
science, biomedicine, social science and humanities.”
Horizon 2020 promises to promote an exchange of
expertise across all of its constituent parts but there is
concern that Horizon 2020’s focus on the ‘hard’
sciences may leave scientists from other disciplines at
a disadvantage.
“LERU strongly underlines the importance of
funding research in humanities and social sciences at
EU level and would therefore be in favour of
introducing creative incentives to reinforce the
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participation of social and humanities scientists across
all themes, in different types of interdisciplinary
projects and without losing ﬂexibility,” says the
League of European Research Universities.
As well as an expressed desire to encourage
collaboration, the EC has also made a commitment to
tackle some thorny participation issues, in particular
the lack of female researchers. The Commission says
they are committed to reaching a target of 40 per cent
female participation in its advisory structures:
“Increased female participation will improve the
quality of research and innovation while helping to
address the existing deﬁcit of highly qualiﬁed and
experienced scientists necessary for enhanced
European competitiveness and economic growth,” says
the EC.

Bringing business on board
Without the support of industry, research and
innovation can have little commercial impact and the
success of Horizon 2020 rests on the Commission’s
ability to buck the trend of decreased industry
participation in previous Frameworks.
“Horizon 2020 will tackle societal challenges by
helping to bridge the gap between research and the
market by, for example, helping innovative enterprise
to develop their technological breakthroughs into
viable products with real commercial potential,” says
the EC.
It’s hoped the simpliﬁcation of the funding process
along with a reduction in previously prohibitive
administrative costs will act as a carrot to tempt
SME participation. In recognition of SME’s
innovation potential, the EC says that “15 per
cent of the total combined budget for all
societal challenges and the enabling and
industrial technologies will go to SMEs”.
Developing industrial leadership sits at the
heart of Horizon 2020. By investing in key
industrial technologies, facilitating access
to risk ﬁnance and boosting SME
involvement it is hoped that the Horizon
2020 will invigorate market investment
in research and innovation.

of the European Research Council. However, the
organisation has also raised objections about various
aspects of the programme including “vehement
disagreement” to the proposal to cut the budget for the
Marie Curie Actions fund and a call to clarify the
proposed deﬁnitions of intellectual copyright.
Questions were also raised at a recent Neth-ER
seminar, Raising Excellence, as to how Horizon 2020
will work alongside existing funding bodies such as
the Structural Funds.
Others have expressed concern as to the governance
structure of Horizon 2020.
“It is difﬁcult to escape the idea that we need some
sort of overarching co-ordinating body – but without
falling victim to the idea that you can mechanically
and perfectly co-ordinate everything with
everything,” considers Christopher Hull, Secretary
General at European Association of Research and
Technology.
The debate will no doubt continue as the EC
continues to iron out the ﬁner details of Horizon 2020
proposals throughout 2012. Until then Professor
Liselotte Højgaard, President of the Copenhagen
Research Forum remains optimistic that Horizon 2020
is a solid foundation for the future of European
research and innovation.
“Solving the societal challenges of Europe demands
the collaboration of the best researchers in Europe to
provide sustainable solutions.
“The European Commission Proposal for
Horizon 2020 is a strong platform and
a good starting point.”

The next step
Horizon 2020 is an unwieldy
proposition that boasts some
lofty ambitions. While there is
plenty of optimism that the
programme will bring real
and positive change to the
research and innovation
culture in Europe, there are,
inevitably, rumblings of
discontent. LERU expressed
support for many aspects
of Horizon 2020, in
particular the continuation
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As Denmark picks up the baton of the EU presidency, we take a look at
how this Nordic country is building on its reputation as a pioneering nation
who strives for positive change through scientiﬁc research and innovation...

Great Danes:

A Nation of Explorers
F

rom the adventures of 17th century Danish
navigator Jens Munk to the astronomical
breakthroughs of Tycho Brahe to the
groundbreaking scientiﬁc research of the sea-faring
crew of Galathea II, Denmark can boast a strong
reputation as a nation of explorers with inquisitive
minds. The Danes are also drivers in innovation both
commercially and in scientiﬁc research and Denmark
can include Lego, the typewriter and the pH scale
amongst its list of inventions.
Despite being a small country with a population of
around 5.5 million, Denmark’s commitment to research
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and development is strong and its R&D expenditure
ranks among the top six countries in the world. This is
a continuing commitment and the scale of research
projects currently underway in Denmark’s universities
and research centres is broad and reﬂective of the
country’s desire to drive for social progress through
science. Examples of this pioneering spirit include the
team at the University of Copenhagen who are
developing new nano-technology. A multidisciplinary
research group at Aalborg University is experimenting
with intelligent forms of street lighting while teams at
the Kennedy Centre in Glostrup are working on new
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treatments for mental disability.
The ﬁrst six months of 2012 sees Denmark take the
baton of presidency of the EU and alongside this
privilege the Danish science community is planning to
develop the nation’s research and innovation projects
in some exciting ways.

At the heart of the Danish commitment to research and
innovation is their deep respect for education. The
Danish government want to continue to develop
Denmark as a knowledge-based society and this means
offering an inclusive education policy. In 2011, the
Danish government announced ambitious educational
goals that would see 60 per cent of all young people
completing a programme of higher education and 25
per cent completing a long-cycle programme of higher
education. Notably, there are no tuition fees for full
degree programmes in Denmark and the effects are
positive with around 21 per cent of young people
taking a university degree. The introduction of the
three-cycle degree structure (bachelor, master and
PhD), the full implementation of the ECTS credit
system, ﬂexible learning paths and student-centred
learning have also helped Denmark carve a reputation
as a country that places education and research at the
heart of its programme for growth.
Overseeing this drive towards developing Denmark
as a knowledge-based society is the Danish Ministry of
Science, Innovation and Higher Education. The
Ministry comes under the Danish Agency for Science,
Technology and Innovation and its aim is to nurture
research and innovation. Their goal is to establish a
diverse, inclusive education system and research base
that will produce results that feed directly into the
public sector and industry, both on a Danish and
pan-European level.

education has been the Sino-Danish Centre for
Education and Research (SDC): a joint venture between
Danish universities, the Danish Ministry of Science,
Innovation and Higher Education, the Graduate
University of Chinese Academy of Sciences and the
Chinese Academy of Sciences. The SDC offers study
programmes, scholarships and shared research
projects. It has identiﬁed neuroscience as one of the
pioneering ﬁve research areas and it’s a ﬁeld in which
the SDC is predicted to make signiﬁcant scientiﬁc
breakthroughs.
Meanwhile, in Europe Danish researchers have
collaborated with multiple projects including 2,400
within the UK alone. It’s a lucrative business. Since
2007 Danish researches and businesses have received
more than 110 million euro a year in support of
research projects ranking Denmark fourth highest in
Europe in the distribution per capita of EU FP7
funding.
Other schemes boosting Denmark’s international
presence in global research and development is NORIA,
which encourages an open-border policy in knowledge
sharing between the Nordic countries. The Ministry of
Science, Innovation and Higher Education have also set
up bilateral agreements with, amongst others, China,
the US and India as well as establishing centres of
innovation in Silicon Valley, Hong Kong and Sao
Paulo. The Ministry continues to build up partnerships
with a host of other global research centres including
the H-STAR centre at Stanford University and the
research network CITRIS.
Such collaborations and partnerships are
spearheading the presence of Denmark in key centres
of international research. They are laying the
foundations for the future involvement of Danish
researchers in international research projects as well as
attracting international business interest to Denmark.

A global perspective

Science & society

Alongside its commitment to education, Denmark is
fully aware that international collaboration lies at the
heart of becoming a successful leader in research and
innovation. To encourage the internationalisation of its
education system and the international cooperation of
academic research, Denmark is making concerted
efforts to stimulate international mobility between
students. Students from the EU wishing to study in
Denmark don’t have to pay tuition fees and they have
simpliﬁed the process for Danish educational
institutions wishing to take part in the Erasmus
Mundus programme. Such measures are helping to
promote an open-border policy and in 2010 more than
8,500 international students studied in Danish
universities in full degree programmes. The numbers
of international students studying in Denmark has
more than doubled in 10 years. Likewise Danish
students studying in international programmes rose by
more than 50 per cent between 2001 to 2011.
One particularly successful example of Denmark’s
efforts to establish international links through

The EU Framework Programme for Research and
Innovation, Horizon 2020, has outlined some hefty
ambitions for European scientists and researchers.
Climate change, sustainable transport, renewable
energy, food safety and security are some of the ‘grand
challenges’ we all face and it is these issues that are
the focus for Danish research and innovation in the
immediate future. The Europe 2020 agenda has also
outlined the importance of research and innovation as
a vehicle to carry Europe out of its current economic
climate. With this, and the Horizon 2020 grand
challenges in mind, Danish research agencies have
made a commitment to encourage collaboration
between researchers and industry to tackle burning
social and economic issues.
The Danish Agency of Science, Technology &
Innovation have adopted a multi-pronged approach
with the introduction of various schemes. One is the
creation of nine research bodies, the GTS-institutes,
who exist to spread knowledge and share technology
with the business community. Companies can buy

Building a strong foundation
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services from GTS-institutes or participate in
collaboration projects that are co-funded.
Mercon ApS is a small Danish company that develops
sensor systems that warn of worn road networks. This
tiny team of four have access to a font of research
intelligence at the Alexandra Institute and Aarhus
University through this scheme. “We sometimes say
that the Alexandra Institute is our R&D department
with more than 100 employees,” says Ulrik Merrild,
CEO of Mercon.
One initiative successfully linking research and
business is the Cluster and Innovation Networks.
Danish universities and research institutions currently
collaborate with more than 3,000 enterprises through
20 Clusters and Innovation Networks. The Offshore
Centre based in South Western Denmark is a successful
example of a Cluster that saw universities,
technological institutes and businesses working
together to explore new market opportunities within
sustainable energy sources. Such partnerships are
encouraging a boost in proﬁts too. Research shows that
entering research and development collaboration
increases productivity by an average of 9 per cent
every year over a nine-year period.
Another innovation helping to build links between
research and industry is the Danish Industrial PhD
programme in which a PhD student is employed by a
business and enrolled at university simultaneously.
The Ministry of Science, Innovation and Higher
Education supports between 100 and 120 new
Industrial PhD programmes each year. In 2011, the
European Commission decided to establish a European
Industrial PhD programme based on the good practice
of the Danish model.
Also boosting knowledge dispersion throughout
wider society is the Knowledge Pilot Programme which
subsidises the employment of graduates in SMEs.
Studies show that those, on average, who participated
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in the programme increased their annual gross proﬁts
by an additional 150,000 Euros compared to similar
non-participants.
These schemes are clearly in line with the Horizon
2020 mantra that research and innovation can help
create more competitive industry and ultimately a
better society.

Looking to the future
Horizon 2020 has outlined the scientiﬁc scope for
research in Europe and Danish research bodies are in
support its framework for research and innovation
being based around challenges rather than scientiﬁc
disciplines.
“This will enable scientiﬁc institutions all over Europe
to reﬂect upon what science can contribute to society
and what society can do for the promotion of science,
innovation and higher education,” reﬂects Morten
Østergaard, Danish Minister for Science, Innovation
and Higher Education.
Denmark is set to fully participate in this mission
and this means investing in the future of its
researchers. According to the Innovation Union
Scoreboard 2010, Denmark is one of the innovation
leaders in Europe with an above average performance
and it has plans to rise further still.
The Danish Council for Independent Research has
launched a career research programme entitled Sapere
Aude (Dare to Know), which aims to encourage and
support talented young researchers. And, through
schemes such as Industrial PhDs and the Innovation
Networks, the Danish Government is developing a
strategy that promises to boost innovation both now
and in the future.
In the spirit of their pioneering forefather’s, today’s
scientists and researchers in Denmark are on an
equally exciting adventure searching for positive
outcomes for the grand challenges Europe faces today.
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Support Actions

Josh Howgego speaks to Peter Fristrup about his quest to understand the ﬁne details of the
sustainable chemical reactions which turn biomass into useful products.

It’s all in the detail
“At some point oil is either going to
run out or become very expensive,” says
Peter Fristrup, “that’s why we have to
make an effort to understand how to use
other resources to generate the products
we enjoy now, like fuels, plastics and
pharmaceuticals.”
Scientiﬁc understanding of how to
convert petrochemicals into a huge array
of attractive modern products has been
studied for decades. These days,
fractional distillation, cracking and the
processing of petrochemicals are
perfected arts. But the same is not true
when it comes to biomass. Scientists are
just beginning to tackle the challenges of
converting raw plant materials into
commodity chemicals.
Fristrup, who is based at the
Department of Chemistry, Technical
University of Denmark (DTU Chemistry),
has a passion for studying the ﬁne
details of chemical reactions – the socalled mechanisms. He focuses on
sustainable reactions, and uses the
information he gleans from his studies to
suggest ways of making new and
improved synthetic procedures. The
research could lead to better catalysts,
22

for example, or ways to lower reaction
temperatures or make procedures more
scalable. The more Fristrup learns, the
more likely it is that biomass could
become a viable raw material for
industry in the future.

which make life in the 21st century what
it is – and which we currently take for
granted. There are a wide variety of such
compounds, and the synthetic routes to
them from biomolecules are mostly
either
completely
unknown
or
signiﬁcantly underdeveloped.

Big problems with biomass
Although both oil and biomass are rich
in carbon and hydrogen, Fristrup
explains that there are important
differences between the two feedstocks
which make it hard to generate industrial
chemicals from the latter. For example
“there are big problems with lignin” says
Fristrup. “It’s really difﬁcult to break it
down, and normally the solution is just
to burn it off. Unfortunately it constitutes
about 40% of the mass, so that’s a real
issue.”
However, there are also challenges
further downstream, and this is where
Fristrup comes in. Once the initial
processing has produced molecules like
glucose, he is interested in understanding
how best to convert these into valuable
intermediate compounds. These are the
commodities that the chemical industry
uses to make the plastics and medicines

Understanding mechanisms
“Our strategy is to use experimental
observations coupled with computational
modelling; that’s our niche,” says
Fristrup. Academic chemists often focus
on one or the other, but Fristrup’s
combined approach enables him to probe
mechanisms in an insightful manner;
allowing both an overview of the
reaction process and precise analysis of
the transient chemical species formed
during a reaction’s so-called ‘transition
states’.
Recently Fristrup has analysed the
problem of turning glucose into a
molecule known as 5-(hydroxymethyl)
furfuryl (HMF) in a collaborative effort
with DTU Chemistry colleague Anders
Riisager. This chemical is a key feedstock
for a plethora of industrial processes.
Their paper on the subject has an
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Project Information
Project Title:
Sustainable Chemistry for Biomass
Utilization
Project Objective:
Characterize catalytic systems
capable of converting biomass
into valuable chemical building
blocks using both experimental
and theoretical methods. Use the
knowledge gained in this work
to design new and more efficient
catalysts for biomass conversion.
enlightening spider diagram, showing no
less than six vital chemicals which
industry makes from HMF at the moment.
These serve as solvents, fuels and
building blocks for the materials industry.
Making HMF from glucose, is however,
not that easy – or at least, it wasn’t until
now. It could be achieved, but required
expensive and toxic metal catalysts.
Fristrup explained that their interest in
this reaction was sparked when the team
noticed that adding boric acid increased
its speed.
“We wanted to investigate how that
worked mechanistically, in detail” he
said. Boric acid is an especially attractive
catalyst, since it is non-toxic and
sustainable; being an abundant and
naturally occurring substance.
So what was going on? “We did
extensive modelling on these structures,
to ﬁgure out where the boric acid would
coordinate to the carbohydrate” says
Fristrup.
He found that the ﬁrst thing to happen
is an isomerisation, from glucose to
fructose, and that the boric acid
particularly stabilises a crucial hydride
shift, which primes it for onward reaction.
“In the next step you need to eliminate
water to get to HMF,” Fristrup continues,
“but we couldn’t see how the boric acid
would help that part.” To test whether it
was involved in both steps of the reaction,
an experiment was designed to
complement the theoretical studies
already performed, in which the reaction
was run starting instead from fructose
using different amounts of boric acid.
“We get 70 or 80 per cent yield with 0.2
or 0.3 equivalents of boric acid, but once
we go to one, two or three equivalents, we
start to get less HMF produced” he said.
The results proved that the boric acid was
stabilising the ﬁrst step in the reaction
i.e. the formation of fructose from glucose
– and only a small amount was needed
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for good catalysis; any more would be a
waste.
This synergy of experimental and
computational methods has allowed an
important insight into the reaction
pathway. Fristrup says his next step will
be to vary the boric acid catalyst by
altering it with various appended
chemical groups. These could further
stabilise the developing electrochemical
charges during the reaction, and speed it
up even further.

The opposite of oil
Oils are unreactive and only contain
carbon and hydrogen. To make interesting
materials from them, the challenge is
often to ﬁnd ways of getting the chemicals
to react with other groups containing
different elements such as nitrogen,
oxygen and sulfur.
“But for biomass, the problem is exactly
the opposite,” explains Fristrup. “The
biopolymers are decorated with lots of
hydroxyl groups, and we simply have to
ﬁnd a way of getting rid of them before
we can start to do anything useful.” With
that in mind, one of Fristrup’s key
objectives is to develop a sustainable
“reverse dihydroxylation” reaction.
This would take two adjacent hydroxyl
groups on a sugar and remove them
simultaneously leaving a carbon-carbon
double bond; exactly the sort of chemical
moiety that industrial chemists are
already experts at manipulating in large
scale facilities.
The procedure would thus represent a
tool for shoehorning biomass into preexisting infrastructure.
Mechanistic chemistry is always useful
for improving the procedures chemists
use to make things. In Fristrup’s case, the
research is not only illuminating, but
also practically useful; in a world where
chemical feedstocks could soon change
irreversibly.

+

Project Duration and Timing:
3 years, September 2011 to December
2014.
Project Funding:
The project is sponsored by a Sapere
Aude Research Leader grant from
the Danish Council for Independent
Research.
Project Partners:
Initially, the project is centered
around the PI (Peter Fristrup), but
there will be efforts to attract
external partners at a later stage.

Peter Fristrup
Peter Fristrup completed
chemistry studies at the Technical
University of Denmark (DTU) with
a Ph.D. in 2006 (supervisors: David
Tanner and Per-Ola Norrby).
After post-doctoral work with Robert
Madsen (DTU) and Prof. Goddard
(Caltech) he joined the faculty at DTU
Chemistry in 2009.
He was recently promoted to
Associate Professor.

Contact
Main contact name:
Peter Fristrup
Tel: +45 45 25 21 23
Email: pf@kemi.dtu.dk
Web: www.organic.kemi.dtu.dk
/Research/PeterFristrup.aspx
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Danish

The dream of Flemming Pociot, based at the Glostrup Research Institute in Denmark, is a
vaccination against type 1 diabetes. He tells Josh Howgego how he’s spent the last two decades
of his career in search of one.

Beating Diabetes

Unlike type 2

diabetes, which is
associate with age and obesity, type 1
diabetes is caused by the body’s immune
systems turning against itself. Flemming
Pociot has been trying to understand
why that should happen for the last 20
years.
Pociot, now based at the Glostrup
Research Institute in Denmark, began
his career with training as a medical
doctor at the University of Copenhagen
in 1984.
It was his interactions with the
patients on his wards which made him
really want to study diabetes in detail.
He next carried out PhD studies looking
at the biological origins of diabetes and
then went on to develop an independent
research career.
After a few years Pociot found himself
a research director of the Steno Diabetes
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Center / Hagedorn Research Institute
where he has worked to understand the
molecular causes of diabetes two
decades.
He explained that the process begins
with small cells called beta-cells. These
are the cells which produce insulin, the
protein responsible for modulating the
concentration of glucose in the blood.
These beta-cells occur in clusters called
the Islets of Langerhans, about a million
of which are distributed through the
pancreas of a healthy adult. “The ﬁrst
sign of a problem is that these structures
start to become inﬂamed,” says Pociot.
The body’s immune system has started
to perceive the beta-cells as foreign
invaders that need to be destroyed. The
key question, the one Pociot has devoted
his career to answering, is: “why?”
“There are many theories as to exactly

why this should happen,” says Pociot.
There has been some speculation about
whether a virus might be the trigger, but
no one knows exactly the cause.”

Cells under stress
One of Pociot’s favoured theories, which
has good evidence supporting it, is that
of Endoplasmic Reticulum (ER)-stress.
For some (unknown) reason, a few cells
start to be attacked. This small scale
initial attack puts the beta-cells under
considerable stress, and Pociot says that,
as cells go, the beta-cells are “particularly
poor at coping with attacks from
cytokines [cell signalling molecules].”
The stress may mean that the ER doesn’t
function as normal. The ER is the part of
the cell responsible for folding up and
packaging proteins ready for their jobs
in the body. If it’s not functioning
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correctly, the protein conjugates which
appear on the beta-cell surface or
secreted are altered, and no longer
properly recognised as tolerable proteins
by the immune system. This stimulates
the immuine system to redouble its
attack.
But the picture is not clear. It may also
be that as the cells die and split apart,
they release proteins into the surrounding
areas which inﬂuence the immune
system in other ways. Patients with
diabetes often have a few select betacells which are still working, while the
rest have been destroyed.
The reason why some cells succumb
while others remain in good working
order is another mystery.
Whatever the exact order of events, it
seems likely that the fundamental
molecular recognition process between
the beta-cell and immune cells has gone
wrong. The process works by the
interaction of a protein conjugate (an
antigen) on the beta-cells’ surface, or
secreted and taken up by a professional
antigen-presenting cell, with a receptor
on immune cells. So, for Pociot, the
important answers to why diabetes
develops lie in understanding the
molecular patterns of the beta-cell
proteome which govern this recognition.
If he can spot the molecular cause, there
may be room for medicine to intervene.

Biology two-point-zero
The trouble is that biology is extremely
complicated. Cells have a myriad of
biomolecules; chimeras of proteins and
sugars, with lipids stuck on for good
measure here and there. Pociot says the
overall changes to the beta-cells antigen
during diabetes onset are not
understood properly.
To make matters worse
the situation is constantly
in
ﬂux.
Chemical
modiﬁcation
of
interacting proteins and
substrates happens all
the time, with thousands
of atomic-scale changes
constantly regulating
and deregulating bodily
processes. This has led
to what biologists call
‘systems biology’ – a
paradigm which views
life at the molecular level
as a series of dynamic
networks. It also means
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Project Information
Project Title:
Role of beta cell proteome
modifications in the pathogenesis of
type 1 diabetes
Project Objective:
During T1D development PTMs
are induced in the pancreatic cells.
Some of these PTMs turn otherwise
immuno-tolerant proteins into
non-tolerant proteins which induce
immune responses specifically
directed against the ?-cells leading
to ?-cell impairment and apoptosis,
and eventually T1D. Understanding
of these processes constitutes a novel
diagnostic and therapeutic potential
to treat and prevent T1D.
Project Duration and Timing:
3 years, 2011 to 2014

identifying the networks of molecules
that cause diseases is a labyrinthine task
for those who try.
So how does one start to think about
these problems? Pociot says it’s hard to
get hold of human beta-cells as they are
a limited resource and in demand for
transplants, so he uses rodent ones
instead for routine work. He says that,
essentially “we expose them to cytokines
and see what happens.”
Mapping the molecular changes is an
enormous job, so the trick is to develop
methods of spotting patterns. Pociot’s
team use mass spectrometry to do this,
attempting to identify the mass of a
known chemical motif being added to a
speciﬁc protein, for example.
Because the pancreas can’t be studied
in its real environment very easily,
computer modelling of the effects of the
molecular changes on the system is also
important; an approach known as
bioinformatics.
Pociot notes that other autoimmune
diseases like rheumatoid arthritis and
multiple sclerosis have recently been
shown to involve certain types of
chemical changes such as deimidation or
deamination.
These alter antigen structures, but the
full implications are not yet fully
understood.
So far, Pociot hasn’t spotted changes to
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the proteome of the beta-cells which are
unique to that particular type of cell.
“It’s puzzling then” he observes, as to
“why such changes would only affect the
Islets of Langerhans, and leave other
tissues undamaged.”
The current theory to explain this
ﬁnding is that these changes may be
regulating gene functions which may be
different in beta-cells compared to other
cell types.
This may lead to pronounced
vulnerability of the beta-cells which
ultimately causes the cells to be attacked
by the immune system. Pociot says if this
is true, once the researchers ﬁnd the
genes, “it could lead to a proof of principle
vaccination quite quickly; within a few
years.”
The diabetes consortium
Pociot says one of his career highlights
has been part of setting up the Type 1
Diabetes Genetics Consortium (T1DGC), a
grouping of the world’s best diabetes
genetics researchers.
He says this collaboration has “really
got people together, to develop new ideas,
and consolidate what we already know.”
With that in mind Pociot emphasises
that “we’re living in exciting times for
diabetes research.” With such great
minds working together on the problem,
there is more hope than ever that we
really can beat diabetes.

Project Funding:
t The Danish Council for Independent
Research, Medical Sciences: 600.000
EUR
t The European Foundation for the
Study of Diabetes: 100.000 EUR
t The Novo Nordisk Foundation:
30.000 EUR
Project Partners:
t Joachim Størling, Anne Julie
Overgaard and Caroline Brorsson,
Glostrup Research Institute,
Denmark
t Prof. Henrik B Mortensen, Herlev
University Hospital, Denmark
t Prof. Martin R Larsen, University of
Southern Denmark, Denmark
t Prof. Decio L Eizirik, Universite Libre
Brussels, Belgium
t Claus Haase, Novo Nordisk A/S,
Denmark
Prof. Flemming Pociot
Has published more
than 220 peer-reviewed
original papers, reviews
and book chapters. Has received
several awards for his research.
Editorial Board Member, Genes and
Immunity and Diabetes (2006-2009).
Has served on the scientific advisory
board for a number of foundations.

Contact
Main contact name:
Prof. Flemming Pociot
Tel: +45 3863 3560
Email: fpoc0001@regionh.dk
Web: http://www.glostruphospital.dk/

Insight Publishers | Projects 29

World Cities Summit Executive Summary
Insight will be producing an Executive Summary of the World
Cities Summit 2012, providing a round-up of the issues being
discussed, the challenges ahead and the solutions available.
This invaluable record of this landmark event will be an
essential guide to sustainable urban development and the
building of liveable cities in the future.
If you would like to be featured in this very special publication
that will be distributed globallly to more than 100,000 key
delegates, or would like to reserve your copy:
email william.davis@ipl.eu.com or call +44 117 2033 120
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A team of researchers from the Center for Healthy Aging at the University of Copenhagen have been working
on a project called GASMITO that aims to look into the effect of gastric bypass surgery on glucose and lipid
metabolism and mitochondrial respiration. This surgery, which was originally intended as a cure for obesity, has
been shown to reverse the effects of type 2 diabetes overnight as Professor Flemming Dela explains

The surgical cure
for type 2 diabetes
Type 2 diabetes is a disease that has
been on the increase in recent years, and
is now at almost epidemic levels in
developing countries. The disease often
develops in the morbidly obese due to
several years of inactivity and overeating,
and it is characterized by what is called
insulin resistance. The effects of insulin
in a normal body are to bring glucose into
primary skeletal muscle and inhibit the
liver from producing glucose. When these
two components of insulin action are
diminished, glucose becomes stockpiled
in the body leading to hyperglycemia,
otherwise known as high blood sugar.
“When people develop obesity over the
years, the pancreas (the organ that
produces insulin) tries to keep up with the
increasing demand for more insulin,”
explains Professor Flemming Dela of the
University of Copenhagen and coordinator
of the GASMITO project, which aims to
look into the effect of gastric bypass
surgery on glucose and lipid metabolism
and mitochondrial respiration with a view
to tackling the disease. “At some point and
nobody is exactly sure when,” he
continues, “the beta cells in the pancreas
may fail. This causes insulin production
to diminish, which in turn brings about
the type 2 diabetes. The essential
difference between the patients that
develop the diabetes and those who don’t
is that the pancreas in those that don’t is
still capable of over producing insulin.”
For the patients that do have this defect
in insulin production, a gastric bypass
operation can reverse the effect of this
defect overnight. The reason is thought to
28

Above: A muscle biopsy by Bergström
needle is obtained from the thigh of a
patient. Right: Normal (upper) and high
(lower) lipid content in muscle cross
sections were stained with bodipy-493/503
and images were acquired with a Zeiss
LSM710. Intramyocellular accumulation of
lipid droplets can be seen. Bar: 10 microm.
be due to an enhanced effect of gastric
hormones such as GLP-1 that are produced
in the gastrointestinal area. These
hormones are produced in response to
food entering into the stomach and the
intestines, and so when the area into
which the food enters is manipulated, the
response by the cells in the intestine
changes. The effect of these hormones is
effectively to kick-start the insulin
producing beta cells in the pancreas.
“The really amazing thing is that
nobody knew that this was going to
happen,” says Dela. “These operations
were originally designed as a cure for
obesity, and by bypassing part of the
intestine they did indeed help people make

substantial sustained weight loss. The
diabetes cure was literally just a happy
coincidence.”
Morbidly obese patients have been the
subject of many psychological studies. But
until now, no one has followed the patients
from the period before surgery until
normal weight is achieved, and compared
observations of cognition, body and
health perception with objectively
measured phenotypic characteristics.
Nobody is exactly certain about the
mechanism by which this cure works, but
it has subsequently been discovered that
the hormones produced in the intestines
are extremely active. This has led to some
of the world largest pharmaceutical
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Project Information
Project Title:
GASMITO: the effect of gastric
bypass surgery on glucose and lipid
metabolism and mitochondrial
respiration.
Project Objective:
To mechanistically explain the
resolution of type 2 diabetes and
improvements in insulin sensitivity
that is seen after Roux-en-Y gastric
bypass surgery. To create the grounds
for development of pharmacological
or non-pharmacological cure for
insulin resistance. To delineate the
impact of physical inactivity and
obesity on tissue substrate utilization
and mitochondrial function.
Project Duration and Timing:
5 years, 2011 to 2015
Project Funding:
tThe Danish Council for Strategic
Research
tThe Nordea Foundation
tThe Hørslev Foundation
tKathrine and Vigo Skovgaard
foundation
tThe Beckett Foundation

Top: Bioanalyst Regitze Kraunsøe and associate professor Clara Prats processing
muscle specimens. Bottom: Post doc Steen Larsen and Nis Stride, MD obtaining a
muscle biopsy with the Tru-Cut system.
companies creating drugs based upon
these gastrointestinal hormones, and
these drugs have sold in vast amounts
worldwide.
“This is one the main areas for our
research - trying to better understand
the mechanism by which this cure works.
But on a broader scale, we are also
interested in what else happens in the
body in someone with a physically
inactive lifestyle, which is the major
problem that brings about the disease.
Apart from being obese, there are many
other changes that occur, such as the
capacity to oxidise fat. To ﬁnd out more
about this, we have taken muscle biopsies
from athletes, non-athletes, and also in
patients with gastric bypasses before and
after the surgery.
“The oxidation of fat occurs in an
organelle called the mitochondria. This
is the powerhouse of the cell which uses
the oxygen we breathe to produce energy.
We measure the capacity of these
mitochondria to oxidise fats and other
substrates in order to elucidate the
connections between physical inactivity,

mitochondrial
dysfunction
and
metabolic disease.”
Another area of research that is covered
by Xlab is the investigation of high
intensity training as a method for helping
people with physically inactive lifestyles.
“It is a well known fact that in the modern
world there are many people who do not
do as much exercise as they should, and it
is very difﬁcult to motivate these people
to get off the couch and get moving,” says
Dela. “We have investigated all different
kinds of training methods with patients
with type 2 diabetes, and the latest one we
have looked at is this high intensity
training. This involves doing 10 minute
bursts of extremely energetic exercise
three times a week, and so far the results
are promising, Very soon we will be able
to explain why this method seems to be so
effective.”
With levels of obesity in Europe on the
rise every year, the research done in
Dela’s lab could play a vital role in
reversing this trend and providing some
insight into the harm that physical
inactivity can cause to the body.

+

Project Partners:
t Associate professor, PhD Jørn Wulff
Helge
tAssociate professor, PhD Clara Prats
tChief surgeon, MD, Andrea Karen
Floyd, Koege Hospital
tChief surgeron, MD, MPA, Karsten
Bech, Koege Hospital
tProfessor, Medical Psycology, Erik
Lykke Mortensen
Flemming Dela, MD
54 yrs. MD in 1989. Doctor of
medical sciences (D.M.Sci) in 1996
(Thesis: “On the influence of physical
training on glucose homeostasis”). Head
of a research group (Xlab) focusing
on the impact of exercise training and
physical inactivity on metabolism and
cardiovascular function in young and old
people. Healthy and diseased. Athletes
and sedentary people.

Contact
Flemming Dela, MD.
Tel: + 45 35 32 74 23
Email: fdela@sund.ku.dk
http://www.xlab.dk
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Researchers at the Department of Molecular Biology and Genetics at Aarhus University in
Denmark are searching for the proteins involved in the cellular repair mechanisms that counteract
the action of one of the most successful groups of anticancer drugs.

Investigating proteins to
better treat cancer
This group of anticancer drugs are
among
the
most
successful
chemotherapeutic drugs currently used
in the treatment of human cancers. A
newly designed cellular system is
expected in the future to help in the
development of new strategies towards a
more efﬁcient treatment of cancer cells.
“The project originally stemmed from
our interest in DNA topoisomerases,”
explains Lotte Bjergbaek, a researcher at
Aarhus University. “These are ubiquitous
30

enzymes that alter the topology of DNA
during replication and transcription.
They achieve this by making a cleavage
in the DNA backbone, and after removing
topological stress , they heal the break
again.”
Camptothecins, some of the most
highly prescribed anticancer drugs in
the world, work by inhibiting one of
these enzymes, topoisomerase I (topo I).
When camptothecins react with this
enzyme, they inhibit the ligation

reaction and leave what is called a
cleavable complex. Although naturally
occurring, if these cleavable complexes
are not resealed by topo I, they will
cause damage to the DNA. If this occurs
within a cancer cell, it will potentially
lead to the death of the cell.
“However, cancer cells have many
ways in which they can counteract the
effects of these drugs,” explains
Bjergbaek. “Once this treatment is
started, the cancer responds by
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activating a multitude of DNA repair
pathways to deal with the damage,
considerably reducing the drug effect.
“What we are hoping to achieve
through this project is to identify and
characterise the pathways that are
involved in this repair process. People
have been using vast amounts of
camptothecins and have been getting
good results, but little is known about
which repair mechanisms counteract the
effect of the treatment.”
Bjergbaek and her colleagues have
now developed a cellular system, where a
cleavable complex can form at a speciﬁc
point in the DNA. The novel system,
called the Flp-nick system, creates a
unique opportunity to investigate the
repair of a cleavage complex introduced
at a single genomic site, which so far has
been impossible. To generate a situation
in the cell that mimics a drug-stabilized
topoisomerase-DNA cleavage complex,
the researchers use an enzyme (called
Flp), which has a catalytic mechanism
like topoisomerases as it generates
transient breaks in the DNA backbone.
However, the enzyme used in the Flpnick system carries a mutation that
inhibits the resealing reaction of the
enzyme, whereby a permanent break is
generated. The Flp enzyme has the
advantage that it cleaves at well-deﬁned
sequences (called FRT), which allows
targeting of the cleavage to a speciﬁc
genomic site by insertion of the sequence.
Furthermore, expression of the Flp
enzyme is controlled by a speciﬁc
promoter, which can be turned on or off
depending on the growth medium. “In
this way we can make a global screen
with a library, thus identifying the
proteins that are involved in the repair
process.”
The work is carried out in a model
system using budding yeast S. cerevisiae.
This is possible because topoisomerases
have been highly conserved throughout
evolution, meaning that they have
remained very similar throughout many
life forms, from yeast all the way to
higher eukaryotes. “What we are hoping
is that if we cause the same sort of
damage to the DNA in the yeast, the
repair mechanisms utilized may also
have been conserved.”
The long-term goal of this innovative
research is to provide the groundwork
for the development of a drug that could
be used in tandem with camptothecins,
disrupting the repair of the cleavage
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Project Information
Project Title:
Identification of cellular repair factors
counteracting the cytotoxic effect of
camptothecins
Project Objective:
The goal of the research project is to
identify and characterize repair factors
counteracting the cytotoxic effect of
camptothecins. The ultimate goal is to
create a launch pad, where drug design
against co-targets that will be efficient
in cancer treatment with existing
topoisomerase I targeting anticancer
drug regimens will be possible.
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complex and thus causing maximum
damage to the cancer cells. “What we are
really hoping for is that we will be able to
identify very speciﬁc repair factors that
pharmacologists in the future can
target.”
One of the biggest problems with
camptothecins is their level of efﬁciency.
As well as the cellular repair mechanisms
that impede their function, secondary
cancers that can appear after short-term
recovery are often resistant to them.
“This is another reason why we believe
our work is so important,” says
Bjergbaek.
“Once the camptothecin has been used
once, it is often rendered redundant for
use again on the same patient. Thus, it is
very important to make sure that it
works as efﬁciently as possible when it is
being used, which is what we would hope
that a drug based on our research would
help to achieve.”
The project received funding in 2011
and was formed on the basis of the Flpnick system, the details of which were
published in Nature Methods in 2009.
The project will involve one year
dedicated to the global screening, and
then the remaining two years
characterizing exactly how the repair
factors actually work.
“We are really at an early stage in the
research at the moment, and as such we
have no idea what the results might
yield,” says Bjergbaek. “I think that the
information garnered from our work will
almost certainly spawn a multitude of
new projects, and so we are really
looking forward to collaborating with
other researchers in the future.”

Project Duration and Timing:
2 years, 2012 to 2014
Project Funding:
The Danish Counsil for independent
research Medical Sciences and
Hoerslevfoundation

Lotte Bjergbaek
Awarded Ph.D in 2000
from Aarhus University,
postdoctoral work at Geneva
University from 2001-2005. Junior
groupleader at Molecular Biology, Aarhus
University 2005-2006. Present position:
Associate Professor, groupleader at
Molecular Biology and Genetics, Aarhus
University. Research fields of interest:
Genomic instability, DNA repair, DNA
topoisomerases and integrity of DNA
replication

Contact
Main contact name:
Lotte Bjergbaek
Tel: +45 87156315
Email: lbj@mb.au.dk
Web: http://mbg.au.dk
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Happy pills, bottled smiles – whatever you like to call them, antidepressants are some of the most
widely used prescription drugs in the world. They are used to treat patients with chronic anxiety and
depression, and can be extremely beneﬁcial for sufferers of these debilitating mental states. However,
Claus Juul Loland of the University of Copenhagen believes he and a team of researchers may
have discovered a way in which they can greatly enhance the way in which these drugs work

The new
drugs for
depression
“When looking at depression, the
most important chemical to consider is
serotonin,” explains Loland. “This is a
neurotransmitter in the brain that, in
theory, when released delivers a sense of
well-being. Thus, when people are
depressed it is generally a good idea to
get more serotonin into their brain.”
The way in which current tricyclic
antidepressants as well as selective
serotonin reuptake inhibitors work is by
inhibiting the serotonin transporter
protein that mediates the reuptake of
serotonin back into the secreting
neurons. When this protein is inhibited
it will cause a higher serotonin signal
between the neurons, and consequently
a higher level of serotonin.
These drugs, such as Prozac, or ‘happy
pills’ as they are sometimes referred to,
are widely used, with around 10 per cent
of the population of the USA regularly
taking them. However, the way in which
they work is not ideal. “’Happy pills’ is
32

actually a rather misleading name”, says
Loland, “because what is happening
when you take them is, rather than
becoming more happy, your mood is
being stabilised. They will stop you from
becoming depressed, but at the same
time they will also stop you from
becoming particularly happy. The
general effect is that both ends of the
spectrum are dulled.”
Recent ﬁndings that have arisen from
Loland’s research may have opened a
path towards a new way of treating
depression. “There is another binding
site on the protein that the traditional
antidepressants act upon that has been
known about for quite a long time, but
has not been fully understood,” explains
Loland. “Many investigators have tried
before to differentiate and elucidate this
dual-binding on the transporter protein
for many years, but until now have
lacked the proper methods of doing so.
“What we have done is to employ the

most recent ways of characterising
proteins, using computer-guided models
and making speciﬁc mutants inside the
protein to map the binding site.”
What differentiates this other binding
site from the one that is utilised by
current antidepressants is that it allows
for what is called allosteric inhibition.
“Basically, we do not know yet what
speciﬁc effects it will have to selectively
inhibit the allosteric site, but the
inhibition seems to be activitydependent.” Rather than completely
blocking the transporter protein from
functioning, this binding site can be
used to inhibit its activity more when it
is more active and less when it is less
active. “This is the equivalent of having
a volume dial compared to having a
simple on-off switch,” explains Loland,
“meaning that you can increase or
decrease the degree of inhibition as a
function of serotonin activity.
“What we are doing now is screening
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Project Information
Project Title:
Mapping of the allosteric binding site
on the serotonin transporter
Project Objective:
Elucidation of the structural
mechanisms and molecular function
behind the allosteric binding
site in the serotonin transporter
using molecular modelling and
mutagenesis.
Project Funding:
The Danish Independent Research
Council’s Sapere Aude programme;
The Lundbeck Foundation
and developing inhibitors that selectively
bind to the allosteric site. All of the
current inhibitors bind to both sites, so
we need to identify these speciﬁc
allosteric inhibitors. We still do not have
any knowledge about what effect these
drugs will have on patients, but it will
most likely be different from the current
ones; we hope it will be for the better.”
The method employed for ﬁnding
these inhibitors involves using genetic
engineering techniques to introduce the
portion of human DNA that codes for the
serotonin transporter into an immortal
cell line, which can then be grown in a
laboratory.
These cells will then begin to express
the protein on the cell surface, after
which potential drugs can be tested upon
them to see exactly how they bind to the
protein.
Mutations can then also be introduced,
creating subtle changes in the amino
acid composition of the protein, allowing
the researchers to assess exactly how
each part of the binding site is reacting
with the drug.
“This process is a very well established
technique,” explains Loland, “but the
advantage that we have now is that we
can use relatively reliable computerised
molecular modelling of the protein to
initially gauge how a speciﬁc drug might
interact with the binding site. This gives
us a huge head start on knowing which
amino acids to concentrate on; if we
were to go by random selection then we
would have to exhaustively search
through each of the 620 amino acids,
which would be a huge task.”
The team from the University of
Copenhagen is now working together
with a Danish pharmaceutical company
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which has provided them with a library
of compounds that could potentially be
used as allosteric inhibitors. “We have
had some hits,” says Loland, “which is
very exciting. The best compounds have
a high enough afﬁnity for the allosteric
site, meaning that they are effective
with small doses, which is necessary
because obviously you do not want to be
administering drugs to people by the
kilo!”
Loland is keen to explain why he
believes the compounds that target this
speciﬁc site will be superior to the drugs
that are currently available. “I think it is
important that some serotonin activity
remains; if we could rather decrease its
activity slightly then that would almost
certainly be beneﬁcial.
“One of the major problems with
totally blocking the transporters is that
it does not allow the serotonin to be
reused at a later stage, and it essentially
goes to waste.
“The only way that the cells can then
replenish serotonin levels is to synthesise
more, which is quite a slow process
compared to when serotonin is
reabsorbed.
“If we could create a drug that
enhances the serotonin level in some
instances but keeps the overall activity
of the transporter then that would be a
lot more useful.
“If nothing else,” Claus adds “the
compounds are already excellent tools
for elucidating fundamental processes of
the serotonin transporter.”
Only time will tell as to whether Claus
and his colleagues can happen across the
right compound, but the potential of a
new, third generation of antidepressants
could well be arriving in the near future.

Project Partners:
tLundbeck A/S

Claus Juul Loland
Claus Juul Loland is
the Associate Professor
in Neuropharmacology
at the University of Copenhagen.
He has an M.Sc in Human Biology
and a PhD from Graduate School
of Neuroscience, University of
Copenhagen. His main expertises
are in the area of structure-function
relationships in neurotransmitter
transporters. His techniques include
molecular biology, molecular
neuropharmacology, purification
and crystallization of membrane
proteins, fluorescent-based
techniques and nanodiscs.
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Attention
Seekers
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Award winning Danish scientist Thomas Habekost talks to
Projects magazine about how his latest research project
Attentive Mind will examine how the human brain battles for
attention

The past 30 years have proved to be a
revelatory era in neuropsychology.
Developments in technology such as
neuroimaging and electrophysiological
measurements have driven gargantuan
leaps in our grasp of how the human
brain functions and affects psychological
processes and behaviour.
While advances in understanding
have been impressive, neuropsychology
continues to be an exploration into the
unknown. It’s a journey that never fails
to fascinate as scientists continue to
unpick the complexities of the brain and
human behaviour.
Denmark is keen to prove its
commitment to this fast-developing
science. Its Ministry of Science,
Innovation and Technology recently
awarded
Danish
neuropsychologist
Thomas Habekost an impressive 1.1
million Euro to fund a progressive
research project called Attentive Mind.
The study will take as its starting point a
theoretical
foundation
already
established by a mathematical model of
visual attention called TVA.
The model was originally formulated
in 1990 by the Professor of Cognitive
Psychology at the University of
Copenhagen, Claus Bundesen, and is now
recognised as a world-leading model of
attentional processes. Attentive Mind
will further develop this model that
describes how our brain selectively
processes the visual information it
receives.
“The metaphor you might use is that
attention is a competition,” explains
Thomas. “The basic idea is that the total
information we receive from the visual
ﬁeld is much too complex for our brains
to grasp consciously, so there is a
competition going on within a few
fractions of a second to select the most
important information.
The model is all about this competition.
www.projectsmagazine.eu.com

Attention can be split up into different
components,” Thomas continues, “such
as how much can you see at one time,
how fast can you encode it, how can you
distribute your attention and so on –
that’s what the model is all about: to test
and to measure these different
components of attention.”

Are you paying attention?
The primary objective of Attentive Mind
is to take the groundbreaking TVA model
in new theoretical directions. A second
aim of the project is to take this
theoretical model and apply it to clinical
conditions such as adults with damage to
the right side of their brains. “When
people have damage to their brain this
selection can break down in various
ways,” says Thomas.
“Their basic ability to process
information may be slower. It could also
be that they’re prone to only notice
things in certain parts of space, such as
the right side. They ignore everything in
the left side because the normal balance
between left and right has been damaged
by a stroke, for example.”
Such circumstances are interesting for
clinical purposes, but also for mapping
the brain and the function of its various
anatomical parts. “It’s something we can
model and quantify quite precisely,” says
Thomas. “So how fast, for example, are
they processing, or how much has the
brain damage slowed them down or
shifted their focus from left to right.”
The Attentive Mind project could also
have beneﬁcial results for testing
children with ADHD. “One problem with
ADHD currently is that there are no real
objective tests or criteria for diagnosis,
so it’s hard to see whether a child has
ADHD or some other psychological
problem.
We’d like to ﬁnd a more objective
psychological proﬁle using our tests. In
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combination with the pharmacological
work we are doing, we’d like to see if
these attention problems can be alleviated
by pharmacological means. This has
direct relevance for ADHD but probably
also for other neurological conditions
where low brain arousal is a problem, for
example, a stroke.”
Attentive Mind is due to start in 2012
and will last for four years. While
Thomas and his team of researchers in
Copenhagen will be leading the project,
the Attentive Mind study will embrace a
myriad of experts from varying
disciplines.
Alongside collaborations with medical
doctors and pharmacologists, Thomas
will be joined by a child psychiatrist in
Copenhagen, rehabilitation specialists
working on brain damage, an expert on
behavioural pharmacology from France,
a professor of cognitive psychology from
Ireland and a team of neuropsychologists
from Germany. Crucially, the project will
be also be supported by a group of
European researchers interested in the
TVA model, called the ITVA network. Set
up by Thomas two years ago, the ITVA
network meets bi-annually, exchanges
PhD students and courses and collaborates
on research projects.
“One of the ambitions of Attentive
Mind is to bring these many ﬁelds
together,” says Thomas. “It’s something
that’s already been started up in the
ITVA context - scientists from different
backgrounds who are interested in
attention but from different angles. One
of the great things about it is that we can
support each other.”

The science of insight
The formation of the ITVA network and
the research grant awarded to Thomas
for Attentive Mind is the culmination of
an illustrious career that began when
Thomas moved to the University of
Copenhagen to study neuropsychology
with Professor Bundesen as part of his
master’s thesis.
“I’ve always been interested in
mathematics but I hadn’t seen a way to
combine it with psychology,” says
Thomas. “Then I discovered this model
and that it could be applied to patient
studies. I did my masters with Bundesen
and followed it up with a PhD thesis on
some of the same subjects.” On completion
of his PhD, Thomas continued his studies
with a post-doc fellowship at Copenhagen,
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during which time he and his colleagues
continued
to
develop
European
collaborations that would eventually
become the ITVA network.
When Thomas became Assistant
Professor at the University of Copenhagen
in 2008, Professor Bundesen was given a
centre of excellence for attention studies.
The centre, says Thomas, “has boosted
the whole research environment in
Copenhagen” and has opened up
opportunities for the team to set up
research projects and move into new
directions, such as pharmacology.
In 2011 Thomas was appointed
Associate
Professor
of
Cognitive
Psychology at the University of
Copenhagen.
Signiﬁcantly, this was also the year
that he was awarded the Danish Sapere
Aude prize for Young Research Leaders
by the Ministry of Science, Innovation
and Technology and received the
substantial grant to set up Attentive
Mind.
The award is a huge ﬁnancial boon for
Thomas to develop his ﬁeld of expertise
and he is in no doubt that neuropsychology
is a dynamic branch of brain science that
will continue to excite both the public
and funding boards.
“It offers a different perspective than
people usually take about themselves
because there’s an emphasis on biological
and physical mechanisms. In our own
experience we have access to the
conscious content of the mind, but this is
only a small part of the information
represented in the brain.
Most of what is happening in the brain
cannot be revealed through introspection.
Instead, we have to study it with a
scientiﬁc approach, which is something
that interests many people.”
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Ted Andelius tells Josh Howgego how a year working on
clinical research is empowering Danish medical students.

One year
of research
“We have a great setup in the basement
for experimental research,” enthuses Ted
Andelius. “It kind of smells like a farm,
but there’s lots of eager students around,
doing major and minor surgery on both
pigs and mice supervised by ph.d students
and senior researchers.”
Medical students in Denmark are
encouraged to take a break from the
lecture theatre and spend a year trying
out research at the university or the
hospitals. The image of the pig surgery

www.projectsmagazine.eu.com

basement might sound unusual, but the
point of the year is to introduce the
would-be doctors to real life research
practices; which they would otherwise
not experience. It gives the students an
understanding of the investigative work
that informs all areas of medical practice,
and also allows them to make educated
decisions about whether, and to what
extent, they might wish to pursue
research as a part of their career.
Medical research is time consuming to
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run, says Andelius, and without a
dedicated and reasonably lengthy spate
in research work, students ﬁnd it hard to
get properly involved in projects. They’ll
also ﬁnd it important to get their names
on the research papers that result from
the work; often a much-appreciated boon
for the CVs of medics hunting for their
ﬁrst job.
“What we have at Aarhus University is
a great environment for learning about
medical research” says Andelius. He
describes the ofﬁces at the Department of
Cardiothoracic and Vascular Surgery
that he shares with some of the 100 or
so other students who are trying on
the research year at the University of
Aarhus.
“They’re right next to the wards, so we
are close to the patients. We’ve also got
our supervisors close by, so they can
swing by our ofﬁces and eat lunch with
us, so we can discuss our progress. We
are seven research-year fellows and just
as many ph.d-students, which creates not
only a social and fun environment to
work in but also let us help and encourage
each other. ”

Above : Aarhus University Hospital, Skejby and below Aarhus University

Paperwork
Andelius was assigned to a research
group who specialise in heart surgery
when he started his research year. One of
the things the group has focus on is the
sternum (or ´breastbone´) and postoperative healing of this.
To gain access to the chest cavity,
surgeons generally split the sternum in
two laterally.
After surgery the sternum is stitched
back together using steel wire and left to
heal of its own accord. Andelius explains
that even a force equivalent to that of an
average cough can be enough to shift the
two halves of the sternum out of position
by a few millimetres.
Bit by bit, over an extended healing
time, misalignment can result. It
sometimes happens, therefore, that the
sternum doesn’t heal in exactly the right
way, and complications such as chronic
pain can result.
Parathyroid hormone (PTH) is an
endogenous hormone that can be
manufactured artiﬁcially and used in the
treatment of osteoporosis. Knowing that
PTH can signiﬁcantly improve the
healing of bones, the research group to
which Andelius has been assigned wants
to conduct a clinical trial to investigate
whether the administration of PTH in the
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aftermath of heart surgery allows better
healing of the sternum.
On arrival in September 2011, Andelius
was charged with drawing up plans for a
clinical trial of PTH as medication postsurgery: a huge task for a medical
student. “I started that project from
scratch,” says Andelius. “It was difﬁcult;
a steep – but a good – learning curve. It’s
good to learn how to put a project
together.”
“So I spent my ﬁrst months here doing
basic paperwork, getting to know the
research sphere. I wrote the protocols,
and wrote off to all the agencies; the
Danish Health and Medicines Agency, the
Danish
Data
Protection
Agency,
the National Committee on Health

Research Ethics and so on. The approvals,
especially, take a lot of time to process.”
That sort of experience is invaluable
for a student. Even among his cohort of
Danish students, Andelius is fortunate to
be able to start a project in clinical
research. He will ﬁnish his research year
this September and go back to classes, so
he won’t work full-time on the project
until its completion.
He hopes to have time to implement
the protocol he wrote with the ﬁrst few
patients. “There are always one or two
minor problems that you haven’t
foreseen,” he says. “I’ll probably be able
to help with the ﬁrst few patients, and
see if any slight changes to the
procedures
are
needed.
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Project Information
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Coordinator’s: Left to right: Professor Vibeke Hjortdal, Ted Andelius and Rikke Vestergaard

Different types of research
“While I was waiting for all the approvals
to come through I had time to try other
things,” says Andelius. “My supervisor and
co-supervisor – Vibeke Hjortdal and Rikke
Vestergaard – offered me the chance to help
with their projects. They are involved with
all kinds of things, which gave me the
opportunity to try different aspects of
research; basic, experimental, and clinical.
It has been fascinating to see the connection
between the different ﬁelds of research. All
the way from the basic research at the
university to the clinical trials in the
hospitals..” Lots of different results, from
different trials, can be put together to build
up a deep knowledge base.
One of the interesting features of the set
up at Aarhus University Hospital is the pig
surgery basement at the Institute of Clinical
Medicine.
“I’ve had the chance to try a bit of minor
pig surgery while I’ve been here,” says
Andelius. “When we want to try out an
experimental method, we sometimes try it
on a pig ﬁrst, because that’s a suitable
model. Our focus in general is to make the
sternal bone heal in the best possible
manner. So aside from the PTH, we’re also
trying out different ideas in the pig
models.”
The practice is to operate on the pigs,
then allow them to recover and their
sternum to heal using different sets of
conditions. After the pigs have had a chance
to heal up, the students euthanize them and
remove the sternum.
They can then do analytical work to look
at the strength and quality of the bone,
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using mechanical tests, microscopy and
other analyses. This enables them to see
how well the bone physically responds to
the different treatment regimens. It’s a rare
opportunity to look at these parameters in
detail. Such measurements are obviously
impossible with humans, and few hospitals
have such well-equipped research facilities,
so the students are getting a rare and useful
piece of training.
Once they isolated the sternum, Andelius
explains the students take the specimen
“next door to the University, at the Institute
of Anatomy, where we conduct further
examinations.”
This tells the ﬂedgling doctors how the
internal structure of the bone has been
affected by whatever treatment the animal
has experienced.

Constructive and Inspirational
Overall Andelius describes the learning
environment during the research year as
“constructive and inspirational.” He is
surprised how well established the
research-year program is. “We have had
full access to ph.d courses, conferences and
classes as well as all the back-up and
supervision we need.” The chance he has
had to try on research has ﬁred a passion
for the work, and he says he wants to make
it a part of his future career.
For others, the research work is less
appealing, but all are in agreement that the
experience is an invaluable introduction to
the way research is carried out. It is this
that will inform their future medical
practice, no matter where they end up
doing it.
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The number of asthma, eczema and allergy sufferers continues to rise, with around 20 per cent of
children developing symptoms in early life. COPSAC (Copenhagen Prospective Studies on Asthma
in Childhood) aims to improve prevention, diagnosis and treatment, with the ﬁrm belief that lasting
health care improvements for children can only be obtained through research

Back to
the start
of life for a cure
Three of the

most common chronic
diseases found in childhood - asthma,
eczema and allergy - have more than
doubled in westernised countries over
recent decades. About 20 per cent of
children develop asthma-like symptoms
in early life, while there are an estimated
300 million asthma sufferers globally.
Welfare and health care might have
improved over the years, but the number
of asthma, eczema and allergy sufferers
continues to rise, presenting scientists
with a challenge.
Despite a stable genetic pool, the many
changes in lifestyle taking place means
there is now a new category of “welfare
diseases” and we have a limited
understanding of how the complex
exposome (totality of exposures received
by a person during a lifetime) of modern
life is interacting with susceptibility
genes. Although the disease might be a
lifelong problem, scientists believe that
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most chronic cases originate in early
childhood, suggesting that the underlying
immune dysfunction is most likely
caused by early life events.

HEALTH AND SOCIETAL
CONSEQUENCES
Asthma symptoms are rarely lifethreatening, but severely affect the
quality of life for children and their
families, and in particular families with
young children. Young children, in
particular, experience and learn through
physical activity, which helps develop
physical strength and dexterity, plus it
promotes growth and good health.
Exercise-induced asthma is a key
symptom among young children, often
with signiﬁcant impact on the child’s
physical ability. Recent studies have
revealed that less active children have a
higher risk of cardiovascular disease and
developing adiposity.

COPSAC (Copenhagen Prospective
Study on Asthma in Childhood) has
found that the reduction in young
children’s activity is in proportion to
their level of asthma, while parents and
children have also identiﬁed asthmatic
symptoms as a barrier to exercise with
children reporting that the worst thing
about their asthma is their inability to
participate in play and sports.

Psycho-social implications
Children with asthma, allergy and
eczema not only suffer physical
discomfort,
from
symptoms
and
treatments, but they also experience
psychological, behavioural and social
difﬁculties, with an increased prevalence
of anxiety and depression.
School years are an important period
for developing social relations, but an
asthmatic child might become anxious or
embarrassed, and might suffer from
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teasing or bullying, which can lead to
avoidance of social activities, a feeling of
isolation or difﬁculties in maintaining
friendships. Allergies often prevent
children from being close to furred
animals with the result that visits to
friends with pets are impossible. Reports
show that children with allergies are
three times more likely to be absent from
school than children without asthma,
plus they may have a learning impairment
and reduced school performance during
the pollen season.
Asthma symptoms can be episodic and
unpredictable. The unpredictability of a
sudden and severe attack, with the risk of
hospitalisation, causes stress and anxiety
for parents. Studies reveal that mothers
of asthmatic children were less likely to
have full or part-time work, and if single,
they were less likely to retain full-time
employment. The fear of an asthmatic
attack or allergic reaction can make some
parents over-protective and reluctant to
let their children participate in certain
activities.
The World Health Organization (WHO)
has documented the staggering direct
and indirect costs to society from asthma,
allergy and eczema, due to repeated visits
to doctors and specialists, hospital and
treatment costs, and parents’ work
absenteeism.

LIMITED OPTIONS FOR
PREVENTION AND TREATMENT
Apart from advising us to avoid tobacco
smoke, medical research has not provided
other evidence-based recommendations
that may lower the population’s risk of
these diseases.
Treatments are also limited to a few
symptomatic treatments with no cures.
Inhaled
corticosteroids
(steroid
medication that reduces inﬂammation
and contains man-made version of
cortisol) were introduced in the early1970s
and
leukotriene
receptor
antagonists (oral medication that is nonsteroidal) was introduced in the late1990s, and remains today’s mainstay of
treatment for children, as no other
treatment has been developed since.
Although a lot of promotion was put
into the proposed modifying effect of
inhaled corticosteroids on the natural
course of asthma, this approach was
recently disproved by COPSAC and other
scientists, the hospitalisation rate for
acute asthmatic symptoms at pre-school
age has remained largely unchanged.
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Some experts say that the lack of new
and more effective treatments reﬂects a
gap between research and unmet clinical
needs - and some consider this to be the
failure of medical research, which calls
for a better understanding of the diseases
and new treatments.
Critics have pointed out that this
failure is due to segmented research
strategies in the past, which has largely
been isolated molecular research,
epidemiological research, and to a lesser
extent clinical research in humans.
Indeed, the extent to which it will be
possible to relate ﬁndings at the molecular
level to clinical phenotypes is a central
problem for medical science.

COPSAC HISTORY
COPSAC was created in 1998, when its
ﬁrst pregnancy research group (cohort)
was created, but its foundation was laid
many years earlier as the result of
decades of clinical paediatric research
with a focus on young children by the
founder, Hans Bisgaard.
Three different lines of research made
it possible to create this focus on asthma
origins in early life. First, research
focused on asthma in early childhood
including randomised clinical trials
introducing new treatments for young
children, mainly efﬁcacy and safety of
inhaled
corticosteroids,
leukotriene
receptor antagonists and bronchodilators.
Second, the treatment of asthma in
young children required a programme to
develop devices for inhalation of aerosols
of medicine designed for the needs of
infants and toddlers. And third, lung
function between infancy and school age
had been a “black window”, where no
methods had been applicable or
standardised. This lead to the development
of the wholebody-plethysmography
(measuring changes in airway resistance
independently from the young child’s

COPSAC’s aim
COPSAC’s aim is to understand the
origins of asthma and other wheezing
disorders, eczema and allergy in young
children; and to translate this into
clinical practice and improve disease
prevention, diagnosis and treatment. It
aims to identify endotypes of disease,
deﬁned by disease mechanism, and
speciﬁcally it wants to understand the
impact of the early human microbiome
and maternal diet on disease
development, and the interaction
between such exposures and the genome.

cooperation) for young children, which
now allows development of lung function
during preschool age to be monitored.
The results from these programmes,
together with clinical expertise in
paediatric pulmonology (respiratory tract
diseases in children) and allergology
(study of allergies), has formed the
research approach in COPSAC with its
focus
on
clinical
phenotyping
characterization of disease presentation
and treatment regimes. With the
founding of the cohorts the research
focus expanded to basic and translational
science in collaboration with an
expanding research group in COPSAC
and external collaborations.
The focus is asthma in the ﬁrst years of
life because this is the age with the
highest disease burden and the highest
need of improved treatment. COPSAC has
studied the whole spectrum of respiratory
symptoms, from mild to severe cases.
The study is a longitudinal, objective,
assessment of disease and exposures,
with a standardised approach to diagnosis
and treatment, and embedded randomised
clinical trials. The study group consists of
children who are studied from birth,
because diseases often start in early life,
and is based on the lessons from clinical
trials that treatment response and disease
mechanisms vary with age and results
cannot be extrapolated from adults and
older children.
The emphasis on the clinical approach
is combined with basic research
techniques in order to understand disease
mechanisms and dissect subtypes of
disease.
This
extensive,
clinical
translational research in young children
has not been performed before on such a
large scale, because it is complicated and
needs resources – and this is what makes
COPSAC unique.

HYPOTHESES
* Asthma and allergies represent several
speciﬁc endotypes, each associated
with divergent underlying molecular
mechanisms, distinct clinical features
and individual treatment responses.
Identifying these endotypes is essential
for establishing effective preventive
measures and determining treatment.
* The diseases are programmed early in
life (pre or perinatally) as the results of
complex gene-environment interactions.
* The early human microbiome is an
important environmental exposure,
where an unbalanced composition may
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cause deregulation of the immature
immune system leading to a trajectory
towards the development of asthma,
eczema and allergy.
* Protective factors in maternal diet
during pregnancy inﬂuence maturation
and regulation of neonatal immune
responses
directly
or
through
modiﬁcation of the mucosal microbiota
and provide an opportunity for
preventive
supplementation
in
pregnancy.

ENDOTYPING
Asthma, eczema and allergy in children
represent heterogeneous diseases but with
little to differentiate their clinical
presentation. The traditional disease
classiﬁcations
are
symptom-driven
presenting a common symptom pattern
but covering a number of different disease
mechanisms. An endotype is a subtype of
disease deﬁned by a molecular mechanism
or by a treatment response. Asthma and
related disorders are likely to represent
several speciﬁc endotypes, each associated
with distinct clinical features, divergent
underlying molecular mechanisms, and
individual treatment responses.
Deep phenotyping of disease is needed
to deﬁne the range of endotypes currently
lumped together. This requires clinical
data describing the disease continuum
instead of the traditional dichotomised
disease deﬁnition. It also requires
longitudinal data increasing the temporal
resolution of disease phenotypes and an
understanding of the age-speciﬁc
endotypes. By increasing the resolution
of phenotyping from initiation, through
propagation, to the onset of chronicity
COPSAC will be better placed to deﬁne
clearer interactions between genetic
susceptibility, environmental inﬂuence,
and immune deviation in the transition
from initiation to chronicity.

Deep clinical phenotyping
COPSAC says the strength of its studies is
the clinical phenotyping of asthma, and
related diseases, along with a standardised
approach to diagnosis and treatment. The
objective is to characterise speciﬁc
clinical
features
associated
with
underlying endotypes and minimise
variability in the clinical data. The
accurate phenotyping and exposure
assessment during early life has
contributed to endotyping of genetically
deﬁned subgroups of children with
asthma, eczema and allergy.
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Research strategy
Longitudinal clinical studies with
phenotyping of birth cohorts are the
backbone of the COPSAC research
strategy. It says the inaccurate
information collected from doctors and
hospitals has meant that clinical research
based on such diagnoses and treatments
are more difﬁcult and imprecise in
infants and young children than later in
life. Therefore, the COPSAC studies of
pregnant women and their children were
planned as longitudinal clinical studies
with extensive monitoring of symptoms,
objective goals and environmental
exposures at the research unit. Deep
phenotyping allowed new endotyping of
these heterogeneous diseases as a
prerequisite to understanding the
interactions between the genome, the
exposome and the diet driving immune
maturation towards these diseases.

Revised disease classiﬁcation
COPSAC says that it is conceivable that by
reversing the logic of genetic associations
(normally disease points to a suceptibility
gene; but a gene may also be used to
redeﬁne disease deﬁnitions), it may
redeﬁne disease entities. For example, the
two genetic variants Filaggrin (FLG) and
ORMDL3 lead to two different clinical
presentations, FLG primarily associated
with the early onset of eczema, asthma,
airway obstruction and later sensitisation,
while ORMDL3 is primarily associated
with the early onset of asthma with
severe exacerbations and sensitivity to
environmental tobacco exposure and
viral infections. This shows how genetics
provide a major step towards redeﬁning
medical diagnoses into endotypes, with
distinct clinical features deﬁned from
underlying molecular mechanisms.

Thus, by using genetic associations to
look for biological correlates, COPSAC may
achieve a radical redeﬁnition of phenotypic
classiﬁcations. It is likely that genetic
variants cross current disease categories,
and redeﬁning disease from genetics may
lead to a redeﬁnition of classical disease
entities, along with a new understanding
of inﬂammatory disease.

Better treatments in the future
Current treatments for children’s
coughing and wheezing have been
disappointing in controlled trials, while
stratiﬁed analysis on clinical signatures
reveal a better effect in certain strata.
Hence endotyping is needed to ﬁnd
improved treatments and without a
better understanding of the underlying
mechanism, it will not be possible to
determine if potential therapies are
either ineffective or inappropriately
targeted. Therefore, temporal and spatial
resolution of endotypes requires deep
clinical phenotyping of large birth
cohorts - a step towards personalised
medicine.

Biomarkers
Biomarkers have the potential to
improve diagnosis and detection of
disease before symptoms arise, plus aid
the development of personalised
treatments, but despite efforts to identify
biomarkers, success has been limited.
Methods
based
on
the
omics
(“ﬁngerprint”) approach holds promise
for a new data-driven patient
segmentation. COPSAC has pioneered
the use of volatile organic compounds
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(VOC) to assess exhaled air by infants as
an early biomarker of disease propensity.
Studies have suggested that an electronic
nose (eNose), by ﬁngerprinting VOCs in
exhaled air, can discriminate asthmatics
from healthy children. By using GasChromatography-Mass-Spectrometry
(GC-MS) the speciﬁc VOCs in asthmatic
children can be determined. The
potential predictive value of the exhaled
biomarkers will be explored in the
COPSAC cohorts. Early biomarkers such
as infant FeNO and Urine-EPX have
been used to show that disease activity
is present in neonates years before they
develop asthmatic symptoms - evidence,
says COPSAC, that the origins of diseases
should be looked for in fetuses.

THE GENOME
Asthma, eczema and allergy are
inheritable
diseases
and
geneenvironmental interactions are essential
determinants of disease development.
Human genomic research has recently
provided insight into the genetic variants
that cause asthma, eczema and allergy,
and this has led to breakthroughs in the
understanding of the aetiology and
architecture of these traits. These
disorders generally cluster on epithelial
genes and genes affecting immunity, and
importantly, evidence suggests that
asthma, eczema and allergy are caused
by different genes.
COPSAC pioneered genome-wide scans
in the full birth cohort more than ﬁve
years ago and has contributed in the
discovery of important genetic risk
variants, such as:
* Filaggrin (FLG) is a non-functional
mutation in the ﬁlaggrin gene and a
common risk factor for eczema. It is
associated with an epithelial barrier
defect, causing water loss through the
skin and susceptibility to microbes,
allergens, and toxic molecules.
* DENND1B was discovered in one of the
ﬁrst genome-wide association studies
(GWAS) of childhood asthma and may
be part of the adaptive immune
response.
* COPSAC has performed a GWAS study
of severe asthma in early childhood
with an approach combining the Danish
national
health
registries
of
hospitalisation coupled with DNA
obtained from a dried blood-spot
national biobank. Results emphasise a
crucial role of the epithelial barrier for
early asthma.
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Meta-analysis of genome-wide data
COPSAC is leading the asthma and atopy
working group within the EAGLE (Early
Genetics and Lifecourse Epidemiology)
consortium, which includes all European
birth and child cohorts with available
genome scanning data. This recently led
to an increasing number of metaanalyses of genome-wide data: three new
risk variants for atopic dermatitis were
discovered and new risk variants were
identiﬁed in meta-analyses of other
atopic
traits,
including
allergic
sensitisation and exhaled nitric oxide
(NO).
COPSAC also participates in the
worldwide consortium on asthma TAGC
(Transnational
Asthma
Genetics
Consortium) as well the EGG Consortium
(Early Growth Genetics) on infant growth
and obesity. These collaborations are
yielding numerous important ﬁndings in
genetic traits driving early life
phenotypes. Genome-wide association
studies have identiﬁed multiple diseaseassociated variants, but their individual
effects are modest and less than half of
the inheritable risks may be explained by
known genetic variants. The existence of
undiscovered genes that have a major
effect is doubtful, but it is probable that
other genes are responsible for the
susceptibility
to
environmental
exposures.

AN ‘OPEN WINDOW’:
THE EXPOSOME
The incidence of chronic inﬂammatory
diseases, geographically and temporally,
offer evidence of an environmental
inﬂuence. COPSAC has demonstrated that
both outdoor air pollution and to a lesser
extent indoor air pollution, are signiﬁcant
triggers of asthmatic symptoms in young

children. For example, hospitalisation of
children, especially infants, with acute
asthmatic symptoms increased by 10 per
cent during days when there was an
increase in nitrogen oxides and ﬁne
particles. COPSAC demonstrated that
tobacco exposure is a highly signiﬁcant
environmental exposure that causes loss
of lung function both before and after
birth as well as increasing the risk of
asthma and symptoms of children with
asthma.
Besides
air
pollutants
and
environmental tobacco exposure there
has been a surprising failure to identify
environmental risks and despite decades
of research scientists have not been able
to identify the key environmental
triggers. This may be due to limited
access to the relevant assessments of the
exposome, because studies have often
relied on epidemiology with sparse access
to biological exposure assessments. It
may also be due to variations in genetic
susceptibility of children to certain
environmental
hazards.
COPSAC
discovered a 60 per cent risk of eczema in
carriers of the ﬁlaggrin non-functional
mutation, but close to 100 per cent in
carriers living with a cat at home about
the time of birth. This illustrates the
need to understand both the genetics and
the environment in the origins of disease.
Furthermore, most studies of the
exposome have focused on the effects in
older children and adults, and not early
life - due to the difﬁculties in conducting
clinical studies in infants and young
children. Most cases of asthma and
eczema, both chronic and transient,
however, present themselves within the
ﬁrst 1-2 years of life. COPSAC’s
hypothesis is that immunologically
infancy represents an “open window”,
where environmental exposures may
modify the immune maturation while the
same exposures may be innocent for
children later in life.
COPSAC demonstrated a general downregulation of the baseline airway immune
activity in neonates from atopic mothers,
but not from atopic fathers.
This
suggested imprinting of the maternal
immune status, or milieu, on the child
during pregnancy and/or perinatal life.
Immunoglobulin E (IgE) in cord-blood
was for decades thought to be a marker of
allergic sensitisation and risk of asthma,
eczema, and allergy. COPSAC, however,
found that IgE in cord-blood is mainly a
spill over from mothers IgE and that
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speciﬁc IgE disappears within the ﬁrst
months of life. It also demonstrated active
disease processes in the symptom-free
newborns years before symptoms
developed.
Consequently, COPSAC
believes that key-interactions between
genome and exposome must occur in pre
or perinatal life, the main suspects being
the human microbiome, the diet and
chemicals.

Human microbiome
The microbiome inhabits the surfaces of
the body, interfacing between the
organism and its environment, and this
silent organ has a complex reciprocal
relationship with its host. Its composition
and activity can have both beneﬁcial
and harmful effects and, at the same
time, the physiological state of the
organism can modulate the proﬁle and
impact of the microbiome. Concurrently,
both host and microbiota interacts with
environmental factors. Thus, the
microbiome may be a true intermediary
in the interaction between the organism
and its environment, and research is
focusing on the mechanisms that
determine the transition from health to
chronic disease.
Evidence indicates that the human
microbiome plays a role in pre or perinatal
life in the origins of asthma, eczema and
allergy. For example, children born in
farming families with livestock have a
reduced risk of allergy and asthma,
possibly due to the diversity of microbes
to which they are exposed.
COPSAC has found an increased risk of
asthma in children of mothers who used
antibiotics during third trimester of
pregnancy and also found an increased
risk of asthma in children born by
Caesarean section.
One of the most notable COPSAC
discoveries has been the association
between speciﬁc bacterial colonisation of
the airways in babies at one month, and
development of asthma later in life.
Scientists discovered that the neutrophils
(type of white blood cells) are the
hallmarks of airway inﬂammation in
young children, which is different later
in life. This neutrophil inﬂammation
may reﬂect a response to the composition
of the microbiome. The lower airways
were previously thought to be sterile, but
COPSAC showed that samples taken from
the airways conﬁrmed a rich bacterial
environment, which differ between
healthy individuals and patients with
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respiratory diseases.
COPSAC initially used bacterial
cultures to describe the bacterial
communities in the airways, gut, and
skin of babies in its clinical birth cohorts,
as well as in the vagina of pregnant
women. However, the inability to culture
the majority of the microbes prevented an
in-depth analysis of the microbiome.
Recently, COPSAC used DNA-technology
to demonstrate that limited diversity of
the non-cultivable gut ﬂora in neonates
of its birth cohort was associated with
increased risk of allergy at school age.
The next-generation high-throughput
sequencing technique allows culture
independent
identiﬁcation
of
“ﬁngerprints”
of
the
complete
microbiome, and has already been used
successfully to associate the microbiome
with a number of lifestyle related
disorders such as inﬂammatory bowel
disease, obesity, type-one diabetes, and
rheumatoid arthritis.
Exposure at birth is a likely
determinant of colonisation of the
infant. COPSAC therefore suspected that
any factors altering the maternal
microbiota on the skin or in the vagina,
could impact neonatal colonisation, and
it is currently analysing differences in
colonisation of the infant depending on
Caesarean section or natural delivery suspecting that it might explain the
increased risk of asthma from Caesarean
section.
The host-microbiome interaction is a
complex bidirectional mechanism, as the
microbes have the ability to modulate the
epithelial barrier, mucosal immunity and
immunological homeostasis. Given the
right circumstances, the microbiome acts
as a protector, while in chronic disease
and in certain genetic phenotypes
resulting in a barrier deﬁcit, the microbes
have the potential to cause or maintain
disease. The impact of environmental
factors on the onset of disease and
progression may act through the
microbiome.
This focus on the role of the microbiome
in early life concurs with the research
into inﬂammatory bowel disease, another
lifestyle disorder increasing, where the
focus is on the innate handling of
bacteria. Therefore, research faces the
challenge unravelling the complex
population dynamics of the microbiota in
response to environmental inputs such as
nutrition, and to explore the role of host
niche related factors in determining

bacterial responses.
In summary, COPSAC believes that the
diversity of the human microbiome
causes a deregulation of the immature
immune system in early life and leads
towards the development of asthma,
eczema and allergy. Full sequencing of
the microbiome from gut, airways and
skin in the COPSAC birth cohorts will be
conducted and will provide a valuable
resource to study the role of the early
microbiome in immune maturation and
disease development.

THE DIET
Diet
inﬂuences
the
microbial
(microorganism) populations of the gut
and it is possible that diet during
pregnancy may affect maturation and
regulation of neonatal immune responses
directly or through modiﬁcation of the
mucosal microbiome. During pregnancy
supplements could be used to prevent
asthma and to inﬂuence growth, body
composition,
and
neurological
development of the child.
COPSAC and others demonstrated that
there is an increased risk of eczema with
increased breast feeding, contrary to
previously held views, but this was
probably because previous studies
generally ignored the risk of inverse
causation (that is, at-risk babies are
recommended breast feeding).
Lifestyle changes in western countries
have, among other changes, caused the
insufﬁcient intake of vitamin D and
marine n-3 polyunsaturated fatty acids
(n-3 PUFA). COPSAC has found evidence
that there is link between low levels of
vitamin D and an increase in asthma. A
trial suggested that a supplement of n-3
PUFA for pregnant mothers led to
signiﬁcant reduction in adolescent
asthma.

THE IMMUNE MATURATION
Local immune response
Tissue-environment
interface
is
important in the study of geneenvironmental interactions in early life,
and in particular, the interaction
between the mucosal immunity and the
microbiome.
Understanding
the
inﬂuence
of
host-microbiome
interactions on chronic disease remains
a challenge if scientists are to determine
if changes in the microbiota are causal
agents, contributors, or a consequence of
the disease. Aiming to characterise the
immune and inﬂammatory signals at
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the interface between airway epithelium
and environment, COPSAC has developed
a method of harvesting undisturbed
airway mucosal lining ﬂuid from
newborns. Analysing the immune
signatures in airway mucosal lining
ﬂuid in the unselected birth cohort of
700 asymptomatic newborns has
provided insight into mechanisms
affecting the early immune function.
Neonates colonised with pathogenic
bacteria in the upper airways exhibited a
signiﬁcant general up-regulation of their
local immune signature. It seems more
likely that such general up-regulation of
immune mediators is a reaction to
bacteria, than vice versa, supporting a
role of bacteria in the early immune
deviation that may lead to chronic
disease.

Systemic immune response
The systemic immune response to the
microbiome can also help scientists
understand the interaction between
microbiome and host. COPSAC harvested
mononuclear cells at six months of age
from the COPSAC2000 cohort, and these
samples were kept alive for 12 years until
its recent analysis in 331 of 411 infants
providing it with a unique resource of live
key immune cells.
Early data shows that infants who had
developed asthma by the age of seven
already had a divergent immune response
to pathogenic airway bacteria (H Inﬂ, S
Pneum, M Catarrh) by six months of age.
This corresponds with ﬁndings of
neonatal airway colonisation of these
bacteria
and
subsequent
disease
development, and add to the suspected
link between the early
microbiome and an
altered
immune
maturation associated
with asthma and
related disorders.
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BEYOND ASTHMA AND ALLERGIES
Early gene-environment interactions
with long-term effects on immune
regulation may also cause, or contribute,
to other lifestyle disorders including
obesity,
type-one
diabetes
and
inﬂammatory bowel disease. COPSAC’s
resources means it is able to study other
welfare diseases, which similarly have
their origins in early life, and it has
contributed to recent discoveries of new
genes determinant to head circumference,
birth weight, birth length; infant obesity
and BMI growth.

PUTTING IT INTO PERSPECTIVE
COPSAC is in a unique position to redeﬁne
diseases. Ideally, this will allow it to
understand the basis for disease
susceptibility and environmental inﬂuence;
to offer an explanation for the different
phenotypic manifestations within what is
currently considered the same disease; to
deﬁne disease prognosis with greater
accuracy; to reﬁne and individualise
disease treatment for optimal therapeutic
efﬁcacy; and to identify the genetic and
environmental factors that promote
disease or protect against future disease,
raising realistic hope of prevention.
Genetic sequencing of the DNA from
COPSAC’s cohorts, in international
collaboration with its partners, provides
insights into the genetic underpinnings of
lifestyle diseases. Full sequencing of the
samples of the microbiome from the birth
cohorts will provide a cutting-edge
resource to study the role of the early
microbiome in immune maturation and
disease development. Eventually, this
holds promise that manipulation of
resident microbial communities may
provide preventive strategies. Intervention
with dietary supplements will add to our
understanding of the interactions between
genetics, microbiome, diet and lifestyle
diseases including asthma, eczema, and
allergy, and also growth, obesity, bone
mineralisation and early neurological
development.
By combining these research areas,
scientists will learn how the gene-dietmicrobiome interaction inﬂuences the
immune maturation in early life and
development of disease. The translational
nature of the project will strengthen the
link between theory and clinical practice
with a signiﬁcant potential for
discoveries, to improve
prevention and treatment
of diseases.

At a glance

Project Information
Project Title:
COPSAC: Copenhagen Prospective
Studies on Asthma in Childhood
Project Objective:
Unravelling the origins of asthma
Project Duration and Timing:
The cohorts were established since
1998 and it is expected to continue
the follow-up for as long as funding
will be available

Dr Hans Bisgaard
The past decade of Dr
Bisgaard’s research
has been devoted
to the origins of asthma in two
comprehensive birth cohort studies,
the Copenhagen Prospective Study
on Asthma in Childhood (COPSAC,
411 children and 700 children). Dr.
Bisgaard is founder, leader and
member of the board of the Danish
Pediatric Astma Center (Dansk
BørneAstma Center, DBAC).
Dr. Bisgaard has built a clinical
research unit of 30+ employees
as part of this center, which drives
the birth cohort studies. This longterm effort has recently provided
truly novel data that is changing
our understanding of the origins of
asthma.

Contact
Main contact name:
Hans Bisgaard
Tel: 0045 39777360
Email: Bisgaard@copsac.com
Web: www.copsac.com
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With the number of pharmaceutical drugs increasing, there is now a huge array of medicines
prescribed to treat patients with illnesses. The clinical trials of new drugs occur with a limited
number of participants under ideal conditions, inevitably missing unknown effects on the wider
population. We spoke to Anders Hviid of SSI about how the national registers of Denmark have
helped to provide the basis of research to counteract this problem.

Investigating the
safety of new drugs
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The Statens Serum Institut (SSI) is a
public enterprise run by the Danish
Ministry of Health. For over 100 years
it’s main task has been to investigate
infectious diseases and congenital
disorders, but nowadays it has become
more than just that, and now stands as
one of Europe’s leading international
research, production and service
enterprises.
One area of research that is now being
focused upon at SSI is the ﬁeld of
pharmacoepidemiology – the study of
the use and effects of drugs on the larger
population. Senior Investigator Dr.
Anders
Hviid
of
the
Pharmacoepidemiology Research Group
is currently leading a group that
specialises in the safety of using
medicines during pregnancy.
“Drug safety in pregnant women is an
issue that requires a lot of attention, and
this stems from the fact that when drugs
are tested in clinical trials, pregnant
women are not included,” explains Hviid.
“This happens for the right reasons, but
it does mean that there will
sometimes be
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unexpected side effects that can be
detrimental to the health of the mother
or the unborn baby.
“When a new drug is released, the
regulatory agencies have to be very
cautious for many years in monitoring
any adverse affects that it might have on
pregnant women, and so it is essentially
a careful, dynamic process that
ascertains the safety of each particular
drug. But for most drugs, the bottom line
is that there is a need for more research.”
This is where the researchers from
Denmark hold an ace up their sleeve –
national registers. Since 1968, every
Danish citizen has been assigned a
unique personal identiﬁer that is used in
almost every public service, and thus the
Danish registers now hold a huge
collection of data on each person, ranging
from demographic information - where
people live, how much they earn, how
many children they have – to information
garnered from when people are in
hospital. It is this healthcare data, which
provides detailed records on what
illnesses people have been treated for
and what medicines they have been
prescribed,
that

forms the foundation of the research
carried out by Dr. Hviid and his
colleagues.
“These registers provide us with a
unique advantage over other countries
that have much larger research capacities
such as the UK and the US,” says Hviid.
“Nowhere else does there exist such
comprehensive healthcare data on an
entire population, and this allows us to
carry out studies that would otherwise
be implausibly costly and timeconsuming.
“We use our registers to identify
pregnancies in Denmark over a speciﬁc
period, and then link information about
what kinds of medication these women
had been using during their pregnancies
with another set of information, such as
whether these women had given birth to
children with birth defects over the same
time period. Essentially, we are using the
power of hindsight to try and identify
links between adverse pregnancy issues
and certain medications.”
Hviid and his colleagues have been
carrying out this work for a few years
now, and have assessed a number of
different drugs including antivirals,
medicines used to control epileptic
seizures and antibiotics. More
recently, they investigated the
effects of the ﬂu vaccine that
was used on all pregnant
women
in
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Denmark and many other European
countries during the swine ﬂu pandemic of
2009. Due to the fact that previous inﬂuenza
reports had suggested a high risk of
morbidity and mortality associated with
infection in pregnancy, pregnant women
were included in the priority target groups
for the H1N1 vaccination campaigns,
with at least 322,000 pregnant
women being vaccinated in Europe
alone.
Thus, studies into the
possible links between the
vaccine and increased risk of
adverse fetal events such as
death or birth defects were
very
important
in
ascertaining the safety of the
measure for future reference.
Björn Pasternak, one of the
researchers in Dr Hviid’s group,
has been looking into the effects of
treatments for morning sickness and
gastro-oesophageal
reﬂux.
“These
conditions are thought to affect about half
of all women in pregnancy, and so there
are obviously many medicines that are
used to counteract them,” says
Pasternak. “A group of drugs that we
have focused on recently are called
proton-pump inhibitors, which are
very widely used and work by
reducing the production of gastric
acid.”
One paper on this topic has
already been published in The
New England Journal of
Medicine, which concluded that
exposure
to
proton-pump
inhibitors during the ﬁrst
trimester of pregnancy did not
lead to a signiﬁcantly increased
risk in major birth defects. Five
more studies are due to be carried
out in the near future.
Another study carried out by SSI
looked into the possible teratogenic
effects of acyclovir, a drug used by women
to treat the primary herpes simplex virus.
Although smaller studies had shown that
there was probably no danger in its use,
these studies were underpowered to answer
the question deﬁnitively.
The SSI study, led by Pasternak and Hviid,
demonstrated the safety of acyclovir during
pregnancy, providing important reassurance
regarding the safety of the drug.
Epilepsy during pregnancy has proven to
be a therapeutic challenge. Since the 1990s,
the number of licensed antiepileptic drugs
has substantially increased, but safety data
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At a glance

Project Information
Project Title:
Drug Safety in Pregnancy
Project Objective:
Using epidemiology and Danish
national health registers to study the
safety of drugs used in pregnancy
Project Duration and Timing:
Open-ended
Project Funding:
Danish Medical Research Council and
The Lundbeck Foundation (Major
contributors)

on ﬁrst-trimester use of newer-generation
antiepileptic drugs and birth defects are
limited. SSI conducted a study, led by
Ditte Mølgaard-Nielsen, to study whether
there was any link between fetal exposure
to these drugs and the risk of major birth
defects.
The ultimate conclusion of the study
was that among live-born infants in
Denmark, ﬁrst-trimester exposure to lamotrigine, oxcarbazepine, topiramate,
gabapentin or levetiracetam compared
with no exposure was not associated with
an increased risk of major birth defects.
Again, although this was generally
assumed to be the case, the reassurance of
having a much larger analytic cohort
study on this topic was essential in
providing
comprehensive
safety
information on a class of drugs commonly
used during pregnancy.
“We are obviously very pleased to have
had some of our work published in such
prestigious medical journals as the BMJ
and the JAMA, as this helps to reﬂect the
importance of the subjects we are dealing
with and the need for this kind of
research,” says Hviid. “Denmark is a very
unique place in terms of the data that we
have readily available to us – if we did
not have data from the registers, we
would have to collect data for each
speciﬁc study, which would be totally
unfeasible in terms of cost efﬁciency and
time.”
Denmark is now very well known for
its epidemiological studies in the medical
world, and the data from the registers is
used for a wide array of studies such as
cancer epidemiology and the effects of
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vaccinations on children as well as
pregnant women.
When the controversy surrounding the
MMR jab and its link to autism arose in
the UK, it was SSI who carried out one of
the biggest studies on the topic, which
showed that there was no association
between the vaccine and autism.
In terms of the future, Hviid predicts
that the work carried out at SSI will carry
on for as long as drug companies produce
new medications. “There will always be
new drugs for us to study, and so we
basically have to keep an eye on the areas
in which the regulatory agencies are
asking for more research.
It is important to try and study newer
medications that have recently been
introduced in contrast to those that have
been used for twenty or thirty years,
because that is where the levels of
uncertainty are the greatest.
“Unfortunately this makes our life
more difﬁcult as there is less data on the
newer drugs, but it is absolutely necessary
to be as certain as possible about the
safety of medications that are being used
by the wider population.”
SSI also have plans to branch out into
new areas by combining the register data
with genetic data. By combining the two,
they hope to identify groups of people
who respond to drugs and vaccines in
different ways due to their genetic
background.
All in all, the work that Hviid,
Pasternak and their colleagues are
contributing to the world of research will
surely yield great beneﬁts for the future
of healthcare.
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HEALTH CHECK
European health professionals are looking north to
Denmark as an example of how telehealth can be
integrated into a mainstream healthcare system
50

T

echnology is driving dramatic societal changes
in the way we work, learn, communicate and
play. Healthcare has also undergone a
transformation due to an increase in use of ICT by
healthcare providers and patients. The delivery of
health services using telecommunications was once
conﬁned for use on remote islands or in large,
unpopulated areas but due to advances in web services,
data management, communication and visual
technology, telehealth is on the increase throughout
Europe.
Denmark has been particularly successful in
integrating telehealth into its healthcare system. A
recent study called SIMPHS (Strategic Intelligence
Monitor on Personal Health Systems) produced by the
Institute for Prospective Technological Studies (IPTS)
found that Denmark is a pioneer in taking telehealth
beyond the pilot stage and into the mainstream system.
The US-based think tank, Information Technology
and Innovation Foundation (ITIF), has also praised
Denmark, alongside Finland and Sweden, for its
widespread use of telehealth: “These three Nordic
countries have nearly universal usage of electronic
health records (EHRs) among primary care providers,
high rates of adoption of EHRs in hospitals, widespread
use of health IT applications, including the ability to
order tests and prescribe medicine electronically,
advanced telehealth programs and portals that provide
online access to health information.”

The Danish approach
The beneﬁts of telehealth are widespread. As well as
being cost-effective, it can empower patients, reduce
the margin for error and improve communication
between everyone involved in the healthcare system.
Danish patients can expect to enjoy many advances
because telehealth has secured a place in Denmark’s
healthcare strategy. The beneﬁts can be seen in the use
of everyday technology. A diabetic in need of insulin
is alerted by an app on their smartphone. A patient in
recovery from surgery uses a modiﬁed Wii board to
complete his physiotherapy programme or a patient in
an isolated area is diagnosed using video conferencing.
At the heart of telehealth initiatives in Denmark is
sundhed.dk. Translated as ‘health’.dk, this is the
ofﬁcial web portal of the public health services and it
holds crucial information for patients and providers.
Patients can access personal health data, make
appointments with GPs, renew prescriptions or ﬁnd
information on hospitals. GPs can access secure
information on diagnoses, treatments and notes from
EHR systems in public hospitals while clinicians at
hospitals have access to EHR directly through their
own system. The popularity of sundhed.dk has soared:
2010 saw an increase of 45% in patient usage.
A key future objective for sundhed.dk is that the
system will go beyond being a central portal that
manages data to become a driver in the management
of healthy lifestyles and early diagnosis.
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“In the coming years, sundhed.dk aims to support the
overall trend in healthcare
delivery in terms of changes in the relationship
between healthcare professionals and
patients with respect to supporting the patient’s
management of a healthy lifestyle,
disease prevention and a stronger connection
between treatment and the patient’s
own efforts,” reads the SIMPHS report. “One example
would be to give the patient the possibility to register
various health data directly in the web portal.”
Claus Nielsen is the International Business
Development Manager at DELTA, a not-for-proﬁt
research and technology company based in Denmark
who worked in partnership with IPTS on the SIMPHS
report.
He has spent 10 years promoting e-Health in
Denmark and he says a central, digitalised system in
Danish healthcare has helped to save lives. “We know
from a lot of studies that we make many errors with
medication, especially with elderly people. We kill
more elderly people by giving the wrong medication
then by complications, and it costs billions. When you
have the same data integrated into a public web service
we can improve the quality of the treatment.”

A recipe for success
Denmark is well-placed for success in implementing
telehealth. Ninety per cent of Danish households have
internet access. Denmark also has a long-established
personal identiﬁcation system, which puts it at an
advantage in terms of data collation. Claus maintains,
however, that the presiding reason for the success of
telehealth in Denmark is because of a strong and
healthy collaboration of stakeholders. “We have a long
tradition of collaboration between the sectors,” says
Claus.
“In the UK it’s a more centralised system and a
top-down approach.”
Fabienne Abadie, Scientiﬁc Ofﬁcer at IPTS sits at the
helm of the SIMPHS research project. She agrees that
the success of telehealth relies on a symbiotic
relationship between health professionals, the IT
industry, users and government. “The Danes have
succeeded in deploying telehealth because all relevant
stakeholders have been encouraged to join in,” she
says.
“One cannot hope that the market alone can push the
use of telehealth into care practice. A good model of
governance, at regional or national level, is crucial to
support telehealth in order to reap the beneﬁts it offers.
In this process, stakeholders such as the healthcare
professionals play a vital role”.
While a governance structure that promotes
collaboration is fundamental, ﬁnancial input is
another prerequisite for the success of telehealth.
The Danish government has made a sustained
commitment to telehealth over the past 15 years.
“Pilots and projects in Europe tend to stumble in terms
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of securing long-term funding and sustainability,”
says Fabienne. “The availability of funding has been
key to enable mainstreaming in Denmark.”

Facing the challenges
While Denmark has made notable progress in
implementing telehealth into the mainstream, if the
system is to embrace the entire healthcare system there
are, says Claus, “many challenges ahead”. The
integration of new services, devices and technologies
with existing systems pose some meaty
interoperability and compatibility concerns. “We need
standardised ecosystems for data,” says Claus. Beyond
technological hurdles, Claus says that the biggest
challenge lies in a change of perspective and a
re-organisation of existing structures. “We have to
transform to focus on early stage prevention and try to
treat people in their homes. It’s safer and you get less
sick.
We can maintain a high level of service for people
who need specialised treatment outside of hospital and
we can push much cheaper services into people’s
homes.”Fabienne also believes that technology is by
far the biggest hurdle. “Re-organisation of care is even
more important as it will account for 80-90% of the
changes in care provision,” she says.

52

The focus of attention
The rest of Europe and the United States are keeping an
eye on how Denmark continues to pioneer telehealth.
The SIMPHS report tells us that the goal is to digitalise
the entire Danish healthcare system as well as to
“integrate and streamline the way patient data is
accessed and shared”.
One of the biggest projects currently underway in
Denmark is the establishment of the National Patient
Index. Once up and running the system will give all
healthcare professionals access to an overview of
relevant existing data on a patient, irrespective of
where in the health care system the data are stored.
The plan is to integrate the system in EHR systems in
hospitals before the end of 2013.
Claus says that once they have built the information
“roads and railways” and achieved interplay between
telehealth and personal health, a revolution lies just
around the corner, particularly regarding the use of
consumer products for health purposes. “We need to
ﬁnd a way to use all of the consumer products and
combine them to data systems.
Maybe the next revolution will be in personal health
systems using the devices that people already have in
their own home.”
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Energy

A department at a Danish university has been making signiﬁcant steps in ﬁnding technological
solutions for sustainable energy, thus ﬁnding answers to challenges presented by climate, the
environment and by energy itself

From waste to value with
as little effort as possible

Since it was

set up in 1987, the
Department of Energy Technology at
Aalborg University has taught and
carried out research at the highest level
in the energy engineering ﬁeld to
produce new knowledge about sources of
renewable energy and ways of providing
it that will beneﬁt both companies and
society.
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The department is thought to be
unique academically as it combines
electric, thermal and ﬂuid power and
mechanical energy in the same unit. Its
interdisciplinary approach beneﬁts a
range of research programmes with a
focus on wind turbines, photovoltaics,
biomass, smart grids, fuel cells and
battery systems and green buildings.

As energy and climate change have
become more important issues in recent
years, the department has grown. The
number of PhDs has more than doubled
and the number of external research
projects has shot up. This has led to an
increased number of employees - and a
demand for people who have studied at
the department.
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manure etc, which could be turned into
a high-quality oil without excessive
process costs.”
The department’s goal, through its
research, is to bring forth new knowledge
on the core conversion process, and to
apply that to process design and
operation. “So far, we have worked with
a range of different biomass feedstocks,
carrying out full chemical analysis and
subsequently
investigating
the
conversion process under different
combinations of temperature and
pressure and attempting to characterize
the reactions, kinetics, etc,” says
Professor Rosendahl.[LAR1]
Key partners in the bio-fuel research

‘‘

operating at 300 to 400 bars and at 400
degrees centigrade. “The experiments
are very difﬁcult to perform owing to
the high pressure and temperature.
Obtaining quality data for intermediate
reactions is extremely challenging. But
if you can work around this you can get
a highly sustainable process to convert
second-generation biomass into liquid
fuels.
“Linking the core conversion – from
raw biomass to a bio-crude – to an
appropriate upgrading procedure to
produce a speciﬁc fuel has been a further
activity,” Rosendahl continues. “We’ve
targeted three end products: aviation
biofuel, marine biofuel and fuel for

In some ways the quest
for biofuels seems to
have reached its peak,
and some people have
become disillusioned
that biodiesel and
bioethanol are not
sustainable.

‘‘

One of the department’s key areas of
research recently has been into biomass
– biological material from living or
recently living organisms that can be
used as or converted into other energy
products such as biofuels.
When the Earth’s fossil reserves
become depleted, the main source of
carbon will be biomass. But it is a limited
resource that must be shared between
food, feed, fuel and chemicals. So a
ﬂexible approached is needed, says Lasse
Rosendahl, professor at the department.
The main focus of the programme is
energy efﬁciency combined with system
integration and identiﬁcation of organic
waste
streams
from
industrial,
agricultural and urban activities, and
the best conversion route to valuable
bioproducts.
Clearly, sustainability is important in
the utilisation of biomass in the future,
and this includes issues relating to
carbon dioxide as well as other aspects
of recycling, including nutrients (mainly
phosphorus), carbon and fresh water.
“Our focus lies in a holistic approach to
sustainability, in particular how to
employ thermochemical technologies
within this constraint and how to target
end-use applications where it has
maximum impact in a future carbonconstrained society,” says Professor
Rosendahl, whose background has been
mainly in ﬂuid mechanics.
“I have seen the work as a very
promising way of addressing the
expected shortage in transportation
fuels,” he says. “We work with a
technology
called
hydrothermal
liquefaction. With the aid of pressure
and temperature we convert all sorts of
biomasses into biocrude [oils]. We have
a process that is feedstock-insensitive.
We’ve used pig manure, sewage sludge
– all the kinds of biomasses, in fact, that
no one else wants, and turned them into
oils.”
The research into hydrothermal
liquefaction began some eight years ago,
Professor Rosendahl says, for two main
reasons. “First, there was a signiﬁcant
research
challenge
in
turning
hydrothermal liquefaction into a real,
efﬁcient engineering process, rather
than a rather antiquated research ﬁeld.
Second, even given the level of
knowledge back then, this seemed to be
an appropriate process for some of the
biomass and waste streams that no one
else was interested in. Sewage sludge,

are the Department of Chemistry,
Aarhus University, Denmark, and
Steeper Energy A/S, a Danish-Canadian
venture commercializing hydrothermal
processes. The department is partner in
a strategic research centre that focuses
on hydrothermal liquefaction and has
been working with a Chinese university
– Zhejiang – that also has an interest in
pushing liquid biofuel technologies.
“We’re also busy compiling a project for
the Danish Strategic Research Council
that we’re submitting at the end of April
2012 where we will be boosting this
idea.”
The main challenge for the
department’s work, says Rosendahl, has
been the conditions under which the
work must be carried out – they are

heavy land transport. Marine fuels are
the most lenient in terms of quality,
whereas both land transport (ie, a biosynthetic diesel) and aviation are very
highly reﬁned fuels. Here, the challenge
is to understand your bio-crude well
enough to know how to produce the
optimum mix of these three, from an
economic and an environmental
standpoint. Crudely speaking, anyone
can produce a biofuel – but it is a real
challenge to do so sustainably.”
How has the advance of technology
changed the department’s work? “It is
paramount to implement new techniques
and
approaches,”
says
Professor
Rosendahl. “For this reason, we are in
the process of upgrading facilities from
standard batch facilities to a new set-up.
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Energy
We will have three different types of
liquefaction systems, where we have
improved control over such things as
heating rate, feeding, sample extraction
and characterisation. This last issue is
about knowing your oil well enough to
design the most efﬁcient pathway to the
desired end product – it requires a new
approach to characterisation.”
Rosendahl says there are only a
handful of commercially available and
competitive biofuels out there. “But we
have shown that by detailed control of a
hydrothermal process you can actually
take a range of feedstocks and turn them
into biocrude that is high-quality.
“In some ways the quest for biofuels
seems to have reached its peak, and some
people have become disillusioned that
biodiesel and bioethanol are not
sustainable. But we can make sustainable
biofuels and tailor the properties to ﬁt
with gasoline and diesel, or just crude
oil.
“We are much better now at
understanding and designing the
processes so that we can get high-quality
and high-volume yields. We have cracked
the importance of the system design and
in that way I would say that together
with our partners, we are leaders in the
ﬁeld.”
“Our processes are feedstock-ﬂexible,
feeding on a wide range of biomasses, not

just the high-value ones but also those
that are waste,” Professor Rosendahl
stresses. He uses a phrase that sums up
the department’s mission rather well:
“From waste to value with as little effort
as possible.”
What impact has the biomass research
had so far? “In Danish (and European)
thinking, bioreﬁneries are mostly
biochemical setups, which is quite
limiting on feedstock ﬂexibility and end
products. At least here in Denmark, it
seems that the thermochemical platform
is ﬁnally emerging as serious supplement
or alternative to the traditional
bioreﬁnery thinking.”
As to the future, discussions with
China, North America and Europe are
high on the agenda. “The department
aims to establish a research platform of
international standard, where our
experimental and modelling capabilities
are second to none, and where we carry
out research in close collaboration with
leading
industrial
and
academic
partners,” says Professor Rosendahl.
“This rests very much on our being
successful in establishing a high-level
lab and an infrastructure to support it.
Furthermore, we are of course soliciting
research funding from different sources.
These are mainly Danish in the short
term, but European funding is next in
line.”

+
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Project Information
Program Title:
Sustainable Biofuels
Program Objective:
To establish a platform for
sustainable, 2G+ biofuels by
hydrothermal conversion
and upgrading by combining
experimental, theoretical and
modelling techniques and advanced
process design.
Current funded projects
t
FLEXIFUEL - Sino-DK
collaboration (Strategic Research
Council of Denmark)
t
HYDROFACTION - funded by DK
EUDP Energy R&F programme
t
Center for Energy Materials
(CEM) - Strategic Research
Centre
Current Project Partners:
t
Department of Chemistry, Århus
University, Denmark
t
Steeper Energy A/S
t
Zhejiang University, State Key
Laboratory for Clean Energy
Utilization
Upcoming projects:
C3BO Center for BioOils
Project Duration and Timing:
4 years, 2013 to 2016
Project Funding:
Applied for: 20M DKK

Lasse Rosendahl
Professor of Thermal
Energy Technology; has worked with
fluid mechanics, combustion, heat
transfer in connection with biomass
for heat and power, computational
fluid dynamics for reacting systems,
energy systems and devices; liquid
biofuels

Contact
Main contact name:
Lasse Rosendahl
Tel: +45 9940 9263 / +45 2145 1114
Email: lar@et.aau.dk
Web: www.et.aau.dk

56

Insight Publishers | Projects 29

Energy

Fossil fuels have become headline news in a number of sectors over the past few years. Anna
Demming speaks to Senior Scientist Tejs Vegge from ReLiable to ﬁnd out more about
lithium-air batteries, an alternative approach to energy storage

A light-weight match
for fossil fuels
The

total power consumption
worldwide was 15 TW in 2008 and that
was forecast to triple by 2050. Oil, the
primary source for 34 per cent of that
energy, has become an increasingly
valuable commodity. In the face of
soaring prices, environmental pollution
concerns and the politics surrounding
harvesting the limited reserves, an
www.projectsmagazine.eu.com

alternative and sustainable source of
stored energy is in high demand.
Powering the transportation sector
accounts for the majority of the world’s
oil consumption. A new project, ReLiable,
is looking at the potential of batteries
based on lithium (Li) and oxygen (O2),
possibly extracted directly from the air
(Li-air), as an alternative that could

ultimately replace gasoline and diesel as
energy carriers and enable the use of
renewable
energy
sources
for
transportation. The batteries available at
present, such as nickel metal hydride
and the Li-ion batteries used in mobile
phones, yield a very limited energy
density. An automobile or truck powered
in this way will only have a limited

57

Figure 1: Challenges at multiple time- and length scales
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when converting chemical fuel back into
electricity, but batteries can do this with
high energy efﬁciency.
A conventional Li-ion battery operates
by the transfer of Li ions between
electrodes, from one Li-storing material
— the anode — to another material that
can store Li — the cathode. The
electrochemical properties of the
materials give rise to a potential
difference, and as a result Li ions move,
during discharge, from anode to cathode,
while the electrons pass through an
external circuit generating electric
current. For rechargeable batteries the

‘‘

above all, Li-air batteries provide a
much higher energy density.
So what is preventing widespread use
of Li-air batteries? As Tejs Vegge
explains, the amount of energy required
to recharge the battery is an issue. “It is
still a key challenge to get the charging
done with a higher efﬁciency,” he
explains. Applying a sufﬁciently high
voltage will reverse the discharge
process, but more research is needed to
ﬁnd the right combination of materials
that will lower the losses, resulting from
the
over-potentials
required
for
recharging the Li-air batteries.

There are a lot of groups worldwide
starting this activity up now. Because it’s
basically the only battery alternative
you can say is a direct competitor
to chemical fuels

process can be reversed without
signiﬁcant energy loss.
The Li-air battery uses a Li anode and
a light porous cathode, possibly carbon,
in an open structure, so that in effect the
oxygen from the air acts as the cathode;
as the battery discharges lithium
peroxide is formed. This makes the
battery much lighter and less expensive
than conventional batteries using
transition metal oxide cathodes. And

‘‘

range. Li-air batteries can provide an
energy density up to 10 times higher
than a regular battery. As Senior
Scientist Tejs Vegge from the Technical
University of Denmark points out, “This
is basically the only way you can
compete with the energy density in
fossil fuels.”
Vegge heads the project ReLiable,
which aims to demonstrate the potential
of Li-air batteries as an alternative to
gasoline and diesel. Two companies and
three universities contribute to the
project: Haldor Topsøe A/S, a large
catalyst producer; Lithium Balance, a
Danish company that supplies battery
management
systems
for
Li-ion
batteries; Stanford University in the US;
the University of Southern Denmark;
and the Technical University of
Denmark, where Vegge heads the Section
for Atomic scale Modelling and Materials
at the Department of Energy Conversion
and Storage. The collaboration is funded
by the Danish Council for Strategic
Research and ofﬁcially started on
January 1, 2012.
There are many approaches to
renewable energy currently under
development, such as solar power and
wind farming, all predominantly
generating
electricity.
For
all
applications, such as powering light
vehicles, the generated electrical power
must be stored. “You can make synthetic
liquid fuels,” says Tejs. “But every time
you go from electricity to a chemical
fuel you lose energy.” Energy is also lost

Drawing a high current from presentday Li-air batteries increases the energy
losses, which limits the practically
available power density, and may also
cause “sudden death” of the battery. “At
the moment the current densities are too
low,” says Senior Scientist Vegge. “That
is another big issue.”
In addition, as the battery discharges
an insulating layer of lithium peroxide
grows on the cathode, introducing
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Project Information
Project Title:
ReLiable: Reversible Lithium-Air
Batteries
Project Objective:
To develop new, high-capacity,
reversible Li-air batteries for use in a
sustainable energy infrastructure by:
* Designing and synthesizing
novel electrode materials from an
atomic-scale understanding of the
fundamental reaction mechanisms.
* Characterizing the electrodeelectrolyte interfaces in situ and
identifying degradation mechanisms.
* Producing, testing and optimizing
Li-air cells and BMS systems.
Figure 2: An integrated approach to materials design, characterization and testing

problems with the electronic conductivity.
The nanostructure of the cells is one area
very likely to affect this aspect of the
battery performance.
“If you have a very high surface area
you can grow more of your discharge
products before you become limited by
electronic conduction,” says Vegge.
ReLiable aims to tackle all the main
factors that limit the present performance
of Li-air batteries. The researchers in the
project use a fundamental atomic-level
understanding
of
the
reaction
mechanisms to design new materials (see
Figure 1). “In order to make new
materials we really need to understand
the rate limiting steps — what is limiting
for instance the current density,” says
Senior Scientist Vegge.
“And when we know this we can
design a catalyst or an electrolyte that
can improve it.”
The project combines large-scale
computational
methods
with
experimental techniques such as x-ray
techniques and synchrotron or neutron
radiation studies and electrochemical
analysis to identify the mechanisms at
work in the batteries.
The project is structured around ﬁve
work packages. A designated institution
heads each work package, with the other
institutions providing input as well.
Senior Scientist Vegge emphasises that
integrated
computational
and
experimental techniques are at the core
of the project.
“We build on each group’s strength in
either simulations or experiments and
then combine them in an integrated
materials design loop.” (See Figure 2.)

www.projectsmagazine.eu.com

Although the researchers have already
made
considerable
progress
in
understanding
the
fundamental
mechanisms, overcoming the factors that
limit the performance of Li-air batteries
is a big challenge.
One of the project’s end goals is to
make a Li-air pack of 2 x 4 battery cells
that operate in a controlled manner. “We
can make reversible Li-air batteries now
but they’re just not good enough,” says
Vegge.
“At the end of the four years if we
successfully make a pack of Li-air
batteries that we can charge and
discharge cyclically at a high current
density with a low over-potential we will
be ecstatic,” he smiles.
Activity in Li-air battery research has
surged over recent years, which makes
the ﬁeld highly competitive.
“There are a lot of groups worldwide
starting this activity up now. Because it’s
basically the only battery alternative
you can say is a direct competitor to
chemical fuels. There are a few others
that come close but nothing with as high
an energy density as this.”
ReLiable is still in its early stages, and
the people working in the project are
keen to expand, particularly with
companies to work on the applications
side.
Vegge also stresses the need for policy
makers to fully appreciate research in
this ﬁeld.
“The fact is there are no real
alternatives to fossil fuels at this point.
For an increase in renewable energy in
our infrastructure we also need efﬁcient
ways of storing that energy.”

+

Project Duration and Timing:
4 years, January 2012 to December
2015
Project Funding:
The Danish Council for Strategic
Research, Programme Commission on
Sustainable Energy and Environment
has funded the project with 18.9
MDkr. or 2,5 MEuro over 4 years.
Project Partners:
* Technical University of Denmark
(DTU)
* University of Southern Denmark
* Stanford University
* Haldor Topsøe A/S
* Lithium Balance
Tejs Vegge
Tejs Vegge is head of
the section “Atomic scale
Modelling and Materials” at DTU
Energy Conversion.
He specializes in integrated
computational and experimental
design of materials for energy
storage and conversion. From an
atomic level understanding of the
fundamental mechanisms, they
design novel (electro)catalysts,
membranes and materials
for energy storage.

Contact
Main contact name:
Tejs Vegge
Email: teve@dtu.dk
Web: http://www.reliable.dk
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A unique project is making great strides in developing key understandings of the way
environmental disasters have shaped and continue to shape human evolution and history

Using Past Environmental
Events as Analytical
Mirrors into Prehistory
The Laboratory for Past Disaster
Science - LaPaDis - is a newly
established research cluster which
focuses on how humans have coped with
natural disasters such as volcanic
eruptions, tsunamis and earthquakes in
the past. Moreover, it aims to provide an
historical prospectus in the form of an
open-access database that will aid
studies focused more towards future
events, something which is historically
known to be ‘extremely limited’, says
project director Felix Riede.
Associate Professor Riede of Aarhus
University explains that this unique and
highly interdisciplinary research project
is dedicated to acting as a bridge between
many subject groups such as the
historical sciences, the social sciences
and
natural
sciences,
providing
groundbreaking data from the depths of
human history and prehistory. Recent
studies add more and more weight to the
argument that environmental change
has had – and continues to have –
important effects on humanity and
evolution; Riede believes we simply
cannot afford to ignore these ideas
anymore.
“The last 20 years in particular have
brought a wealth of climate and
environmental data showing how
turbulent the past was and this is now
having an impact on how we see humans
in relation to their environment in the
past,” he said.
He is also quick to point out though
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that “this is not a new form of
environmental determinism, but stems
from the realisation that we simply
cannot afford to ignore the role that
environmental changes and events have
had on the course of our prehistory and
history.”
The project’s main aim is to investigate
the vulnerability of small-scale societies
(small-scale farmers, horticulturalists
and hunger-gatherers) during rapid
environmental changes, in particular
volcanic eruptions. Although it touches
on current times and even provides
platforms between historical and future
events, it is predominantly an historical
project, which is strongly archeologically
oriented.
“Although it is very important to look
at current societies, we cannot of course
predict the future. So, if you want to see
how a society has been affected you
have to look into the case studies of past
events,” said Riede.
Currently, the research group is
focusing on the Laacher See volcanic
eruption from 10,966 BCE to see how it
impacted on the culture-history of
contemporaneous
hunter-gatherer
populations in Northern Europe during
this so-called Late Glacial period that
marks the end of the last ice age. By
investigating local changes in the
archaeological record in relation to the
eruption, and by matching local patterns
to global trends seen in responses of
other societies during similar events, the

research project will provide a better
understanding of these events as a
whole. At the same time, the project will
provide a much more solid base for
interpreting the ways in which other
more recent as well as more ancient
eruptions have affected human societies.
The project seeks to document and
analyse the multitude of ways in which
humans have handled the types of
events in question. This would help to
better understand what made the
affected societies vulnerable in the ﬁrst
place. The hope is to then relate these
insights to current situations, where
societies are affected but where,
currently, we cannot predict future
consequences of such events.
“We’re aiming to glue this historical
prospectus together with aspirations
that the framework will inform ways in
which plans, especially longer-term
plans, are made to deal with such events
in the present and future.” Riede says.
Riede believes strongly that the
information
needed
to
produce
frameworks in this area is very complex
and requires historical depth. Referring
to the recent Icelandic eruption, he
points out that even in today’s highly
advanced society, we are still vulnerable
to these events. It is all relative to how
we travel and work. “This 2010
Eyjafjallajökull
eruption
starkly
highlighted several dimensions of
fragility in the present, so we’re
developing conceptual tools, thanks to
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this information and data, which can be
applied to a whole range of other case
studies.”
Inherently interdisciplinary, LaPaDiS
is primarily concerned with the cultural
and social dimensions and effects of
such environmental events.
“Religion, for example, has evolved
and changed in light of such events;
people start to think differently and act
differently when you ﬂip the order of
what they have come to know and
believe,” says Riede.
“Over the past few years it has become
apparent that volcanic eruptions have
affected societies during key parts of
our evolution, for example during the
re-colonisation of Europe after the last
ice age, around the extinction of the
Neanderthals, and perhaps even at the
time our species evolved in Africa.”
Riede says that there are visible
results so far that take shape in the form
of published papers, some more technical
than others, which document key issues
of the project’s current focus case study.
They have been collecting data that
shows clear chronological relationships
between the events and the cultural
historical changes seen, as predicted by
Riede and his team.
In 2011, Riede himself published a
paper outlining the key structure of the
project, highlighting why it is important
to consider past events when discussing
current catastrophes. In 2012, Riede and
project partner Kevan Edinborough
from the Institute of Archaeology at
University College London in the UK
published a paper titled Bayesian
radiocarbon models for the cultural
transition during Allerød in Southern
Scandinavia, in which they reﬁned the
chronology for the project’s main case
study, the Laacher See eruption which
took place in or around 10,966 BCE,
documenting how the impact on huntergatherer societies at the time.
Riede hopes that the project’s future
will lead to a monograph to be published
with Aarhus University Press on the
major case study (Laacher See eruption)
as well as a conference anthology from
an international conference to be held in
early 2013 under the auspices of
LaPaDiS. The latter publication will
become a major sourcebook for this ﬁeld.
The past vulnerability conference
taking place early 2013, as well as other
elements of the project, owes its thanks
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to the funding from the Danish Research
Council through the Independent
Research’s Culture and Communication
section as well as additional funding
through the Sapere Aude Research
Excellence initiative. The combined total
so far secured equates to 2.1m DKK.
As well as the money for the
conference, new laboratory facilities,
and a wide range of analyses, the
funding also covers the costs of research
assistants and critical sabbatical time
for Riede himself. Other parts of the
funding are used for a series of Work
Packages.
The output of Work Package 1 consists
of a global open-access database of
forager responses to volcanic events
seeking to provide a comparative
database of societies’ responses to
volcanic events that will go online in
2013.
The second Work Package is laid out
in two parts; 2A is the mapping of
archaeological
localities.
This
is
associated with mapping the occurrence
of archaeological phenomena on the
North European Plain prior to and after
the Laacher See eruption in order to
quantify the spatial dimensions of risk
and vulnerability at the time. The
results of this Work Package, albeit
preliminary at this stage, are available
for everybody to browse and use at
www.lateglacial.org.
Work Package 2B is concerned with
radiocarbon dating and modelling. This
particular work package is designed to
improve the chronology for the
Scandinavian Stone Age societies
affected by the Laacher See eruption
through radiocarbon dating.
The third and ﬁnal Work Package is
designed to deliver a theory-driven
synthesis of the generated data.

+

Prof. Felix Riede
Born in Kassel (GER) November
16th, 1978. 199-2002 Durham
(B.A. 1st class in Arch & Anth). 20022007 M.Phil. and Ph.D. at Cambridge. 2006-7
Junior Research Fellow/Research Associate
at Wolfson College and the Leverhulme
Centre for Human Evolutionary Studies.
2007-9 British Academy Post-doctoral Fellow
at the Centre for the Evolution of Cultural
Diversity at UCL. 2009-2012 Assistant
Professor, Dept. of Culture & Society, Aarhus
University, since April 1st, 2012
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Project Information
Project Title:
LaPaDiS: Laboratory for Past DIsaster
Science
Subtitle: Volcanic eruptions and
prehistoric culture change. Crosscultural context for the Laacher Seeeruption and its impact on Late Glacial
foragers in southern Scandinavia
Project Objective:
LaPaDiS’ mission is to investigate the
ways in which individuals and groups in
the past responded to and coped with
rapid environmental change and events
on both a local and global comparative
scale. We draw on natural scientific and
other methods to address questions of
archaeological, anthropological, and
sociological concern.
Project Duration and Timing:
2 years, July 2011 to July 2013
Project Funding:
The project is funded by the Danish
Council for Independent Research’s
Culture and Communication section
and the Sapere Aude Research
Excellence early-career programme.
Total funding: 2.1 million DKK.
Project Partners:
tReader in Volcanology Clive
Oppenheimer, Department of
Geography, tUniversity of Cambridge
(UK)
tProfessor John Grattan, Institute of
tGeography & Earth Sciences,
Aberystwyth University (UK)
tAssociate Professor Jens Seeberg,
Department of Culture and Society
(Anthropology), Aarhus University (DK)
t Associate Professor Christian Tegner,
Department of Geoscience, Aarhus
University (DK)
t Professor Bent Vad Odgaard,
Department
of Geoscience, Aarhus University (DK)
tProfessor Stefan Wastegård,
Department
of Physical Geography and Quaternary
Geology, Stockholm University (SWE)
t Prof. David J. Lowe, Department of
Earth and Ocean Sciences, Waikato
University (NZ)

Contact
Name: Felix Riede
Tel: +45 87162083
Email: f.riede@hum.au.dk
Web: http://projects.au.dk/lapadis/
www.lateglacial.org
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Support Actions

Although satellite images suggest the world’s dry areas are getting greener, this is not necessarily
a positive change, according to researcher Rasmus Fensholt. He has just embarked on a new
four-year project with NASA, which aims to ﬁnd out what’s behind this “greening” effect, and if the
impact will be positive or negative for our planet

A greener world:
for better or worse?
Livestock in Sahel

“It seems counter

intuitive that the
world’s dry areas are becoming slightly
greener,“ says Rasmus Fensholt,
associate professor in the Department of
Geography and Geology at the Faculty
of Science, University of Copenhagen.
“For the generation growing up in the
1970-80s where droughts and emerging
desertiﬁcation on the African continent
resulted in the implementation of the
United Nations Convention to Combat
Desertiﬁcation (UNCCD), it’s almost a
piori that deserts are something that
become larger over time, never smaller,”
says Fensholt.
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However, satellite images show the
reverse. On average, images of many
thousands of observations show a slight
growth of individual pixels for plant
cover, according to the professor.
Over 15 years, Fensholt has been
involved in vegetation monitoring from
space, primarily focusing on arid and
semi-arid areas. Termed “dry land
areas”, they constitute almost one third
of the planet’s land surface on a global
scale.

Four-year project
In his next stage of research, Fensholt

aims to build on these initial ﬁndings to
ﬁnd out, amongst other things, to what
extent the greening is caused by
manmade factors and to what extent
climate change factors are involved.
Initiated earlier this year, the four-year
project “Earth Observation based
Vegetation productivity and Land
Degradation Trends in Global Dry lands”,
is funded by the Danish Council of
Independent Research’s ‘Sapere Aude”
grant.
This “greening” phenomenon was
derived from Fensholt’s initial research,
the main bulk of which was heavily
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Changes in greenness for semi-arid areas: July 1982 - December 2007.

concentrated in West Africa, triggered by
the vast droughts that struck the region
the 1970s and 1980s. Here, a much
“softer” qualitative approach was applied
by colleagues, consisting of, mainly
interviews with local farmers in dry land
areas. Fensholt will now elaborate on
these ﬁndings on a global scale to ﬁnd
out if there are regional differences
across the world’s dry land areas,
including Africa, Southern Africa,
Australia, Northern America, Northern
Mexico, Western US, and large areas of
the Middle East and Kazakhstan towards
China.

NASA’s satellite data archive
The project will be mainly driven by a
satellite data archive from US space
agency NASA. Fensholt previously used
NASA’s satellite images in his work on
global change studies, where he found
the technology was a great resource for
acquiring very detailed information over
large surface areas in a very short time
frame. Aggregated into one archive,
satellite images of daily scenes allow
researchers to monitor the change in
world’s vegetation over the last 30-40
years.
The satellite sensors monitor the earth
each day, divided in ﬁelds of 8 x 8 km,
measuring different wavelengths at the
surface and extracting various pieces of
information. Particularly important,
says Fensholt, is the study of “near-
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infrared
region”,
where
the
wavelengths are slightly longer than the
ones visible to our eyes. For vegetated
surfaces, a strong reﬂection of solar
radiation recorded has been found, due to
chlorophyll in the leaves.
Satellite images show the greening in
areas where human inﬂuence has
obviously been present. However,
information can also be derived on
climatic variations, for instance rainfall,
incoming solar radiation, air temperature
and CO2 parameters, which are all very
important for the conditions of vegetation
growth.
To record richer spatial details, other
types of satellite images are used, which
do not produce a continuous archive but
“snap shots” from different regions taken
less often. “These can help us study
changes in land use practice in areas
such as West Arica, which have changed
between grassland savannas and small
farm agricultural plots depending on
population density and migration
patterns.”
Through the use of satellite technology,
there is of course the likelihood of error,
but NASA, amongst others, is working
hard to reduce any possible inaccuracies.
Firstly, it is working on a “buildingperfect” transition from old to newer
satellite sensors. It is important to intercalibrate the different sensor systems, to
ensure the changes observed are caused
by real changes in the environment and

The test site in Senegal
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Support Actions
At a glance

Project Information
Project Title:
VegTrends: Earth Observation based
Vegetation productivity and
Land Degradation Trends in Global
Drylands
Project Objective:
The overall goal of the project is to
develop improved Earth Observation
based methods for global dryland
degradation assessment including a
better understanding of the drivers
for changes
Project Duration and Timing:
4 years, 2011 to 2015
Project Funding:
The Danish Council for Independent
Research (Sapere Aude research
leader grant)
Project Partners:
NASA Goddard Space Flight Center

Rasmus Fensholt
An immense dust storm was blowing over central Africa on March 6, 2004, and was imaged by the Moderate
Resolution Imaging Spectroradiometer (MODIS) in a series of consecutive overpasses of NASA’s Aqua satellite

not by improvements in sensor
technology, Fensholt explains. NASA is
also working to correct for dust, water
vapour and anything else that could
disturb the radiation on its way down
through the atmosphere and back up
again to the satellite.
The research team will also validate
satellite information with measurements
from test sites around the earth. For
example, Fensholt previously set up a
monitoring station in Senegal that has
been in operation since 2001. Through
the exchange of an international research
network, his team can gather “on the
ground” data from such sites, without the
need to visit all the locations.

Future project beneﬁts
Fensholt hopes the project will not only
gain a clearer picture of the prevalence of
vegetation on earth, but that its ﬁndings
will also help to predict natural disasters
at an early stage, improving the chances
of damage limitation.
“All of this is crucial information from
which
national
politicians
and
organisations should act,” says Fensholt.
“Climate change requires a long-term
global effort. More direct human-induced
changes can be addressed regionally and
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locally – in the short and medium term.
For example, we take different measures
for mitigation and adaptation, depending
on whether changes are caused by
climate on the one hand or caused by
human inﬂuence on the other.”
But one concern hanging over Fensholt
is that his insights on dryland greening,
if used in the wrong way, could be used
to dismiss environmental or climate
action when it is far too premature to do
so.
“What I really want to stress is that we
don’t really know what’s behind this
greening effect,” says Fensholt and we
don’t know if it’s for the better yet. For
instance, we don’t know if this greening
is caused by an increase in plant species
that have no nutritional value and
therefore is of no use for people relying
on livestock.”
Rather than indicating a positive
effect, slowing desertiﬁcation is more
likely to be a consequence of the global
climate system out of balance, the
professor says.
However this is, for the moment,
simply a theory – ﬁnding a clear
explanation for this phenomenon is why
Fensholt’s new earth observation project
is of such importance.

+

Rasmus Fensholt is Associate
Professor at Department Geography
and Geology, University of
Copenhagen. His research focuses
on Earth Observation ecology
studies of terrestrial ecosystems
based on satellite remote sensing.
Research concerns natural resource
management and relates to research
subjects including global change
studies, land degradation and early
warning systems.

Contact
Main contact name:
Rasmus Fensholt
Tel: 0045 35322526
Email: rf@geo.ku.dk
Web: http://geo.ku.dk/vegtrends/
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The HydroGeophysics Group’s (HGG’s) new project HyGEM aims to develop tools to plug the gap
between important geophysical findings and their application to practical, hydrological models.
HGG also has plans to carry out its ground-monitoring work in more developing countries, where
knowledge of fresh water resources are vital, explains group manager Esben Auken.

Tapping into the world’s
fresh water reserves

The HydroGeophysics Group (HGG),
based at Aarhus University in Denmark,
has contributed to extensive findings on
the world’s fresh water resources. This is
achieved by advanced processing
techniques and geophysical data that can
produce 3-dimensional models of the
subsurface.

Geophysical methods
HGG manager, Associate Professor Esben
Auken says the group are doing
extensive research in three ‘unique’
geophysical methods – one sky-based,

the two other ground-based – to measure
water content in the ground’s sub
surface, without the need to drill a hole.
The group’s airborne sensor, SkyTEM,
is
a
dual-moment
Time-Domain
Electromagnetic
System
(TDEM)
designed to collect finely detailed data
before only possible with ground-based
geophysical techniques. Being airborne,
large and even inaccessible areas can be
surveyed in a very short time. It also
allows for analysis of shallow and deep
layers of the ground at the same time,
says Auken.

The other method, Magnetic Resonance
Sounding (MRS), uses similar physics to
a hospital MRI scan, generating an
oscillating current of protons in the
earth’s magnetic field through a “loop”
put on the ground.
The team alter the spins of these
protons and see how they react as this
gives an indication of the ground’s water
content.
This method is much slower, Auken
explains,
taking
around
one
measurement per day, compared to the
airborne system where about 50 to 100
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SkyTEM lands after a long day of
surveying at the Mayotte Island, 2010
Below right: People on their way home
from work at Petite-Terre, Mayotte Island

square kilometres of ground can be
covered with more then 2500 soundings.
The last method, Induced Polarization,
is also ground based. This method
measures
the
geological
layers
capability to charge up when a current
is applied. The method is very useful for
mapping of point source contaminations
like land fills, old gas stations or factory
sites.
By getting a clear picture of the
geological composition of the subsurface,
the team can predict the location of fresh
water resources.
For example, if the resistivity is
100Ohm-m it means the area contains
sand filled with water. If the resistivity is
10 Ohm-m or lower, this means there is
clay, which means there will be no water
at all in the area, says Auken.

HyGEM
Such work by HGG has been carried out,
not only in Denmark, but across the
world, including wider Europe, Australia
and Antarctica.
Over the years the group has yielded
extensive mapping of precious fresh
water resources, but, missing is a way to
quickly and easily turn this spatially
sampled geophysical data to the
framework of a hydrological model – an
important tool for knowledge-based
groundwater resource management.

This is why new collaborative project
HyGEM is being set up, in a bid to try and
develop a more automatised integration
from the geophysical to the hydrological
model.
“We saw it took a very long time to get
the geophysical results into the modelling
framework through the manual input of
such measurements,” Auken explains,
“But we believe the transfer of data can
be done much more automatically.”
“Sometimes it is obvious for a human
brain to make such links by itself. For
example, when there are resistive areas
in the subsurface of the ground this
means there’s got to be water there, but

making the link automatically is not
always easy.”
With recently approved funding by
Danish Council for Strategic Research, the
project consists of Danish, American,
Australian
and
Dutch
research
organisations, plus Danish private
companies and one water management
company. HyGEM will pursue three
separate research approaches over a
three-year period, with the aim of finding
the most useful approach to minimise the
very manual heavy conversion of
geophysical data.
The first approach is a direct coupling
of the hydrological model and the

At a glance

Project Information
Project Title:
HyGEM: Integrating geophysics,
geology, and hydrology for improved
groundwater and environmental
management
Project Objective:
The objective is to create tools for
direct and automatic integration
of geophysical and geological data
into geological and hydrological
models for water resources and
environmental management.
Project Duration and Timing:
3 years, April 2012 to March 2015
Happy Camper survival course 2011 at the ice outside McMurdo station, Antarctica, a few days before the
SkyTEM survey started in the Dry Valleys

geophysical modelling through a
hydrogeophysical relationship.
The second approach attempts to create
statistical links between the lithology
and the resistivity, which would lead to a
statistical model of the geology to go into
a hydrological model.
The third approach takes takes the
same paths as the second, but the
statistics are formed in a different way,
Auken explains.
The most successful technique will
then be piloted in various geological
locations around the globe.
The project members anticipate
HyGEM’s findings will have a significant
scientific and societal impact, saying that
the issues involved are of high interest to
many research groups worldwide.
“The outcome will be of high value to
Danish end-users as well as a valuable
export article in the form of superior
expertise in the industry and actual
computer programs,” says HGG.
The initial kick-off meeting for HyGEM
took place recently in the US. Auken says
it was important that the meeting was
based outside of Denmark in order to
enforce the international dimension of
HyGEM.

Developing countries
Auken says in general the group is
aiming
towards
more
global
collaborations and also greater coverage
of fresh water resources in a range of
different regions.
Recent research in the Galapagos
Islands and a new India-focused project
forms part of this new push from HGG,

with an aim to carry out more mapping
work in developing countries. Auken
insists the group is not moving away
from work in the Western world, saying
there will always be further investigations
to be carried out.
However, he says mapping of fresh
water resources in developing countries
can have a larger impact than in Western
countries.
HGG’s up-coming extensive Indian
project, financed by the World Bank and
the Indian government, aims to produce
general mapping of fresh water resources
in the country where there’s very polluted
surface
waters,
Auken
explains.
“Worldwide access to fresh water is a big
problem People are getting sick because
the water they have access to is so bad.”
For this new India project, the research
group will use the methodology and
technology they have been developing
over the years, such as the SkyTEM and
MRS.
“We have now carried out surveys
that, at that time, we never thought
possible ten years ago because of
interferences with people living in the
area – our measurements get very
disturbed by power lines and cables, but
we’ve found ways to handle such
obstacles,” says Auken.
“We now plan to use such tools to
produce mapping of fresh water resources
in more and more complicated geological
environments.”
“It’s something we’d like to pursue
more because we know we can make a big
difference to the lives of many people,”
he adds.

Project Funding:
The Danish Council for Strategic
Research, 2.07 mill Euro form the
council, 3.70 mill Euro in total.
Project Partners:
3 Danish research institutions, 3
Danish private companies, 1 water
supply company, United States
Geological Survey, TNO Holland and
CSIRO Australia.

Prof. E Auken
Prof. E Auken is an experienced
geophysicist who heads
a large research group of
hydrogeophysicists, engineers and
technicians. He manages a number
of research project centred around
geophysical methods for mapping of
ground water resources and shallow
geology.
The group develop everything from
instrumentation to software and
implementation of results.

Contact

Main contact name:
Esben Auken
Tel: +45 8715 6383
Email: esben.auken@geo.au.dk
Web: www.hgg.au.dk
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The HydroGeophysics Group’s (HGG’s) new project HyGEM aims to develop tools to plug the gap
between important geophysical ﬁndings and their application to practical, hydrological models.
HGG also has plans to carry out its ground-monitoring work in more developing countries, where
knowledge of fresh water resources are vital, explains group manager Esben Auken.

Tapping into the world’s
fresh water reserves

The HydroGeophysics Group (HGG),
based at Aarhus University in Denmark,
has contributed to extensive ﬁndings on
the world’s fresh water resources. This is
achieved by advanced processing
techniques and geophysical data that can
produce data rich ground maps.

Geophysical methods
HGG manager, Associate Professor Esben
Auken says the group are doing
extensive research in three ‘unique’
geophysical methods – one sky-based,
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the two other ground-based – to measure
water content in the ground’s sub
surface, without the need to drill a hole.
The group’s airborne sensor, SkyTEM,
is
a
dual-moment
Time-Domain
Electromagnetic
System
(TDEM)
designed to collect ﬁnely detailed data
before only possible with ground
geophysical techniques. Being airborne,
data is free from drift and the need for
corrections only possible by taking the
system to very high altitude. It also
allows for analysis of shallow and deep

layers of the ground at the same time,
says Auken.
The other method, Magnetic Resonance
Sounding (MRS), uses similar physics to
a hospital MRI scan, generating an
oscillating current of protons in the
earth’s magnetic ﬁeld through a “loop”
put on the ground.
The team alter the spins of these
protons and see how they react as this
gives an indication of the ground’s water
content. This method is much slower,
Auken explains, taking around one
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measurement per day, compared to the
airborne system where about 50 to 100
square kilometres of ground can be
covered with more then 2500 soundings.
The last method, Induced Polarization,
is also ground based. This method
measures the geological layers capability
to charge up when a current is applied.
The method is very useful for mapping of
point source contaminations like land
ﬁlls, old gas stations or factory sites.
By getting a clear picture of the
geological composition of the subsurface,
the team can predict the location of fresh
water resources.
For example, if the resistivity is 100m
it means the area contains sand ﬁlled
with water. If it’s ten more metres deep,
this means there is clay, which mean’s
there will be no water at all in the area,
says Auken.

HyGEM
Such work by HGG has been carried out,
not only in Denmark, but across the
world, including wider Europe, Australia
and Antarctica.
Over the years the group has yielded
extensive mapping of precious fresh
water resources, but, missing is a way to
quickly and easily turn this spatially
sampled geophysical data to the
framework of a hydrological model – an
important tool for knowledge-based
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groundwater resource management.
This is why new collaborative project
HyGEM is being set up, in a bid to try and
develop a more automatised integration
from the geophysical to the hydrological
model.
“We saw it took a very long time to get
the geological results into the modelling
framework through the manual input of
such measurements,” Auken explains,
“But we believe the transfer of data can
be done more automatically.”
“Sometimes it is obvious for a human
brain to make such links by itself. For
example, when there are resistive areas
in the subsurface of the ground this

means there’s got to be water there, but
making the link automatically is not
always easy.”
With recently approved funding by
Danish Council for Strategic Research, the
project consists of Danish and American,
Australian
and
Dutch
research
organisations, plus Danish private
companies and one water management
company.
HyGEM will pursue three separate
research approaches over a three-year
period, with the aim of ﬁnding the most
useful approach to minimise the very
manual heavy conversion of geophysical
data.

Insight Publishers | Projects 29

At a glance

Project Information
Project Title:
HyGEM: Integrating geophysics,
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groundwater and environmental
management
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The objective is to create tools for
direct and automatic integration
of geophysical and geological data
into geological and hydrological
models for water resources and
environmental management.
Project Duration and Timing:
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Project Funding:
The Danish Council for Strategic
Research, 2.07 mill Euro
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The ﬁrst approach is a direct coupling
of the hydrological model and the
geophysical modelling tools.
The second approach attempts to create
statistical links between the methology
and the resistivity, which would lead to a
statistical model of the geology to go into
a hydrological model.
The third approach takes takes the
same paths as the second, but the
statistics are formed in a different way,
Auken explains.
The most successful technique will
then be piloted in various geological
locations around the globe.
The project members anticipate
HyGEM’s ﬁndings will have a signiﬁcant
scientiﬁc and societal impact, saying that
the issues involved are of high interest to
many research groups worldwide.
“The outcome will be of high value to
Danish end-users as well as a valuable
export article in the form of superior
expertise in the industry and actual
computer programs,” says HGG.
The initial kick-off meeting for HyGEM
took place recently in the US. Auken says
it was important that the meeting was
based outside of Denmark in order to
enforce the international dimension of
HyGEM.

Developing countries
Auken says in general the group is
aiming
towards
more
global
collaborations and also greater coverage
of fresh water resources in a range of
different regions.
Recent research in the Galapagos
Islands and a new India-focused project
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forms part of this new push from HGG,
with an aim to carry out more mapping
work in developing countries. Auken
insists the group is not moving away
from work in the Western world, saying
there will always be further investigations
to be carried out.
However, he says mapping of fresh water
resources in developing countries can
have a larger impact than in Western
countries.
HGG’s up-coming extensive Indian
project, ﬁnanced by the World Bank and
the Indian government, aims to produce
general mapping of fresh water resources
in the country where there’s very polluted
surface
waters,
Auken
explains.
“Worldwide access to fresh water is a big
problem People are getting sick because
the water they have access to is so bad.”
For this new India project, the research
group will use the methodology and
technology they have been developing
over the years, such as the SkyTEM and
MRS.
“We have now carried out surveys
that, at that time, we never thought
possible ten years ago because of
interferences with people living in the
area – our measurements get very
disturbed by power lines and cables, but
we’ve found ways to handle such
obstacles,” says Auken.
“We now plan to use such tools to
produce mapping of fresh water resources
in more and more complicated geological
environments.”
“It’s something we’d like to pursue
more because we know we can make a big
difference,” he adds.
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Project Partners:
3 Danish research institutions, 3
Danish private companies, 1 water
supply company, United States
Geological Survey, TNO Holland and
CSIRO Australia.

Prof. E Auken
Prof. E Auken is an experienced
geophysicist who heads
a large research group of
hydrogeophysicists, engineers and
technicians. He manages a number
of research project centred around
geophysical methods for mapping of
ground water resources and shallow
geology.
The group develop everything from
instrumentation to software and
implementation of results.

Contact
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Esben Auken
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Alan Irwin, Dean of Copenhagen Business School

With Denmark holding the presidency of the Council of the European Union for the
ﬁrst half of 2012, there was an inﬂux of conferences and international events taking
place in the country. One of them entitled “Science in Dialogue” reﬂected Denmark’s
strong tradition in having public discussion around science and technology

Let’s talk science
W

ith Denmark holding the presidency of the
Council of the European Union for the ﬁrst
half of 2012, there has been an inﬂux of
conferences and international events taking place here.
One of them entitled “Science in Dialogue” was
particularly pertinent in regards to our strong tradition
in having public discussion around science and
technology
This is a topic that has been picked up across Europe
recently, speciﬁcally in regards to responsible research
and innovation. We have seen research councils from
across Europe talking about public dialogue and how you
bring that into the development of new science and
technology, and at the conference this discussion was
extended into how this can be deﬁned within the
European framework, and how various methods in
trying to open up discussions to more public audiences
have fared.
The amount of dialogue occurring on this subject at
present is no coincidence – the fact of the matter is that
it is hugely important for all involved. To take a
speciﬁcally British experience, the whole story around
BSE has had a massive impact in the sense that leading
research policy makers now know that the way in which
they communicate with the public has to be taken very
seriously. The Phillips Inquiry into BSE in 2000 said it all
– too much emphasis on conﬁdentiality, too much fear of
an emotional public reaction and not enough trust in
people to engage them in reasonable discussions. In the
end, it was not the existence of risk that was the problem
but rather the denial of it.
Allowing this fear of a negative reaction to cloud one’s
judgement can be very dangerous. In areas such as
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nanotechnology and stem cell research, there will always
be reservations from members of the public, and so for
good reason or bad it is necessary to have some sort of
engagement, otherwise the criticism will inevitably
throttle innovation.
It is important to note that public involvement does not
just entail trying to win people over to new developments.
On another level, it can be about listening to the public’s
concerns and trying to develop new areas of science and
technology in such a way that they ﬁt in with the needs
of the wider population. In this respect you could say
that it boils down to democracy – having open discussions
on things that have an impact on everyday life. On the
other hand, you could say it is about economic
competitiveness, because if the people in Europe are not
going to be receptive to an idea then it is a major problem
not only for researchers, but also for Europe as a whole in
moving forward.
Although the idea that public engagement is a necessity
has now been agreed upon on lots of different levels,
there are two things that need to be remembered for the
future. The ﬁrst of these is that we now have a lot of
experience in this ﬁeld from across Europe - engagement
is no longer a hypothetical discussion, and so we need to
make sure to use this experience for future endeavours.
The other thing to say is that we need to accept that
none of these approaches are ever going to be perfect and
that there will always be criticism that goes with dialogue
exercises. Most importantly, we should reﬂect on our
experiences and be willing to experiment, as there are
certainly a number of ways of going about involving the
wider community, none of which are necessarily right or
wrong.
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The rise of multinational companies from Brazil, Russia, China, and India (BRIC) poses new
challenges for corporate social responsibility (CSR) in the developing world. Will these rising power
multinationals engage in CSR? Or will the rise of these ﬁrms lead to an international social and
environmental race-to-the bottom? As these ﬁrms begin to gain international prominence, they
begin to challenge our current understanding of CSR and re-orientate CSR research and practice.

The rise of the Bric Countries
and the future of Corporate
Social and Responsibility

Understanding

the
rise
of
multinationals from the BRIC countries
is increasingly important to remain
apace with geo-political shifts that are
redeﬁning CSR practice. As economic
growth stalls in Western Europe and
North America, the BRIC group (Brazil,
Russia, India and China) have begun to
play a greater role in co-ordinating
supply chains, rivalling US and
European hegemony with their own
multi-nationals in industries such as
wind turbine manufacturing and oil
extraction.
“These
countries,
and
their
multinationals in particular, are now
beginning to write their own CSR rules”,
discloses Peter Lund-Thomsen, Associate
Professor of CSR at the Copenhagen
Business School. Widely travelled, and
published in periodicals such as
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Geoforum, an internationally recognised
journal, his investigations regularly
critique CSR, exposing disparities
between implementation and theory.
“It’s critical to investigate whether
these new developments in globalisation
could lead to a ‘race to the bottom’ or
whether we will just see these BRIC
multinationals adopting a different
approach to working with CSR” contends
Lund-Thomsen.
Preliminary
investigations suggest both phenomena
are likely. For example, Chinese and
Indian multinationals in the wind
turbine industry have adopted CSR
approaches that are rooted in their home
country environments. The Indian ﬁrm,
Suzlon, appears to be concerned with
contributing to community development
in India villages which has been a
priority since the time of Ghandhi. The

Chinese ﬁrm, Sinovel, talks about
contributing to the creation of a
harmonious society on its homepage
which is the ofﬁcial slogan of the
Chinese government.
The rise of the BRIC countries is also
likely to have implications for small and
medium-sized ﬁrms that comprise more
than 95% of all enterprises in developing
countries. As they sell into Western
markets, they are likely to still have to
abide
by
Western
social
and
environmental standards if they want
market access. However, they are
unlikely to meet such requirements
when selling products in their home or
third world markets.”
Documenting this evolution – or
attack – on CSR is a priority for
researchers. To this end, Lund-Thomsen
is arranging a gathering of world
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experts, to help articulate the
fundamental questions academics should
pose in relation to how the rise of BRIC
country ﬁrms will affect the future of
CSR. Hosted between 12-14 November at
the Copenhagen Business School, the
event, titled “The Rise of the BRIC
countries and the Future of CSR” will be
attended by authorities such as Khalid
Nadvi from the University of Manchester,
UK, and the USA’s Meenu Tewari from
the University of North Carolina at
Chapel Hill.
Funded by the Danish Ministry of
Science,
Innovation
and
Higher
Education (as part of its ‘International
Networking Programme’), participants
will also contribute to a themed issue of
the internationally recognized journal in
the area of CSR and development, which
should prove a cornerstone. “We are
beginning to deﬁne a new research
agenda for the next 5 – 10 years of CSR
research” enthuses Lund-Thomsen. “This
is just the beginning.”
Examining the real-world effects of
CSR in South and East Asia has been at
the core of Lund-Thomsen’s research
agenda for a number of years, his recent
article titled “CSR as Imperialism”1
succinctly expresses how critics – and
even intended beneﬁciaries – can
interpret these schemes. “There’s a
widespread
perception
amongst
exporters in some countries, like
Pakistan and India, that CSR is merely a
guise for western style imperialism,”
explains the academic. “For example,
abolitionist stances on child labour are
often perceived as a direct imposition of
supposedly ‘universal’ western values by
local manufacturers. In India and
Pakistan, child labor is widespread and
undesirable,
However,
if
there’s
inadequate schooling, and children
cannot work to support their families,
this might make these children and their
families even worse off in the views of
local exporting ﬁrms.”
Such complex moral questions are far
from unique. One of Lund-Thomsen’s
most recent studies2 co-authored with
international colleagues from the UK,
India, China, and Australia, analysed
the work conditions of football stitchers
in Pakistan, India, and China exposing
similar incongruities. Benchmarks such
as earnings, working hours and health
beneﬁts were used as comparators,
examining
the
similarities
and
differences in the work conditions of
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football stitchers in the three largest
manufacturing bases – India, China and
Pakistan. “Chinese workers, on average,
earned 2-3 more times more than their
counterparts in India and Pakistan”
explains the specialist. “CSR was not the
main cause of the differences in their
earnings. However, the introduction of
machine stitching in China had made it
possible for the Chinese ﬁrms to pay
their workers much higher wages than
those earned by Pakistani and Indian
stitchers”. Chinese machine stitchers had
much higher levels of productivity than
their hand-stitching rivals in South
Asia, and so were in a position to receive
higher wages. “A main conclusion of the
study was that re-organising production,
and mechanising to improve productivity,
could help to facilitate higher wages
more effectively than CSR.”
Whilst the Chinese workers earned
higher wages, the ﬁndings of this study
also demonstrated that comparing work
conditions across different cultural
contexts may be difﬁcult. “The Chinese
workers were typically rural migrants
living away from their families” he
reveals. “They’d work very long hours,
often for four or ﬁve years, to accumulate
income and then return to their home
town in inner China.
The Indian and Pakistani stitchers
were locals, however, living with their
families, and having social lives apart
from work. Thus it may be difﬁcult to
judge who is better or worse off. The
Chinese worker who earns more but is
denied a family life throughout most of
the year or the Indian and Pakistani
workers earning less, whilst maintaining
a family life? It is necessary to consider
such factors before arriving at any premature conclusions about workers’
conditions in different cultural and
social contexts.”
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His research focuses on the role
of corporate social responsibility
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investigates how CSR policies of
internationally branded companies
are implemented in global supply
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competitiveness, work conditions,
and the environment in developing
countries.
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Architecture and technology specialists in Copenhagen are working on pioneering easy-to-build
shelters for those affected by disasters – not just for emergency evacuation but for longer-term
recovery.

Emergency shelters
for disaster victims

A team of researchers led by Professor
Olga Popovic Larsen at the Royal Danish
Academy of Fine Arts School of
Architecture have been examining how
to improve temporary settlements used
after natural and manmade disasters,
and drawing on interdisciplinary
knowledge from researchers in South
Korea and Japan.
The work was prompted by the Tohuku
earthquake and tsunami in Japan last
year, a disaster that cost nearly 16,000
lives and injured some 27,000 people.
Professor Seung-Deog Kim at Semyung
University in South Korea together with
Professor Kenichi Kawaguchi from Tokyo
University invited Professor Larsen and
her team to take part in the application
for funding for a project they were
working on in the aftermath of the
disaster entitled “Development of Green
Shelters for Emergency Evacuation from
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Extreme Conditions by Deployable
Systems”.
Professor Larsen, whose ﬁeld of
research is in the area that bridges
architecture and technology, had been
looking into innovative lightweight
structures in architecture, which made
her team ideal for the Korean project.
The project was granted the funding and
Professor Larsen’s team became the
Danish partner.
Her team is involved in three projects
all related to emergency shelters, but she
hopes that their work will be put in the
spotlight by a bigger project.
“We hope to achieve more long-term
solutions that will help areas affected by
disasters,” she says. “Most emergency
shelters are tent-like structures that deal
with immediate help. This is very
valuable and important. However we feel
it is not enough. These shelters are

excellent for fast help, but they cannot
provide long-term normal living
conditions. We are interested in how
architecture and design can aid the full
recovery of a region affected by a
disaster. Structures that can be a catalyst
towards
the
full
economical
reconstruction and recovery of the
region.
“So we are looking at mid to long-term
solutions or how a transitional shelter
can be transformed from a temporary to
medium and even permanent solution.”
Professor Larsen says after a disaster
people often stay in shelters not for days,
but for weeks and months, even, in some
cases, years. So there is a need for a
shelter that provides normal living
conditions, such as proper heating,
lighting and sufﬁcient space. Her team
are looking at materials and systems
that can fulﬁll these requirements.
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Often, because debris needs to be
cleared up form a disaster site, shelters
are built some distance from the disaster
area, which causes additional trauma for
those who have lost their homes and
families. “We are saying don’t do away
with these shelters, but there is scope for
further research, “ says Professor
Larsen. “We are suggesting a more
proactive way of dealing with the
situation – how about a shelter system
that is lightweight, low-tech and quick
and easy to put up?
People affected by the disaster could
upgrade and extend the shelters with
lightweight cladding. We are talking
about something that can be built within
weeks on a site that is not fully cleared up.
Within a year these structures could be
upgraded into something that lasts for
several years.”
To build on areas that are not fully
cleared up, Professor Larsen suggests the
use of homes that can be elevated or
stacked on top of each other, and even
homes that can be built over water.
Her team is investigating the best
materials suited to these tasks. Moreover,
it is important that the very people
affected by a disaster actively participate
in constructing the shelters as this will
lessen the trauma and help them to
recover, she says.
It is still important that the homes are
in tune with the local environment,
however. “If it is a rural area that does not
have high-rise buildings, we would not
suggest building high-rise – the people
would hate it,” she says.
“But if the disaster was in a suburb with
medium-height buildings – three or four
ﬂoors – then our system would be designed
to ﬁt in with that.”
Professor Larsen stresses the essentials
– that the structures would be lightweight
and able to be lifted by people without the
need for heavy machinery; simple to put
up; and extendable and upgradable if they
are to become more permanent. “The more
low-tech, the greater the involvement of
local people using local materials, the
better,” she says.
She
is also mindful of the great
tradition of design in Denmark, not least
for ﬂat-packs, which can help towards her
vision and she looks forward to working
with developing ideas with local industry.
“We have talked to Danish architects
engineers and materials producers and
hope to involve them in a bigger project,”
she says.
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The three projects on which Professor
Larsen’s team are working involve:
s A survey on existing research and
design of emergency shelters
s Recovery approaches
s Design of deployable lightweight
systems
s Prototype building and testing
s Exploration of new materials, green
approaches
s Research into fast and economical
construction methodology
s Explorations of how to design
upgradable adoptable systems
s Low-tech innovative solutions
Her team also collaborates with the
Danish and European construction
industry as well as humanitarian
organisations, although they are not
formal partners on the projects.
“We hope to have a greater involvement
with Industry for a larger project that we
are hoping to initiate within the next
year,” she says.
Professor Larsen’s team have funding
for:
s Development of Green Shelters for
Emergency Evacuation from Extreme
Conditions by Deployable Systems”
funded by South Korean Research
Ministry
s Interdisciplinary Research into
Emergency Shelter Design”
-International Network funded by
Danish Agency for Science Technology
and Innovation
s “Research in Design of Emergency
Shelter with an Interdisciplinary
Approach Focusing on Sustainability,
Technology and Planning” funded
internally by their school .
What, are Professor Larsen’s aims for
the future ? “We believe that our approach
can help people and communities affected
by disasters to bring their community to
full recovery,” she says.
“We are working and preparing an
application for an interdisciplinary
international research funded project so
that we can pursue our aim.
We have a group of partners from the
three projects but would be very interested
in meeting partners who would be
interested in such a collaborative research
initiative.
We are especially interested in talking
to industrial partners: material producers,
construction companies, designers, as well
as humanitarian institutions.
We have a lot to offer and want to
attract people to work with us.”

+
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Tensegrities and their application in
architecture.
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Win
i d energy is considered
d to be one of the most promising sources of renewable energy for
Europe
e in the future, and gre
eat strides hav
a e been made in recent decades in the development of
wind
d turbin
ines. Howe
ever, when one of these turbines fails, it ca
an undermine the energy efﬁciency of
th
he turbin
ine
e as parts have to be replaced. Howeverr, a projject consortium
m base
ed in Denmark called
REWI
WIN
ND hop
pes to be able to solve som
me of these existing mechanical issues by con
nducting an
exhaustivve analysis of everyy aspect of the turbines.

Wind of change
The project’s full

title is ‘Knowledge
based engineering for improved
reliability of critical wind turbine
components’, and this is a concise
summation of what the people involved
hope to achieve through it. Funded by
the Danish Council for Strategic
Research, the overarching objective is to
perform strategic research at the highest
level into the metallic components in the
rotor and drivetrain in large wind
turbines. The ultimate aim is to enhance
the reliability of the turbines, extending
the lifetime and arriving at an improved
life expectancy.
“As you know, wind turbines are
subjected to extremely heavy and
varying wind loads,” says Professor
Jesper Henri Hattel of the Technical
University of Denmark. “However, there
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are also large loads coming from the
action of gravity. These huge, heavy
blades are rotating and this together
with the wind loads gives what is called
dynamic forces inside the nacelle, which
is the cover housing that houses all of
the generating components in the
turbine.
“The problem is that some of the parts
in the drive train often fail, especially in
offshore turbines. It is often the bearings,
but can also be other parts such as cogs.
These are absolutely critical parts, and
their failure leads to the gearboxes in
offshore wind turbines having to be
changed every third year or so. So what
we are essentially dealing with is some
crucial components that are not
particularly reliable.”
REWIND intends to address every

step in the chain of production of the
turbines in order to instill an improved
reliability. This includes the materials
used, the manufacturing processes, the
properties of the components and their
performance. The project members will
not only be assessing the critical parts,
i.e. the parts that are failing, but also
some of the more massive parts that
contribute to the huge loads that cause
the failure. “The rotor hub and the main
shaft are a prime example of this,”
explains Hattel. “It is very rare for either
of these components to fail, but due to
their extremely large weight it is
important that we optimize them so that
we can reduce the loads exerted on some
of the more delicate parts.”
The
project
involves
several
technological work packages in order to
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Project Information
Project Title:
REWIND: Knowledge Based Engineering
for Improved Reliability of Critical Wind
Turbine Components
Project Objective:
The overall purpose is to perform
strategic research at the highest level
in the field of materials-manufacturingproperties-performance of metallic
components in the rotor and drivetrain
in large wind turbines, with the ultimate
aim of enhancing the reliability,
extending lifetime and arriving at an
improved life expectancy prediction of
such components.
Project Duration and Timing:
6 years, January 2011 to December 2016
Project Funding:
Danish Research Council for Strategic
Research as well as academic and
industrial partners. Total budget 45
MDKK = 6 MEuro
cover all aspects of the creation of the
turbines. The ﬁrst of these concerns
materials engineering, in which a
‘diagnosis’ is formed to try and
understand exactly what has gone
wrong, and what the mechanism behind
the failure is. The subsequent work
packages will then involve attempting to
describe this mechanism by analysis of
experiments and numerical models, and
then trying to combine this knowledge
into the entire working system of the
turbine.
“For instance, on one level we will be
doing very detailed numerical computer
models of the manufacturing as well as
the loading situation on the layer of the
surface of the bearing. However, we will
then take these ﬁndings and use them in
simulations of the entire wind turbine,
using simulation tools consisting of what
are called aeroelastic modelling as well
as rigid body analysis. So the emphasis
is on making sure that no level of
analysis is overlooked, from the microscale level all the way up to the complete
system, and we hope that by doing this
we will be in a better position to improve
all these separate properties in order to
get the results we are looking for.”
One example of this way of working is
looking at the surface treatment of the
parts that are subjected to particularly
high loads. Heat treatment processes are
used on these parts in order to try and
harden the materials surface, but it has
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been acknowledged that these processes
could be improved. However, the only
way in which this can be done is to
understand the mechanism that drives
the failure in the ﬁrst place.
The project, which began in 2011 and
will run for six years, includes a number
of industrial companies within its
consortium, with whom the researchers
have collaborated closely. “These
partners are essential for the project,”
says Hattel, “not only so that they can
initially help us identify the problems,
but also so that they can evaluate the
solutions that we eventually come up
with. They are the people who will be
using the knowledge that we garner
throughout the six years, and so it is
essential that they are involved in every
step of the way.”
Hattel is also keen to emphasise the
multidisciplinary
aspect
of
the
researchers involved. “We have people
from
classical
material
science
backgrounds looking at the microscopic
properties of the metals, while at the
same time we also have experts in
manufacturing, mechanical engineers
analysing how stress builds up in the
various materials involved using
numerical analysis, and also people who
look at the turbines from a systems point
of view. We believe it is absolutely
necessary to have all of these varied
viewpoints in order to optimize the
outcomes of the project.”

+

Project Partners:
Technical University of Denmark
(DTU), Aalborg University, Helmholtz
ForschungsZentrum (Germany),
Indian Institute of Technolgy (India),
VESTAS, DONG Energy, VATTENFALL,
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Frants Jensen at the Woods Hole Oceanographic Institution (WHOI) in Massachusetts, USA
shares his insights into the details of the social dynamics and hierarchies in whale family groups
with Joshua Howgego, including the unique use of DTAGs

The (whale) social network
Picture taken under NMFS permit number 14241 to Dr. Peter Tyack

In the Mediterranean

Sea, a boat
brimming with equipment is bobbing
gently on the waves. There is a hub of
activity on board, the sun is shining,
and there are whales breaching, and
slapping their tails on the turbulent
waters in the background.
This is what data collection looks like
for whale biologist and acoustician
Frants Havmand Jensen. It’s the sort of
scene which makes most physical
scientists a little jealous from time to
time. But this earnest young scientist
from Denmark is at pains to emphasise
that ﬁeld trips are just a small part of the
work which makes up the study of whale
behaviour. And they’re not even the
easiest bits, he says.
Jensen works at the Woods Hole
Oceanographic Institution (WHOI) in
Massachusetts, USA. The thing which
drives him to go into work each morning
is his quest to understand the details of
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the social dynamics and hierarchies in
whale family groups. The sociable and
enigmatic pilot whale species is his
particular speciality. But these kinds of
behaviour are complex to elucidate. The
fact that their subjects live underwater
still presents marine biologists with a
huge challenge in terms of observing
behaviour patterns. Just putting a single
tag, or microphone in the water – the
traditional practice in the ﬁeld of study
– gives a limited and one-dimensional
soundscape. With that alone to work
with, it’s far from clear which animals
are making which noises, let alone how
the other animals are responding to
them.

Tags, but not just any old tags
To begin to learn more about the private
lives of these intelligent mammals
Jensen uses advanced tags (called
DTAGs), developed speciﬁcally for

behavioural studies in-house at WHOI.
He puts them on not just one, but most of
the individuals in a group. The DTAGs
contain
not
just
hydrophones
(underwater microphones) but also
movement sensors such as accelerometers
and magnetometers. These instruments
mean he can hear what’s going on below
the surface while tracking the movement
and orientation of each individual whale
simultaneously. Because there are
multiple data points, it’s possible – with
a signiﬁcant effort – to produce a 3D
map of the whales’ locations, and
pinpoint the source of each call recorded
on the tags.
Using a method like this it’s possible to
really start collecting some interesting
data about social interactions. “There’s a
huge diversity in how vocal different
individuals are, and also in which
context they’re producing their calls”
says Jensen. “We had a tag on a juvenile
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Main Pic: Leigh hickmott tagging pilot whale
(Eleanor Caves). Inset: One of the DTAGs,
developed at Woods Hole Oceanographic
Institute by Dr. Mark Johnson and Dr. Peter
Tyack.

Picture taken under NMFS permit number 14241 to Dr. Peter Tyack

last summer, which turned out to be
incredibly vocal; producing lots of calls.
Young animals like this are probably
highly motivated to stay in contact with
its mother and the other animals in the
group.”
“A very important component is to
examine the responses of other group
members to calls from particular
individuals. We can look at how the
whales are orientating with respect to
the whale producing a call, and measure
overall group movement and cohesion.
So we can ask whether some calls
instigate gathering together into a tight
group, for example, if they’re feeling
threatened by something? Or, we can see
if they start to spread and out and
forage, in connection to other signals.”
Jensen says that kind of experiment
would give him an idea of which animals
within the social group are actually
important for decision making and
leadership. “In elephants it’s been
shown, that the elder individuals – most
importantly the matriarch of the group
- help decide how to respond to and
interact with other groups in the area.
Those are the ones that have accumulated
most information about previous
encounters.” Some biologists think it
might work in a similar way with whales
and dolphins. “Pilot whales are longlived animals where females live many
years after they have stopped
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reproducing. So far, we can only
speculate at the evolutionary advantage
offered by these post-reproductive
females, but increased social and
ecological knowledge or helping care for
the offspring of relatives provide possible
explanations ”

Stressful work
Jensen explains that, contrary to popular
opinion, his time on the boats doing ﬁeld
work is actually quite stressful. “These
tags are expensive!” he exclaims. “After
planning an expedition for a long time,
we are under quite a lot of pressure to
make sure we get the tags in place, get
the data and retrieve the tags without
damaging them.”
Because the tags record a huge amount
of data, Jensen doesn’t leave them on the
animals for more than about 8 to 10
hours. They are held onto the skin by
suction cups, and programmed to release
after a set time. It’s a great system, but it
requires that the researchers track the
animals to be near where the tag is going
to ﬂoat to the surface, carrying its
precious load of data from a day in the
life of a pilot whale.
It’s always a concern for the ﬁeld team
as to whether they can ﬁnd the tag
again. “But we haven’t lost one yet”
enthuses Jensen.
The biologist tells me he spends up to
two months of year in the ﬁeld. I’m

surprised to learn that the rest of his
efforts are spent on computer
programming from his ofﬁce at WHOI.
Of course, all that recording and
observing generates a lot of data, and it’s
an intensive task to integrate it and try
to spot what’s going on. It would be
impossible without the purpose-built
software that Jensen develops.

Lifting the lid on Pilot whale
behaviour
“Pilot whales have been tagged before,
but it is difﬁcult to use that data to
analyse social group dynamics” says
Jensen.
With the new DTAGs distributed
within an entire social group, it’s now
possible to learn much more about the
habits of these creatures. “We’ve found
that these animals are diving down
really deep to forage for food” says
Jensen. They go down to about 1000
metres, often diving at the same time.
The animals communicate with one
another by forcing air through a tight
passage in their heads, producing very
complex sounds, but at depths of 1000
metres they have little air to spare.
“In Tenerife, we have seen that pilot
whales at depth make much simpler
calls, fewer of them, and calls with much
lower amplitude”. In short they’re much
quieter down there.
Whilst diving the whales may be
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Project Information
Project Title:
Cohesion systems and social
dynamics in toothed whales

Simultaneously tagged pilot whales (Leigh S Hickmott)

effectively out of contact with their
social group, but as they start to ascend
to the surface again they often “start to
exchange calls, and to ﬁgure out: ‘where
is that group that I belong to?’”
Biologists are accustomed to theorising
about how different species of whales
and dolphins ﬁnd their food and move
around when they disappear into the
depths of the ocean.
To ﬁnd hard evidence about what the
whales are doing when they’re out of
sight is a huge achievement, and yields
important insights into a previously
invisible world.

Human impact
But does this valuable contribution to
our knowledge of social biology also
have a practical application – over and
above the natural desire to understand
more about cetacean biology?
“The prime application for our research
is in mitigating the effects of
anthropogenic noise, including naval
sonar, on whales,” says Jensen. The
problem, he explains, is that when naval
training exercises are going on, there is
a lot of noise in the sea caused by sonar
equipped vessels.
One family of whales in particular,
containing all the beaked whales, have
been found to beach themselves during
such exercises.
“This hasn’t escaped the notice of
environmentalists,” says Jensen, and
there is now a consensus that the noise of
the sonar disturbs the whales in one way
or another.
Jensen speculates that it may be that
the beaked whales – a nervous species
whose “whole behaviour is tuned to
avoid predation” – may perceive the
sonar as a threat.
When they hear it, they seem to
respond evasively by extending their
already long dives, potentially exceeding
their physiological limits.
Jensen says there is no easy way to
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Picture taken under NMFS permit number 14241 to Dr. Peter Tyack

solve the problem. It’s unlikely that
changing the frequency of the sonar
would be either possible or effective. The
way forward, he argues, is to understand
more about how whales behave in
response to different sound stimuli, and
then use that knowledge to mitigate
against beachings and other ill-effects.

Playback
One theory about the beaching of beaked
whales is that they mistake the sonar
noises for the sounds of killer whales.
Jensen and his fellow biologists,
including postdoctoral supervisor Peter
Tyack, can study whether that is the case
using playback experiments.
Here, they tag a group of animals and
then play back the sounds of killer
whales to see how the animals respond.
Perhaps surprisingly, when the
biologists played killer whale sounds to
groups of Mediterranean pilot whales,
they saw a strong attraction to the sound.
Jensen stresses that pilot whales are
much different from beaked whales and
may rely on their larger group size to
ﬁght off potential predators or
competitors, including, perhaps, even
killer whales.
This episode illustrates just how
complex interpreting whale behaviour
can be.
It’s not as simple as just saying the
sonar needs to be turned off.
The way it affects whales is subjective;
depending on factors like species and the
complexities of the local habitat, and
maybe even group structure.
In the future Jensen hopes that we will
understand lots more about how whales
interact with one another. And through
that knowledge, he hopes that the
anthropogenic impact on these animals
can be minimised.
Whatever the case, the work of Jensen
and his colleagues at the WHOI is giving
us an insight into a previously unglimpsed world, beneath the waves.

+

Project Objective:
To study the social ecology and
function of acoustic communication
in free-ranging toothed whales, with
specific focus on how different signals
facilitate social interactions and serve
to maintain social bonds, and on
developing methods for quantifying
and visualizing interactions and
information flow within a social
group using sound and movement
recording tags.
Project Duration and Timing:
1st July 2011 to 31st December 2013
Project Funding:
Danish Council for Independent
Research, DK
Office of Naval Research, US
Project Partners:
Peter L. Tyack, St. Andrews University.
Laela Sayigh, Woods Hole
Oceanographic Institution,
Nicholas Macfarlane, Woods Hole
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taking a University degree at Aarhus
University, he was captivated by
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whales. After completing his PhD in
biology, he moved to Woods Hole,
Massachusetts, to study cetacean
social dynamics as a Postdoctoral
Fellow.
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Representing the largest habitat on the planet, the open oceans and deep seaﬂoor are
some of the biggest factors affecting the Earth, with many of the processes operating in
the oceans affecting human societies directly. Changes relating to resource availability,
climate change, habitat destruction and geo-hazards have increased society’s need for an
improved understanding of the driving factors and impacts of such changes.

Understanding the
mysteries of the ocean
The European Multidisciplinary
Seaﬂoor Observatory (EMSO) is a
large-scale European Research
Infrastructure composed of ﬁxedpoint, seaﬂoor and water column
observatories with the basic
scientiﬁc objective of real-time,
long-term
monitoring
of
environmental processes related to
the interaction between the
geosphere,
biosphere
and
hydrosphere.
The EMSO observatories are
distributed in key sites of European
waters, spanning from the Arctic,
through
the
Atlantic
and
Mediterranean Sea to the Black Sea.
The infrastructure will become a
segment of a larger scheme, the
Global Monitoring for Environment
and Security (GMES) initiative, and
will signiﬁcantly enhance the
observational
capabilities
of
European member states.
An open data policy compliant
with the recommendations being
developed within the GEOSS
initiative (Global Earth Observation
System of Systems) will allow for
shared use of the infrastructure
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and the exchange of scientiﬁc
information and knowledge.

The science behind EMSO
Over the past few decades, research
has
revealed
the
enormous
complexity of the processes that
operate in the Earth’s oceans. These
processes,
such
as
climate
regulation, carbon dioxide uptake
and the provision of natural
resources have a direct impact on
human societies, and thus compel
us to improve our understanding of
how they operate and interact.
EMSO aims to encompass the
breadth of these major processes by
means of sustained and integrated
observations, and will allow a
greater understanding of the
connections between atmospheric,
surface ocean, biological pump,
deep sea and solid-Earth dynamics.
This in turn will lead to being
better equipped to address pressing
issues such as natural and
anthropogenic
change,
the
interaction between ecosystem
services,
biodiversity,
biogeochemistry,
physics
and

climate, the impact of exploratory
and extractive activities and the
Long-term, continuous data sets
from a number of different ﬁelds
are necessary to build this
comprehensive picture of the earthocean system. One of these is the
ﬁeld of geosciences, which covers a
range of processes including gashydrate
stability,
submarine
landslides and ﬂuid ﬂow along the
seabed, seismic activity and geohazard early warning. Seismic
activity and seaﬂoor slippages, in
particular, can have direct effects
on human activities, such as
causing damage to offshore
industry
infrastructure
and
catastrophic impacts on citizens
through
the
formation
of
earthquakes and tsunamis. In order
to produce robust forecasting,
measurements need to be carried
out continuously over sufﬁciently
long periods of time to be able to
differentiate between episodic
events and trends or shorter period
variations.
One of the most urgent problems
of modern societies is the effect of
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global warming on the marine
environment.
Rising
sea
temperatures will lead to sea ice
melting
and
increasing
stratiﬁcation, a process in which
the ocean becomes separated into
separate layers which can render
large areas of the ocean anoxic and
uninhabitable due to the negative
affect it has on vital microscopic
organisms called phytoplankton.
Therefore, detailed knowledge
about ocean transport, wind-driven
and deep-ocean circulation is
mandatory to assess the role of the
oceans in the global climate system.
Asides from global warming, one
of the effects of increasing
atmospheric carbon dioxide levels
is an increased uptake of carbon
dioxide by the oceans. Up to one
third of the anthropogenic carbon
dioxide produced today is taken up
by the oceans, which causes them to
become gradually more acidic.
An increasingly acidic ocean
impacts the ability of important
marine organisms such as molluscs
and corals to calcify.
There is only so much carbon
dioxide the oceans can absorb,
however, and once this threshold is
reached the declining uptake of
anthropogenic carbon dioxide could
lead to the acceleration of the
effects of global warming.
An increased understanding of
how ecosystems function is crucial
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GEOSTAR-type observatory ready for deployment outboard the Sarmiento de Gamboa R/V

in evaluating the sensitivity of
marine ecosystems to anthropogenic
change and represents one of the
main challenges in marine science
over the next decades. Marine
ecosystem functions maintain key
services
such
as
primary
production, climate regulation,
carbon storage and living resources,
including ﬁsheries.
The
pace
and
scale
of
anthropogenic changes occurring
in the oceans, such as overﬁshing
and pollution, and the impact of
these
changes
on
marine
biodiversity and ecosystems are

cause for serious concern. Ocean
observatory research efforts to
better
understand
marine
biodiversity will provide the
knowledge necessary to inform an
adaptive management process.

Mitigating the
natural disasters

effects

of

The
powerful
earthquake
followed by the devastating
tsunami that occurred in Northern
Japan caused more than 15,000
deaths, extensive infrastructure
destruction and a number of nuclear
accidents. The 2004 Indian Ocean
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earthquake
and
subsequent
tsunami caused devastation in the
surrounding regions, with over
230,000 people losing their lives.
The
disproportionate
vulnerability and impact of
disasters on developing countries is
a huge cause for concern in the
developed
world,
and
so
methodologies
of
permanent
observation
experimented
in
European seas need to be
disseminated. The improvement of
prediction and early warning that
integrates measurements from
deep-ocean
and
land-based
observations is needed particularly
in the Mediterranean, Arctic and
NE Atlantic regions. European
ocean observatory infrastructure is
providing the capacity to synergise
with the US, Canada and Japan to
provide these services.

Making the oceans safer
The socio-economic interest in
marine safety in relation to
transportation, pollution, search
and rescue, and minimizing
consequences of natural hazards all
require speciﬁc observations of
ocean physics.
The European ocean observatory
network will not only provide key
scientiﬁc data, but it will be capable
of providing ﬁxed point deep-ocean
and water column data to GMES
and GEOSS which will improve
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longer-term forecasting. This data
will be especially important for
geo-hazard
monitoring
for
monitoring of the pollution in areas
of dense maritime trafﬁc where
accidents and resulting pollution of
oil and hazardous substances do
occur. In such cases observatory
time-series data will inform ship
owners, port authorities, local
authorities
and
insurance
companies about the source and
migration of pollutants.

Uniting the European
Observatories
EMSO will be developed through a
phased implementation approach.
The ﬁrst phase will take place
between 2012 and 2017, and will
involve the implementation of
various observatory extensions,
construction
and
operational
activities.
One of the most crucial of these
activities will be the establishment
of EMSO-ERIC as the central
management organization.
The
scientiﬁc partners participating in
the FP7-funded EMSO Preparatory
Phase project have proposed to
adopt the European Research
Infrastructure Consortium (ERIC)
as the legal structure for EMSO.
The foundation of an EMSO-ERIC
represents a unique initiative to
sustain investment in open ocean
observatories, allowing Europe to

be at the forefront of ocean
observation along with similar
infrastructures in the USA, Canada,
Japan, China, Taiwan and Australia.
One of the core services of the
EMSO-ERIC is deﬁned as the
capacity
to
deliver
basic,
established, standardized data
products
and
services
to
international agencies responsible
for Earth monitoring. EMSO will
therefore not only provide scientiﬁc
research data, but it will also supply
deep-ocean data to the GMES and
GEOSS programmes in order to
integrate and complement Marine
Services of the GMES satellite, sea
surface and subsurface observing
systems.
Funding for an EMSO-ERIC will
come from governmental cash
contributions by way of national
grant systems and various ﬁnancial
instruments. With Italy, France,
Germany, Greece, the UK and
Romania all already full members
of the ERIC, the feasibility of
creating it in the coming months
looks promising.

Funding
With the obvious importance of the
Earth’s oceans in helping us
understand the changes that our
planet is experiencing, the EC and
several Member States have
invested signiﬁcant resources,
amounting to over 73M , in
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sustaining open ocean observation
research over the last 20 years
through a number of different
projects. These projects have been
supported by national funding
schemes and through the EU
Framework Programmes.
A signiﬁcant portion of the
funding towards EMSO will be
provided
through
in-kind
contributions.
Fixed-point,
open
ocean
observations
in
Europe
are
characterised by a distributed
network of activities that have been
implemented through various R&D
projects.
These projects led to ‘seed
investment’
allowing
the
construction of facilities and
hardware that will be available for
the ﬁrst 5 years of the EMSO
implementation
phase.
These
installations will be provided as an
in-kind contribution from EMSO
partner funding agencies towards
the implementation of the research
infrastructure.
Additional contributions such as
human resources, ship time and
remotely operated vehicles will also
be provided, bringing the total
value of in-kind contributions to
over 120M .
On top of existing investments
and other in-kind contributions,
the European partnership involved
in EMSO have raised around 50M
to be used during the next 3-5
years.
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MOMAR D Directly from the seafloor in real time with the SMOOVE camera

EMSO in the framework of the
Innovation Union
Research infrastructures such as
EMSO are key contributors to
shaping the Innovation Union.
Ocean observation requires the
extensive use of innovative
technologies to respond to harsh
marine conditions and to address
monitoring for hazardous events.
Indirect effects extend beyond
the original objectives of EMSO and
include networking opportunities
among
industries,
research
institutions and governmental
organisation.
The economic return in the long
term in all the regions of
observatory sites, as estimated on
the basis of previous experience,
indicates that over 70% of the
operation costs could end up in the
local economy.

Phase 1 Development Plans
Construction and upgrading of 7
EMSO sites will take place over the
course of Phase 1:
Arctic – The HAUSGARTEN deepsea observatory is comprised of 15
permanent sampling sites which
allow for the evaluation of heat and
mass transport through the Fram
Strait, links between climate and
surface ocean processes and deepsea ecosystems, and also methanehydrate
dynamics.
Phased
implementation of a cabled system
to establish the “Fram Array” is
currently scheduled to begin in
2014.
Since 2008, yearly cruises to the
Prins Karls Foreland have been
carried out, looking into the
possible link between climate
induced gas hydrate decomposition
and methane release. These cruises
will continue into the foreseeable
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future in order to continue
monitoring seep activity and
possible changes.
Celtic/Porcupine – The Porcupine
Abyssal
Plain
Sustained
Observatory is a sustained,
multidisciplinary observatory in
the North Atlantic coordinated by
the National Oceanography Centre,
Southampton.
For over 20 years the observatory
has provided key time-series
datasets for analysing the effect of
climate change on the open ocean
and deep-sea ecosystems, with
some of the data being transmitted
in near real-time by satellite.
Subject to funding availability, a
number of new meteorological data
buoys will be installed off the coast
of Ireland to monitor coral reef sites
under Phase 1 of EMSO.
Azores Island – The Lucky Strike
hydrothermal vent ﬁeld is situated
southwest of the Azores in
Portuguese waters on the Mid
Atlantic Ridge.
It is studied in order to gain
insight
into
the
unique
characteristics of vents, such as the
way in which water, heat and
minerals ﬂow through a vent
system, and the variations in
biogeochemistry and ecology in the
vicinity of vents. It is also able to
provide information on the
geophysical movements of the
planet.
At present, two stand-alone

www.projectsmagazine.eu.com
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acoustic observatories and a
transmission buoy are present at
the site, but in 2015 a new
generation of stations is set to be
established.
Ligurian Sea – Two observatories are
located in the Ligurian Sea.
DYFAMED in the east monitors the
dynamics of atmospheric ﬂuxes in
the Mediterranean Sea, as well as
garnering information on the Var
Canyon. ANTARES in the west is
concerned with sub-sea geophysics,
slope stability, biogeochemical
ﬂuxes and marine ecology.
A stand-alone observatory at
Nice is planned from 2012-2016,
and various cable extensions will be
instigated in the following years.

Western Ionian – The NEMO-SN1
seaﬂoor observatory has been
operating in real-time since 2005.
Research interests here include
geohazards, tsunamis, climate
change, bioacoustics and ambient
noise. The observatory is linked by
electro-optical cable to a laboratory
in the harbor of Catania, and
various cable extensions have been
carried out to improve the
functionality of the observatory.
Hellenic Arc – The Hellenic study
area is currently comprised of four
networks, and research in this area
includes topics similar to those
covered in the Western Ionian, as
well as biogeochemical ﬂuxes,
benthic-pelagic
interactions,
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Project Information
Project Title:
EMSO: European Multidisciplinary
Seafloor Observatory
Project Objective:
The main objective of EMSOPreparatory Phase is to set the legal,
governance, financial and technological
basis to create the organisation
that will coordinate the distributed
network of seafloor and water-column
observatories constituting EMSO
Research Infrastructure.
benthic respiration, photography-based
ecology, seabed methane ﬂuxes and oil
and gas industry activities. Phase 1 of
EMSO aims to bring continuity to the
stand-alone observatory over to 2014, as
well as the implementation of a new
cabled observatory near to the current
Poseidon-Pylos site. This observatory
will be equipped according to ESONET
standards, and will be funded by the
Greek government.
PLOCAN – PLOCAN is a European station
based in the Canary Islands that has
been in operation since 1994, and is
home to research into ocean physics,
biogeochemistry and the recording of
ocean acidiﬁcation.
A stand-alone observatory is planned
to be installed here by 2013, as well as a
cabled observatory at a depth of 100m,
with the possibility of daisy chaining to
greater depths in the future.

capacity for a scientiﬁc monitoring node
in water depths of 250-345m. Research
in this area is focused on the detection of
subsea leaks of natural gas and leaks of
CO2. 5km Extensions of this offshore
ﬁeld are planned for Phase 2.
Iberian Margin – GEOSTAR is a research
station is situated in an area of
geophysical activity near the Eurasian
and African plate boundary off the
Portuguese coast.
A prototype tsunami meter is in place
here, with other research activities
including passive acoustics related to
marine mammals and anthropogenic
noise.
The installation of an observatory
linked by satellite is planned for this site
in 2013.

A further four sites will begin development
dependent upon a review in the third year
of EMSO. Dependent on the status of the
EMSO-ERIC (if more countries have
become
full-members),
these
developments may be pushed forward to
Phase 1.

Marmara Sea – Five KOERI observatories
are situated in this area of regular
tectonic activity (due to its location on
the North Anatolian Fault).
These observatories have the capacity
to monitor the relationship between gas
seepage and earthquake occurrence, as
well as pore pressure and bubble
detection. Phase 2 of EMSO will introduce
cabled extensions of the underwater
observation platforms here.

Norwegian Margin – The Hakon Mosby
Mud Volcano is a geologically active area
in which mud and methane is emitted
from the seaﬂoor.
Investigations have been carried out
into the lifecycle of the mud volcano
before, during and after an eruption, as
well as the effects of an eruption on gas
hydrate stability, seaﬂoor morphology
and the distribution and colonization
patterns of benthic communities.
The Snøhvit gas production ﬁeld in the
Barents Sea is equipped with a junction

Black Sea – Research in the Black Sea
involves the extensive mapping of gas
hydrates, methane seeps and mud
volcanoes.
The area provides an excellent setting
for long-term research to link methane
gas ﬂux, biogeochemical processes,
seismicity and ecology.
A project, MarineGeohazard, is set to
begin soon that will focus on geohazard
monitoring and an early warning
system, and will include hydrology,
seismic and generic sensors.

Phase 2 Development Plans

Project Duration and Timing:
4 years, March 2008 to September 2012
Project Funding:
FP7-Capacieties Programme Funding
Project Partners:
t Istituto Nazionale di Geofisica e
Vulcanologia (Italy)
t Institut Francais de Recherche pour
l’Exploitation de la Mer (France)
t Hellenic Centre for Marine Research
(Greece)
t Istanbul Teknik Universitesi (Turkey )
t Fundacao para a Ciencia e a
Tecnologia (Portugal)
t National Oceanographic Centre Southampton (United Kingdom )
t Fundacao da Faculdade de Ciencias
da Universidade de Lisboa (Port)
t Konsortium Deutsche
Meeresforschung E.V.Deutschland
t Marine Instituteéire (Ireland)
t Agencia Estatal Consejo Superior de
Investigaciones Cientificas (Spain)
t Goeteborgs Universitets (Sweden)
t Universitetet i Tromsoe (Norway)
t Stichting Koninklijk Nederlands
Instituut voor Zeeonderzoek (Nioz)
(The Nederland)

Dr Paolo Favali
Dr Paolo Favali is Research Director
at Istituto Nazionale di Geofi sica e
Vulcanologia. He has over 30 years of
experience in Natural
Hazard and Earth Sciences and
presently coordinates EMSO
Preparatory Phase. He coordinated
and participated in a number of EC
projects.

Contact
Main contact name:
Paolo Favali
Tel: +390651860428
Email: emsopp@ingv.it
Web: www.emso-eu.org

Swedish

Erik Persson and his collaborators at Uppsala University (Xiang Gao. Liyue Huang, Ammar
Farman & Arne Stenberg) and Karolinska Institutet (Mattias Carlström & Johan Sällström) see ﬁg 2,
pinpoint the Nitric Oxide (NO) system as playing a vital role in the development of hypertension and
ultimately cardiovascular disease.

Unlocking the factors
behind hypertension
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The juxtaglomerular apparatus
(JGA) with the large macula
densa cells in the distal tubule
that approaches the glomerular
arterioles and the mesangium. This
apparatus has important function
to control the rate of glomerular
ultrafiltration and for the release
of renin. In this way the JGA has
important influence on the arterial
blood pressure level

Arterial hypertension affects more
than one billion individuals worldwide
and remains the most common risk
factor for cardiovascular disease (CVD)
and stroke. However, existing drugs
only partly reduce such risk factors, says
professor Erik Persson from Uppsala
University, Sweden. Patients with
treatment for their hypertension have
about 50 % reduced risk for stroke, but
have still a ﬁve times higher risk than
those without hypertension. The risk for
CVD is only reduced 15 % with treatment
and there is a six to seven times higher
risk for CVD compared to individuals
without increase in blood pressure.
Since the 1970s, the professor and his
group, along with various partners, have
been investigating how hypertension
develops and ways to ﬁnd new/effective
principles to prevent and treat the
disease. The scientist says we have
repetitively established a strong
relationship
between
renal
NO
concentration and blood pressure,
however, the problem is that it is not
enough noticed yet.
With another piece of research lending
itself to his hypothesis, the professor is
highly motivated to raise greater
awareness of the role of the renal NO
system and hypertension, claiming that
our mechanistic insights can lend new
86

cost-efﬁcient therapies for treating and
preventing the disease.

Role of NO in the Juxta-Glomerular
Apparatus
Emerging evidence suggests that
impaired function of the kidneys is one
of the most common causes of
hypertension, says Persson, with
research pointing to NO as an important
contributor to the kidney’s ability to
regulate renal microcirculation, ﬂuid
homeostasis and blood pressure.
The kidneys are vital in their
contribution to the daily regulation of
body homeostasis and renin release. To
maintain balance between tubule
ﬁltration and re-absorption of urine,
important control systems exist like the
Juxta-Glomerular Apparatus (JGA).
At the JGA, the tubuloglomerular
feedback (TGF) operates – a negative
feedback loop sensing changes in
luminal NaCl delivery to the macula
densa cells (MD).
From our research, Persson concludes
the setting of the TGF sensitivity is
therefore important for body ﬂuid
homeostasis and consequently blood
pressure levels. Changes in extracellular
volume/blood pressure can alter the TGF
sensitivity.
Research consistently shows that

reduced ﬂow to the MD increases renin
release, whereas increased tubular ﬂow
rate activates the TGF.
The professor says our work into
hypertension has each time delivered
exactly
the
same
conclusions,
highlighting the importance of the NO
system in the development of
hypertension.
“We investigated all the different
factors that could inﬂuence the
concentration, for example, we looked at
situations in which reactive oxygen
species (ROS) is involved and investigated
whether we would ﬁnd the same results
if we increase ROS and reduce NO, which
is what we found.
It’s all very consistent, we have never
found a situation where there is not an
effect of the NO system.”
To investigate the potential roles of
oxidative stress and NO-deﬁciency in
the development of CVD, treatment
modalities that reduce oxidative stress
and/or increase NO-bioavailability are
being or have been assessed in both
experimental models and clinical trials.

Sensitized TGF response
In animal models of Spontaneously
Hypertensive Rats (SHR) and in Milano
Hypertensive Strain of rats (MHS) or in
animals with pharmacological inhibition
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Project Information
Project Title:
The importance of renal nitric oxide
for the development of arterial
hypertension
Project Objective:
Renal NO deficiency is causally
related to the development of
hypertension. Reduced renal NO
bioavailability in the juxtaglomerular
apparatus (JGA) may sensitize the
tubuloglomerular feedback (TGF)
mechanism, thus cause fluid retention
and subsequent hypertension

The renal and cardiovascular research group from left to right sitting: Associate professor Arne Stenberg
(pediatric surgeon), Professor Erik Persson, standing Assistant professor Mattias Carlström, Ammar Farman
(graduate student), Liyue Huang (postdoc) and Xiang Gao (graduate student).

of nNOS with 7-nitroindazole, NO
bioavailability in the JGA was low and
TGF sensitivity was high, leading to
activation of the TGF, reduced glomerular
ﬁltration rate and ﬂuid retention, with
subsequent blood pressure elevation.
Other research from our group includes
looking at factors such as chronic high
salt intake from young age as a potential
link to later development of hypertension
and CVD. In one study, both nephrectomy
and high salt intake alone were associated
with elevated blood pressure in adult rats
and together the effect was pronounced
leading to progressive blood pressure
increase and renal and cardiovascular
injuries.
The researchers have also looked at
impaired renal NO regulation at the fetal
stage, which is shown to induce
functional abnormalities in the kidney
(renal
NO-deﬁciency)
that
cause
hypertension in adult life. Preliminary
studies show that this model of
programmed hypertension is associated
with reduced NO availability in the JGA
already during fetal life.

Abolished TGF response
The professor says our most recent study
using gene-modiﬁed mice further
conﬁrms that reduced renal NO
bioavailability and enhanced TGF
sensitivity importantly contribute to the
development of hypertension. Our study
shows that adenosine A1 receptor
knockout mice, lacking functional TGF
responses,
are
protected
from
development of angiotensin II induced
hypertension.
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With the latest study proving his
hypothesis on renal NO function, Persson
says our work has now reached a new
level
“I feel we’ve got enough to make our
claim about the NO theory, in fact there
was enough already,” he adds.

Project Duration and Timing:
2 years, 2011 to 2013
Project Funding:
Vetenskapsrådet, Hjärt-Lung fonden
and Kronprinsessan Lovisas stiftelse
Project Partners:
Assistant professor Mattias Carlström,
Karolinska Institut and Post doc Johan
Sällström, Karolinska Institut, Post
doc Liyue Huang, Uppsala, Associate
Professor. Arne Stenberg.

Push for treatments
As well as plans to carry out further
research in all the areas already
investigated, Persson, his group and
research partners are also calling for a
further work on treatments to reduce
oxidative stress and/or increase NO
bioavailability.
This includes the use of inorganic
nitrate, which can increase NO formation.
Dietary supplementation with nitrate has
already shown promising results in their
models for renal and CVD.
The use of PDE5 inhibitors like Viagra
(Sildenaﬁl) may also be beneﬁcial to
amplify the NO effect. There are also
molecular biology techniques to increase
the production of nNOS, which appear to
play a signiﬁcant role in renal regulation.
However, Persson says, to carry research
in such areas forward, more of this
information needs to get into the public
eye.
Testing different drugs that reduce
oxidative stress is yet another way to
increase the bioavailability of NO.
“It’s all there but it’s not been viewed
as a whole. That’s what we’re trying to do
now, to present work built up over 20
years as proof of this NO theory and its
important role in the development of
hypertension.” +

A Erik G Persson
Combined MD , PhD
training. Dissertation and
assistant professor 1969 Uppsala.
Post doc Yale University 1973-74.
Professor in physiology, Lund 198596, Uppsala 1996-present. Visiting
professor UCSD 1982 and University
of New South Wales, Sydney
2003-6. About 240 peer-reviewed
publications, 32 graduate students

Contact
Main contact name:
A Erik G Persson
Email: Erik.Persson@mcb.uu.se
Web: www.mcb.uu.se/research/
epresearch.html
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A European project looks to combine existing and develop novel expertise in order to deﬁne a new method of
cardiac therapy that will work alongside the heart in regenerating the dead tissue that results from a heart attack

Regenerating
heart tissue
Catheterisation laboratory and percutaneous treatment of acute myocardial infarction

When someone is unfortunate enough
to suffer from a heart attack, it is often the
case that a portion of the heart tissue dies.
This is known as myocardial infarction,
and the problems related to this can often
cause a quick degeneration in the health
of the patient. Although the body does
have mechanisms by which to regenerate
this tissue, it is often not enough, and so a
European
consortium
has
been
investigating ways in which they can
utilize these natural processes along with
other methods to try and create a new
therapy for myocardial regeneration.
Myocardial infarction, more commonly
known as a heart attack, is one of the
leading causes of heart failure in
developed countries, with about 10
million patients in Europe and the United
States affected. One of the major problems
88

following a heart infarct (an area of dead
tissue) is the limited capacity of heart
muscle tissue to regenerate itself, and for a
time it was thought that this was basically
impossible. Scar tissue formed in the heart
has reduced contraction capabilities, and
this can cause the heart to beat irregularly,
putting even more strain upon the already
damaged muscle.
More recently, it has been shown that
there is indeed an endogenous capacity
for regeneration in this tissue, although
this natural repair response is usually
overwhelmed in situations of acute
myocardial infarction. However, the fact
that the mechanism exists is very
encouraging, and so there are now a
number of groups in Europe working on
creating models that will hopefully
elucidate the regenerative response that

could help restore damaged heart muscle
and heart function in a clinical setting.
This is based on growth factors stimulating
endogenous repair and injecting stem
cells that can support the formation of
new tissue such as blood vessels and heart
muscle.
“The aim of this project, called INFARCT
CELL THERAPY, was to combine expertise
from laboratories and groups around
Europe, with the objective of helping to
deﬁne a new method of cardiac therapy in
situations of cardiomyopathy using
different procedures and sources of stem
and progenitor cells,” explains Professor
Erhard Hofer of the Medical University of
Vienna.
One part of the project involved
investigating the factors that stimulate
stem and progenitor cell release from bone
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Project Information
Project Title:
INFARCT CELL THERAPY: Therapy
after myocardial infarction. Repair by
stem and progenitor cell mobilization
and transfer

The angiographic images of an acute lateral myocardial infarction
marrow, their recruitment to the heart
and the activation of resident heart
stem cells. A novel mechanism in
which plasmin, a protein of the blood
coagulation cascade, promotes the
mobilisation of progenitor cells from
the bone marrow was detected.
The major focus in part two was an
evaluation of adoptive transfer of stem
and progenitor cells from different
sources, ranging from bone marrow,
adult and cord blood, adipose tissue and
the heart tissue itself. The use of ex-vivo
cultured and differentiated cells,
including embryonic stem cells, was
tested. “Cord blood contains immature
stem cells that have the ability to
differentiate and proliferate. These
abilities mean that these cells have the
potential to be extremely useful for
older patients that have damaged heart
tissue and blood vessels.”
“We have studied late-outgrowth
endothelial progenitor cells (EPCs), in
order to gain a better understanding of
how exactly their differentiation
process works and how they can
contribute to new blood vessel
formation
and
heart
muscle
regeneration. These cells have already
been shown to enhance the function
and repair of infarcted heart tissue and
so are of great interest to the project
consortium.”
Furthermore, the project involved
the testing of genetic modiﬁcation of
these different cells for improved
differentiation, homing and tissue
repair.
The third part of the project involved
using a unique artiﬁcial scaffold
material as a slow release device for
factors and as a structural support
material for providing the different cell
preparations to the damaged areas.
This scaffold was also used for tissue
engineering in vitro followed by the
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insertion of artiﬁcial tissue onto the
infarct area. Using a combination of
cardiomyocytes,
ﬁbroblasts
and
endothelial cells, researchers were able
to create a pre-vascularised cardiac
patch suitable for implantation into the
body. Controlled release systems based
on these alginate scaffolds and
injectable hydrogels were already
successfully tested for the delivery of
therapeutic proteins.
After having carried out these
different branches of research, the
various approaches were brought
together in order to perform a
preclinical evaluation of the most
promising procedure for progenitor cell
implantation given in an injectable
scaffold material and supported by a
growth factor cocktail in a porcine
model of ischemic heart disease.
Follow-up clinical trials based on this
procedure are planned for the future.
“Ischemic heart disease is one of the
most frequent causes of death in the
western world, and so we just hope that
we can make an impact on this,” says
Hofer. “Cell therapies using stem and
progenitor cells have shown great
promise in achieving the regeneration
of heart tissue. We are now working
with two companies that specialise in
the preparation of growth factor
cocktails for stem cell culture and in the
supply of human stem cells for clinical
applications, and so the project is really
helping to support the medical
biotechnology business at the European
level.”
With changes in lifestyle and eating
habits over the last century, health
issues related to heart disease have
soared in numbers, and so the possibility
of new therapeutic approaches to
combat these problems is a much needed
source of hope for the many sufferers
out there.

+

Project Objective:
The objective of this project is
to evaluate different stem and
progenitor cell preparations, selected
soluble factors, and application
procedures including scaffolds, to
promote neovascularization, tissue
repair and healing after myocardial
infarction and chronic ischemic heart
disease.
Project Duration and Timing:
3 years, January 2009 to June 2012
Project Funding:
EC contribution 2.7 million
Project Partners:
t Erhard Hofer, Medical University of
Vienna, Austria
t Stefan Janssens / Peter Carmeliet,
University of Leuven, Belgium
t Felipe Prosper, University of Navarra,
Pamplona, Spain
t Jonathan Leor, University of Tel Aviv,
Israel
t Jürgen Hescheler, University of
Cologne, Germany
t Smadar Cohen, Ben Gurion
University of the Negev, Beér Sheva,
Israel
t Werner Luttmann, EuroBioSciences
GmbH, Friesoythe, Germany
t Karl-Heinz Preisegger, VivoCell
Biosolutions GmbH, Graz, Austria
Erhard Hofer
Erhard Hofer is head of the
Molecular Vascular Biology Unit
of the Department of Vascular Biology of
the Medical University of Vienna. Trained
as a biochemist he focused his research
in molecular immunology and vascular
biology, was 8 years in preclinical
research of Novartis AG, and is since 1997
a Professor at the Medical University of
Vienna.

Contact
Erhard Hofer
Tel: + 43 1 40160 31151
Email: erhard.hofer@meduniwien.ac.at
www.infarctcelltherapy.eu
homepage.univie.ac.at/erhard.hofer/
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Bartosz Rozycki tells Josh Howgego how he uses a synergy of experimental techniques and
computational modelling to probe the structures of proteins with highly ﬂexible regions.

‘Spaghetti-Like’ Protein
Structures Untangled
The proteins that are the most difﬁcult
to evaluate structurally are those which
have several large, well-structured units
connected by ﬂexible linking strands.
You can think of them like a plate of
spaghetti and meatballs. The meatballs
are big and obvious, but the spaghetti is
so random and sprawling that the ﬁne
details of each strand go unnoticed.
When it comes to protein structure
elucidation, there is a gap in the market
for anyone willing to do battle with
these challenging opponents. Their
enormous size coupled with the
randomness of the linking strands mean
there is no single technique which can
provide information on the overall
structure.
Biologists are beginning to look at the
working life of our cells – how molecules
are moved around, metabolised and
synthesised
–
with
continually
increasing resolution. But on the other
hand, another breed of scientists,
structural biologists, are looking at the
structures
of
enormous
protein
architectures.
Scientists are good at both things
separately, but it is sometimes hard to
relate the ﬁne details to the bigger
picture; the spaghetti to the meatballs.

Did someone call for a physicist?
Bartosz Rozycki, a Marie Curie fellow,
currently based at the Max Planck
Institute of Colloids and Interfaces,
Germany, is trying to bridge that gap.
Rozycki’s background is in theoretical
physics, which he studied ﬁrst in his
native Poland, and then in Germany and
at the National Institutes of Health (NIH),
USA. As a student he got interested in
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biology, and he is now using his specialist
knowledge to probe deeper than ever
before into some of these most
challenging of protein structures.
Rozycki is particularly interested in
the lengthily-named Endosomal Sorting
Complex Required for Transport (ESCRT
for short), a protein complex of more

than 2,000 amino acids, consisting of
tightly-deﬁned regions connected by
stringy peptide loops.
The ESCRT sorts proteins expressed on
cells’ surfaces into particular vesicles,
which Rozycki calls the “trash cans of
the cell.” Periodically, these proteins get
damaged or need to be swapped, so the
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ESCRT sorts out the chaff, packages it into
vesicles and sends them off to be
metabolised.
That might sound like a pretty complex
task for an inanimate protein to do – and
it is.
Scientists have been puzzling over how
the packaging up process works for some
time, but without knowing the structure
of ESCRT they can only make guesses.
What is more, ESCRT is a protein
complex known to be hi-jacked by
envelope viruses like HIV when, having
done their dastardly work, they need to
make an exit from a cell.
They cannot escape from the cell
without a disguise, and so they use ESCRT
to package themselves into vesicles
which can bud out from the cell
membrane unnoticed. Again, if scientists
could unravel the mechanisms, new
insights into the disease pathways could
be unveiled and new therapeutic
strategies envisaged.

An ensemble of models
ESCRT is too big for the sorts of
information-rich techniques of choice
for structural biologists, like solution
Nuclear Magnetic Resonance (NMR). The
disordered, spaghetti-like regions of the
complex scatter radiation randomly, so
X-ray crystallography is of little use
either. Rozycki had to come up with a
different approach.
“I ran molecular simulations of the
ESCRT complexes, and in this way I
generated an ensemble of structures,”
said Rozycki.
“There’s no single structure, because
of the ﬂexible nature of these proteins;
there are lots of conformational
possibilities.”
With these possible structures in
hand, Rozycki looked at data from
different experimental techniques. He
ﬁrst used Small Angle X-ray Scattering
(SAXS) to get measurements for the
overall shape and size of the complex.
He could then discard the modelled
structures which didn’t match.
Higher-resolution techniques were
then used to pin-point speciﬁc amino
acid residues within the protein that were
in close contact with one another. Single
molecule Förster Resonance Energy
Transfer (smFRET) and Double ElectronElectron Resonance (DEER) experiments
are techniques that highlight these
interactions between chemical motifs
which are close in physical space.
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Using this information it was possible to
map the experimental data onto the
computer models; joining the dots to see
which structures matched the evidence.
“We used the measured data to reﬁne the
models, and in this way we could build a
physically meaningful ensemble of
structures which we can have conﬁdence
in” says Rozycki.
In the end, Rozycki explains, there were
several different structures which jointly
ﬁtted the data, meaning the ESCRT
complex is ﬂexing between conformations
in solution. That makes sense of course,
given the ﬂexibility of the spaghetti-like
regions.

An integrated understanding
“So we got some structural insight,” says
Rozycki, “and this allowed us to propose a
model
which
integrates
genetic,
biochemical and structural data. The
model can account for how ESCRT can sort
cargo, promote vesicle budding and
ﬁssion. It is somewhat speculative at this
stage, and there is more work required to
validate the model, but I think it’s a good
starting point.”
What’s especially interesting is that the
complex seems to take up a crescent shape,
similar to some other, simpler, vesicle
packing proteins. It is possible that the
curved shape bends the cell membrane,
helping to provide the energy for vesicles
to bud off.
The ultimate proof of the model would
be to observe the proteins in action using
electron microscopy. Rozycki says some
other groups have tried this on less
complicated proteins and seen some
success.
“But you need high concentrations for
that to work,” he says, “and ESCRT seems
to make membranes unstable when there’s
lots of it around.”
In the meantime, the next step for the
integrated methodology would be to apply
it to other large and disordered proteins,
and solve their structures too.
Rozycki has been also working on
applying the techniques to kinase proteins,
whose job it is to modulate other
biomolecules by modifying them with
phosphate groups.
There are many ﬂexible proteins which
do important biological tasks by
mechanisms which science cannot yet
fully comprehend. With this new method
at their disposal, structural biologists can
take the ﬁrst steps down the path to
working them out.

+
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Project Information
Project Title:
Vesicle ESCoRT: Vesicle Formation
Driven by the Endosomal Sorting
Complex Required for Transport
Project Objective:
Firstly, develop methods for
mechanistic and structural analysis
of large, dynamic, multiprotein
assemblies, such as the ESCRT system.
Secondly, explain in molecular details
how the ESCRT molecular machinery
facilitates the development of
multivesicular bodies, i.e. the
processes of cargo sorting, vesicle
budding and fission.
Project Duration and Timing:
3 years, October 2009 to October
2012.
Project Funding:
Marie Curie International Outgoing
Fellowship within the 7th Framework
Programme of the European
Community.
Project Partners:
tNational Institutes of Health, USA
tUniversity of Virginia, USA
tBrown University, USA
tCharles University, Czech Republic

Bartosz Rozycki
2006: PhD in Physics,
University of Warsaw,
Poland. 2006-2008: postdoc in the
research group of Thomas R. Weikl at
the Max Planck Institute of Colloids
and Interfaces, Germany. 2008-2011:
postdoc in the research group of
Gerhard Hummer at the National
Institutes of Health, USA.

Contact
Main contact name:
Bartosz Rozycki
Tel: +49-(0)331-567-9617
Email: Bartosz.Rozycki@mpikg.mpg.de
Web: https://profiles.google.com/
Bartosz.Rozycki.78/about
http://spin.niddk.nih.gov/hummer/
http://www.mpikg.mpg.de/english/05theory/index.html
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Support Actions

Despite the beneﬁts enjoyed by trans-Atlantic collaboration for science and technology research
projects, there are many potential ﬁnancial, legal and networking challenges. In a bid to tackle such
obstacles, EC-funded BILAT-USA and Link2US have been set up to support and encourage more
EU-U.S. partnerships within the Seventh Framework programme (FP7) of the EC

Knocking down the transAtlantic partnership barriers.

Researchers from both sides of the
Atlantic have been collaborating for
decades on science and technology
projects. Such ventures have grown over
the years, with the increase of
collaborative articles published in
international journals from 25 per cent
15 years ago, to 35 per cent (Waltman et
al, 2011). In the face of increasing
globalisation, trans-Atlantic science and
technology (S&T) co-operations are
more important than ever, says
Tzatzanis-Stepanovic. However, EU-U.S.
collaborations still remain relatively
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low, with huge potential for more EUU.S. partnerships within FP7.
To try and boost the number of joint
research applications, BILAT-USA was
launched in 2009 along with sister
project Link2US. Co-ﬁnanced by the
Seventh Framework Programme (FP7)
there is a focus not only on changing the
minds of EU and U.S. researchers, but
also policy makers and stakeholders.
One of the main messages BILAT-USA
and Link2US are trying to get across is
how the beneﬁts of trans-Atlantic FP7
research partnerships can outweigh the

effort involved to form them. This
includes access to speciﬁc expertise, new
technologies, transfer of knowledge and
skills, networking and dissemination of
results.
Although Link2US supports European
researchers and BILAT-USA American
researchers,
the
projects
are
complementary, made up by almost the
same consortium: the Austrian Research
Promotion Agency, the American
Association for the Advancement of
Science, the Agency for the Promotion of
European Research of Italy, the
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Hungarian Science and Technology
Foundation,
and
INTRASOFT
International SA (BILAT-USA only).

Now is the time
The Seventh Framework Programme for
Research and Technological Development
(FP7) – the European Union’s most
important and biggest source of funding
research – has been a strong instrument
for encouraging EU-U.S. research
partnerships, structured into four
speciﬁc programmes, ‘Cooperation’,
‘Ideas’, ‘People’, and ‘Capacities’. With
more resources than in the previous
Framework Programme (FP6) and more
open to international cooperation, FP7
has laid the foundation for increasing
U.S. participation, says TzatzanisStepanovic.
The ‘Cooperation’ Programme, together
with the ‘People’ Programme, has so far
been the most attractive for U.S.
organisations joining research projects
within FP7. From January 2007 to
December 2010 a total of 1,118 US
organisations were included in 868
proposals, with a success rate of 19.2 per
cent involving 215 U.S. participants.
FP7 comes to an end in 2013, with the
last round of calls opening in July 2012,
this means now is a vitally important time
to encourage trans-Atlantic research
project applications says TzatzanisStepanovic. She says the ﬁnal round of
calls for proposals is the most signiﬁcant
for bridging the gap to the next Framework
Programme for Research and Technological
Development, Horizon 2020, which will
start in 2014 and end in 2020.
According to Tzatzanis-Stepanovic, US
researchers should be more encouraged
to participate in the last round of FP7
project applications as the funding
budget is high, with 8.1 billion euro
funding budget available, and EU funds
for U.S. partners are accessible if certain
conditions are met.
There is one theme, health, which is
already particularly strong for EU-U.S.
research collaborations, making up
almost one third of EU-U.S. cooperation
in FP7.

Obstacles to overcome
Gaining a better understanding of
obstacles and barriers to U.S. FP7
participation formed the activities of
BILAT-USA and Link2US. In September
2011, BILAT-USA surveyed 130 European
project coordinators and 105 US
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participants in FP7 projects. Analysis
revealed 46 per cent of the European
project coordinators and 38 per cent of
US participants in FP7 saw applicable
law as a relevant obstacle. 48 per cent of
US participants and 34 per cent of
European coordinators blamed lack of
funding for the U.S. partner.
Other problems come in the form of
structural differences between the
funding programmes. U.S. research
funding is mainly given to individuals
and cooperation is not usually a required
component, whereas European funding
requires a research consortium. Work is
therefore being carried out to create
greater awareness of opportunities for
EU-US S&T cooperation within FP7 and
US funding schemes, says TzatzanisStepanovic.
A BILAT-USA survey revealed 90 per
cent of the EU-U.S. corporations are
based on already existing corporations.
Instead of ﬁnding partners from scratch,
researchers rely on ongoing networks
and contacts.
“We want to motivate them to include
other universities and researchers that
may have no prior experience working
with Europe and within FP7,” says
Tzatzanis-Stepanovic.

EU-US symposia
In October 2010 and March last year,
BILAT-USA organised two major EU-US
symposia in a bid to bring together policy
makers and researchers from across the
Atlantic:
“Transatlantic
EU-US
Cooperation in the Field of Large Scale
Research
Infrastructures”
and
“Innovation and Technology Transfer”.
Goals were to strengthen the systematic
exchange of information and experience,
to promote knowledge sharing practices
and to contribute towards developing
new strategies in future EU-US
collaboration.
BILAT-USA and Link2US end in
autumn this year, signalling the start of
the follow-up project, with a stronger
focus on how trans-Atlantic research
corporations can contribute to overcome
the gap between research and innovation.
BILAT-USA
and
Link2US
are
continuing to see the impact of their
work, with an aim of gaining an even
greater understanding of the EU research
funding system in the U.S. and a higher
motivation
for
trans-Atlantic
collaboration over the next three-and-ahalf years.
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Project Information
Project Title:
BILAT-USA: Bilateral Coordination for
the Enhancement and Development
of S&T Partnerships between the
European Union and the United
States of America
Project Objective:
The BILAT-USA project aims to
improve the awareness towards
EU-U.S. Science & Technology
cooperation through setting up
a sustainable, knowledge based,
and bi-regional dialogue platform
between S&T key players as well as
stakeholders from the EU-Member
States including Associated countries
and from the U.S.
Project Duration and Timing:
3 years, October 2009 to September
2012
Project Funding:
FP7/Capacities/International
Cooperation
Project Partners:
FFG-Austrian Research Promotion
Agency, AAAS-American Association
for the Advancement of Science, FFGAustrian Research Promotion Agency,
APRE- Agency for the Promotion of
European Research of Italy, HSTFHungarian Science and Technology
Foundation, and INTRASOFT
International SA.
Elli B. TzatzanisStepanovic
Elli B. Tzatzanis-Stepanovic
is an FP7 Senior Expert in
International Cooperation at the
Austrian Research Promotion Agency
(FFG). She is Project Manager of
the FP7 project BILAT-USA, which
together with the complementary
project Link2US aims to raise
awareness towards EU-US S&T
cooperation.

Contact
Main contact name:
Elli B. Tzatzanis-Stepanovic
Tel: +43 57755 4603
Email: Elli.stepanovic@ffg.at
Web: www.whoi.edu/profile.
do?id=fjensen
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Analysis leads design. That has been the premise of VECOM (vehicle concept modeling), which
aims to advance the state-of the-art in vehicle concept modelling to the level of system integration
and applicability in the vehicle design process

State-of-the-art
concept modelling

Global competition in

the car
industry demands that manufacturers in
all sectors make better products in a
shorter time, at a lower cost, and get cars
to the market before anyone else. This
has resulted in a shift of the product
development process towards a digital
approach to the design (computer-aided
design) and for the production (computeraided manufacturing).
But as well as knowing how the
components of a product ﬁt together, it is
just as important to get the design to
perform as expected in terms of noise
and vibration, emissions, handling, and
safety and reliability. Ensuring high
quality in these areas is vital for
competitiveness in the industry, but also
it is increasingly required by legislation,
on such things as safety or emission
regulations.
Improved
product
performance is also essential to alleviate
the increasing impact of cars on the
environment, such as pollution by noise
or emissions.
Traditionally all this has been dealt
with late in the development process,
using physical prototypes. But at that
late stage the main design decisions are
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frozen and manufacturing is started up,
which can lead to costly palliative
solutions. The answer has been evolution
towards using numerical models, leading
to a virtual prototype engineering
approach using simulation models and
performing in-depth testing only on a
reduced number of physical prototypes.
VECOM is based on this concept,
moving the design engineering and
optimization tasks to the earliest possible
stages in the design process, which
lowers the cost of the design and of the
ﬁnal product by balancing and
optimising the key product performances
at stages where this was not done before.
VECOM hopes that the past three and
a half years have been only the
beginning and that its relationship with
the manufacturing industry will grow,
not least with the experts it is producing
in specialized simulation.
Xandra Margot, a senior lecturer at
the Technical University of Valencia, has
a PhD from Imperial College in London,
and a background in computational ﬂuid
dynamics. “The idea of the project has
been to gather together people who do
simulation in various areas of the car

design process,” she says. “There are
synergies between the powertrain
(engine, driveline) and the structure of a
vehicle (body, chassis) that need to be
addressed at an early stage of the design
process. For instance, an engine should
be optimized for minimum fuel
consumption, emissions and noise. This
alone is difﬁcult and requires
compromises best recognized at the
beginning. But then, the engine has to be
integrated in the vehicle: its noise will
propagate through the driveline and
transmit noise and vibrations to the
chassis and structure. If the full
integration of the engine in the car does
not take this into account very early on,
the comfort of the driver will be affected.
In VECOM, we try to take into account
all the ways of going about this and get a
better design from the very beginning.
“The need to reduce costs dramatically
and to reduce natural emissions means
that everybody in the project must work
together to achieve the goals,” says
Xandra. “Modelling is much cheaper and
more efﬁcient than creating prototypes
and trying them out. Not everything can
be done by simulation but a lot can be
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done at the beginning. We have people
who concentrate on different areas of the
car – the engine and its ﬂuid dynamics
processes
(injection,
combustion,
emissions), working with people who
work on the structure side of the car,
chassis as well as body, from the point of
view of noise control and vibration,
safety, durability, and try to integrate all
of them.”
Broadly speaking, the aim of the
VECOM project is to investigate and
develop vehicle concept modelling and
simulation applications, aligning them
with the needs for the industrial vehicle
design process. This aim can be divided
into the following speciﬁc objectives:
1. To achieve a major revolution in
digital product development, in which an
upfront engineering capability precedes
detailed design, and in which computeraided engineering supports deﬁning
design requirements, so that design
decisions can be taken earlier and more
effectively.
2. To enable a multi-attribute process,
allowing attributes that could be
conﬂicting to balance.
3. To provide an integrated optimization
process from the concept stage onwards,
supporting
original
equipment
manufacturers to shorten the design
process with improved quality and at
reduced costs.
4. To develop related simulation
methodologies which will enable Europe
to take the lead in the level of computeraided engineering, one of the fastest
growing global ICT technology ﬁelds.
“It is not a typical research project, in
that the funding pays for the salaries of
the young researchers employed by each
of the partners to be trained in their
particular area of simulation,” Xandra
says. “The EC is trying to promote
mobility
within Europe – creating
synergies
and
getting
different
laboratories to work together, so each host
country in the project has to employ a
young researcher from another country.
All in all, up to 20 early stage researchers
(ESR) and 7 post-docs (ER) will have been
funded and trained by the project. Many
of the ESR will have received a three-year
contract at the term of which, they will
have gained a PhD. At any one time we
have had 17 fellows, ESR and post-docs,
working together on projects, attending
lecture
courses,
workshops
and
conferences organised by VECOM
partners, with VECOM funding.”
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VECOM
establishes
long-term
networking and, as well as establishing
close working links between partners,
has developed close relationships between
the universities, the research centres and
industry
partners,
allowing
for
secondments of researchers in industry
in the future.
The project does much to enhance the
career prospects of these young
researchers by teaching them mechanical
engineering, numerical modelling and
mathematical techniques, mainly in the
context of automotive applications, but
also aerospace. In addition, of course,
they learn useful skills such as languages
and management.
All the partners have had at least one
researcher in training and gather together
every six months to share their scientiﬁc
knowledge, Xandra says. “The scientists
and fellows from different laboratories
come together and report on the progress
made, and how much interest this has for
the car industry.”
Unifying the partners and their
researchers has been one of the project’s
most signiﬁcant achievements, she says.
“We’ve set up international workshops
and special sessions at international
conferences that have concentrated on
concept modeling. All our Fellows have
been invited to the workshops and have
attended the international conferences.
They have all learnt to work in an
industrial environment but also have
built up important knowledge – there has
been a great synergy between academia
and industry.”
VECOM received an encouraging midterm review from the EC with this
assessment: “The project is clearly
undertaking research beyond the stateof-the-art. The work is very likely to
lead to an important contribution
towards the competitiveness of the
European
automotive
industry,
especially for the industrial partners,
and
through
industry-focused
dissemination, to the wider sector. The
project will also enhance the standing of
the academic partners.”
Some aspects of vehicle modelling have
reached competitive levels, but validation
by the industry is still pending and other
issues are still at research & development
level, says Xandra. The support of
industrial partners is still naturally
paramount, she stresses, especially as
technical development at VECOM aims to
cover a real need. +
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Project Information
Project Title:
VECOM: VEhicle COncept Modelling
Project Objective:
To provide dedicated research
training to young researchers in the
emerging field of vehicle concept
modeling. This objective is aligned
with the need to integrate concept
modeling and simulation applications
at the early stages of the industrial
vehicle design process, to reduce the
time to market.
Project Duration and Timing:
4 years, October 2008 to September
2012
Project Funding:
EC funding, 3.7 M€
Project Partners:
tUPVLC (CMT-Motores Térmicos,
Universitat Politècnica de València).
tIDMEC (Instituto de Engenharia
Mecânica, Pole of University of
Porto)
tPoliTo (Politecnico di Torino)
tKU-Leuven (Katholieke Universiteit
Leuven)
tUniFi (Università degli Studi di
Firenze)
tLAT (Aristotle University
Thessaloniki)
tCVUT (Czech Technical University in
Prague)
tFhG-LBF (Fraunhofer)
tAIT (Arsenal)
tIFPEN (IFP Energies Nouvelles)
tLMS (LMS International)
tAVL (AVL List GmbH)
tCRF (Centro Ricerche Fiat)
tBMW (BMW Group)

Contact
Main contact name:
Xandra Margot
Tel: +34 96 387 7650
Email: xmargot@mot.upv.es
Web: www.vecom.org (project)
www.cmt.upv.es (coordinator)
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Back pain affects 80 per cent of the population at some point in their lives and current treatments are severely
limited. Anna Demming speaks to Professor Luigi Ambrosio about a new approach using tissue engineering that
may eventually lead to a permanent cure to back pain

Disc Regeneration
the holy grail to
curing back pain
There is currently

no permanent cure
for back pain. Yet it comprises one of the
most prevalent medical conditions
worldwide. Compounded with the physical
distress it causes to sufferers, the majority
of people who suffer from back pain are
aged between 30 and 50, an important age
group for the work force. As a result, the
condition has an economic impact in the
form of increased absenteeism and
decreased productivity.
“Causes of lower back pain are multifactorial, but in the majority of cases it is
linked to clinical evidence of intevertebral
disc degeneration,” explains Professor
Luigi Ambrosio, Director of the Institute of
Composite & Biomedical Materials at the
National Research Council of Italy, and
coordinator of the Disc Regeneration
project. “Curing disc degeneration is one of
the most important socioeconomic
imperatives facing modern health care.”
There are curently two main approaches
to dealing with back pain: conservative
treatments, in the form of exercises,
medications, physical therapy and other
non-operative therapy; and surgical
treatments, which might mean discectomy,
spinal fusion or intervertebral disc
substitution. Professor Ambrosio adds that
the regeneration of degenerated discs with
growth factors or stem cells is also being
actively pursued although the potential of
this approach is uncertain. “So far, progress
has been slow and unpromising, and such
procedures are unlikely to become clinically
applicable in the foreseeable future.”
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Figure 1. Induction of chondrogenesis in vitro. Alcian blue staining of
glycosaminoglycans (GAGs) in the pellet cultures of human bone marrow derived
mesenchymal stem cells (HMSC) in basic (left) and chondrogenic (right) media.
In 2000 an EC document recognised the
work of a project on novel intervertebral
disc prostheses coordinated by the Istituto
per i Materiali Compositi e Biomedici, as
one of the “success stories in the materials
ﬁeld”.
“The preliminary results obtained on the
regeneration approach of the nucleous and
other projects based on the regeneration
approach inspired the move on to next
stage,” explains Professor Ambrosio. He
and his colleagues identiﬁed degeneration
of intervertebral discs as an excellent area
to focus on with tissue engineering
research, particularly as no satisfactory
conventional therapy was available.
The Disc Regeneration project focuses on
three main approaches to developing more
effective treatments for back pain. Ways of
‘biomimicking’ the anatomy, physiology,
cell biology and metabolism of the relative
natural structures are sought for the

purpose of regenerating and restoring a
sc system. The
healthy intevertebral disc
project also looks into new
ew biomaterials
and functionalising those materials with
peptide molecules in order to enable the
necessary control over angiogenesis – the
growth of new blood vessels – at different
regions of the disc. Another important
issue is integration of the tissue engineered
intevertebral components with the rest of
the back bone.
The
project
incorporates
the
contributions of a number of partners from
10 different countries across Europe. These
include universities and research institutes
as well as health care companies. The range
of partners involved helps to accommodate
the multidisciplinary nature of the work.
“Speciﬁc attention has been paid to the
anatomy, physiology, cell biology and
metabolism of the natural structures,
together with load distribution, viscoelastic

Back pain is suffered by more than 80
per cent of the world’s population and
researchers are working hard to ﬁnd
both the causes and a cure
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Project Information
Project Title:
DISC REGENERATION: Novel
Biofunctional Highly Porous Polymer
Scaffolds and Techniques Controlling
Angiogenesis for the Regeneration and
Repair of the Degenerated Intervertebral
Disc

Project Objective:
DISC REGENERATION aims to solve
patients’ morbidity caused by
intervertebral disc (IVD) degeneration,
based on the concept of producing a TE
construct, implanted using minimally
invasive surgery (e.g., percutaneous)
to induce histologically differentiated
in situ regeneration of the main IVD
compartments. Design of materials
and biological cues will be tuned to the
specific regions of the disc substitute
structure to control angiogenesis.

Figure 2. Human
bone marrow derived
mesenchymal
stem cells (HMSC)
grow and produce
extracellular matrix in
a hydrogel produced
from collagen, LMW
hyaluronic acid and
gelatin microspheres:
above - live cell
staining with CalceinAM; below - Alcian
blue staining.
receptors, also resulting in the blocking
of the growth factor activity. The impact
of these advances in the control of
angiogenesis reaches far beyond the
scope of the Disc Regeneration project.
“There is great potential for angiogenesis
control systems developed for the Disc
Regeneration project in areas such as the
treatment
of
articular
cartilage
degeneration,
advanced
macular
degeneration (which increases rapidly
with longevity) and vein thrombosis,”
says Professor Ambrosio. “This work is
just one example of work which will
progress further in diverse application
areas after the end of this project,
indicative of its seminal nature and the
high quality of the work.”
Another
important
technical
challenge was the development of the
requisite materials to put the treatments
into effect, such as scaffolds, sealants,
and molecular systems for angiogenesis
control. These materials are also likely
to ﬁnd use in other clinical, biomedical
and drug delivery applications.
The project has now been active for
almost four years and is due to end at the
end of October 2012. The achievements
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Project Duration and Timing:
4 years, Nov 2008 to Oct 2012

Project Funding:
FP7 Collaborative Project. EC
contribution: €6,977,150

Project Partners:

so far include the development of a
number of new materials, fabrication
and synthesis techniques, as well as the
identiﬁcation of surgery options and
ethical studies.
“The extent and
diversity are indicative of the complexity
and overall challenge of this project,”
points out Professor Ambrosio. The next
key challenge is the validation of the
results so far achieved through in vivo
studies as well as surgery and
intevertebral disc substitutes on
cadaveric models.
Anyone who has suffered from back
pain though will be unfortunately
familiar with the relentless and
sometimes agonising discomfort it can
cause. It may come as some comfort to
know the researchers at the Disc
Regeneration project have been as
relentless in their efforts to harness the
latest developments in tissue engineering
to ﬁnd a solution. Whilst the results of
the disc regeneration project are still
some way away from widespread
administration to sufferers, without a
doubt more positive treatments are well
on the way, and a permanent cure may
not be out of sight.
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Prof. Luigi Ambrosio
Luigi Ambrosio is Director
of IMCB-CNR. His principal research
interests include design and
characterization of polymers and
composites for medical applications and
tissue engineering. He has published
over 200 papers in scientific journals/
books. He is President of the European
Society for Biomaterials, a Fellow of
American Institute for Medical and
Biological Engineering and a Fellow of
Biomaterials Science and Engineering.

Contact
Prof. Luigi Ambrosio
Tel: +39-081-2425929
Email: ambrosio@unina.it
Web: www.disc-regeneration.eu
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Chemistry

Green issues are now a mounting priority for governments, industry and the public. Anna Demming speaks
to Professor Volker Ribitsch about how the project Surfuncell is developing new methods for materials
processing that are kinder to the environment and provide better physical and mechanical properties

Green chemistry
rises to the surface
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Concern for the environment is no
longer an abstract ideology. As green
issues puncture deeper into mainstream
current affairs, it is no surprise that
considerable research attention is now
focused
on
developing
more
environmentally benign approaches for
industry.
“Green chemistry is becoming much
more important,” says Professor Volker
Ribitsch, coordinator of the project
Surfuncell. Professor Ribitsch is a
researcher at the University of Graz in
Austria. His idea to coordinate the project
stemmed from recognition of the

The aim is to achieve high
value products modifying
the surface of readily
shaped cellulosic materials
in order to achieve new
functionalities

‘‘

‘‘

do not cause any deterioration of the
properties of the product.”
On conceiving the idea for Surfuncell,
Professor Ribitsch set about contacting
the groups and companies he knew who
could contribute their knowledge and
research capabilities and put the work to
use. Since the project began in December
2008, six industrial and seven academic
partners have been working together on
Surfuncell to develop new ways of
modifying the surfaces of cellulosic
materials. The project is funded under the
Seventh Framework Programme of the
European Commission (EC-FP7).

potential value of a speciﬁc approach to
tailoring material properties.
At Surfuncell the aim is to achieve
high value products modifying the
surface of readily shaped cellulosic
materials in order to achieve new
functionalities. The materials and
processing methods used are carefully
developed to minimise the impact on the
environment.
When cellulosic materials are applied
in technology, chemicals are often added
to give the material for example new
physical, thermal or hygienic properties.
As Professor Ribitsch explains, generally
the polymer is dissolved with additives
before being shaped for applications, so
the additives are present throughout the
material.
“This usually causes a reduction in the
mechanical properties, and on the other
hand requires modiﬁcation of the
processing
and
manufacturing
technology,” says Professor Ribitsch. “If
you reduce this compounding to the
surface alone you only have the new
properties where you need them, and they

www.projectsmagazine.eu.com

At the beginning of the project
Professor Ribitsch and his Sufuncell
collaborators
deﬁned
several
‘demonstrators’ — example applications
of their research results. They then set to
work on developing ways of achieving
these aims in the laboratory and narrowed
down the list to the four most promising.
In the ﬁrst demonstrator antimicrobial
materials — silver nanoparticles — are
used to modify cellulose ﬁbres used in
textiles. The antimicrobial yarn has
applications in general hygiene. Professor
Ribitsch adds, “It may also be used by
soldiers as underwear to avoid the growth
of these microorganisms when the
hygiene conditions are not perfect.”
“Of course one has to take care that the
nanoparticles are not below a certain size
so that they cannot penetrate the skin,”
explains Professor Ribitsch. Scaling up
production from the laboratory scale was
also
challenging.
However,
one
Surfuncell partner has now manufactured
the ﬁrst Tshirts with the yarn, and
production is ready for ramping up to
industrial scales.

The second demonstrator deals with
the problem of hormone impurities in
drinking water. There is research
evidence suggesting that traces of
hormones from the contraceptive pill
may cause diminished fertility in men.
“The concentration of these hormones is
of course extremely small,” points out
Professor Ribitsch. “Therefore it is very
demanding to bind them to a surface or
digest the hormones so that they are not
active any more.”
The method used at Surfuncell is a
modiﬁcation of the traditional ‘hollowﬁbre’ approach, where water is passed
through cylinders containing around
1000 ﬁbres each 1-1.5 mm in diameter.
“What we did was to make a
nanostructured surface on the inner side
of these hollow ﬁbres,” explains Professor
Ribitsch. They then attach speciﬁc
enzymes to the nanosurface. The
hormones have a very high afﬁnity to the
enzymes and are cleaned from the water
as it passes through. Nanostructuring the
insides of the ﬁbres increases the surface
area and allows the enzymes to
chemically bind to the surface so they are
not washed away with the water. This
demonstrator is also at pilot stage.
The project is organised in work
packages dedicated to different aspects:
development of nano- or microparticles;
dealing with the cellulose derivatives
used to bind the nanoparticles to the
cellulose surface; shaping the cellulose
material at the laboratory scale; scaling
up; ‘life cycle analyses’ and dissemination.
Particular emphasis is placed on the life
cycle analyses for each demonstrator,
where the researchers look at the energy
and chemical materials used at each stage
of the manufacturing process. The life
cycle analysis forms the basis of decisions
between which of the available processes
to use to minimise the impact on the
environment.
Food packaging forms the focus of the
third demonstrator. “Cellulose foils are
easily penetrated by water vapour,” says
Professor Ribitsch. As a result the food
becomes dry. The humidity also makes it
easier for oxygen to penetrate the ﬁlm. At
present synthetic polymer ﬁlms are
coated on the cellophane foils to prevent
water penetration, but as Professor
Ribitsch points out, the polymer ﬁlms are
non-renewable. In addition, heavy
chemistry, which uses chemicals
associated with high toxicity and
pollutants, is needed for adhering the
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Project Information
Program Title:
SurFunCell: Surface functionalisation
of cellulose matrices using cellulose
embedded nano-particles
Program Objective:
To create new, smart and bio-based
surface nanostructured polymer
composites of exceptional surface
functionality (mechanical, chemical,
selective interaction properties).
They are composed of nano-scaled
polysaccharide layers with embedded
nano-particles, for the coating of
different cellulose matrices. The
compounding is restricted to the
biopolymers surface avoiding the
deterioration of the mechanical
properties of the matrix material.
Project Duration and Timing
4 years, December 2008 to November
2012
Project Funding:
European community in FP7; total
costs: 7.916 k€, founding: 5.473 k€

PS functionalisation scheme

synthetic polymer ﬁlms and the
cellophane. The researchers at Surfuncell
are developing a more environmentally
friendly approach to ﬁlms for food
packaging.
The last demonstrator aims at protecting
paper from UV light. If paper is not
carefully cleaned to remove the lignin it
acquires an unattractive yellow hue over
the course of time. “But in order to remove
the lignin which becomes yellow you need
a lot of chemistry and an incredible
amount of energy,” explains Professor
Ribitsch. The process also removes a good
part of the wood. “If you can shield or
protect the paper from UV light, then you
can live with a higher amount of lignin in
the paper sheet.”
This
demonstrator
is
proving
particularly challenging because of the
quantities needed in the paper production
plant. “Instead of kilograms where we run
the pilot scale somewhere else, they need
tonnes.” However work is pushing
forward. Pilot production is due to start at
the beginning of May for the cellophane
food packaging and in May or June for the
paper. The project’s expected impact is
signiﬁcantly improved properties and
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qualities of large scale produced cellulose
based materials, as well as high-value
added materials utilising the huge surface
area of cellulose for functionalization,
creating in this way a high capacity for
speciﬁc interactions.
The team has been successful in
achieving high value materials through
this strategy of surface compounding,
however it is extremely complex to
achieve this goal with long term
stability.
The four year project is scheduled to
end in December 2012, when it is hoped all
four demonstrators will be at pilot stage.
The achievements of Surfuncell are a
powerful demonstration of how an
environmentally sympathetic approach to
research and development can outsmart
some of the harsher incumbent industrial
methods. Going green need not be a
compromise.
Reﬂecting on the potential value of the
work, Professor Ribitsch adds, “The project
team will most likely be able to achieve
pilot scale stage with all demonstrators in
the project frame. I am sure that the
European Community will have some
economic advantage from this.”

+
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Web: http://www.surfuncell.at
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