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INSIGHT HAS worked with many hundreds of
research projects, universities, funding authorities and
EU bodies over the years, providing a sophisticated
range of dissemination services specifically designed
to maximize the impact that these organisations are
having in the world.
From working alongside coordinators as dissemination
work package leaders on FP7 projects to building
research websites, making films about research
results, organising workshops and conferences and
providing a whole suite of printed communications
material, Insight has become an invaluable partner to many involved in European research
at many levels.
Projects Magazine has become a central pillar of this communications strategy Insight
provides, giving projects a platform from which to disseminate their results and research
organisations an effective means of communicating ideas, policies and useful information
to a wide and influential global audience.
And this is why we are delighted to include a special section in this edition of the magazine
that highlights the work of iMinds, the independent research institute founded by the
Flemish Government that focuses on innovation in ICT, supporting both researchers and
industry in developing some of the most exciting ideas and creating some of the most
exciting innovations anywhere in Europe.
iMinds has a very clear vision for cultivating innovation, working with more than a
thousand researchers as well as placing industry at the heart of everything it does. It is
lean, agile, responsive to changing demands and prepared to take a risk. This approach to
innovation is one Insight believes provides a interesting template that those developing
policies they hope will improved Europe’s research and innovation performance should
look at very carefully. Of course, Horizon 2020 is a rather more substantial beast with
which to grapple, but where lessons can be learnt, they certainly should be.
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Ingrid Lietens
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Foreword
By Ingrid Lietens, Flemish Minister for Innovation, Public Investment,
Media and Poverty Reduction
t is very important for young people with ideas,
young creative people, to gather together, to network.
By doing so, new ideas are generated and new projects
started. It’s also important because when this
networking takes place, like it did at the iMinds
Conference in Ghent, you bring together the latest innovations, the
latest thinking and this also inspires new thinking.
For me, as the Minister of Innovation and Media in Flanders, I
have been working hard over the past years to stimulate media
players to work together and to focus on innovation.
Collaboration and innovation go hand in hand, especially in
Flanders. It is a small cultural region, but we have very strong
media players in the content sector, the creative sector and the
technology sector as well as in broadcasting. Of course, we also
know that the world is changing fast – there are new technologies,
worldwide players, changing consumer habits so it is important for
the region not to stay focused only on its own strategy and its own
role within the region. We need to look for cooperation with different
players to strengthen each other and to maintain Flanders’ strength
in all aspects of media development. So we need to collaborate –
there is no other alternative.
As a government, we have been looking at many other policies to
stimulate innovation in Flanders – and that’s not only technological
and ICT innovation, but also innovations in business models, new
value chains and how we can interact in the changing media
landscape. And that is why I am very supportive of iMinds and their
innovation strategy and have also asked them to extend it by
creating a media innovation platform, which the ministry helped
fund so that innovative media projects can be supported by iMinds.
Of course, all this has taken place with the European ﬁnancial
crisis as a backdrop, but I am absolutely convinced that the only
way out of this crisis is through innovation. Over the past 20 years
or so, the strategy for most European countries, including regions
like Flanders, as well as the strategy of many companies, is to try to
stay competitive by being more effective and efﬁcient, by cutting
costs by investing in new technology, always trying to produce the
same quantity or more but at a lower cost.
But the possibilities for this approach are ending now for Europe,
because there is always someone, somewhere who can produce
things cheaper than we can. So we have to focus more on our other
assets and the other assets we have are great universities and an
enormous capacity for innovation. We need to focus on these at both
policy level and in industry. Innovation will always keep us one step
ahead and that will ensure we remain competitive. We need to
develop new products and new services and these will sell to
customers worldwide.
More and more opinion leaders, in business and in government,
support this need to focus on innovation. Indeed, Europe as an
institution is also focusing more on innovation and, instead of

I
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having a different policy on it for every member state, have a more
coordinated approach in which instead of countries competing for
global business, we bundle forces together.
I believe that this is a recipe for success not just in the new sectors
like the media, but across industry, where ICT can play a crucial role
in bringing about all manner of changes as well as bringing new
services to the customer and bringing added value to products.
Industry should take a more and more customer-oriented approach
and innovative technology will always help deliver this.
Governments can help with this process of innovation. First of all
we have to ﬁnance basic research, which is far from market ready as
this lays the foundation for breakthroughs in the future and further
discovery. Secondly, we need to ﬁnance close-to-market innovation
and stimulate collaboration between universities, industry,
technology centres and society at large.
In Flanders we are saying that if you look the big challenges
facing society, like energy, our ageing population and climate
change etc, the only way we are going to face up to them is through
innovation so we are looking to fund researchers who see the
solutions to these challenges as both a societal need and an
opportunity. In other words, ﬁnd solutions and then bring them to
market and as a government, we need to ﬁnd more money to fund
this approach.
I believe that there is no other way out of the crisis Europe is
facing. We have to focus on innovation and we will do that, but it
takes time and it takes change management – and it will not be easy
to ensure that everyone beneﬁts. But ICT will play a huge part in
answering this question.
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R & D I NSIGHT
News from the world of Research and Development with Harry O’Neill

Innovative medication to shatter blood
clots with light
A new molecule for destroying blood clots is being developed that will not only seek out the correct type of
plaque but also destroy it.

E

arthquakes, snakes, forest ﬁres –
none rob humans of life more
frequently than the tiny clumps of
fat, calcium and cholesterol we
know as blood clots. Every ﬁfth
human dies when a blood clot, or more
correctly cholesterol plaque, loosens and gets
stuck somewhere in the heart or brain
causing heart attacks and strokes. Now,
University of Copenhagen chemist Jørn
Bolstad Christensen has been tasked as part
of an international team with developing a
unique approach to attacking the deadly
arterial deposits.
The plaque is to be targeted and removed by
illuminating a newly developed drug with
infrared light. Jørn Bolstad Christensen has
high expectations for the project’s outcome.
“If everything goes as planned, it should
only be about ﬁve years before we have a
therapy that can both detect and eliminate
dangerous plaque. We hope to be engaged in
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preliminary human trials when these ﬁve
years are up,” says Christensen.
Battling plaque is tough, in part because it
is found inside blood vessels, but also because
plaque comes in two forms – innocuous
plaque and harmful plaque. Thus, Jørn
Bolstad Christensen needs to develop a bifunctional nano-molecule that will seek and
then destroy harmful plaque.
One part of the molecule needs to differentiate
between dangerous and harmless plaque and
make sure that the entire molecule adheres
only to the dangerous deposits. The other part
of the molecule will consist of a dye which will
serve to catalyse a chemical breakdown,
oxidisation, when illuminated by infrared
light. Both the recognition component and the
dyeing component are being developed by
other research groups. Christensen and his
team simply need to develop a molecule able to
combine both functions in a solitary structure.
The molecular bits that carry out the work,

the functional groups, must be precisely
situated in their angle and location in order to
be effective. Few molecular types are able to
accommodate for such an accurate “tool”. One
of the very few molecular types suitable for
use as this type of chemical tool box is the
dendrimer. Dendrimers are repetitively
branched molecules that are especially
challenging to work with. “Most groups
interested in this area are not pure synthetic
chemists. We happen to have cracked the
code in synthesising dendrimers equipped
with precise characteristics,” explains Jørn
Bolstad Christensen.
Today, blood clots are treated using a
combination of anticoagulants, vasodilators
and surgical procedures such as angioplasty.
The new therapy will be a better targeted and
more cautious treatment because it goes after
harmful plaques and breaks them down one
molecule at a time, thus avoiding
unintentional damage elsewhere in the body.
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ESO IMAGE OF THE MONTH

IN BRIEF
CO2 level reaches
historic high
The concentration of carbon
dioxide CO2 gas in the in the Earth’s
atmosphere passed 400 parts per
million according to the Mauna
Lao Observatory in Hawaii in the
Paciﬁc Ocean, where researchers
have been recording levels of CO2
in the atmosphere since 1957. The
last time in Earth’s history when
similar levels of CO2 were in the
atmosphere was approximately 4.5
million years ago

http://www.eso.org/public/images/eso1322a/

Stellar Nursery
This intriguing new view of a spectacular
stellar nursery IC 2944 has been released to
celebrate 15 years of ESO’s Very Large
Telescope. This image also shows a group of
thick clouds of dust known as the

Thackeray globules silhouetted against the
pale pink glowing gas of the nebula. These
globules are under ﬁerce bombardment
from the ultraviolet radiation from nearby
hot young stars.

Advanced
biological
computer
developed
Using only biomolecules such as DNA and
enzymes, scientists at the Technion-Israel
Institute of Technology have developed and
constructed an advanced biological transducer,
a computing machine capable of manipulating
genetic codes. The breakthrough might someday
create new possibilities in biotechnology,
including individual gene therapy and cloning.
Interest in such biomolecular computing devices
is strong, mainly because of their ability to
www.projectsmagazine.eu.com

interact directly with biological systems and
even living organisms. No interface is required
since all components of molecular computers
are molecules that interact in solution along a
cascade of programmable chemical events.
The transducer could be used on genetic
material to evaluate and detect speciﬁc
sequences, and to alter and algorithmically
process genetic code. Similar devices could be also
applied to other computational problems.

Unkempt, weedy
land unintentionally
boosts wildlife
Parts of the farm landscape that
look overgrown and ‘scruffy’ are
more important in supporting
wildlife than they ﬁrst appear,
according to new research from the
University of Bristol. They found
that many types of insects and other
animals have food sources in the
apparently ‘scrufﬁer’ parts of farms
such as ﬁeld corners, the edges of
farmyards and bits of ‘wasteland’
where old tractors and broken
machinery slowly rust away.

Don’t scratch
the itch
The origin of the sensation of itch
has been located. Mark Hoon of the
National Institute of Health, USA,
has discovered in mouse studies
that a small molecule release in the
spinal cord triggers a process that
is later experienced in the brain as
the familiar itch sensation. This also
proves that itch is not a low-level
form of pain, as was previously
thought, but a distinct sensation in
its own right.
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Tree rings reveal history of rainfall
in the Amazon

T

he tree rings of trees in the Amazon
Basin can reveal how much rain fell in
the area dozens of years, or even
hundreds of years ago. The discovery,
made by plant biologists of Utrecht University
and international colleagues, will provide
knowledge about the history of rainfall in the
Amazon Basin - essential for making
predictions about the international effects of
global warming.
The Amazon Basin is one of the wettest places
on earth, with one ﬁfth of the world’s total
rainfall landing in the Amazon Basin. Current

insights do not yet allow scientists to predict
whether rainfall will increase or decrease as a
result of global warming, as more information
about the rainfall in the past is needed, with
current reliable meteorological measurements
only dating back to 60 years ago.
However, by investigating the so-called
isotope composition of the tree rings, the
discovery of a clear correlation between the
concentration of the oxygen isotope, 18O, in
the tree ring and the annual precipitation in
the Amazon Basin has been made. Years with
very little precipitation, such as the El Niño

drought of 1985, clearly stand out as years with
a high level of 18O, whereas extremely wet
years show very low 18O levels.
“We guessed that isotopes in tree rings would
tell us something about the climate, but the
extremely clear relationship came as a surprise
to us”, says Dr. Thijs Pons. “Furthermore, only
eight trees of one species were sampled at one
location in the Amazon. The surprising element
was that the 18O values in the tree rings were
not so much related to the local precipitation,
but instead to precipitation in the entire
Amazon Basin.”

Baby’s life saved with
groundbreaking 3-D printed device
Six-week old Kaiba Gionfriddo
was rushed into hospital in February
2012 after having stopped breathing,
the consequence of a collapsed
windpipe caused by the rare condition
tracheobronchomalacia. Having seen this
happen a number of times before, and
having been told by doctors that their
son might not make it out of hospital
alive, desperate parents April and Bryan
decided that drastic action was needed to
resolve the situation.
They found hope at the University of
Michigan, where a new, bioresorbable
device that could help Kaiba was under
development. Kaiba’s doctors contacted
Glenn Green, M.D., associate professor of
pediatric otolaryngology at the University
of Michigan.
The specially-designed splint was placed
in Kaiba at C.S. Mott Children’s Hospital.
The splint was sewn around Kaiba’s airway
to expand the bronchus and give it a
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University of Michigan

skeleton to aid proper growth. Kaiba was
off ventilator support 21 days after the
procedure, and has not had breathing
trouble since then.
Green was able to make the customdesigned, custom-fabricated device using
high-resolution imaging and computeraided design. The device was created
directly from a CT scan of Kaiba’s trachea/
bronchus, integrating an image-based

computer model with laser-based 3D
printing to produce the splint. Over about
three years, the splint will be reabsorbed by
the body.
“The material we used is a nice choice
for this. It takes about two to three years
for the trachea to remodel and grow into
a healthy state, and that’s about how
long this material will take to dissolve
into the body,” says Green.
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Is beauty in the eye of the beholder?

H

ave you experienced seeing a
painting or a play that has left you
with no feelings whatsoever,
whilst a friend thought it was
beautiful and meaningful?
Neuroscientists believe that biological
processes that take place in the brain decide
whether one likes a work of art or not. However,
historians and philosophers say that knowledge
of external factors such as the artist’s intentions
also affect your experience.
Together with Nicolas Bullot of the Macquarie
University in Australia, Rolf Reber of the
University of Bergen has developed a new model
to help us understand art appreciation. “We
think that both traditions are just as important,
although incomplete,” says Reber. “We want to
show that they complement each other.”
Neuroscientists often measure brain activity to
ﬁnd out how much someone likes a work of art,
without investigating whether he or she actually

The white tiger

understands the work. This is insufﬁcient, as
artistic understanding also affects assessment,
says Reber.
“By measuring brain activity, interviewing
test persons about thoughts and reactions, and
charting their artistic knowledge, it’s possible to
gain new and exciting insight into what makes
people appreciate good works of art.”

‘Modern alchemy conjures
metal from cement’

Scientists have unraveled the formula
for turning liquid cement into liquid metal,
transforming the cement into a semiconductor and opening up its use in the
proﬁtable consumer electronics marketplace
for thin ﬁlms, protective coatings, and
computer chips.
This change demonstrates a unique way
to make metallic-glass material, which
has positive attributes including better
resistance to corrosion than traditional
metal, less brittleness than traditional
glass, conductivity, low energy loss in
magnetic ﬁelds, and ﬂuidity for ease of
processing and molding. Previously, only
metals have been able to transition to a
metallic-glass form.
The process involved melting mayenite,
a component of alumina cement made

www.projectsmagazine.eu.com
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of calcium and aluminum oxides,
at temperatures of 2000ºC using an
aerodynamic levitator with carbon dioxide
laser beam heating. The material was
processed in different atmospheres to
control the way that oxygen bonds in the
resulting glass. The levitator kept the hot
liquid from touching any container surfaces
and forming crystals, allowing it to cool into
a glassy state that can trap electrons in the
way needed for electronic conduction.
The scientists, hailing from the USA,
Germany, Finland and Japan, discovered
that the conductivity was created when the
free electrons were “trapped” in the cagelike structures that form in the glass. The
trapped electrons provided a mechanism for
conductivity similar to the mechanism that
occurs in metals.

White tigers today are
only seen in zoos, but they
also belong in nature, say
researchers from Peking
University. Their spectacular
white coats are produced by
a single change in a known
pigment gene, causing the
inhibition of red and yellow
pigments but having little to
no effect on black pigments,
which explains why white
tigers still show characteristic
dark stripes.

An eye on the sky
Rats move their eyes in opposite
directions in both the horizontal
and the vertical plane when
running around, it has been
discovered. Each eye moves in a
different direction, depending
on the change in the animal’s
head position, in such a way
that enables the space above
them to be permanently in view
- presumably an adaptation to
help them deal with the major
threat from predatory birds that
rodents face in their natural
environment.

Graphene lasers
Graphene, hailed as one of the
thinnest, strongest and most
conductive materials ever found,
seems to have bagged one more
amazing property. Experiments
suggest that it can be used to
create ultrashort laser pulses of
any colour, owing to an ability
to absorb light over a broad
range of wavelengths. The
discovery could help researchers
to build small, cheap and highly
versatile ultrashort-pulse lasers,
with potential applications
ranging from micro-machinery
to medicine.
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iMinds -

Creating an innovation ecosystem

iMinds is an independent research institute founded by the Flemish
government seven years ago and it specializes in innovation through ICT.
The organization is also innovative in its whole approach to research,
supporting some of the most inventive minds in the region as they look
for markets for their creative ideas. Wim De Waele is the iMinds CEO and
driving force. Here he tell Projects how iMinds is now looking more and more
at collaboration as the best means to an end for European innovation
Wim De Waele: iMinds (formerly IBBT) came about
through a dialogue between the Flemish government
and a number of business leaders in the region. At
that time, there was a great deal of attention on the
need for high-speed broadband infrastructures to
give our digital economy the boost it needed. It was
the hot topic of the moment, so it was decided that the
Institute of Broadband Technology (IBBT) would be
formed and this institution would do primary
research into expanding the broadband infrastructure
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in the region. The mindset of the politicians at that
point was that the institute would act as a support
centre for the large multi-nationals active in
Flanders, organisations like Alcatel-Lucent, Siemens
and Phillips, for example.
The idea was that the institute would focus on
technology but soon we decided that we should
become far more of an interdisciplinary research
centre with people from different backgrounds
doing work that was far more application and
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“There is an
enormous waste
of good ideas in
European projects,
with only about 10
per cent getting
through. That
means 90 per
cent of proposals
are written for
nothing”

service driven. We didn’t want a technology push
approach but a more user-centric approach to
research.
While this approach was successful for us, it
wasn’t really reﬂected in our name. I found I always
had to qualify what we did because the name IBBT
didn’t really cover our activities very well. So last
year we decided to change our name to something
broader. We wanted to reﬂect the idea that research
and innovation comes from human, individual
talent and that people work together. iMinds was
already the brand of our conference, so after looking
for a number of other names we ﬁnally said ‘Why
don’t we make it simple and keep iMinds?’ I think it
sums us up very well and also reﬂects the human
element in information technology.
What would you say are your driving ambitions now
for the iMinds organsiation?
WDW: There are two main ambitions. One is to
ensure that our research activities are really close to
the user and so we coined this term ‘Agile research’
which describes the idea that we must have a close
feedback loop with the users – and by users, we
don’t just mean the ﬁnal customer or consumer but
also the companies we work with. That’s why, for
example, an important step forward for our
organisation was our launch of the Media Innovation
Centre, which engages with media companies and
technologies. There is a wave of technology
companies that are actually changing the way the
content industry works. There seemed to us to be a
clash of cultures and clash of systems and until
recently we worked primarily with the technology

www.projectsmagazine.eu.com

companies but we also realised that if you really
want to create a healthy ecosystem where quality
content continues to exist there are certain rules
that need to be followed by everybody, and that
includes the technology companies.
Technology can enrich content delivery, you can
adapt it and personalise it through many different
channels. On the other hand it can also undermine
content severely if the distribution of the value is not
done equally. That concept of working within
ecosystems that are not just technology driven but
also include content is a model that I think will
determine the future of iMinds.
This concept doesn’t only relate to the media. If you
look at Healthcare, for example, the same thing is
happening. There are companies like Microsoft with
their Healthvault system – a technology company
providing content – people using the internet to
inform themselves about their healthcare. Good
healthcare systems of the future are deploying
technology to actually make it more cost efﬁcient and
more personalized. It is a big challenge and we cannot
solve that through technology alone. You have to
involve people from the healthcare business and the
healthcare sector. And this is a very similar approach
to what we are now doing with media.
Our second ambition is to adapt to the changing
economic fabric of our region. In the 1960s and 70s
many multinationals came here and in those days we
supplied cheap labour and of course we were well
positioned from a geographical point of view. But
that’s eroding now and, though our region is still
prosperous, we need to work on creating new,
knowledge-intensive industries that have a certain
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“Of course, it’s
easy to say
‘Newsweek
is going to
move from
paper to digital
tablet’, that’s
unavoidable,
but it’s not the
real question”

critical mass and so for us, incubation venturing is
how we will create new companies. We want to create
the economic environment throughout Europe that
allows these new companies to grow.
Is the iMinds focus just on this region or do you want
to nurture companies from here to have a global
impact?
WDW: We don’t really make a distinction. Of course,
we’re based here and proximity does play a role in joint
research, joint development building and ecosystems,
so there are clusters. I think those clusters are
important but it’s not like it stops at the border. We
have to be global in our thinking and we will work
with whoever wants to work with us
We have no rules or regulations that tell us we can
only spend our money on projects with local companies,
but the purpose of our collaborations should be that we
also grow in economic activity here. We have an
emmersion programme, for example, that sends startups to Silicon Valley. We send them for three weeks to
build a network there and work there in an incubator.
Some of them will stay there but most will come back
having created links between here and Silicon Valley
that are crucial for their future development. We’re
never going to say ‘Oh, we shouldn’t be sending
companies there because they might stay there’. We
believe that you cannot stop people being where they
need to be.
And that is why one of the things I am working on
now in the context of incubation venturing. I will be
creating a cluster that will work with selected
innovators and incubators in Europe to try to start an
exchange programme to pool our knowledge.
Would you say that iMinds has been successful in
achieving its goals over the years and
WDW: I think our model is successful. When we
started, we didn’t know if it was going to work but we
obviously ﬁlled a void because what we noticed was
that the contributors for our research were tightly
interlinked with our universities and those universities
were doing the same kind of research very well but
there were very little mechanisms to get their research

to the market. Creating this ecosystem with researchers,
universities and industry and bringing those people
together is what we do well.
Our approach is different to European research
projects under FP7. Our projects are more tightly
knit; people work much more closer together. They
are smaller projects with ﬁve or six partners and
there is a real exchange of knowledge between the
researchers and the companies involved, whereas in
many European projects there’s a big consortium of
25 people or so from all around Europe and
everybody does their thing. They get money for it
but there’s little cross-fertilisation.
A lot of the work that you do at iMinds is commercially
viable research and it’s probably easier to see a route
to market for them than with many of the other
projects you were talking about. What is the key for
those projects out there, the majority of which are
these larger, more disparate groups?
WDW: Well, they have to change it. If they want to
make the European Framework Programme successful,
they have to change a number of things. First of all
they have to cut out the red tape in the system. Setting
up a European project is a lengthy process! Then, the
whole evaluation is done by academic experts and not
by people from business. They judge against the state
of the art in research and that has a self-fulﬁlling
prophecy: academic experts reward academic
excellence so it’s academic projects that get through!
If I was in charge, I’d abolish that evaluation process
up front, and have potential projects doing pitches like
you have in VC environments. Then I would fund the
successful applicants for a year and see what happened,
see what came out of it. I would then evaluate after the
year and base that evaluation of what they’ve really
contributed and then, if good enough fund for another
year. This is a better system in my view than approving
a proposal and then expecting to have to fund a project
based simply on the writing of a report.
In a pitch, how are you going to get across the idea
that you’ve got the right people to do the work,
you’ve thought about the processes and the
technology that exists and the technology that you
need to develop?
WDW: Well, you pitch to a knowledgeable audience!
We do that in our projects and we have pitching
sessions and the people who evaluate the pitch are
well-known and successful in the relevant area and
they are from both from the business and the
academic sides. Most of the time in research, people
have a track record. You know who the good groups
are; you know who the good scientists are so if they
have a good track record you can generally trust
them to execute well.
There is an enormous waste of good ideas in
European projects, with only about 10 per cent getting
through. That means 90 per cent of proposals are
written for nothing. What a waste. We have a twostage process: we pitch and then the people who have
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been selected at the pitching stage write their proposal.
The difference is that having been pre-selected in this
way at the pitching session, they then have an 80 per
cent chance of success. It cuts the red tape
The other thing that I think is important, and it is
what we do, is to require a real, integrated working
prototype at the end of the project. I don’t believe in
software research where you have no code at the end
of the day that works, that you cannot see what
happens. With many European projects, an integrated
prototype is not a prerequisite. That’s more of a
mindset thing and you cannot do that if you have 20
partners from all around the world because writing
code and putting it together is quite an intensive effort
and you need to be closely working with each other to
make it all work together. I think if you want this
prototype, by deﬁnition, your project needs to be
limited to maximum ﬁve or six partners.
Well things in Europe will be changing for
Horizon2020, which starts next year. Are you
optimistic for that?
WDW: It’s a very slow ship to turn. They have a lot of
good intentions but at the end of the day, because of the
format, the way it’s set up and the due diligence they
have to go through because they’re handing our
money, it will be difﬁcult to change.
I also think the politicians making the changes are
far too inﬂuenced by lobby groups. The European
commission and DG Connect speciﬁcally are still
very much under the inﬂuence of big companies
from Germany and France who are pushing their
agendas in research funding. They should, of course,
be focusing on young innovators, high-growth
companies who don’t have time for the red tape and
who don’t have lobbyists.
Can you explain a little about the way iMinds deals
with failure?
WDW: We borrowed the idea for a Failure Conference
from Silicon Valley and we wanted to do a conference
like this because implicit in the way we work is that
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if you have so many start-ups, a number of them are
going to fail. We believe that the people who go
through that process should not think it’s their fault
and that they shouldn’t get stigmatized because of
it. The idea of the conference was to bring these
people together because, ironically, most of them are
actually relatively successful but they have become
successful because they have had failures in the past
– and learnt from them.
In the 1990s I was involved in a start-up that went
under. I was there for a year and a half and I got out
just before it was sold to SAP. It went under because
we were underfunded; we didn’t have the money to
pay for a good sales and marketing strategy. But I
learned a lot from that and the concept of the Failure
Conference was to have people share their
experiences and share strategies for how you cope
with the process of going under because it’s a
horrible period in your life.
It’s not a question of saying ‘Oh well, I’ll just go do
something else’. It doesn’t work that way and you
have to go through a mourning process. I having a
conference to work on this concept was an
interesting experiment and we’ll certainly repeat it
because it’s an element that is never talked about. At
most events, everybody on stage has a success story
to tell. Nobody talks about their failures but they
should. It’s a cultural thing here in Europe, but I
think it should change.
In terms of iMinds and media research, you talk
about content and bringing together content and
technology. Can you explain your vision of how
you see the situation developing over the next few
years?
WDW: Well, I think there’s going to be a serious
discussion in society about the quality of content
and the consequence of what business models and
what payment models are needed to actually
guarantee quality content. Of course, it’s easy to say
‘Newsweek is going to move from paper to digital
tablet’, that’s unavoidable, but it’s not the real
question. The real question is whether the digital
content business model for a content producer like a
magazine is going be viable in the long term and can
this generate enough money to guarantee quality
content production. It costs to have editorial staff
who have the skillset to produce content that is
analytical and critical and that we can rely on as a
trusted source.
There is no such thing as ‘free’ and if you get
content for free, it generally means that somebody
else is paying for it somewhere. This whole process
needs to be transparent and I am more than willing
to pay for my quality content. I used to do so when
I bought Newsweek, so why not in digital format?
You pay for content. So I think systems will have to
be put into place to guarantee a certain reward for
content production. It will be a process of getting
to a new equilibrium and that will take a while I
think.

+
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iMinds Special
A team of iMinds researchers based at the Multimedia Lab use Semantic Web technology to create a
unique way to prove that everything is connected.

Everything is
C-O-N-N-E-C-T-E-D
When Hungarian author Friges
Karinthy proposed the concept of
connectedness over 80 years ago, he
triggered the theory of six degrees of
separation – the notion that every
individual in the human race is connected
by no more than six steps. Network theory
has been enjoyed by popular media and
16

scrutinised by academics in equal measure
ever since. The idea that everything and
everyone is connected is undoubtedly
enigmatic, yet huge amounts of data
residing on the World Wide Web have given
it more potential than ever before. Even
more tantalising is the proposition of not
only presenting data via the World Wide

Insight Publishers | Projects

Web, but ﬁltering and indexing information
to making intelligent connections and
enable the cross referencing of data, the socalled Semantic Web.
“The Semantic Web is not a separate
Web,” says WWW inventor, Tim BernersLee, “but an extension of the current one,
in which information is given well-deﬁned
meaning, better enabling computers and
people to work in cooperation.” Using
linked data (data that has been published
with links to other datasets) Semantic
Web technology is driving how we will

AT A GLANCE
Project Title:
R&Wbase
Project Objective:
Provide all the Governments (both
Federal, Flemish, and local municipalities) with a ’15 minutes’ Linked Open
Data publishing platform that adheres
to the Read-Write Web by taking
care of the ownership, versioning,
feedback, and provenance issues. As
such, R&Wbase will be one of the first
reference implementations of W3C’s
Linked Data Platform Specification.
Project Duration and Timing:
18 months, January 2013 to June 2014
Project Funding:
Flemish Government, 500K
Project Partners:
EWI, Flemish Government, OKFN
Project Website
www.mmlab.be
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access and use information in the future.
The opportunity for making connections
is ripe and a group of iMinds researchers
based at Ghent University have produced a
demo entitled “Everything is Connected”
that showcases how Semantic Web
technology can be used to prove
interconnectedness.
Finding links

“The Everything is Connected” demo,
presented at the 2012 International
Semantic Web Conference (ISWC) in
Boston, takes the principles of six degrees
of separation and puts it to the test using
Linked Data and online media. Users
simply need to head to www.
everythingisconnected.be, login with
their Facebook account, and type in a
concept, for example a place, idea or
person. Using your Facebook ‘likes’ as a
starting point, the programme will
establish the links between you and your
chosen concept and deliver the narrative
back to you in the form of a multi-media
presentation. It’s an impressive process
and what makes it particularly astonishing
is that there’s no frustrating ‘please wait
while we prepare your data’ caveat, it’s all
done in real time.
“We connect to the Linking Open Data
cloud via a locally indexed DBpedia,
which is the semantic version of Internet
encyclopaedia
Wikipedia”
explains
project leader Dr Erik Mannens. “The great
thing is that we can create a story in real
time. That’s very difﬁcult because there
are a trillion possibilities to follow
different paths, so once we know that a
certain path is not going to give us a
solution, we abandon it and try something

else. If a path exists, we always come up
with it within 10 seconds, as we
simultaneously try so many paths within
milliseconds. The thing that made it go
viral is that everybody has a Facebook
account, everybody likes something and
everybody is curious how they are
connected to anything in the world.”
The demo certainly taps into the Zeitgeist
of social media, which no doubt helped it
win the Best Demo award at its inaugural
outing at the 2012 ISWC. “Everything is
Connected” is a fun way to pass the time
and it proves that the concept of
interconnectedness can be taken out of the
researcher’s lab and into the real world; in
addition, it also supports the huge
potential for Semantic Web technology.
“What we could do with this demo is,
instead of asking DBpedia, i.e., the
semantic version of Wikipedia for
information, we could link this demo to
any another linked dataset, such as one
for medicines or molecules. So you could
say, ‘Okay, what kind of medicines are
related to this particular molecule or can
be made with it?’ Or, if you link it to
academic datasets, is there a way I can use
it together with another molecule? What
we did was taking one case, Facebook, and
linked one concept to another but whatever
case you have, if there is data out there
you can link it. The good thing is that you
don’t have to interpret the information
yourself if you use a semantic format, as
the computer can do this for you” This is
the power of Semantic Web technology.
Linking governments

As a direct result of the success of
“Everything is Connected”, the team is
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currently working on a project with the
Flemish government to use Semantic Web
technology to maximise the reuse of
governmental data by linking it “in 15
minutes” to the open data cloud. “We went
to the different local governments, the
regional Flemish government and the
Belgium government and told them, ‘You
sit on a goldmine of data, which is already
paid for, you have it but you do not harness
it to its full potential even within your
own organisations. What we will do is
build you a kind of content management
system for open data, where you can open
up your data and confer the Linked Data
principles.’” By creating a user-friendly
interface, data from national and local
governmental departments can be
inputted, updated, reused and reaggregated by any third party.
The US government currently operate a
platform for publishing data, Data.gov. In
the UK, Data.gov.uk offers a searchable base
for over 8,000 datasets, but Erik is ready to
push the concept further. “Data.gov is just a
data catalogue where one has to do the
semantics afterwards. Data.gov.uk is an
improvement as there is already some
semantics in the opening of the data and we
can see that the Open Knowledge Foundation
(OKFN) has created some tools for the UK
government. We even want to go a step

MAIN CONTACT:

further so that non-experts not only can
link and publish their data in 15 minutes,
but there will be a feedback mechanism via
provenance information making it a
complete read-write Web. Ours will be
completely distributed in the cloud and will
adhere to the REST principles and W3C’s
(Worldwide Web Consortium) Linked Data
Platform paradigm. This open source
product will be called R&Wbase (read:
Rawbase). Everybody who wants to open up
data can install their own R&Wbase.
Afterwards, if a third party wants to
aggregate the different kinds of data they
only have to install a R&Wbase instance
from scratch and link to other R&Wbases.
It’s a hierarchical and distributed
environment. The aggregation can be done
in just ﬁve minutes.”
A positive outcome

The societal and commercial beneﬁts of
aggregated data are evident. From
analysing trends in policy, to promoting
scientiﬁc research to developing apps,
there are a myriad of possibilities. There
are also some challenges ahead, not least,
says Erik, is the paradigm shift needed so
that people are prepared to open up and
share their data. “We have to create
awareness and that it’ll be a ‘win win’
situation for everyone. People are
generally reluctant to change and thus
also to opening up their data. They say,
‘It’s our data, we’ve paid for it, we
shouldn’t just have to give it away’. We

AT A GLANCE
Project Title:
Everything is Connected
Project Objective:
Linked Data application for automatically generating a story between two concepts in the Web of
Data, based on formally described
links. A path between two concepts
is obtained by querying multiple
linked open datasets; the path is
then enriched with multimedia
presentation material for each node
in order to obtain a full multimedia
presentation of the found path.
Project Funding:
Internal funding
Project Partners:
iMinds
Project Website
www.everythingisconnected.be

read-write Web and you can only make it
read write if you can track changes, so
you have to take care of the provenance of
the (meta)data too. If something changes
you have to log that and be aware of what
changed and who changed it and you
have to be sure you can track all the
changes to the initial entry. It’s important
because the next level is the trust estimate
of your data and you can only do trust

“The Everything is Connected” uses your Facebook ‘likes’ as a
Dr. Erik Mannens
Dr. Erik Mannens is Research Unit
Leader of the Future Media &
Imaging Dept. within iMinds and is
involved in several projects as Sr. researcher/project manager. His major
expertise is centred around Big Data
Analytics, Linked Open Data, semantic Web technologies, broadcasting
workflows, Media & iDTV, and Web
development in general.

Contact:
Tel: +32 473 27 44 17
Email: Erik.mannens@ugent.be
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starting point, the programme will establish the links between
you and your chosen concept and deliver the narrative back
to you in the form of a multi-media presentation”
have to make it clear that, if everyone
does it, they win because they can use all
the other data for free.”
There are other, more technical,
obstacles too. Not least the ability to
produce results in real time when dealing
with gargantuan amounts of data. “It’ll be
a challenge for our platform but we
already have an idea of how to tackle it,”
says Erik. “The other challenge is that
now most of the Web is read-only. What
we will do, which is something on the
roadmap for W3C as well, is to make it a

estimation if you have the provenance.”
Erik says they are working with WC3 to
standardise the read-write Web but with
the current project estimated to last two
years, establishing provenance should be
achievable within that time frame.
A World Wide Web in which data can be
cross-referenced and linked so that
readers can access a wealth of related
information is a utopic vision. It’s also
one that is likely to happen and will prove
beyond doubt that everything can be
connected.

+
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iMinds Special
With the healthcare industry having struggled to adopt new technologies in recent years, an institute
based in Ghent has been trying to help counteract this problem by applying their own unique brand of
development methodology.
iMinds is an independent research
institute founded by the Flemish government
that aims to stimulate ICT innovation,
offering companies and organisations active
support in research and development. It
brings together companies, authorities, and
non-proﬁt organizations to join forces on
research projects.
What really makes iMinds stand out,
though, is the unique, interdisciplinary

approach that they employ. In recent
projects helping to develop eHealth
applications, strong interaction with key
stakeholders, including the end-users, has
been encouraged so that all relevant
opinions remain audible throughout the
development process. This is seen as the key
to solving problems in healthcare, which as
a sector has fallen behind somewhat in
terms of adopting new technologies.

“The problem is that the innovation
stakeholders and the technology providers
don’t understand the needs of the care
sector, and so are unable to apply their
technical knowledge efﬁciently enough to
make workable solutions,” explains Birgit
Morlion, Director of Healthy Society
Innovation. “That is why we believe that
our research methodology, which helps to
integrate the care workers into the

Bringing e-health to the market
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development process, will be able to
deliver more successful eHealth projects.”
ACCIO – Ambient aware provisioning of
Continuous
Care
for
Intra-mural
Organisations – is one such project.
Inspired by the Harry Potter spell used to
summon objects, its aim was to develop
an ICT tool and background system that
could resolve all the questions that
patients and caregivers may have in an
institutional care setting. The process
began by working together with a
company that produces nurse call
systems, which are essentially red push
buttons at patients’ bedsides that give a
signal at certain locations in the building
indicating that help is needed.
“This system is somewhat inefﬁcient,”
says Ann Ackaert, one of the project
coordinators at iMinds. “Patients can be
strolling the corridor and suddenly need
help when they are not near a button, and
in certain cases in which people are
paralysed or very weak, they may not
even be capable of pushing a button.
Thus, we made it our aim to make this
system more patient-oriented.”
Integral to the iMinds method is the
inclusion of end-users as well as other
stakeholders throughout the development
process so as to increase the chances of the
technology eventually being adopted.
iMinds has been involved in a number of
past projects that have applied this
methodology to eHeath issues, such as
developing the next generation of sleep
monitoring technology, or implementing
technology to give elderly people greater
autonomy in their own homes. All projects

involved the user in the design process
from the beginning. An Jacobs, a
sociologist participating in the project and
specialised in bringing end-users into the
process, explains how they went about
this with ACCIO. “We started by going to
residential care settings where we carried
out observations and interviews. The
really interesting part of this project was
that the technical people joined in with
the research effort. We really got inside
the current practices, problems and

referring to local Internet networks, while
at the same time the care givers were
talking about networks in terms of the
people they work with. It was only after
about 10 minutes that they realized they
were referring to different things!”
Co-creation, as the method utilised by
iMinds is known, is a long process that
not only involves interviewing people
from all backgrounds and observing
people in the workplace, but also brings
them together in workshops and role-
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Ann Ackaert
Ann Ackaert has an MSc in Physics
(1984), an MSc in Engineering (1986),
a PhD in Electronic Engineering
(1990) from Ghent University. From
1990 until 2004 she worked in the
field of telecommunications. Since
2005 she has been a research leader
of interdisciplinary e(Home)Care projects at iMinds. What started off as a
job has since evolved into a passion.

Contact:
Tel: +32 473 29 56 51
Email: ann.ackaert@intec.ugent.be
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“The problem is that the innovation stakeholders and the
technology providers don’t understand the needs of the
care sector and so are unable to apply their technical
knowledge efﬁciently enough to make workable solutions”
document ﬂows and things that they do
that aren’t formalised. From that we
picked out things that, with the
technology under development in mind,
we could try to solve.”
Bringing people from different
backgrounds together is not always
easy however, as Morlion illustrates.
“We had one situation in which the
engineers were talking about networks,

plays so as to make the most of everybody’s
opinions and feedback. The methodology
is a combination of techniques that have
been developed previously by others, as
well as some new approaches that have
been integrated during the ACCIO project.
ACCIO is only the beginning of the
innovation curve, however, and so as for
now there is no actual product available.
The end product of this project is a
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Patient Room of the Future, picture sourced from www.prof-projects.com

demonstrator that works in a laboratory
environment, otherwise known as a
‘living lab’. A furniture company in
Flanders involved in the project created a
functioning mock-up of a
visionary patient room of
the future, in which the
new ICT platform was
integrated. “By deploying
our technology in a
functioning
hospital
room, we were able to
gather some interesting
feedback from the users,”
says software engineer
Stijn Verstichel. “This
technique had so many
advantages
over
a
standard
presentation.
The users could immerse
themselves
in
the
product and tell us
exactly what worked and
what didn’t.”
“This living lab idea is
about ﬁlling a gap,”
says Jacobs. “There is a big gap between
the prototype phase and getting a project
to market. There is a lot of research in
e-health but it is hard to get market
adoption. We hope that, from this, we
can stimulate this ‘co-creation’ to get
more
market-ready
products
and

stimulate other companies to step into
this process of collaboration.”
With the ACCIO project ﬁnished,
iMinds is now focused on generating
new ideas. Thus, in
addition
to
the
knowledge gained from
ACCIO, which aimed on
an intra-mural setting,
they hope to extend the
concept to home care
settings in a new project
called the O’CareCloudS.
This will be a new
challenge both in terms
of the setting, which
gives a totally different
environment
for
resolving issues, and
the technology.
“The main task is to
take the knowledge that
we have gained through
‘co-creation’ with end
users, who could be
anyone, and extend it to
other application ﬁelds,” says Ackaert.
“We are also trying to expand our
knowledge into European projects. Until
now, we have mainly done national
projects, but we want to extend this so
as to spread our way of working even
further aﬁeld.”

“This living
lab idea is
about ﬁlling a
gap...there is a
big gap between
the prototype
phase and
getting a project
to market”
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AT A GLANCE
Project Title
ACCIO: Ambient aware provisioning
of continuous care for intra-mural
organizations
Project Objective
This project investigated how ontology based back end systems and
reasoning techniques can support
the continuous care provision process
within intra-mural care organizations.
Specifically the triangle nurse/caregiver – patient – room environment
was examined thoroughly. A proof of
concept demonstrator was realized in
the ‘Patient Room of the Future’, and
a set of recommendations has been
drawn in view of future care concepts.
Project Duration and Timing:
2 years, April 2010 to March 2012
Project Partners:
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iMinds Special
INnovative Flemish IN-vivo Imaging TechnologY, aka INFINITY, is the small animal imaging facility of
Ghent University providing multi-modality imaging services and conducting research across a variety
of domains. Prof Christian Vanhove, head of the INFINITY lab, speaks to Projects magazine about its work

Paving the way for theranostic approaches
Molecular imaging

is a non-invasive
technique that enables scientists to visualise,
characterise, and measure biological
processes at the molecular and cellular
levels in humans and other living systems.
During the last decade, there has been an
explosive growth in the development of
these molecular imaging techniques.
Nowadays, molecular imaging systems
often combine anatomical and functional
imaging
systems
into
hybrid
or
multimodality imaging systems, which
enables the exact localisation, extent, and
metabolic activity of the target tissue. These
hybrid combinations have recently come on
the market in small animal versions.
Prof Christian Vanhove was involved in
the early development of these imaging
systems for small animals: “It was something
that started back in 2005,” he explains. “In
the clinic, after hours, we started to scan
rats and mice using a modiﬁed clinical
camera. Now there are a number of
companies making multimodality imaging
systems, speciﬁcally designed to scan small
animals.”
The INFINITY lab houses a range of these
imaging systems. All the instrumentation
found in a hospital, such as MRI, CT, nuclear
imaging systems and ultra sound, is
available at the INFINITY lab, but dedicated
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for rats and mice. “In a hospital environment,
patients are often moved from one imaging
device to another,” Prof Vanhove explains.
“Together, these machines allow us to get a
more effective diagnosis and to get improved
monitoring of therapy.” Just as a patient is

Signal Processing (MEDISIP) research group
of the Faculty of Engineering and the
Laboratory of Radiopharmacy of the Faculty
of Pharmaceutical Sciences. The ﬁrst is
concerned with image processing and the
development of new imaging systems, and

“Everything starts with small animals. The next stage is to
translate our ﬁndings to practical applications for improved
treatments of human patients”
moved from one machine to another, the lab
team moves rats and mice through its
various imaging systems in order to get a
better understanding of a disease. “Having
all these devices in the same lab in adjacent
rooms is so convenient, and is a big
advantage compared to other labs,” Prof
Vanhove notes.
The laboratory is positioned at the campus
of University Hospital Ghent, allowing the
team to collaborate with a range of
departments from neurology, oncology,
gastroenterology, surgery and radiotherapy,
to cardiovascular and molecular biology.
The INFINITY lab is the result of a
collaboration between two research groups
at the university: the Medical Image and

the latter is involved in the development of
new imaging biomarkers.
The INFINITY laboratory is involved in a
variety of research projects. Some of the
main domains include ER stress,
neuromodulation, and imaging biomarkers.
ER stress

The endoplasmatic reticulum, or ER, is an
organelle that is involved in the synthesis
of proteins. When unfolded or misfolded
proteins accumulate in lumen of the ER, it
leads to the adaptive unfolded protein
response (UPR), or to signs of ER stress, in
an attempt to restore protein folding. It
has been shown that ER stress is related to
chronic lung diseases like asthma and
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AT A GLANCE
Project Title:
INFINITY: INnovative Flemish IN-vivo
Imaging TechnologY.
Project Objective:
INFINITY’s mission is to provide a
multimodality imaging solution for
preclinical research. The laboratory
houses a collection of state-of-theart multimodality imaging devices,
such as μSPECT, μPET, μCT, μMRI and
μUS. Next to these imaging technologies the laboratory also contains
a small animal radiation research
platform, a cryosectioning unit and
autoradiography.
Project Duration and Timing:
Open-ended
Project Funding:
Total funding: 3 million Euro
t iMinds
t Belgian Foundation against Cancer
t Hercules Foundation
Project Partners:
t Medical Image and Signal Processing research group of Ghent
University
t Laboratory of Radiopharmacy of
Ghent University
t University Hospital Ghent
t iMinds
COPD;
auto-immune
diseases
like
rheumatoid arthritis, multiple sclerosis
and inﬂammatory bowel disease like
Crohn’s disease; inﬂammatory skin
diseases like psoriasis; and metabolic
diseases like diabetes and cardiovascular
disease. These diseases are amongst the
most common in Western society and are
clearly on the rise, posing a signiﬁcant
public health problem. “We are trying to
non-invasively visualise and measure ER
stress in vivo,” notes Prof Vanhove. “For
this, we will construct a reporter mouse in
which ER stress can be monitored using
nuclear
imaging
techniques.
In
mammalian cells, the UPR is a threepronged pathway that senses the presence
of misfolded proteins. These ER sensors
are normally bound to chaperones, which
prevents their activation. When misfolded
proteins accumulate in the ER, the
chaperones bind increasingly to these
unfolded proteins, releasing the brakes of
the ER stress sensors. This results in a
change of the transcriptional and
translational status of the cell that can be
monitored.”
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Neuromodulation

Neuromodulation,
like
‘deep
brain
stimulation’, is an alternative treatment to
drugs for some neurological disorders.
“There are a large percentage of patients who
have epilepsy, for example, for which the
prescribed drugs don’t work,” Prof Vanhove
explains. “This means we have to look at
alternative treatments: one method is to
implant stimulating electrodes into the brain
and perform ‘deep brain stimulation’ to
reduce epileptic seizures.”
The problem with deep brain stimulation
is that the mechanisms behind it, as well as
the effects of changing the operational
parameters, are not fully understood.
Research is subsequently being conducted
at the INFINITY lab to further understand
the technique. This requires the team to
generate epilepsy in rats and then
administer deep brain stimulation. “We
adjust different parameters (frequencies,
pulse widths and amplitudes) to see which
paradigm has the largest effect on the
brain,” says Prof Vanhove. “In the ﬁrst
instance, we test the effect on healthy
animal brains. Then we move on to animals
with epilepsy - and verify that this results
in a better therapeutic response.”
Imaging biomarkers

The INFINITY lab’s work is also at the
forefront of imaging biomarkers based on
antibody technology. Prof Vanhove says:
“The new developments in genomics and
proteomics meant we have started to
understand which kind of speciﬁc molecules
are related to a speciﬁc disease. Radiolabelled
antibodies can then be developed that
recognise these speciﬁc molecules, allowing
us to visualise, characterise, and measure
these speciﬁc targets using non-invasive invivo imaging. In prostate cancer, for
example, some tumours express a transmembrane protein that plays an important
role in the progression of the disease. To
visualise the expression of this protein in
prostate tumours, we can develop
radiolabelled antibodies that recognise this
speciﬁc trans-membrane protein. This
radiolabelled molecular imaging probe can
be used as an important predictive biomarker
for prostate cancer. If imaging does not show
expression of the trans-membrane protein,
conventional therapy can be applied.
However, treatment should be modiﬁed
when the tumour expresses the speciﬁc
protein. This is an example where imaging
and therapy are coming together to provide
improved treatment for the patient.” Imaging
biomarkers could also soon be a suitable

alternative to biopsies in assessing tumour
biology. “The proven level of intra-tumour
heterogeneity necessitates multiple biopsies.”
Prof Vanhove explains. “Imaging provides a
three-dimensional visualisation of a tumour
and is an essential tool to address intratumour heterogeneity.”
The next stage - theranostic approaches

Using multimodality imaging, researchers
at INFINITY are able to obtain better
characterisation of diseases in animal
models. Following disease diagnosis, the
next step in the medical workﬂow is the
selection of the appropriate therapy. The
ongoing work at the lab is paving the way
for a more theranostic (therapeutics based
on the diagnostics) approach to medicine.
Transferring this method over to human
patients would have profound effects on the
development of personalised medicine. “The
theranostic approach is where the future of
medicine lies,” says Prof Vanhove.
“Molecular imaging enables us to visualise
the biological properties of a disease on a
personalised basis. Based on these
individuals’ biological properties an
appropriate therapy can be selected.”
“We are collaborating with several research
groups to try to get more results with small
animal models using multimodality
imaging,” he concludes. “Everything starts
with small animals. The next stage is to
translate our ﬁndings to practical
applications for improved treatments of
human patients.”

+

MAIN CONTACT:

Christian Vanhove
Christian Vanhove. M.Sc.Eng. 1990,
Ph.D. 2004, Brussels University. First
involved in software engineering, he
continued to do research on image
reconstruction and image processing
in the field of Nuclear Medicine. Was
one of the initiators of the molecular
imaging lab at Brussels University in
2005. Head of INFINITY since 2011.

Contact:
Tel: +32 9 332 00 54
Email: infinity@UGent.be
Web: www.infinity.ugent.be
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iMinds Special
In light of the European 20-20-20 objectives, current electricity networks face a lot of challenges because of an
increasing demand for renewable sources; Smart Grid infrastructure is the key to solving these challenges and ICT
will play a major role in enabling Smart Grids. A group of iMinds-funded projects at Ghent University are taking
the ﬁrst steps towards developing the needed ICT systems, in close collaboration with the leading industrial players

Steps towards smart grids

MAIN CONTACT:

Prof. Chris Develder
C. Develder is associate professor
with the research group IBCN of the
Dept. of Information Technology
(INTEC) at Ghent University - iMinds,
Ghent, Belgium. His current research
interests include network dimensioning, modeling and optimisation,
smart grids, information retrieval.
He regularly serves as reviewer/TPC
member for international journals
and conferences.

Contact:
Tel: +32 9 3314900 (secretary)
Email: chris.develder@intec.ugent.be
Web: http://users.atlantis.ugent.be/
cdvelder
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Europe’s current electricity networks
were originally designed for transporting
energy from large centralised power plants
to a range of dispersed consumers.
However, with the advent of renewable
energy, some major changes to this system
are needed.
“There are two important issues with
renewable energy,” says Research Leader,
Professor Chris Develder. “In the past, the
production of electricity could be
controlled and regulated to match the
consumers’ energy requirements at various
times. With renewable energy, we no
longer have accurate control over the

production level – you can’t control the
wind or the sun! Of course, one solution is
to install a storage facility so you can
release the energy when you need it, but
this does not solve everything and isn’t
very cost effective.
“The second problem is that renewable
resources aren’t usually centralised like
big power plants are,” Prof. Develder
continues. “Across Europe, households
and businesses have their own renewable
energy generation facilities, for instance
solar panels on the roof.” The advent of
these changes has brought about the
coining of a new word, ‘prosumers’, to
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describe users who are also (small)
producers.
“The electrical network wasn’t really
designed for this,” explains Prof. Develder.
“You can’t control these renewable energy
production units as they no longer go
through a central unit and are scattered
across networks. This means you get
inaccurate energy ﬂowing in different

infrastructure needed to develop Smart
Grids as well as studying user behaviour.
SMART-E project

Smart metering is the ﬁrst step to smart
grids: to be able to control anything, you
ﬁrst need to install measurement
infrastructure in order to understand the
consumption level and behaviour of

“With renewable energy, we no longer have
accurate control over the production level –
you can’t control the wind or the sun! ”
directions, which can cause some
electrical problems.
“We believe that you can try and solve
these
problems
by
introducing
communication
and
coordination
mechanisms,” says Prof. Develder. “To do
this, you need ICT to create the
infrastructure, as well as information to
make the right decisions.” Various iMinds
projects are looking at the ICT
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users. “Smart metering offers you
detailed information in almost real
time,” explains Prof. Develder. “It’s the
ﬁrst step in obtaining the measurements
you need to do something intelligent. It
also raises awareness; consumers can
learn from it and thus be stimulated to
adapt their behaviour.”
As well as developing the architecture for
a smart metering system, the SMART-E

AT A GLANCE: SMART-E
Project Title:
Smart-E: Smart Energy – ICT for
Energy Efficiency
Project Objective:
Multidisciplinary research on smart
energy management technology in
households, making end users aware
of their energy consumption and
stimulating them to become more
energy efficient.
Project Duration and Timing:
2 years, April 2010 to March 2012
Project Funding:
Flemish: iMinds/IWT
Project Partners:
NIKO, Alcatel-Lucent, EDF-Luminus,
Xemex, Ferranti, Telenet, iMinds –
IBCN, iMinds – MICT, iMinds – CUO,
iMinds – SMIT, VITO, KUL - Electa
iMinds profile
www.iminds.be/en/research/overview-projects/p/detail/smarte-2
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AT A GLANCE: SWIFT
Project Title:
SWIFT: Smart Wind Farm Control
Project Objective:
Maximize the integration of wind
turbines in the distribution grid while
minimizing the amount of lost wind
energy at the lowest possible overall
cost. To obtain this goal several smart
ICT control strategies will be combined:
near real-time forecasting, active
network management, demand side
management and use of storage facilities. The aim of the project is to demonstrate this in a real-life windfarm
Project Duration and Timing:
2 years, January 2013 to December
2014
Project Funding:
Flemish: iMinds/IWT
Project Partners:
Eandis, 3E, GE Energy, iMinds – IBCN,
iMinds – DistriNet, UGent - EELAB
iMinds profile
www.iminds.be/en/research/overview-projects/p/detail/swift-2
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project also studied residential energy
consumption: “We used 20 households to
help us develop the home system’s user
interface. This allowed us to study the
most effective ways of presenting the
information and measure whether we could
steer users’ consumption using different
pricing categories, and how effective that
was at changing their behaviour.”
The next step is to actually give users
control. Prof. Develder says: “The
SMART-E project looked at whether

control systems could be delegated
through an energy management system
located in a home energy box, which
would give a more detailed view of the
consumption levels of different appliances
in a home. Even simply offering consumers
insight in per-appliance consumption led
them to immediately start optimising
their energy consumption.
”However, to meet power grids
constraints, the home system and the
central control need to interact. We

AT A GLANCE: LINEAR
Project Title:
Linear: Local Intelligent Networks and
Energy Active Regions

Project Duration and Timing:
5 years, 8 months, May 2009 to December 2014

Project Objective:
By controlling smart household devices
(white goods, boiler, electric vehicle,
heat pump) in over 200 households the
applicability of residential demand side
management techniques is evaluated
for different goals: matching demand to
the variable supply from green energy
sources, compensate for wind prediction errors, increase the lifetime of transformers and reduce voltage problems
on feeder lines.

Project Funding:
Flemish: IWT
Project Partners:
KUL, VITO, iMinds, IMEC, EDF-Luminus,
Eandis, Infrax, Miele, Siemens, Viessmann, Fifthplay, Laborelec GDF Suez,
Telenet, Belgacom
Project Website
www.linear-smartgrid.be/?q=en
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AT A GLANCE: C-DAX
Project Title:
C-DAX: Cyber-Secure Data and Control Cloud for Power Grids
Project Objective:
Design of an integrated communication and information infrastructure, allowing for the efficient and
secure exchange of data and control
information in smart grids, and the
support of a heterogeneous set of coexisting smart grid applications.
Project Duration and Timing:
3 years, October 2012 to September
2015
Project Funding:
EU FP7
Project Partners:
Alcatel-Lucent, Alliander, Eberhard
Karls Universität Tübingen, iMinds,
University College London, University
of Surrey, Radboud Universiteit Nijmegen, Ecole Polytechique Fédérale
de Lausanne, National Instruments
Project Website
www.cdax.eu

discovered it is not easy to achieve network
connectivity and have all the components
speak properly to each other; from a
technology point of view, there are some
issues to solve.”
LINEAR project

The LINEAR project, which takes some of
the SMART-E project ﬁndings a step
further, is an ongoing project investigating
whether it is possible to control devices in
users’
homes
using
management
algorithms: “We are developing algorithms
that automatically control a typical
household appliance run on renewable
energy, such as a washing machine or
boiler,” says Prof. Develder. “For instance,
household appliances such as washing
machines could be shifted in time and
automatically started when the solar panels
produce a lot of energy and are expected to
continue to do so for a while.”
To evaluate this kind of algorithm in reallife, a large ﬁeld trial in over 200 households
is currently rolled out. During an entire
year the energy consumption of the
participants will be optimized in terms of
increasing the consumption of renewable
energy and decreasing the stress on the
power grid infrastructure.
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SPARC project

Another thing to take into consideration
is the infrastructure required for mobile
energy consumers, such as electrical
vehicle owners. “If electrical vehicles
become mainstream, it would mean a lot
of extra demand for production,” notes
Prof. Develder. “Typically, the electricity
one vehicle uses is the same as a complete
household, so in residential areas the
electricity demand would double. The
SPARC project aims to develop algorithms

“We have been quite successful in
developing control strategies,” he
continues.
“Testing
coordination
algorithms in a real environment is not
always easy. The amount of electrical
vehicles actually driving around is still
ver y small, so the project is using
simulation
to
combine
the
communication
network,
ICT
infrastructure and the power network.”
This innovative integration has proved
ver y useful for further projects that

“We are developing scalable algorithms that
automatically control a typical household
appliance running on renewable energy, such
as a washing machine or boiler”
that allow coordinated charging, e.g. to
scatter the charging of different vehicles
so as to avoid a large peak. Next to this,
using ICT, you can also measure when
most users charge their vehicles and
therefore
control
production
to
accommodate the extra load.”
The team also looked at electrical vehicle
charging in public parking places: “Again,
you want to avoid being unprepared for a
large demand, so an option is to use
renewable
energy,”
explains
Prof.
Develder. “The algorithms we developed
speciﬁcally tried to match consumption to
the production from local renewable
plants, such as a wind farm located nearby,
or solar panels located on top of the
parking building.”

have recently started. These new
projects will look at actually developing
software for Smart Grid applications
and will be integral to the development
and ultimate success of Europe’s Smart
Grid future. Prof. Develder notes: “This
will be a step up from the algorithms
we’ve been working on in other projects.
By creating a generic infrastructure
allowing a secure and efficient exchange
of measurement data and control signals
between smart meters, smart devices,
sub stations, utilities, etc. (as in the FP7
project C-DAX, or the new SWIFT
project at iMinds) we will continue
supporting both multinationals and
SMEs to deploy Smart Grids as soon as
possible.”

+

AT A GLANCE: SPARC
Project Title:
SPARC: Smart Plug-in Automobile
Renewable Charging Services
Project Objective:
Research on a novel service architecture
for the smart and secure charging of
leased electric vehicles in public parking
spaces. The driver, car and battery are
seamlessly identified. Flexible authorization rules can be set by different actors.
Smart algorithms benefit from the offered flexibility of the parked cars to optimize the charging process in favour of
renewable, fluctuating energy sources.

Project Duration and Timing:
2 years, January 2011 to December 2012
Project Funding:
Flemish: iMinds/IWT
Project Partners:
Sony, REstore, Athlon Car Lease,
Interparking, City of Bruges, iMinds –
IBCN, iMinds – DistriNet, iMinds – MICT,
iMinds – SMIT, VITO, KUL-Electa
iMinds profile
http://www.iminds.be/en/research/
overview-projects/p/detail/sparc-2

27

iMinds Special
Unravelling the mysteries of our DNA reveals harbingers of future health. Advances in the ﬁeld of genomics
permit clinicians to identify mutant genes, which threaten individual wellbeing. For clinicians to utilise and
present these ﬁndings to patients, formidable ICT challenges in processing and visualisation must be overcome

Enhancing Genomic Analysis
through ICT and Visualisation
MAIN CONTACT:

Jan Aerts
Prof Jan Aerts is Tenure Track Assistant Professor at the Faculty of
Engineering at the University of Leuven in Belgium. He built experience
in genomics and data management
while working at the Roslin Institute
(UK) and the Wellcome Trust Sanger
Institute (UK). His current research
themes are (biological) data visualization and personalized health.

Contact:
Tel: +32 16 321053
Email: jan.aerts@esat.kuleuven.be
Web: www.esat.kuleuven.be/bioinformatics/
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Genomic analysis offers medical
science a formidable tool for realising the
famous Greek aphorism, “know thyself”.
From mere slivers, humanity’s organic
building blocks can be deconstructed,
revealing
genetic
traits
which
predetermine our biological dispositions
and vulnerabilities. The genome – a
comprehensive set of human genetic
information, locked inside our cells and
recorded as DNA sequences – offers the
key, and its veil is slowly but surely being
lifted. Undertakings such as the Human
Genome Project have made headway in
mapping thousands of individual genes,
but offer generic benchmarks rather than
a universal index. Although commonalities
are found throughout the species, the
effectiveness of this science depends on
differentiation. The unique patterns of
individuals must be decoded and the
inﬂuence and interactions with the

environment must be mapped for its
clinical potential to fully evolve.
“Generating raw data needed for genomic
analysis is becoming cheaper” comments
Jan Aerts, an Assistant Professor at Leuven
University’s Faculty of Engineering in
Belgium. “Extracted from, for example,
blood or saliva, we can investigate an
individual’s unique genome sequence. We
need to understand how to manipulate this
information to improve people’s lives. A
vital step towards fulﬁlling this objective is
developing bespoke tools and software that
support clinical interpretation.”
The anticipated beneﬁts are enticing – and
surprisingly pluralistic. Enhanced carrier
detection strategies could isolate types of
recessive genes in prospective parents,
helping to determine the risk of their
offspring inheriting diseases. If a patient is
in need of medication, pharmaceutical
genomics could scrutinise their particular
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sensitivities, to calculate optimal dosages.
This, reminds Aerts, might complement
current ‘trial and error’ methods, which
vary prescriptions until apposite volumes
are determined. Predictive genomics offers
far sighted perspectives on individual
health, by considering how certain
predispositions could engender harmful
conditions later in life while also considering
environmental factors. Pre-empting the
onset of diseases like diabetes, practitioners
can recommend behavioural changes which
can prevent or delay their occurrence.
A specialist in ‘bioinformatics’ – the
management and analysis of biological data
– Aerts contends that one of the most
promising catalysts for progress in the ﬁeld
is developing a robust, user friendly ICT
infrastructure. Working within SCD, part of
Leuven’s Engineering Faculty which
focuses on information processing, the
bioinformatics team led by Aerts and two
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colleagues has made signiﬁcant progress in
pursuit of this aspiration. Funded by the
Flemish government, in conjunction with
research institute iMinds, scientists under
SCD’s aegis are concentrating on the
demands genomics places on computer

be employed, to make predictions on how
damaging a certain mutation might be.
Most, in fact, are totally benign.” Strict
guidelines must be met to demonstrate the
validity of such calculations, and minimise
the potential for artefacts which could

“Extracted from blood or saliva, samples can
generate an individual’s unique coded sequence”
systems. “Challenges arise from handling
and integrating bigger data sets and require
dynamic number crunching.”
“The data sets involved are massive; and
analysing multiple individuals only
exacerbates the issue” says the specialist.
“One person’s data alone may consume
several hundreds of gigabytes. To interpret
this information, various algorithms must

offset them. Simultaneously, a better
understanding of ‘parameter space’ – the
underlying expectations and inputs
determined by the user – is imperative,
since, although various algorithms may
aim to deliver identical conclusions,
sometimes contradict.
Tools which allow researchers to
scrutinise and contrast their results are
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AT A GLANCE
Project Title:
[1] Discovery and analysis of rare
genomic variation using nextgeneration sequencing
[2] Paving the way towards preventive
genomics – technical, clinical, ethical
and legal aspects of secondary use of
genomic information

Example of genomic data visualization, displaying expression levels of a list of
genes for a large number of diseased and healthy individuals
another developmental necessity. These
are important for clinicians, but equally
so for patients – who need to understand
what the tangible implications of a
complex analysis might be for them. “To
complement automated data mining, data
visualisation is paramount. Often, we
don’t know what we’re trying to ﬁnd”
relates the Project Leader. “This approach
is known as the ‘fourth paradigm’ in
research. What used to happen is that
researchers would posit a theory, then

generation DNA sequencing.
Conceived by a PhD student, the system –
again, web-based – aims to provide support
in clinical environments. Simpliﬁed
functionality is a central principle of the
tool, designed to aid the interpretive
process. “Two healthy parents alongside
their child, who has a disorder, could all be
sequenced and analysed using this asset”
details Aerts. “Their data will be uploaded
via Annotate-It, which provides annotation,
and displays information in such a way that

One person’s data alone may consume several
hundreds of gigabytes”
generate data to prove or disprove this
hypothesis.
Contemporary
practice
actually inverts this – seeking instead to
gather data, and generate hypotheses
based on these data. At the outset, we
sometimes don’t know what the questions
are. Data visualisation has an important
role to play in this exploratory domain.”
An earlier spin-off from SCD’s research
demonstrates the effectiveness of software
providing such demonstrative contexts.
Cartagenia, conceived in 2005, provides a
highly functional system for hospitals to
store their genetic research data online.
Oriented towards diagnostics, the platform
reduces laboratory throughput time,
standardises systems and helps share
resources between various departments.
Adopted by some ﬁfty large labs and
hospitals worldwide, a new variant on this
theme pioneered by SCD, titled Annotate-It,
introduces a vital resource for next-
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it can be practically interpreted and
prioritised. Clinical geneticists can then be
more conﬁdent of isolating the particular
genes which cause disease.” Published as an
open-source utility, Annotate-It has also
been optimised for performance, allowing
demanding computations to be ‘parallelised’
(run in tandem) if user enquiries share
certain similarities. Recently employed by
the Centre for Human Genetics at University
Hospitals Leuven, its implementation has
already helped to encourage discoveries in
rare genetic disorders, including Nicolaides
Baraitser Syndrome.
To facilitate such great leaps forward, “ICT
is key” comments Aerts. In a few short
years, this discipline may become
increasingly proliﬁc – and permit physicians
to conduct a comprehensive genomic
analysis of their patients, revealing a
plethora of data. First, important precedents
must be established, to stipulate how this

Project Objective:
In these projects, we aim to develop
methodologies for enabling analysis
and interpretation of genomic variation by clinical investigators, using
advanced data mining and visualization techniques. In addition, we will
research the broader context of the
availability of personal genomic
information with regards to technical,
clinical, ethical and legal aspects.
Project Duration and Timing:
[1] 4 years, 2009 to 2013
[2] 4 years, 2013 to 2017
Project Funding:
[1] IWT mandate – EUR 110,400
[2] At proposal stage
Project Partners:
t Prof Yves Moreau – Bioinformatics
Research Unit, KU Leuven
t Prof Pascal Borry – Centre for
Biomedical Ethics and Law, KU
Leuven
t Prof Joris Vermeesch, Prof
Koenraad Devriendt & Prof Hilde
Van Esch – Department of Human
Genetics, KU Leuven
t Dr Griet Verhenneman & Prof Jos
Dumortier – Research Unit Law
and Information Technology, KU
Leuven

knowledge should be disseminated. Genetic
prophecies might prove unwelcome – for
example, when a routine analysis unearths
evidence of a terminal disorder. In
collaboration with other groups at the
university, Aerts hopes to investigate the
ethical, legal and social implications of his
research in greater depth during future
projects – providing blueprints for the
exploitation of this new technology. The
question, once a clinician is empowered by
such awesome foresight, is, as he puts it,
“whether this awareness should necessarily
be shared.” DNA’s secrets are gradually
being brought to light – but simultaneously
crystallise moral dilemmas, which require
empathetic frameworks to protect those
they aim to beneﬁt.

+
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Biology

Migraine is an incapacitating and prevalent condition that not only causes stress to the individual, but has
also been shown to have a signiﬁcant economic impact in terms of medical costs and lost productivity.
We spoke to Parisa Gazerani about her research into the underlying mechanisms that cause migraines

A new perspective on migraine
Around the world, approximately half of
the population suffer from headache
disorders. One of the commonest forms of
headaches is migraine. These are
characterised by attacks of head pain, and
are sometimes accompanied with a variety
of other symptoms preceding this pain
including nausea, vomiting, sensitivity to
light and sensitivity to noise, which are
collectively known as an aura. Recent
research shows that repeated migraine
attacks can also cause brain damage.
With the World Health Organisation
having recently placed migraine as among
the most disabling illnesses, it is a fact that
migraines can be a real burden on
individuals and cause a marked drop in
quality of life. “The main reason that
migraine captured my attention was that
although it is very common, it is also quite
disabling and markedly under-treated,”
says Parisa Gazerani of Aalborg University,
32

a headache sufferer herself. “One of the
main reasons for this is that the pathogenesis
of migraine is not completely understood,
and so I wanted help reveal the mechanism
behind it so that it can be better managed.”
Medications currently used to combat
migraine fall into two broad categories.

migraines. However, both of these solutions
are far from ideal, with the pain-relieving
medicines only offering some respite to the
pain, and some of the preventative
medications having strong cardiovascular
side-effects. Thus, there are still many
patients who are either not responding or

“The main reason that migraine captured my
attention was that although it is very common, it
is also quite disabling and markedly under-treated”
Pain-relieving medications are taken
during the migraine to stop symptoms that
have already begun, whereas preventative
medications are taken more regularly to
reduce the severity or frequency of

unable to take drugs for migraine, and there
is an urgent need for more efﬁcient
treatments to overcome the disorder.
Understanding the pathogenesis of
migraine is critical to ﬁnding better
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treatments according to Gazerani, and that
is what her research has consequently
focused upon. The trigeminal nerve is a
nerve responsible for sensation in the head
and face. The trigeminovascular system,
which consists of neurons that innervate
cerebral blood vessels, has been
hypothesised as one of the key players in
migraine. Recent studies have shown that
non-neuronal components of the nervous
system also play a role in pain, and so
Gazerani has focused her work on satellite
glial cells - non-neuronal components of
the trigeminal ganglion in the peripheral
nervous system.
“The role of the neurons in this system is
well understood, but the glial cells’ less so,”
says Gazerani. “They are known to provide
support and protection for neurons, and
also help with their repair, maintenance
and metabolic function. However, this is
not the full story. They have other roles in
health and disease which are only just
starting to be elucidated. They can
communicate with the neurons, and it is
possible that if they dysfunction they could
release substances that might affect the
function of the neurons.
“This is an emerging area of research that
will undoubtedly remain fruitful for a long
time, as it is likely to teach us much more
about the normal and abnormal functions
of the nervous system.”
The researchers from Aalborg University
are looking at whether the glial cells
become activated due to special reasons
associated with migraine, and if so, what
those special conditions are and why they
cause this activation. They also hope to
reveal exactly how the glial cells
communicate with the neurons, which may
allow them to create a way of modulating
the behaviour of the glial cells to stop them
from causing abnormalities like migraines.
“To answer these questions, we need to
investigate crosstalk – instances in which
components of signal transduction
pathways affect others – between the glial
cells and the neurons,” explains Gazerani.
“Supported by the Danish Research Council,
I designed a series of translational studies
from cells to humans in order to study this.
My work is currently focused on a
specialised type of glial cells called satellite
glial cells, which are located in the
peripheral nervous system and inﬂuence
sensory neurons and ultimately sensory
perception and pain.”
In these experiments, satellite glial cells
are isolated from neurons of the trigeminal
ganglion in laboratory animals, and then
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Cell staining
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AT A GLANCE

Cell staining

Project Information
Project Title:
SGCs in migraine: Satellite glial cells
(SGCs) - missing piece in migraine
headache puzzle?
Project Objective:
To characterize basic cellular phenomena of migraine, we study potential
role of trigeminal satellite glial cells
(SGCs) in migraine pathogenesis. SGCs
are non-neuronal cells in the trigeminal
ganglia that not only support neighboring neurons but also potentially
communicate with them. This may
lead to initiation or maintenance of
migraine pain
Project Duration and Timing:
3 years, 2011 to 2013, plus one year
extension to 2014
Project Funding:
Danish Research Council
Project Partners:
There is no company partner on this
project but universities:
s The University of British Columbia,
Vancouver, Canada
s The University of Adelaide, South
Australia
cultivated. Using several techniques,
the costly burden that migraine places on
including microscopy and assays, their
society,” says Gazerani.
response to excitatory and inhibitory
The next project planned for Gazerani’s
substances are measured. Following on
group concerns the mechanism of
from the data collected in these initial
migraines at the level of micro modulators,
experiments, electrophysiological studies
in particular looking at microRNAs
are carried out to
(miRNA). Abnormal
record the responses of
expression
of
trigeminal ganglion
miRNA is a common
neurons following the
feature of many
“Better management of
activation
and
diseases, and it has
inhibition
of
the
been speculated that
migraine will not only
satellite glial cells.
they
may
be
enhance the quality of
Other
experiments
expressed in chronic
include
measuring
life for millions of people, pain conditions such
biomarkers of satellite
as migraine, due to
but also reduce the costly the stimulation of
glial cell activation in
samples from migraine
neuronal and nonburden that migraine
patients, as well as the
neuronal cells in
effect of glial cell
both the peripheral
places on society”
modulators
on
and central nervous
headache
severity,
system.
However,
frequency and sensory abnormalities in
there is as yet very little evidence relating
migraine patients.
to this. The investigation and utilisation
This last experiment in particular could
of miRNA as a potential biomarker in
be the beginning of the road towards a more
migraine could provide novel molecular
efﬁcient and less harmful treatment for
insights into gene regulation, and will
migraine patients. “Better management of
eventually lead to new therapeutic
migraine will not only enhance the quality
strategies for better management of
of life for millions of people, but also reduce
migraine.

Main Contact:

Parisa Gazerani
Paris Gazerani, PharmD, PhD, is an
associate professor at the international
Center for Sensory-Motor Interaction
(SMI), located at Aalborg University,
Denmark. Her research focus is on
translational pain research and neuropharmacology with an aim to help
millions of individuals who are suffering from pain around the globe.

Contact:
Tel: 0045 9940 2412
Email: Gazerani@hst.aau.dk
Web: http://vbn.aau.dk/en/persons/
parisa-gazerani(64684d74-5bb0-4b7894ff-7d18192e8aa9).html
http://smi.hst.aau.dk/research/lab/experimental-and-clinical-pharmacology/
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Biology

What happens when you have a gene that confers an advantage to one
gender but reduces ﬁtness in the other? This is the question that Dr.
Jessica Abbot, a researcher at Lund University, has been investigating

Gender genetics
The phenomenon

known as intralocus
On the other hand, I also saw changes in
sexual conﬂict has been observed in a
gene expression across the genome,
number of species. In humans, for example,
meaning that the X-chromosome is
women gain a ﬁtness advantage if
interacting a lot with the other genes in the
they are shorter, whereas men
genome.”
will tend to do better if they are
Abbott describes this sexual antagonism
taller. This creates a situation
as being like a tug-of-war between the
in which a gene that makes an
sexes. “Trait values in a population are
individual taller will be good
dependent on the strength of selection, so if
for men but deleterious to
the male side is under stronger selection
women. Jessica Abbott at Lund
then it is tugging harder, making all
University
is
conducting
individuals closer to the male optimum.”
experiments that will hopefully
Abbott’s other experiment will focus on
shed some more light on how and
the hermaphroditic worm, Macrostomum
why this occurs.
lignano. Current theories suggest that in
In a recent project, Abbott
order for hermaphroditic species to evolve
followed up on a previous
into sexual species, there must be a
male-limited
evolution
transitional stage in which there are some
experiment
that
used
a
single sex individuals and some
technique involving female fruit
hermaphrodites. This arises through
ﬂies that have a special genotype
mutations that cause individuals to be
that makes them sosterile as one sex but not as
called ‘clone generators’.
the other, setting the stage
This means that if a
for the chromosome that
male reproduces with
contains the mutation to
“In humans, for
them, the offspring will
become a sex chromosome.
randomly inherit half of
example, women gain Using a genetic marker
its genetic makeup from
that
makes
individual
a ﬁtness advantage hermaphroditic worms glow
the female, but will
always inherit identical
under a certain light, Abbott
if they are shorter, hopes to recreate the
genes from the male as
the other half. By
evolution of a new sex
whereas men will
mating males with these
chromosome. By forcing the
clone generator females
tend to do better if marked worms to reproduce
over and over again,
only as males or females, she
they are taller”
wild type genes will
will then be able to study the
keep being expressed in
effect that this has on them.
the male offspring but never in the females.
“It will be interesting to see whether traits
This causes anything that was present in
change within the marked individuals, or
the chromosomes that was advantageous
whether this selective pressure causes
to the females but bad for males to be
changes in the whole population,” she
removed, and in turn causes genes that
says. “This will be done using
have the opposite effect to appear at a
various methods that allow us to
much higher frequency.
look at gene expression, so we
“My [follow-up] experiment looked at the
can see whether changes have
X-chromosome to see how much it was
occurred in the direction we
contributing to this phenotypic change,”
predicted.” Abbot is hopeful
explains Abbott. “By only expressing the
that
this
project
will
X-chromosome in males, I found that you
eventually be used as a lab
see changes that are similar to the original
resource for anyone looking to
experiment, so most of the stuff going in
study the transition towards
that was being driven by the X-chromosome.
separate sexes.

AT A GLANCE
Project Information
Project Title:
Sex-limited experimental evolution
of natural and synthetic sex chromosomes (Nat+Syn_SexChrom_EE)
Project Objective:
To determine how sexual antagonism
contributes to maintenance of standing genetic variation. Sexually antagonistic genetic variation is favoured
in one sex but deleterious in the
other, leading to its persistence over
evolutionary time. I will determine
the role sexual antagonism on the sex
chromosomes plays in maintaining
genome-wide variation.
Project Duration and Timing:
4 years, 2013 to 2016
Project Funding:
Swedish Research Council, Crafoord
Foundation
Project Partners:
t Lukas Schärer (Basel University)
t Ted Morrow (University of Sussex)

Main Contact:

Jessica Abbott
Originally from Canada, Jessica obtained her PhD from Lund University
in 2006. She then did her postdoctoral
research at Queen’s University in Canada, Uppsala University in Sweden, and
Tübingen University in Germany. She
returned to Lund University in 2012 to
start up her own research group.

Contact:
Tel: +46462229304
Email: Jessica.abbott@biol.lu.se
Web: www.jessicakabbott.com
www4.lu.se/experimental-evolutionecology-behaviour/people/principalinvestigators/jessica-abbott
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Biology

Diabetes is one of the fastest growing diseases in the world, and is brought about by problems with the insulin
secreting beta cells of the pancreas. Researchers from the University of Geneva have been looking at how
dysfunction in the mitochondria of beta cells may be linked to the onset of this debilitating condition.
can cause what is known as mitochondrial
diabetes. We have managed to isolate these
mutations and now understand why they
cause this dysfunction.”
The dysfunction or death of beta cells in
an obese patient will inevitably lead to type
2 diabetes and so Maechler and his
colleagues have been investigating factors
linked to obesity that can trigger
mitochondrial dysfunction. “Type 2
diabetes is more often than not brought
about by obesity, but not all obese people
will become diabetic. This is something that
is not fully understood, although it would
seem that it has something to do with
factors affecting the beta cells.”
Factors that are generated by obese
patients, often due to inappropriate dietary
composition, include high levels of
circulating fatty acids, high levels of

Understanding how
diabetes develops
“We are interested in the role of
mitochondria in pancreatic beta cells,” says
Professor Pierre Maechler. “These cells
basically act as glucose sensors, translating
a primary signal, glucose, into secondary
signals that tell specialized cells when to
release insulin and in what amount.
Mitochondria are central to this process as
they are the site at which these two
metabolic processes - glucose metabolism
and insulin exocytosis - are coupled.”
A number of different substances
produced within beta cell mitochondria
have been identiﬁed as coupling factors for
the release of insulin. As the amount of
glucose in the circulation increases, so does
the mitochondrial production of ATP inside
the cell. When this occurs, ATP-sensitive
38

potassium-channels open, leading to
membrane depolarization and the secretion
of insulin. Glutamate and fatty acids have
also been shown to be necessary for the full
development of the secretory response to
glucose stimulation.
“Problems arise when defects in
mitochondrial function impair this metabolic
coupling,” explains Maechler. “Insufﬁcient
amounts of insulin are released, and
eventually this metabolic breakdown can
lead to apoptosis and cell death.
“A number of factors have been identiﬁed
as sources of mitochondrial dysfunction.
One of these is related to the mitochondria’s
own DNA, called mtDNA, which is
inherited solely from the mother. Somatic
mutations to certain genes in the mtDNA

“After the age of around
thirty, people have a
ﬁnite number of beta
cells that can never be
replaced, and that is why
it is essential to keep
them in good shape and
maintain their function”
glucose and also oxidative stress.
Mitochondria are sensitive to all of these,
and persistently high levels of any of these
factors can cause the mitochondria to
trigger apoptosis, destroying the cell. “If a
cell is damaged or dysfunctional due to the
toxicity of fatty acids or oxidative stress,
the beta cell often turns to apoptosis,”
explains Maechler.
“The problem is, beta cells are much like
neuron cells, in that they do not divide. This
means that after the age of around thirty,
people have a ﬁnite number of beta cells
that can never be replaced, and that is why
it is essential to keep them in good shape
and maintain their function.”

Insight Publishers | Projects

AT A GLANCE
Project Information
Project Title:
Mitochondrial function and tissue
specificity in metabolic homeostasis
and disease
Project Objective:
Mitochondria not only provide energy to the cell but are also the crossroad of major metabolic pathways.
Accordingly, they serve as sensors
and generators of signals, such as
glutamate. Glutamate is a messenger
both in the brain and in insulinsecreting cells. Our current projects
focus on the links between diabetes
and neurodegenerative diseases
through glutamate signalling.
Project Duration and Timing:
2013 - 2016
Project Funding:
Swiss National Science Foundation,
Synapsis Foundation

Maechler’s team utilized a number of
research models to carry out their work,
including the INS-1E cell line that they
created around ten years ago which has
now become the industry standard, with
around two hundred labs using it worldwide.
Although they are proud of this
achievement, it is still not ideal for their
research. “What would be really useful
would be if we could establish a stable and
reliable human cell line,” says Maechler.
“The problem lies in the fact that we are
using beta cells; these cells do not divide in
nature and are therefore very difﬁcult to
establish a cell line from.”
Other methods used by the researchers
include the use of transgenic animals. For
instance, a mouse model was created in
which the mice were unable to produce
glutamate in their beta cells. This allowed
the researchers to identify glutamate as an
important substance in the metabolic
pathway leading to the release of insulin.
“Glutamate has also piqued our interest on
another level,” adds Maechler. “It has been
noted that patients with neurodegenerative
diseases such as schizophrenia, Alzheimer’s
and epilepsy have a higher incidence of
diabetes, and no one is really sure why. We
want to see whether there is any relation
between this phenomenon and the
glutamate pathways in the brain.”
Another transgenic model developed by
the researchers, made by targeting a

www.projectsmagazine.eu.com

protein called prohibitin, created mice that
were totally healthy until week four of
their lives, at which point they would then
develop diabetes over the course of the
next three weeks. This allowed the
scientists to observe the complete
development of the disease through all of
its stages. “We have been able to show
step-by-step how the disease forms in
mice,
starting
with
mitochondrial
dysfunction, followed by apoptosis, beta
cell death and so on until the fully formed
version of the disease is reached.”
One of the biggest problems that has
faced diabetes research over the years is
the impossibility of accessing beta cells
while they are in the body, so as to assess
their mass and function. Beta cells are
spread out throughout the pancreas in tiny
pockets called the islets of Langerhans,
making it not only difﬁcult to do a biopsy
but also unethical as there are a very
limited number of the cells anyway. “If we
knew in advance if someone was having
trouble with their beta cells, there are
treatments that can be provided, but it is
very difﬁcult to know when to administer
these treatments,” says Maechler. “That is
why it is so important to have a fuller
understanding of how diabetes develops,
as it allows us to look for secondary
markers that can tell us more about what
stage of development the disease is at and
how to treat it.”

Project Partners:
University of Copenhagen (Denmark),
Columbia University (USA), Complutense University (Spain)

Main Contact:

Prof. Pierre Maechler
Pierre Maechler is Professor at the
Department of Cell Physiology and
Metabolism, University of Geneva,
Switzerland. He obtained his PhD in
1993 and first worked in pharmaceutical company on cholesterol absorption. Then he switched to an academic
career, conducting research on mitochondria and the regulation of energy
metabolism.

Contact:
Tel: +41 22 379 5554
Email: Pierre.Maechler@unige.ch
Web: www.maechler.unige.ch
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Prostate cancer is the most frequently diagnosed cancer in men and one of the leading causes of cancer-related
deaths around the world. Professor Ilir Agalliu of the Albert Einstein College of Medicine has been looking at
the environmental and genetic factors that inﬂuence this disease.

Unravelling
the causes
of cancer

“I originally trained as a physician, but
have now focused my career on
conducting epidemiological studies of
cancer,” says Ilir Agalliu. “I primarily
look at the relationship between different
genetic and environmental/lifestyle risk
factors in relation to prostate cancer, both
in terms of the etiology as well as

metalworking ﬂuids used in automotive
industry factories and the workers who are
exposed to them,” he says. “There had been
some research to suggest that several of the
chemicals in these ﬂuids were potential
carcinogens, and in our work we were able
to ﬁnd a positive association between this
exposure and prostate cancer.”

“We found that men carrying mutations in the BRCA2
gene had increased risks of overall cancer as well as more
aggressive prostate cancer”
recurrence, progression and mortality
from the disease. ” Both genetic factors
and environmental/lifestyle factors are
known to play an important role in this
cancer, and so research on the subject is
of great importance.
Dr. Agalliu’s interest in this area began
when completing his Sc.D degree at the
University of Massachusetts, in which part
of his research involved looking at
occupational hazards that might increase
the risk of prostate cancer. “We were
particularly interested in looking at the
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Having since become an assistant
professor at the Albert Einstein College of
Medicine, Dr. Agalliu is now working on a
number of studies that look at different
genetic mutations in relation to the onset
and morbidity of prostate cancer. One of
these studies involved looking at a cohort
of Ashkenazi Jewish men and assessing
the impact of mutations in the BRCA1 and
BRCA2 genes, normally associated with
breast and ovarian cancers. “We found
that men carrying mutations in the BRCA2
gene had increased risks of overall cancer

as well as more aggressive prostate cancer,”
says Agalliu.
Two years ago, Agalliu was awarded a
grant from the American Cancer Society to
investigate the role of the insulin/IGF
(insulin-like growth factor) axis in
prostate cancer. This has been a pathway
of interest to cancer researchers, as the
insulin/IGF axis has been shown to become
dysregulated in many other cancers,
including colon and breast cancer.
“There have been several studies in the
past that have looked into the association of
serum levels of the insulin/IGF axis in
relation to risk of prostate cancer,” says
Agalliu, “but the association between
serum levels and the progression of the
disease has been less consistently found
and subject to fewer studies. Our study is
the ﬁrst to utilize both serum levels and
tissue expression levels in the prostate, and
to look at the role of this complex axis in
the recurrence of prostate cancer.”
Data for this study is now being collected
through the Monteﬁore Medical Centre in
the Bronx, New York. The Bronx has a
unique population of predominantly Black
and Hispanics, making it an interesting
area to carry out the research. AfricanAmericans have been shown to have higher
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AT A GLANCE
Project Information
Project Title:
Insulin/IGF-axis and aggressive prostate cancer
Project Objective:
The study will examine the role of
insulin/IGF-axis in prostate cancer.
The goal is to assess simultaneously
tissue expression levels of insulin/
IGF-axis receptors and IGF-1, IGF-2,
IGFBP-3 proteins, as well as fasting serum levels of insulin, IGF-1, IGF-2, and
IGFBP-3 and compare these markers
between cases with aggressive versus
non-aggressive cancer

rates of prostate cancer as well as a higher
mortality rate from the disease. Hispanics
in general have been shown to have lower
rates of prostate cancer, although the
Hispanic population in the Bronx is mostly
made up of Puerto Ricans and Dominicans,
who have a high proportion of African
ancestry and a rate of disease that might be
similar to African Americans.
“The process of gathering data
involves prospectively collecting
blood samples, tumour tissue and
questionnaire data on newly
diagnosed patients. Thus, the
research will be a molecular
epidemiologic study that
will measure the serum and
tissue levels of the insulin/
IGF-axis
and
link
questionnaire
data
to
different
demographic
lifestyles with tumour
characteristics.”
Besides this project, Dr. Agalliu
also has two other projects
currently running. The ﬁrst of
these involves the links between
oral HPV infection and head and
neck cancers. HPV has previously
been linked to cervical cancer,
and there have been a number of
case-control studies that have
looked at the association between oral
HPV and head and neck cancers.
However, there have been no cohort
studies as yet to look prospectively for
these links, and so this study will follow
people without cancer to determine
whether they develop the disease.
The other project, which is currently at
the pilot stage, is investigating prostate
cancer in Nigeria. “We know already that
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African-American men are both more
likely to be diagnosed with prostate cancer
and to die from prostate cancer, and so we
wanted to see whether the same was true
for the disease in Africa,” explains
Agalliu. “Usually cancer is quite rare in
Africa because people don’t tend to reach
the age where cancer manifests itself
because of other competing cause of
death or shorter life expectancy”.
“Obviously there are many
challenges to consider in terms of
data collection and cancer
outcomes and so we recently
carried out a feasibility
study. It is a hospital based
case-control study in which
we have enrolled ﬁfty
patients with prostate
cancer and ﬁfty control
patients (i.e. those without
cancer). We want to
compare
lifestyles,
socioeconomic factors as well
as
self-reported
family
history of cancer between the
two groups. In addition, we
want to better understand
knowledge and attitudes about
participating
in
clinical
research studies among African
men, and establish the research
infrastructure for cancer-related projects in
Africa. We are now analysing the data in
collaboration with the University College
Hospital in Ibadan, Nigeria.”
With prostate cancer the health issue
that it is, elucidating the factors that
affect its development and mortality rates
related to it is paramount, and may aid
future research that aims to stop this
harmful disease.

Project Duration and Timing:
4 years
Project Funding:
American Cancer Society
Project Partners:
Montefiore Medical Center and Jacobi
Medical Center, Bronx NY

Main Contact:

Ilir Agalliu
Dr. Ilir Agalliu is a physician and cancer
epidemiologist by training. His expertise is in genetic and environmental
studies of cancer, particularly for
prostate cancer. Dr. Agalliu’s research
focuses on investigating the role of
environmental and lifestyle factors as
well as genetic/molecular biomarkers in cancer etiology, recurrence,
progression and mortality.

Contact:
Tel: 1-718-430-2929
Email: ilir.agalliu@einstein.yu.edu
Web: www.einstein.yu.edu/faculty
/11036/ilir-agalliu/
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Sean Kidney, Chair of the
Climate Bonds Initiative, talks
to Projects magazine about
the importance of promoting
large-scale investment in the
low-carbon economy and
what it means for the research
and development industry.

T

he Climate Bonds Initiative is one of
the more interesting practical, large
scale models for the ﬁnancing of global
climate solutions that exist today. The
not-for-proﬁt brain child of the
Network for Sustainable Financial
Markets and the Carbon Disclosure Project, the
Climate Bonds Initiative works to mobilize debt
capital markets a rapid and global transition to a
low-carbon economy. This involves making it easy
for investors to deﬁne, locate and choose low-carbon
investments, promoting climate bond issuance, and
developing policy solutions for governments waiting
to tap bond markets for climate change investments.

A necessary solution

For Sean Kidney, CEO and co-founder of Climate
Bonds, there is no scientiﬁc debate about climate
change any longer: “What we are trying to do at
Climate Bonds is head off catastrophic climate
change, as projected on current trends by bodies like
the International Energy Agency. Policy and action
has had zero impact in getting off this track during
the last 20 years. Emissions grew 5.9 per cent last
year – the highest in recorded history, as far as I
know. This has happened despite all our best
intentions, so it’s time for large scale action. We need
to make a quick transition to a low-carbon planet.”
As this necessary transition begins to gather
momentum, Sean believes we are going to see a 40year long boom of investment in the low carbon
sector, both in Europe and on a global scale. The
extent of energy infrastructure being built over the
next few years, notably in emerging nations, but also
replacement of old infrastructure in other countries,
is big business. “A report last year by Accenture/
Barclays depicted the scale of funding needing to be
spent on energy infrastructure by the European
Union,” says Sean. “The report approximated €2.3
trillion from now until 2020. Needless to say, a large
slice of that business will be tapped by the project
development industry.”
Climate bonds are simply bonds where the proceeds
are being used to ﬁnance climate change solutions.
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Sean Kidney

Identifying what those investments are makes it
easier for investors who are concerned about climate
change to choose accordingly.
For Sean, many investors and, indeed, even project
developers haven’t realised the number of
infrastructure projects that are part of the transition
to a low-carbon and climate resilient economy: “For
example, the high speed rail solutions being funded
across Europe are a climate solution,” Sean explains.
“They are enabling mass transit that will minimise
fuel-based car usage and reduce short-haul aviation,
and are therefore contributing to the transition to a
low-carbon economy. It’s not just about renewables
– any investments that helps address climate change
and shift us to a low-carbon economy, whether
directly or indirectly, is important going forward.”
Perception of renewable energy investment

The challenge that funding the transition to a green
grid faces is that renewable energy investments are
still seen as novel – in risk terms - by large-scale
investors, who generally seek higher rated bonds.
Climate Bonds believes this low creditworthiness can
be ovecome by taking smaller scale projects and
aggregating them into large-scale, low-risk thematic
bonds, and adding very small amounts of public
sector credit enhancement. “Almost all large-scale
investors have acknowledged a how serious climate
change is,” Sean notes. “Twenty trillion dollars worth
of global investors signed very aggressive climate
change statements last year. We want to show them
that they can translate this rhetorical commitment
into a worthwhile investment. If just a small number
of these investors realise this, there will be a fair bit
of money ﬂoating around.”
Sean believes we will see a growth in the use of
project bonds in coming years - in the ﬁnal stages of
the development of an energy efﬁcient or green
solution, a project bond can be issued to take it to
completion. “The global project-lending debt market
will probably double in the next ﬁve to eight years,”
he states.
“However, this will be by the same ratio that
currently exists, which is approximately 90 per

“If we want
to change
things quickly
we need to
properly
mandate
improvements
to energy
intensity and
carbon
footprint”
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CLIMATE BONDS INITIATIVE’S 8-POINT PLAN TO PROMOTE THE
TRANSITION TO A LOW-CARBON ECONOMY

8

Create deal flow – Bond investors need scale; renewable energy and
energy efficiency projects (markets) need to be aggregated into larger
offerings suitable for the appetite of the big investors;
Engineer investment grade offerings – High demand of low
risk investments. Renewable energy investments are seen as a
“novelty”, we need to change this perception. In order
to do that, a grand pact between governments and
institutional investors is needed;
Be clever about public sector risk-sharing
– Financial leverage (e.g. policy risk insurance
and currency risk insurance) and regulatory
leverage;
Build green enabling institutions – Green
Investment Units and Banks are needed;
Give tax incentives for climate bonds – very little treasury
loss can be a big boost to investment;
Build an economic recovery narrative – the transition to a green
economy revamps our economy across every sector and addresses the
climate change threat;
Use Climate Bond Standards as a screening and preferencing tool – a
tool that helps investors monitor and verify the climate effectiveness of
their investments;
Make it easy for politicians – bond investors and business issuers have
to get better at packaging politically sellable solutions, help politicians
see how they can successfully sell those plans to voters.
For more information about the Climate Bonds Initiative, see climatebonds.net
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cent bank lending and 10 per cent bonds.” He sees
the main growth area for climate bonds will be
with green securitisation, which may require a
little bit of credit enhancement by governments
initially. “We believe securitisation is critical for
enabling bank lending to projects again,” explains
Sean. “This is something that has dried up recently,
because banks are recapitalising and having to cut
back from lending to low investment opportunities.
The way we have dealt with recapitalisation in the
past is to securitise.” This reﬁnancing of project
debt through ‘green’ securitisation will allow
banks to ofﬂoad the assets from a solution
once it has been created and recycle that
money into new projects.
Promoting models for energy efficiency

Climate Bonds is not just about mobilising secure
bonds. In the transition to a green grid, the
initiative is keen to promote energy efﬁciency as
extremely useful, and therefore a strong area of
focus for research and development. Given the
recent increases in our emissions, Sean believes
improving energy efﬁciency is urgent to help buy
time for a transition to green energy systems.
“If we want to change things quickly we need to
properly mandate improvements to energy intensity
and carbon footprint,” Sean continues. “Climate
Bonds is beginning to promote a range of models
that can be packaged into politically sellable
solutions. We know that we have to prove to
governments that such programs will help them win
votes rather than lose them.
In Europe at the moment, there is a mismatch
between the reasonable emission reduction targets
that have been set (which most scientists would
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argue are not aggressive enough) and the delivery of
governments. If governments are going to be serious
about their self-imposed targets, we have to have a
much bigger cross-government approach, looking at
every single department.”
This is where the ﬁndings from smaller research
projects can inﬂuence the ﬁnancing of large scale
investment in green solutions or energy efﬁciency.
“There is a huge amount of scope for governments to
address issues that research and development has
already found solutions for,” Sean maintains. “If you
start looking at every portfolio within a government,
you can ﬁnd a dozen things that could make a
difference but aren’t being done.” Sean gives an
example (with a smile) of the vaccine developed by
scientists that can reduce the emissions from bovine
ﬂatulence (a surprisingly signiﬁcant contributor to

scale, renewables will just be one of many areas that
will beneﬁt.”
Government leadership required

Sean believes it’s the role of governments to engineer
further large scale investment opportunities: “We need
government leadership. The speed and scale of the
investment required to make the transition to a low
carbon economy is such that it’s not going to happen
organically in the private sector alone; it’s a
government mediated thing. There are many ways
they can begin to leverage private-sector ﬁnance, all
of which would make a relatively small impact on the
balance sheet.”
For a variety of reasons, policy makers have been
relatively slow to accept and respond to the issues
surrounding our carbon emissions on the scale that is

“There are huge opportunities for agricultural sequestration
of carbon, for urban planning changes that reduce car use
and boost pedestrian and bicycle activity”
climate change) by around a third. But this has yet to
be taken up by any country. Sean adds: “There are
huge opportunities for agricultural sequestration of
carbon, for urban planning changes that reduce car
use and boost pedestrian and bicycle activity, and for
replacing high-emissions short-haul aviation with
high-speed rail. Going forward, there is a lot of scope
within the projects market to be proposing projects in
areas outside of renewables. When governments do
start tackling climate solution ﬁnancing on a large
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required, but Sean believes that we are in the process
of a sea change. Once policy regarding energy
efﬁciency is implemented, there will be an even greater
level of large scale investment in green solutions. As
Sean concludes: “People in the project world need to be
looking at this industry as a huge investment area
going forward and positioning themselves accordingly,
not only in terms of lining up ﬁnancing ducts, but by
thinking about the nature of the capabilities needed to
address these areas to make sure they work.”

+
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Christopher John Hull is Secretary General of EARTO, the European Association of Research and
Technology Organisations. During the past 20 years he has specialised in European innovation, technology
transfer and R&D policies. He has worked as an expert for the European Commission and served as
Secretary General of three European trade Associations. We spoke to him about the role of RTOs in the
innovation ecosystem and about the important differentiation between science and innovation.
Can you brieﬂy outline the EARTO vision in your own words?
Christopher Hull: EARTO’s vision is a European research and
innovation system without borders in which RTOs occupy nodal
positions and possess the necessary resources and independence to
contribute to a competitive European economy and high quality of
life through beneﬁcial cooperation with all stakeholders.
From this vision we can take four key points. When we talk
about “nodal positions”, we are referring to RTOs’ positioning as
key actors, linking the knowledge base (for example universities)
and knowledge users such as enterprises and public agencies. This
is about more than simply “transferring” knowledge, which is a
naive concept; it’s about locating, engineering and integrating
old and new knowledge to help tackle an innovation opportunity
or challenge.
“Necessary resources” refers to the need for RTOs to be able to rely
on a core of public funding, often around one-third of total revenues,
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as the basis for developing and maintaining the competence
essential for fulﬁlling their public mission. “Independence” means
having the managerial freedom to pursue these missions without
day-to-day political meddling, and with efﬁciency and effectiveness.
Finally, we mention a “competitive European economy and high
quality of life”, which alludes to RTOs’ core mission of working,
under a government-endorsed mandate, to help tackle major societal
challenges and support economic competiveness.
Related to the vision, EARTO’s mission is to promote and defend
the interests of RTOs in Europe by reinforcing their proﬁle and
position as a key player in the minds of EU decision-makers and
by seeking to ensure that European R&D and innovation
programmes are best attuned to their interests. In addition, the
association provides services, in particular through working
groups and benchmarking exercises, to help its members to
improve their operational practices and business performance as
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well as to make the best use of European R&D and innovation
programme funding opportunities.

people, and there is a clear focus on tackling “societal grand
challenges” as well as on supporting Europe’s economic
competitiveness - dubbed “industrial leadership” in the Commission’s
Can you outline the importance of RTOs in relation to EU research
text - in the global economy.
and innovation programmes?
However, we cannot be sure how this will translate into operational
CH: About a year from now the Eighth EU Framework Programme
practice. For one thing, the political negotiations about the
for Research and Technological Development will be launched,
programme’s content, and about its budget, are not yet ﬁnished, so
Horizon 2020, but with the difference that this new programme is
we cannot be sure that the Commission’s original proposals will
declared to be an innovation programme. Arguably, previous
survive intact. There is also the question about how the Commission
Framework Programmes have been operated too much as science
will operationally implement the programme. Will it be operated
programmes. The essence of the issue is in the nature and purpose
more as a bottom-up, project-based programme? Or will we see a
of the funded research. Is it, in the main, to be curiosity-driven and
more programmatic, mission-driven approach? Most of the
researcher-instigated? Or is it to be
academic community want the bottom-up
mission-oriented
research
targeting
approach. We should like to see a more
societal
needs
and/or
economic
mission-driven emphasis. Indeed, the
opportunities? Of course, the one does not
challenge for the Commission is going to be
exclude the other. But it’s a question of
to make sure that Horizon 2020 is run as an
“Ask yourself the simple
how you focus the resources. Ask yourself
innovation programme that generates real
question of whether we
the simple question of whether we could
impact in relation to its targeted societal
have put a man on the moon through
grand challenges and industrial leadership.
could have put a man on
curiosity-driven,
researcher-instigated
the moon through curiosityresearch programmes? The answer is a
Why did EARTO commission the recent
resounding “no”. It’s a question of focus
independent report by the Technopolis
driven, researcher-instigated
and scale, of engineering knowledge from
Group?
many disciplines and sources. What
CH: The simple reason is that so many people,
research programmes? The
distinguishes RTOs is that they operate in
including very many policy makers, still
answer is a resounding “no”
a broadly mission-driven (programmatic)
think that innovation is (mostly) about
mode, whereas most universities and their
making new scientiﬁc discoveries. In fact, it
researchers tend to operate in a curiosityrarely is. Science discovers, sometimes
driven (project-based) mode. One is not better than the other; both
invents; it doesn’t innovate. Innovation is about seeing new market
have their necessary place in an advanced knowledge-based
opportunities or applying concrete solutions to speciﬁc societal
economy. But it is a measure of why and how RTOs are different,
problems. In Europe we have long puzzled about the “European
and their mission-driven focus means that they are fully in tune
Paradox” - a concept coined in the 1995 Commission Green Paper
with Horizon 2020’s intended focus on tackling societal grand
on innovation – the idea that we are good at science but that
challenges and building and sustaining Europe’s economic
somehow that doesn’t make us rich. Some blame industry for failing
competitiveness. Their key contribution can be as nodes linking the
to exploit the new knowledge. Others blame the foreigners who
knowledge base and knowledge hubs described above.
“steal” our ideas. The simple truth is, more likely, that Europe in
general is not very good at innovation.
How have Europe’s RTOs contributed to Europe’s innovation
EARTO asked the Technopolis Group to review the scientiﬁc
excellence, economic competitiveness and social progress over
literature about how science relates to innovation, and to take a
the years?
look at how governments in different parts of the world spend
CH: Although this is hard to summarise, one can point to many
their research money, and then to draw conclusions in relation to
speciﬁc innovations to which individual RTOs have made a major
Horizon 2020.
contribution. MP3 technology, for example, came out of a
Fraunhofer Institute in Germany. In the Netherlands, TNO several
decades ago took a lead in developing robust sewage treatment
ditches for small communities, which at the time was a major
contribution to public health. Another example is the winner of
the 2012 EARTO Innovation Prize, a bio-oil production
technology developed and improved over many years by
Finland’s VTT which has now reached the stage of
commercial viability and which will go into commercial
use during 2013.
How signiﬁcant are the Horizon 2020
proposals and innovation focus for EARTO’s
concerns?
CH: Horizon 2020’s general thrust and threepillar structure are very appropriate. There is
support for “excellent science”, which is needed in order to
foster new discoveries and to produce scientiﬁcally trained young
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What do the results of the report mean for EARTO?
CH: The report stresses the need to take a systemic view of
innovation, with adequate space for both curiosity-driven research
and mission-oriented work, where the role of government is not just
to fund research but also to ensure that the links between the
different actors and functions within the innovation system operate
effectively. This idea of “governments as the orchestrators of the
innovation ecosystem” is more important than it may seem as ﬁrst
glance. The Finns, for example, have understood it: their Research
and Innovation Council is chaired personally by the Prime Minister
and is responsible for the strategic development and coordination of
Finnish science and technology policy as well as of the national
innovation system as a whole.
The Technopolis report concludes that Horizon 2020 needs to
give more emphasis to the overall functioning of the innovation
system (as distinct from just funding research), should give
greater weight to mission-driven, problemsolving research as well as to post-research
development and innovation activities. Its
ﬁndings also imply a need for a robust
governance framework for Horizon 2020 so
as to ensure a strong and enduring focus
on innovation.
The report debunks myths and false
claims about the links between science
and innovation. One is the idea, frequently
implied by the proponents of “scientiﬁc
excellence”, that science drives innovation.
The report suggests that the more common
situation is innovation being pulled by
market opportunity and societal need. Yes,
science is important for producing new
knowledge, but innovation feeds on the
stock of knowledge – old and new – to
generate new products, processes and
services. Another is the notion that Europe is poor at exploiting
the excellent results of its basic research – the “European
paradox”. The report questions the proposition and concludes,
rather, that we are simply not good enough at innovation
compared with our competitors.
The literature review and empirical evidence lead to some stark
conclusions. The key weaknesses of the European research and
innovation system are in innovation activities: doing more science
will not repair them. Europe needs to put more resources into
problem-solving, mission-driven research targeting prioritised
economic opportunities and societal needs. Curiosity-driven
research, notably the European Research Council, has more than
enough resources already. As the report’s title says, it’s all a question
of balance: so far we have not got the balance right.

as we are only too well aware, there is a large and well-resourced
academic community that wishes to see Horizon 2020 operate as a
bottom-up funding programme for curiosity-driven, investigatorinitiated science.
The report concludes with a number of implications for Horizon
2020. What would be the positives (for Europe and RTOs) of:
1. Increasing the effort on development and related functions?
In the words of the recent Commission High Level Expert Group
on Key Enabling Technologies, where Europe is especially weak is
in providing support for large-scale pilots, demonstrators, ﬁrst
applications etc. Our competitors in Asia and on the other side of
the Atlantic are much more willing to put resources into helping
technologies “cross the valley of death”. If we do the same, we
shall have a better chance of becoming the world leaders in
inventing and implementing key new
technologies – as opposed to inventing them
but failing to reap the economic beneﬁts, as
recently, for example, in the ﬁelds of
photovoltaics or ﬂat-panel displays.

“Science is important
for producing new
knowledge, but
innovation feeds on
the stock of
knowledge – old and
new – to generate new
products, processes
and services”

Have you been able to communicate the report to the relevant
bodies involved in focusing Horizon 2020’s framework? And do
you expect its advice to be taken on board?
CH: The report has been widely circulated among Members of the
European Parliament, the Permanent Representations of the Member
States in Brussels as well as ofﬁcials in the European Commission.
Of course we would hope that its advice will be taken on board and
have a real impact. Whether it will be, or to what extent, is hard to
judge. The policy makers we need to inﬂuence have their preconceived ideas about the relationship between science and
innovation which may be difﬁcult to change in the short term and,
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2. Encouraging the ERC to continue to work
with national research councils?
The Technopolis report tells us that the ERC has
had a strong impact already on the practices of
national research councils, raising quality
levels signiﬁcantly. The bulk of the money is
still national, of course, so if this were to
continue, with the ERC becoming the European
role model for science-funding programmes at
national level, then Europe’s science system as
a whole would receive a huge boost in terms of
quality and efﬁciency.

3. Increasing the volume of EU Structural Fund resources
devoted to innovation and strongly couple Structural Funds and
European Investment Bank resources with Horizon 2020
priorities and resources?
This is important, because even with the €80bn proposed by the
Commission, Horizon 2020 will not be signiﬁcantly larger than the
present Seventh Framework Programme, which in 2012/2013 is
already running at about €10bn per year – but remember that
Horizon 2020 wants to do much more than FP7 in supporting
innovation activities. Moreover, the continuing budget negotiations
between Council, Parliament and the Commission may well end
with rather less than €80bn for Horizon 2020. So, if we want to put
more resources into innovation activities, they will need to come
from elsewhere. That is why the Commission has proposed Smart
Specialisation Strategies as a key feature of the next generation of
Structural Funds, which can complement Horizon 2020 objectives
and resources. The same goes for European Investment Bank
resources, but also for national public funds.
What are EARTO’s plans for the future, in terms of continuing to
promote Research and Technology Organisations?
CH: To keep plugging the same message that science is not
innovation and that RTOs have a distinctive role to play in linking
knowledge producers and knowledge users, and in trying to
ensure that Horizon 2020 stays resolutely focused on innovation,
not science.
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Agriculture

As the demand for urban green space continues to grow and politicians become part of the drive for
greater urban wooded space, Anders Busse Nielsen and his team in Sweden are dragging traditional forest
management strategies into the 21st century

Green living
Across Europe

(and the world), cities
continue to grow, providing accommodation
and living space for the majority of
inhabitants across the continent – a ﬁgure
that is increasing. By 2030, an extremely
high proportion of the world’s population
will live in cities. Town planners have
always considered the need for urban green
spaces, with most cities boasting a number
of parks and urban forests, breaking up the
hard cityscape and providing welcome
space for play, rest and relaxation. During
the past decades, the concept of Ecosystem
services has helped highlighting the
reasons beyond the simple beautiﬁcation of
the city - urban green spaces perform a
valuable environmental function as well,
soaking up excess rain and storm water as
well as capturing the increasingly large
C02 emissions damaging the planet.
As cities continue to grow and
impersonal housing developments seek to
maximise the available space, potentially
neglecting the urban environment, the
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need for municipally provided urban
green space is clear. In creating and
managing these environments, there is
also signiﬁcant local, regional and
national
political
pressure,
with
Governments in Belgium, Denmark,
Holland, Germany, and the UK committed
to increasing urban forest spaces by up to
50% over the coming decades.
While urban woodlands typically
account for only a few percent of a
country’s total forest area, they play a very
important role for conservation of urban
ecosystems and the health and wellbeing
of urban populations, and are therefore
regarded
as
a
critical
part
of
multifunctional
urban
green
infrastructures and local strategies for
sustainable urban areas.
In urban contexts, forest patches are
often of limited size and exposed to
complex pressures and decision making,
simply because of the many stakeholders
who wants to have a say. The challenge for

planners and managers is to create large
forest experiences and rich habitats despite
the limitations in size and multiple
pressures. In creating pleasing and
effective environments, urban afforestation
programmes need to deliver results quickly
for both residents and investors. This
challenges
traditional
afforestation
approaches, where the focus has been to
deliver results in timeframes measured in
generations rather than single ﬁgures. In
tackling the need to create enriching and
immediate urban wooded areas, a research
team at the Swedish University of
Agricultural Sciences - headed by Anders
Busse Nielsen - are exploring how modern
afforestation techniques and methods can
deliver the immediate results demanded
and bring rich, urban forest environments
to the city centres of Europe.
Delving deeper

Urban woodlands can be deﬁned as treed
areas of more than half a hectare in size,
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natural parts of urban landscapes and
compared to parks and other types of
urban green space, woodlands tend to be
more multi-purpose and able to absorb
many uses, whilst also providing a wider
range of ecosystem services.
It’s a
difference that the team have recognised
and are conscious of. As a result, the
measures of success in their own
experiments concentrate on these
experiences and the user’s perception of
the space and its value in the urban
environment.
The landscape laboratory

with uncultivated ground vegetation.
transferable approaches, as Nielsen
Beyond this the deﬁnition broadens, with
explains: “Most afforestation strategies
water, wetlands, grassland and woods all
focus on mature environments, ignoring
considered under the
the time taken to develop
heading. What they
such spaces.”
do all have in common
Known as ‘transport time’,
is their location within
previous
research
and
“Speciﬁc research
the conﬁnes of a city.
approaches have focussed
In
understanding
projects have focussed on mature environments
how urban woodlands
ignoring a fundamental
on plant design and
function, the team
need of new urban woodland
initially concentrated
silviculture; a detailed patches to deliver results
on secondary research,
immediately. “One of my
and interesting
exploring
and
colleagues often says, that
analysing
how
it’s like telling a child that
exposition on
existing afforestation
they’re only interesting
landscape laboratories” when they are grown up”,
approaches to the
selection of species,
Nielsen adds.
their cultivation and
Traditional afforestation
management could be adapted for a new
strategies have also focussed on how
urban setting. This research has enabled
users can maximise productivity from
them to appreciate the breadth and
their land in terms of yield and other
complexity of urban woodland planning –
quantiﬁable factors. In an urban context
it also illustrated the lack of relevant and
however, woodland is among the most
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The second part of the team’s research has
been in creating and developing novel new
approaches to urban woodland.
In
developing
forest
environments,
understandably the team are, for obvious
reasons, unable to use indoor laboratories
but have as a result, developed their own
‘living laboratories’. While universities
worldwide are closing down or selling
larger parts of their forest and landscape
trail areas, the Swedish University of
Agricultural Sicences has geared up and
initiated
new
experimental
trials
conceptualised as ‘landscape laboratories’.
These are essentially full-sized forest areas
where researchers are able to conduct
classical experiments on a large scale.
The team has currently initiated three
landscape labs mentored by Professor
Roland Gustavsson, two in Sweden and one
in Denmark. The laboratories themselves
enable the team to test theories and concepts
and are treated as interdisciplinary, fullscale experiments. The team are able to test
variables, including mixing species, design
concepts and new creative management
approaches in an effort to get the most out
of every space.
Whilst these environments enable the
researchers to design and create examples
for urban areas, they are also very much
used in the university’s teaching of
students and in demonstrations to
practitioners, politicians and lay-persons,
but not for providing prescriptive solutions.
“There are no uniform forests and no
uniform answers”, Nielsen adds.
In
essence, the research Nielsen and others
are doing is creating a ‘tool-box’ for those
engaged in creating urban wooded
environments, providing examples of
best-practice and illustrative examples to
ensure the next generation of woodland
creators are skilled at delivering urban
woodland that delivers results in years
rather than generations.
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AT A GLANCE
Project Information
Project Title:
Bio-Architectural and Dynamic Approaches for Urban Plantations – Developing concepts and principles for
construction and early management
Project Objective:
Using the three landscape laboratories in southern Scandinavia as
a long-term research platform will
develop evidence based strategies for
design, construction and management of young forest and park plantations focusing principles on high
structural complexity, flexibility and
dynamics.
Project Duration and Timing:
5 years, 2008 to 2013
Project Funding:
The Swedish Research Council Formas
Project Partners:
Nordic-Baltic Centre of Advance Research on Forestry Serving Urbanised
Societies II (CARe-FOR-US II) www.
nordicforestresearch.org/care-for-us2

Main Contact:

Multiple Ecosystem services are provided

The area is rich and productive, with
Nielsen and the team delivering a number
of engaging and inﬂuential research papers.
The research has focussed on utilising the
urban wooded space to create complex
environments – which in turn deliver
complex ‘experiences’ for local populations
and a diversity of habitats in relatively
short spaces of time.
Speciﬁc research projects have focussed on
plant design and silviculture; a detailed and
interesting exposition on landscape
laboratories; and a project on the creation of
multi-layered canopies in oak dominated
forests, oak being a key species in urban
woodlands in most European countries. It’s
an intriguing blend of speciﬁc and targeted
research and a general approach to the issue
that mixes both the theoretical and practical.
The projects, have contributed to an
overwhelmingly positive narrative to their
research. By understanding the ecosystem and
manipulating it conscientiously, the team can
create systems with the level of complexity and
depth associated with older habitats. This can
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involve prescribing the mixture of plant and
tree species, their cultivation and their ongoing
management. Interestingly, a great deal of
new forests are created to actually link existing
green spaces – the research undertaken by
Nielsen will be able to link these two areas,
creating a continuous green infrastructure in
the city with the gaps imperceptible to anyone
but experts.
Vision for the future

The management of woodland is hundreds of
years old but is being dragged into the 21st
century by Nielsen’s team research and the
era where forests and other types of green
spaces are seen as complementary parts of
post-industrial cities rather than as escapes
from them. With many more of us making
the city our home such approaches could
transform the way we use our cities and their
green spaces. Ultimately, the research in
Sweden could provide the blueprint for
maximizing the ecosystem services provided
by urban woodland, ensuring that we are all
able to experience the vibrancy and beauty
of an urban forest environment.

Anders Busse Nielsen
Anders Busse Nielsen is Associate Professor at the Department of Landscape
Architecture, Planning and Management, Swedish University of Agricultural Sciences. He combines landscape
architecture, landscape ecology and
forestry in his research on urban tree
resources, with an expertise in the
planning, design and management of
urban woodlands.

Contact:
Tel: +46 (0)40415212
Email: Anders.busse.nielsen@slu.se
Web: www.slu.se
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Thermodynamic principles and their role in organic matter decomposition in soils are the focus of a new
line of investigation by an interdisciplinary team led by Dr Anke Herrmann, with the aim of challenging
previous paradigms within soil ecology

Terrestrial carbon cycle: When physical
chemistry meets soil ecology

Ultuna Long-Term Soil Organic Matter Experiment (Uppsala, Sweden), August 2010

The ﬁrst

images evoked by the term
‘carbon cycle’ are usually trees and clouds,
but on a global scale the soil beneath our
feet contains three times more carbon than
either the atmosphere or the wealth of plant

Isothermal microcalorimetry: TAM Air (TA
Instruments, Sollentuna, Sweden)
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life above ground. Soils play a major role in
governing the terrestrial carbon balance
and are fundamental to civilization in that
they underpin a vast range of ecosystem
services, including carbon regulation.
Despite the elemental importance of life
belowground to carbon cycling, our
understanding of the processes taking place
and the laws which govern them is poor. Dr
Anke Herrmann of the Swedish University
of Agricultural Sciences (Sweden) and her
interdisciplinary research team are at the
forefront of a new line of investigation in
this ﬁeld. Namely, to explore how
thermodynamic principles are manifested
in soil ecosystem dynamics.
Soils are some of the most complex
systems on Earth in terms of the
heterogeneity of organic matter and
biodiversity as well as the intricately
labyrinthine linked pore networks by which
microbial communities access their energy.
In fact, soil organic matter and biota can be
regarded respectively as the ‘fuel’ and
‘biological engine’ of the Earth and the
interaction between the two is a pivotal
driver of the below-ground carbon cycle.
Temperature is a major factor in the
decomposition process, but very little is

known about thermodynamics in soil:
according to the second law of
thermodynamics, high order energy will
dissipate as low order energy (heat) from a
system and this process is irreversible.
However, the established principles have
not been applied rigorously to the context
of environmental science before. Isothermal
microcalorimetry, though not a new
technique, facilitates the measurement of
energy ﬂows with high precision and it will
allow challenging previous paradigms in
soil ecology.
“Hitherto, CO2 respiration, the end product
of metabolism, has long been the variable of
choice in assays of microbial metabolism”,
says Dr Herrmann. “Yet, soils are
intrinsically complex and consist of a
plethora of metabolic decomposition
processes.” Soil microorganisms are the
drivers, the biological engine, of these
processes. During decomposition, organic
carbon is either used in respiratory energy
production or assimilated into the soil as
substrate. The ratio of this partition is
referred to as microbial carbon-use
efﬁciency: the more carbon sequestered in
the soil, the less CO2 respiration and the
greater the efﬁciency of microbial
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communities. All biological processes
produce heat proportional to the rate at
which given chemical or physical processes
take place therein. As such, isothermal
microcalorimetry allows the study of ALL
metabolic processes occurring in a soil
ecosystem. The researchers plan to quantify
microbial carbon-use efﬁciency directly
using an index of thermodynamic efﬁciency.
Physically, thermodynamic efﬁciency is a
dimensionless ratio, usually expressed as
the ratio of energy output to energy input.
Exploring these underlying theorems in
environmental systems is a fundamental
innovative direction for our understanding
of the link between biodiversity and
ecosystem
function
and
predicting
ecosystem responses to climate change.
Life in the “underworld”

Soil is teeming with life, complex and
incredibly biodiverse – there are over
10,000 different species per gram of soil.
Life above- and belowground has evolved
complex and diverse communities and a
key issue in ecology is to explore the
functional signiﬁcance of community
composition. However the exact composition
of microbial communities plays only a

term management systems resulted in
different
microbial
community
compositions. The new project will
disentangle the link between community
composition and energy ﬂows in various
soil ecosystems in relation to changes of
temperatures.

Admix ampoule set up: 20 ml glass
ampoules containing soil with two
1 ml syringes for injections of solutions

A heated debate

The temperature dependency of organic
decomposition is a controversial issue for
the scientiﬁc community, with no consensus
as yet. Until just over 20 years ago it was
thought that the decomposition rate of soil
organic matter depended mainly on its
molecular properties, such that more
complex material would naturally persist
for longer while labile matter would be more
easily and quickly metabolised.
The new school of thought does not
discount the importance of molecular
make-up, but frames it as part of a more
complicated story. Here environmental
factors and ecosystem properties such as
soil microorganisms are important
facilitators controlling factors for organic
matter decomposition. “Taking the
analogy of soil organic matter and biota
as the ‘fuel’ and ‘biological engine’ of the

“Soils are intrinsically complex and consist of a
plethora of metabolic decomposition processes”
minor role for general functions like CO2
respiration as several microbial groups can
carry out this broad ecosystem function.
But CO2 is only the end product of microbial
metabolism, making it hard to pin down
resource-use efﬁciencies using carbonbased evaluation. But different communities
of the soil biota may have developed
different life strategies and carbon
partitioning below- and aboveground may
vary among soil microbial communities.
Dr Herrmann’s previous Swedish Research
Council Formas project ‘Cool soils in a
changing climate’ found notable differences
in the energy ﬂows of arable soils which
had received contrasting long-term
management regimes with respect of
fertilizer and organic manure inputs.
“Although the differences in heat and
energy proﬁles – inevitably, at microcosm
level – were subtle, we were pleasantly
surprised that they were signiﬁcant among
soils exposed to different soil management
systems,” Herrmann admits. These long-
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Earth: It’s not just the type of ‘fuel’, but
who is there to consume it, and what their
technical requirements might be,”
explains Dr Herrmann.
Previous studies have observed that the
composition of microbial communities is
subject to seasonal shifts. The soil biota has
developed different biochemistries and life
strategies: At low temperature, efﬁcient
microbial communities may dominate
ecosystems whereas less carbon efﬁcient
communities may proliferate in summer.
The problem this poses is that globally
rising temperatures could create preferential
conditions for less carbon efﬁcient
communities and cause a disproportionately
huge impact on the release of carbon into
the atmosphere, which in turn exacerbates
global warming - a vicious feedback loop.
This new Formas-funded project is
combining physical chemistry with
ecological theory and it is a direct followup of the ‘Cool Soils’ project. Both projects
aim to advance understanding of the
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Energy ﬂows in terrestrial ecosystems

AT A GLANCE
Project Information
Project Title:
Thermodynamic principles of soil organic
matter decomposition in a changing world
Project Objective:
The overall aim is to explore underlying
physical-chemical theorems in environmental systems to further understanding of
the relationship between biodiversity, ecosystem function and predicting ecosystem
responses to climate change. Specifically,
the project will evaluate thermodynamic
principles involved in soil organic matter decomposition processes and their
dependence upon temperature.
Project Duration and Timing:
36 months (1st of January 2013 until 31st of
December 2015)
Project Funding:
Swedish Research Council Formas

temperature dependence of the factors
governing decomposition and build this
into mechanistic models of soil organic
matter turnover. The outcomes of these
projects will enable scientists to make
more reliable predictions about future
climate change.
The new project will analyse soils from
various different land use managements in
Sweden: forest, permanent grassland and
an area where arable crops have been grown
continuously
for
several
decades.

metabolism and carbon turnover
rather than focussing solely on CO2
respiration”, Dr Herrmann says.
But the potential implications are
much broader. A large part of the
Earth’s landmass area, and therefore
soil
carbon
stocks,
currently
experience
relatively
low
temperatures, and are exceptionally
sensitive to increases in global
temperature.
Sustainable
soil
management is vital if we are to

“Improved knowledge of feedback mechanisms and
careful land management are vital if we are to be able
to meet requirements embedded within the Kyoto
protocol, other and future treaties”
Measurements of energy ﬂows will be
combined with high-throughput CO2
measurements, phenotypic composition of
microbial communities using phospholipid
fatty acid analysis and state-of-the-art
microscopy.
Empirical data from the new project will
feed into carbon-climate feedback models,
and the results will help to further reﬁne
models for understanding and managing
agro-ecosystems, and address issues like
climate change mitigation strategies.
“Studying energy ﬂows in soils will provide
a more comprehensive approach to
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effectively manage soil carbon stocks.
“The long-term goal is to improve
existing carbon-climate feedback
models and to feed information to
policy makers”, said Dr Herrmann.
“Improved knowledge of feedback
mechanisms
and
careful
land
management are vital if we are to be
able to meet requirements embedded
within the Kyoto protocol, other and
future treaties. This is particularly
relevant to the EU’s ambitious targets
to restore 15% of degraded ecosystems
by 2020.”

Project Partners:
t PhD student Tobias Bölscher (SLU,
Sweden)
t Prof. Göran Ågren (SLU, Sweden)
t Prof. Lars Wadsö (Lund University,
Sweden)
t Prof. Karl Ritz (Cranfield University, U.K.)
t Prof. Jim Harris (Cranfield University,
U.K.)

Main Contact:

Dr Anke Herrmann
Anke Herrmann is an Associate Professor
in Soil Sciences at the Swedish University of Agricultural Sciences (SLU) and
has previously worked in the United
Kingdom and Australia. Upon her return
to SLU in 2008, she established the
Molecular Biogeochemistry Group at
the Department of Chemistry to further
interdisciplinary research.

Contact:
Tel: 0046 18 67 1561
Email: Anke.Herrmann@slu.se
Web: www.slu.se/sv/fakulteter/nlfakulteten/om-fakulteten/institutioner/
institutionen-for-kemi/forskning/molekylar-biogeokemi/
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Agriculture

With huge strains on budget and health, healthy eating has become a major public concern across Europe,
prompting many member states to take measures to improve their citizens’ diets, initiating a variety
of policy interventions to encourage healthy eating. Such measures include, prohibitions on advertising
certain foods to children, promotion of fruit and vegetable consumption and nutrition labelling.

Evaluating and improving nutrition
campaigns in Europe
However, questions

were starting to be
raised over the effectiveness of such
interventions and whether they deserve to be
put in place at a member state or EU level. In
a bid to try to answer these questions,
researchers at The University of Reading
initiated the four year EATWELL project in
2009. EATWELL’s primary objective is to
improve nutrition policy in EU Member
States by providing scientiﬁcally sound
evidence on the success and failure of past
healthy eating campaigns.
Headed up by professor Bruce Traill and
his team at Reading University in the UK,
the project is funded by the European
Commission under Framework Programme
7. Finishing in March this year, the project
also collaborated with other European
institutions: the University of London (UK),
Aarhus University (Denmark), University of
Ghent (Belgium), University of Bologna
(Italy), The Italian National Institute for
Food and Nutrition Research (INRAN) and
Jagiellonian University Medical College
(Poland). The project also partnered with
Kraft Foods R&D, the European Association
of Communications Agencies (EACA,
Belgium) and The European Food
Information Council (EUFIC, Belgium).

Classification of interventions

The ﬁrst stage of the project involved
evaluating over 100 Member State nutrition
policy interventions in Europe, classifying
them into two broad categories: measures to
enable informed choice through provision or
control of information ﬂows and education;
and market intervention measures that
directly inﬂuence food availability and – or
– prices, Traill explains.
A large majority (around two thirds) of
policies were found to be information
measures, mainly nutrition education in
schools, public information campaigns and,
to a more limited extent, advertising controls
and nutrition labelling.
The most common market intervention
methods were regulation of the nutritional
composition of school meals, followed by
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government action to encourage the private
sector to improve diets through reformulation
of processed foods. Less common was the use
of ﬁscal incentives, nutrition-related
standards and measures to improve healthy
food
availability
for
disadvantaged
consumers, says Traill.

“Nutrition information on
food and drink packages
should be simple and on
front of packs...”
Definitions

‘Healthy eating’ was deﬁned in the project as
‘adherence to the World Health Organization
(WHO) food and nutrient recommendations
and maintenance of a healthy weight’.
EATWELL’s deﬁnition of nutrition policy
refers only to measures taken at the ‘macro’
level by national (or transnational)
governments, or by major regions within
nations. For this reason, community-level
measures taken within doctors surgeries and
community organisations were excluded
from the research.
When the number of EU interventions in a
category were small, the research team
looked beyond the EU for further evidence.
Evidence of policy-effectiveness and costeffectiveness from the international peerreviewed literature was also reviewed,
along with reports by Governments and
non-government organizations (NGOs).
Researchers also undertook a number of
statistical case studies within the project.
Traill claims the researchers established
sound evaluation principles, including a
focus on meaningful target variables such
as health or diet, rather than simply
attitudes and knowledge.
Of all the 111 national-level interventions
analysed in the project, the Food Standards
Agency’s 2004 salt campaign was found to
be one of the more successful ones. The UKbased initiative combined an advertising

awareness campaign of the health issues of
consuming too much salt, collaborating
with the food industry to encourage
reformulation to reduce salt in food
products. The campaign resulted in a 10%
reduction of salt intake on average in the
UK population, with young women
demonstrating the biggest behaviour
changes towards reduced salt intake.
The project analysis of a UK 5-a-day fruit
and vegetables campaign in 2003 also found
positive results. After encouraging the
increase in fruit and vegetable consumption
through social marketing, a signiﬁcant
increase in fruit and vegetable intake was
found, between 0.2 and 0.7 portions per day,
especially in the lower and middle-income
classes.
However, despite such positive results from
some campaigns, Traill says in general, very
few evaluations met the researcher’s “gold
standard” and that further action is
“necessary and urgent”.
“The most common evaluations used by
policy makers was simply to compare the
average value of the variable of interest
before and after the intervention, while
failing to recognise the multitude of factors
that might also have impacted on the target
variable,” says Traill.
“For example, an increase in the
consumption of fruit and vegetables
following the 5-a-day campaign might not
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be due to the social marketing campaign,
but to factors such as a fall in market
prices,” he explains.
“In part, to improve the evidence-base and
also to demonstrate improved methods, a
group of existing interventions were selected
for further impact assessment.”
Traill says these particular case studies
were selected because their existing
evaluations could be easily improved by
employing econometric techniques and
more rigorous evaluation strategies. Also,
suitable data was available to enable further
analysis and evaluation which are widely
adopted or gaining growing attention
among policy makers.
One of the project’s own weaknesses is that,
providing evidence on policy-effectiveness
and cost-effectiveness, it has been necessary
to be reductionist and present the evidence
for each type of policy separately, says Traill.
“It’s probable that there are positive
synergies between policies, for example
education and information measures linked
to actions to promote product reformulation.“
However, the professor says it hasn’t been
possible to assess if combinations of policies
would work better.

campaigns, such as the salt campaign, is
advised, aiming for long-term effects on
eating behaviour. It’s advised that these
campaigns incorporate key success factors
from commercial food marketing and best
practice social marketing, as identiﬁed by
the project. Findings suggest current
campaigns are usually short-lived and that
instead a smaller number of longer-term
campaigns should run, with larger and
longer investments.
Nutrition labelling: One recommendation is
that nutrition information on food and
drink packages should be simple and on the
front-of-pack as ﬁndings suggest customers
have a limited attention span and this is
where they look the most.
Menu labelling: There are further
recommendations about the inclusion of
nutritional information on restaurant
menus, to encourage informed choice. It’s
also advised that menu labelling is
combined with health motivation and
education initiatives and that it should run
alongside other initiatives, working with
caterers to allow their customers to make
healthier choices.

Recommendations made

To assess acceptance of enhancements to
existing
or
new
nutrition
policy
interventions, the EATWELL researchers
conducted a survey of over 3,000 citizens in
ﬁve EU countries (Italy, UK, Belgium,
Denmark and Poland). Based on the project’s
past research and analysis, initial policy
recommendations were formed by project
partners, and then presented to stakeholders
(consumer groups, policy makers, industry
and academics) in four country workshops.
This led to the modiﬁcation and ﬁnalisation
of recommendations and guidelines which
were presented at the 5th European Public
Health Conference, in Malta, in November
last year.
Some of the
outlined here:

recommendations

are

Advertising controls: The partial restriction
of advertising of foods high in fat, sugar and
salt on children’s TV programmes was found
to only have a small effect on diets. It’s
therefore suggested that encompassing all
TV channels and other media could be more
effective – more research into this theory is
recommended by the project.
Public information campaigns: The
continued investment into public information
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Nutrition education: It’s also advised that
Nutrition education should become a
compulsory component of school curricula
in all EU countries and that governments
should take a lead in their own public
sector workplace to encourage healthy
lifestyles, including the provision of
information and healthy canteen meal
options.

AT A GLANCE
Project Information
Project Title:
EATWELL: ‘Interventions to Promote
Healthy Eating Habits: Evaluation and
Recommendations’
Project Objective:
EATWELL’s primary objective is to
improve nutrition policy in EU Member
States by providing scientifically sound
evidence on the success and failure
of past healthy eating interventions.
Have they worked and how can they be
improved in order to tackle unhealthy
eating in Europe?
Project Duration and Timing:
Start date: 1st April, 2009; End date: 31st
of March 2013. Duration: 4 years
Project Funding:
EU funded research project (7th Framework Programme)
Project Partners:
t University of Reading, UK
t School of Oriental and African Studies (SOAS), University of London, UK
t University of Aarhus, Denmark
t University of Bologna, Italy
t University of Ghent, Belgium
t Italian National Institute for Food
and Nutrition Research (INRAN)
t Jagiellonian University Medical College, Poland
t European Association of Communications Agencies (EACA), Belgium
t European Food Information Council
(EUFIC), Belgium
t Kraft Foods R&D

Main Contact:
Fiscal measures: Measures subsidising
healthy foods for consumers on low incomes,
particularly pregnant women, new mothers
and young children, have proven to be
highly
cost-effective
in
promoting
nutritional health of recipients in the US. The
project encourages EU Member States to
consider implementing these measures.
But one of the most important
recommendations of all is that “researchers
should collect more and better evidence of
the effectiveness of healthy eating policies ,
and this should be considered as an integral
part of all policies”, says Traill.
Assessments of future interventions
should be planned in advance and address
issues such as adequate data collection,
meaningful outcomes, long-term effects,
relevant population segments and costeffectiveness.

Prof W. Bruce Traill
Bruce W. Traill is professor of Food
Economics at the University of Reading. He is presently Chairman of the
Board of Rural Business Research (RBR),
and used to be a member of the Food
Standards Agency Academic Economists Panel and the UK Government’s
Council of Food Policy Advisors.

Contact:
Tel: +44 118 378 8389
Email: w.b.traill@reading.ac.uk
Web: www.eatwellproject.eu
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AI

A robotic agent, built by an international team lead by researchers at Reykjavik University in Iceland, is pushing the
boundaries of artificial intelligence by automatically learning socio-communicative skills. It’s a big step towards the
ultimate goal of creating intelligence that is both self-sufficient and adaptable in a wide variety of environments.

Robo-TV

Autonomous Software that
can Learn Social Interaction

From sophisticated software that can
assist us with information overload on the
World Wide Web to detecting facial
movements in digital cameras and selfdriving cars, artificial intelligence (AI) has
already had a notable impact on the world
we live in. And the pace is increasing.
Scientists and engineers continue to build
increasingly complex systems but an
intelligent system with sophisticated levels
of autonomy remains the Holy Grail.
Imagine an intelligent agent that could
operate with a level of self-sufficiency that
allowed it to adapt to a wide variety of
environments without knowing in advance
what might come its way; imagine an
intelligent agent sophisticated enough to
understand the complexities of human
social interaction and imitate it by
observing humans interacting. This may
sound like a notion plucked from a sci-fi
movie, but in fact it is much closer to reality
than many would believe. A research team
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based in Iceland has been leading an
international group working on just such a
project. The project, called HUMANOBS, set
out in 2009 to build an intelligent system
that could watch a human interviewer
interview another person and learn the
general principles of the interview from
observation. The 3.5-year project was
recently completed – but according to
Principal Investigators Dr. Kristinn R.
Thórisson and Eric Nivel at RU’s CADIA AI
laboratory, the results so far have exceeded
even the team’s own expectations.
Artificial Interviewer

The system the HUMANOBS team have
created is a comprehensive cognitive
architecture, named AERA (Auto-catalytic
Endogenous Reflective Architecture), that
achieves higher levels of autonomy than
prior architectures. One way to measure
this is with the ratio between the amount
of things learned and the amount of

a-priori knowledge its human designers
must provide. The HUMANOBS team
decided to put their system to test based on
the scenario of a TV interview: “We needed
a task that would be viewed as relatively
complicated - impossible for current AI
and complex for even a human to learn,”
explains Kristinn. “We chose an interview
with a human interviewer and a human
interviewee. We didn’t want our AI to
require extensive hand-coding like the
expert systems of the past, but instead be
able to acquire the data for their
programming on their own, and then to
manage their own growth through selfprogramming.”
To demonstrate the abilities of the
system, the system observes an interview
between humans engaged in a hypothetical
TV interview with an expert in waste
recycling. The interviewer asks the expert
to talk about the objects on the table in
front of them.
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“After about two or three minutes of
watching this,” says Kristinn, “the system
starts to understand what’s going on, how
to structure and conduct such an
interview, and has generalised some of
the
main
principles
of
human
communication to a point that it can be
asked to take over the interview, either in
the role of the interviewer or interviewee.”
While ‘observation’ suggests the agents
have cameras for eyes, this is not the case
yet. Computer vision through cameras is
a complex AI issue – one that this project
does not address. “In this project human
movement and speech is tracked with
special high-accuracy sensors and

Overcoming hurdles

Socio-communicative skills were chosen
as a way to evaluate the power of the
system, a skill complex enough to convince
anyone that their new AI was presenting
some new and powerful principles worth
taking note of. But while capturing the
behavioural
signals
of
human
communication was certainly one of the
challenges of the project, an even greater
challenge was to build the system so that
the learning mechanisms would not be
limited to a particular domain but rather
work for any task in any scenario. Kristinn
says it is clear that the system is able to
learn “many nuances” of human social

“We wanted to build an AI that could watch a human
interviewer interview another person and learn the
general principles of the interview from observation”
microphones, which capture human
interaction in realtime in a virtual world.
The two avatars represent the humans,
and each human sees the other person’s
avatar on their screen, not unlike a video
conference call where you see the other
person as a three-dimensional graphical
avatar that precisely mimics everything
they do. This setup allows us to bypass
the limitations of computer vision, and
re-create the interview as a stream of
accurate digital data, which the AI
observes in realtime, as the interview
unfolds” explains Kristinn. “We have
thus a scenario that is actually
represented relatively accurately in
cyberspace; as the humans move
their hands and point at things on
this virtual table, the avatars do
exactly the same. The virtual scene
captures human natural behaviour
in all all important spatiotemporal details.”
The setup allows the researchers
to demonstrate the complex data
processing and skill acquisition
the AI system is capable of. “The
system learns the structure of an
interview
directly
from
observation, completely without
any additional intervention from
a human. In our pilot studies, after
about 20 hours of observation, the system
has learned to take interviews so well
that it can be difﬁcult to tell the difference
between the human and the machine.”
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behaviour “such as the co-ordination of
gaze and head movement and speech in
the service of conducting an interview”.
However, the system is not speciﬁcally
designed to learn socio-communicative
skills – it is general enough to learn any
skill of similar complexity.

Another challenge that faced the
HUMANOBS team was the level of
integration and the synthesis of ideas.
Although the foundation of the project is
software engineering and computer
science, the project has embraced a wide
array of ideas from various sources,
including mathematics, cybernetics and
logic. “We have come out with a very
holistic system,” explains Kristinn. “In
some ways it is like an automobile engine. If
you take anything away of major
importance the rest will not work. While
you could say a car engine is modular
because you can take pieces out and look at
them, well, so can you with our system. But
as far as the operation is concerned, getting
from A to B, that requires everything under
the hood as well as the axle and the wheels.
Coming up with a solution to that has been
a great challenge,” he continues, “but a
necessary part of the solution, as anything
else would introduce debilitating slowdown
in performance, architectural complexity,
or both. Along with this comes the
challenge of how to distribute the work
between the collaborating teams, because if
you haven’t invented a carburettor you
can’t tell a team to go and make it.”
“The ambitious goals we originally set for
ourselves in this project have all been met,”
says Kristinn. “And we have very high

59

AT A GLANCE
Project Information
Project Title:
HUMANOBS
Humanoids that Learn Socio-Communicative Skills by Observation
Project Objective:
Our goal is to develop new cognitive
architectural principles to allow intelligent agents to learn a vast array of
skills by observing how it’s done
Project Duration and Timing:
Three years, January 2009
to June 2012
Project Funding:
Two million Euro

hopes for scaling the present system up to
very complex tasks – much more complex
than a virtual interview – in a vast number
of different domains.”
Kristinn and his collaborators have been
particularly happy with the level of domainindependence they have achieved with
HUMANOBS. “Find anything in the real
world that is as complex as a human to

“The AI learns how to
conduct an interview
by watching a real one
for only a few minutes”
human interview, and our system can
currently be applied to that,” says Kristinn.
“Such as ploughing ﬁelds or picking lemons,
to take an example - actions that are fairly
complex and operate in under real time
constraints in the real world.”
At the heart of this success is AERA’s
ability to develop its own level of
understanding, through both accumulated
experience and internally simulated
predictions of how the world works.
“Our system can accept goals from its
designers and then, depending on how
much extra information these designers
give, it will come up with sufﬁcient
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understanding of the phenomenon in
question to actually meet those goals in a
complex scenario, and continue to get
better, all by itself, through its interaction
and experience in the world.
This is a key feature of AERA and it’s a
very practical one because now you can
automate tasks that couldn’t be automated
before. You essentially give it a small
example description of a problem domain
and the goals that you want it to achieve in
it, and hit ‘run’.”
An automated future

The potential application for the system
developed by the HUMANOBS project is
extensive, not least because of the system’s
ability to deal with distractions and
unexpected situations. Development of this
system could be applied to a myriad of
complex situations such as underwater
exploration or manufacturing. “We are
currently looking at the next steps – we
would like to see the technology developed
further within academia, as this is a
platform that can shed light on a number of
complex cognitive processes such as
learning,
attention,
autonomy,
and
intelligence itself. We would also like to see
its application in various domains, realising
the next generation of automation systems,
and possibly bringing us one step closer to
a science ﬁction future of very capable
robots able to help in complex real-world
tasks.”

Project Partners:
t$"%*" 3FZLKBWJL6OJWFSTJUZ *DFMBOE
t$PNNVOJDBUJWF.BDIJOFT-UE 6,
t*%4*" 6OJWFSTJUZPG"QQMJFE4DJFODFT
and Arts of Southern Switzerland
and the University of Lugano, Switzerland
t3PCPUJDT-BC 6OJWFSTJUZPG1BMFSNP 
*UBMZ
t*45$ /BUJPOBM3FTFBSDI$PVODJM *UBMZ
t"VUPOPNPVT4ZTUFNT-BCPSBUPSZ 
University of Madrid, Spain

Main Contact:

Kristinn R. Thórisson
%S5IØSJTTPOIBTCFFOSFTFBSDIJOHBSUJöDJBMJOUFMMJHFODFGPSUXPEFDBEFT)JT
research centers on realtime interactive
intelligence and complex cognitive sysUFNT)FIBTDPOTVMUFEGPS/"4"BOE
British Telecom , and he is co-founder of
$"%*" *DFMBOETöSTU"*MBC BOE'PVOEJOH%JSFDUPSPGUIF*DFMBOEJD*OTUJUVUFGPS
*OUFMMJHFOU.BDIJOFT

Contact:
Tel: +354 898 0398
Email: UIPSJTTPO!HNBJMDPN
Web: XXXSVJTGBDVMUZUIPSJTTPO

+
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The challenges faced with developmental robotics
Q: How is the underlying technology for the AERA system
different from prior work in this ﬁeld?
Eric Nivel: Our methodology is based on a new constructivist A.I.
approach, deﬁned by Dr. Thórisson in his keynote paper from 2009
on the subject. In sharp contrast to most other approaches, instead
of ignoring constraints of time and knowledge, or treating them
as secondary concerns, we make these of central importance. Our
working deﬁnition of intelligence was proposed by Pei Wang, and
states that intelligence is “to adapt with insufﬁcient knowledge and
limited resources”. We aim at building intelligent machines (a) that
operate in open-ended environments and in real-time, (b) whose
cognitive architecture is completely domain-independent and,
(c) that exhibit self-programming abilities. AERA-based systems
learn by observing intentional agents in their environment, and
develop experience-based semantics automatically. The only form
of knowledge given to them by their programmers – their innate
knowledge and drives, so to speak – is provided in the form of a tiny
amount of bootstrap code. This idea of course is not new. What is
new is the integration of such an approach in a coherent and uniﬁed
reﬂective real-time architecture that can be implemented and run.
Q: What has been the main challenge in implementing your ideas
for the AERA system?
Eric Nivel: The main challenge was to design the system following
simultaneously two opposite directions: top-down, from the
speciﬁcation of the desired cognitive functions to the implementation,
and bottom-up, to drive a synergetic implementation towards meeting
a set of requirements that we believe all systems must ultimately meet
to be capable of general intelligence. Present mainstream software
engineering methodologies don’t support our architectural approach.
Our approach relies on vast amounts of parallel ﬁne-grained processes
that must be coordinated precisely and efﬁciently: this is very different
from the classic way of engineering large systems, and this raised
issues which we could ﬁnd no support for in existing design/coding
toolboxes or methods. Add on top of this that our systems operate
with temporal precision around a few milliseconds and you get an idea
of how the difﬁculty of this engineering challenge – and what it may
be like to debug a large-scale system like this. In the process we had to
solve several issues related to these facts, but many are only partially
solved. Since existing logics are either axiomatic, ignore realtime
altogether, or both, we invented new principles for non-axiomatic
realtime reasoning.
Q: The acronym, AERA, stands for the key underlying concepts
in your work – what are these concepts and how do they deﬁne
your approach?
Eric Nivel: AERA stands for Auto-catalytic Endogenous Reﬂective
Architecture. We have adopted a stringent deﬁnition for autonomy,
that is, an autonomous system that is operationally and semantically
closed. In our context, auto-catalysis refers directly to the operational
closure – the ability for a system to expand and modify its own
internal agency by means of the operation of said agency (its
own architectural structure). Reﬂectivity refers to the semantic
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closure, i.e. the ability for a system to control the (re)organisation of
its agency. An AERA-based system is also endogenous in the sense
that it is (a) self-maintained and, (b) originates from itself through
interaction with its environment – the processes implementing the
two aforementioned closures are internal and cannot be modiﬁed by
anyone else but the system itself.
Q: For the project you designed a completely new programming
language, Replicode. Can you tell us a bit about what makes it
special?
Eric Nivel: Replicode has been designed to address our speciﬁc
requirements, in the main:
(a) ease the programming and control of large populations of parallel
ﬁne-grained data-driven processes,
(b) treat what the system itself does as ﬁrst-class knowledge – to
allow the system to reason about its own operation,
(c) implement the non-axiomatic logic mentioned earlier, along with
the necessary reasoning mechanisms,
(d) represent knowledge as executable shared models – which means
essentially that things in the world, which the system can think about,
are deﬁned by what can be done with them or about them, what other
agents do with them, or what the system can predict about them,
(e) drive knowledge formation by goals and predictions,
(f) allow the formation of dynamic model hierarchies – dynamic
because models come and go as they are learned, defeated, or put
out of context; hierarchies because predictions ﬂow up the system’s
abstraction hierarchy while goals ﬂow down,
(g) simulate the outcome of different possible courses of action and
commit to the plausibly most appropriate one,
(h) allow “throttling-down” some cognitive tasks when resources
become scarce to focus on other tasks considered by the system as
being more critical at any moment in time,
(i) operate in soft real-time and,
(j) allow the distribution of the computation load over a cluster of
computers.
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Support Actions

Epidemiology is a discipline which establishes theoretic validity through large-scale population studies
including biobanks with data on genes and other biomarkers. By upgrading regional infrastructure
and pooling resources and data, Scandinavian researchers will become uniquely positioned to monitor
thousands of citizens on their life journeys. Exposing the causal pathways which induce cardiovascular
disease, the endeavour can inspire future remedies and propose new drug targets.

Exploring collaborative epidemiology to
develop Scandinavian cardiovascular
research and treatment
As a prominent

cause of global
mortality, cardiovascular disease is,
ﬁttingly, at the heart of much recent
medical research. Smoking, poor diet and
inadequate exercise are widely perceived
causes, although a comprehensive
understanding of the numerous factors
which may precipitate such conditions is
yet to be realised.
Epidemiology,
often
assumed
to
exclusively scrutinise contagious maladies,
in fact offers a means to fulﬁl this aim. The
need for such analysis is obvious, as a basic
comparison illustrates, according to
Professor Peter Nilsson, a specialist in
clinical cardiovascular research at Lund
University, Sweden. “We know that two
patients with almost identical ailments may
be subject to radically different prognoses”
he says. “Why?”
Epidemiology for Health, or ‘Epihealth,’ is
a Strategic Research Area at Lund University
which, in collaboration with former rivals
Uppsala University, seeks to discover key
underlying differentials. Established in
2010, and currently supported by around
190 personnel, the project, funded by the
Swedish National Research Council,
embodies an evolving, modernised
epidemiology. It rests, as Nilsson explains,
on three fundamental pillars.
‘Basic’ epidemiology uses large volumes
of data about healthy individuals or
patients as well as blood samples – or ‘bio

banks’ – to consider how DNA and other
‘bio markers’ such as cholesterol and
glucose levels may impact on the
individual, through an analysis of the
collective. Assessing these elements can
facilitate a “gene and environmental
interaction analysis (GxE)”, which reveals
how external factors can subtly inﬂuence
our biology, engendering health risks.

“‘Basic’ epidemiology uses
large volumes of data about
healthy individuals or
patients as well as blood
sample to consider how
DNA and other ‘bio markers’
such as cholesterol and
glucose levels may impact
on the individual”
Numerous genes may actually be “passive
agents”
–
until
external
(i.e.
environmental) stimuli render them
malign. “People are misled into assuming
a DNA analysis is a crystal ball” reminds
the Professor, also Epihealth’s Coordinator. “It is quite impossible, except
for a few diseases, such as certain types of
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familiar breast cancer, to anticipate their
destinies”. Mendelian randomisation – a
statistical method and technique which
exploits bio-banks and genetic resources
to test and consequently divulge the
relevance of “true biological pathways” –
is a vital tool in this quest. The strategy
contrasts with earlier epidemiological
approaches, which tried to navigate
potentially thousands of often spurious
associations. “We’re doing this to
establish, biologically, what’s authentic
and what´s untrue” relates Lund’s Coordinator. “Once deﬁned, we can help to
direct and orient future interventions, in
the form of medicines and treatment. And
yet, a key paradox is that the more we
know about DNA itself, the more profound
environmental factors seem to be.”
Confronted with such a vast, intricately
knitted universe of related phenomena,
Epihealth’s team decided to focus on three
speciﬁc concerns. Looking at the
bacteriological content of the gut, they
aspire to determine whether some of the
2-3 kg of ‘friendly’ bacteria contained by
the human body cause disease, by
considering genetic ‘ﬁngerprints’ gathered
from individuals. Nutritional epidemiology
(the effects of diet on obesity and ageing,
and its relation to genetics) provides a
second
emphasis.
Reproductive
epidemiology, and an investigation into
the lasting consequences of parental
inﬂuences on unborn, foetal infants,
offers another strand of research.
To rigorously examine these topics, vast
resources and infrastructures (second
pillar) are required. “The capacity of biobanks is so great that numbers and
volumes become critical to the ﬁeld. A
study of 100 people is insigniﬁcant; 1000
trivial. 10,000 is more relevant – and
100,000 potentially valid. Collaborations
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can increase the feasibility of working
to these scales” contends Nilsson.
Modernity, he opines, encourages such
interconnects; despite “capitalist”
competition, and urges to publish ﬁrst
and monopolise funding. In terms of
human resources, gene interaction
requires highly specialised skills in
bio-informatics – so rare that these
experts are often in short supply. An
awareness of this deﬁciency is a
cornerstone of Epihealth, which, after
launching its venture to consolidate
Swedish infrastructure and skill,
perceived an opportunity to forge an
international partnership.
‘Clinical’ epidemiology – the third
pillar of the ﬁeld – was a key motivator
behind that decision. This facet of the
science, details Nilsson, pertains to
“everything concerning patients in the
healthcare system: how they are
treated, ofﬁcial clinical registers and
records of their hospital and primary
care.” Realising that their respective
cultures, infrastructure and research
interests were sympathetic, Epihealth,
in conjunction with other Swedish
institutions, applied for regional EU
Interreg funding, alongside a number
of local Danish partners from the
Copenhagen area. Awarded 1.9 million
Euros for a three year undertaking, the
scheme, known as ‘Skarf’, aims to use
epidemiology
to
improve
cardiovascular disease prevention and
treatment in the region of Øresund.
Now entering its third year, the scheme
will leave an important legacy after its
ofﬁcial culmination – an improved
infrastructure, which transforms the
region into a centre of excellence for
cardiovascular research.
This renaissance has partly been
conceived
online,
through
the
implementation of a cloud-based
website which allows university
professors to work closely with their
PhD students and juniors to pool
information, across institutions and
borders. “It makes it easier for
researchers to initiate and track their
projects, especially if they are
overseeing
multiple
initiatives”
comments Dr. Kristian Wachtell, an
award-winning cardiologist based at
Glostrup
Hospital,
Copenhagen.
Facilitating virtual meetings and
permitting users to co-author text
documents, the platform operates
independent of institutional IT
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departments. A participant in the
scheme, research assistant, Dr. Anders
Greve, has already made some widely
publicised discoveries, i.e. developing
an electrocardiogram utility which
helps to better gauge when patients
require often risky heart valve
replacement surgery.
What also lends the project an
unusual, enviable potential is the
composition of its subjects. In Denmark
and Sweden, individuals possess a rare
asset for scientists: a 10 digit personal
ID number, which can be used to
accurately
track
their
internal
movements
and
healthcare
interactions. Comparatively, in the US,
regulations – and regional variations
– would preclude this. Also, in both
Denmark and Sweden population
movements are also notably stagnant,
which encourages the possibility of
linking a register-based analysis,
potentially spanning a patient’s
lifetime, to detailed bio-bank records
– divulging hitherto unseen networks
of correlations.
“This is a unique opportunity. What
we are doing is testing the normal
population with risk factors for
cardiovascular disease, and examining
relations and associations within these
datasets” comments Dr. Wachtell. Due
to the vast arrays of data the
participants
have
shared,
one
completely separate silo of records can
be used to generate a hypothesis, with
another employed to test it. This is
very important, says Wachtell, as it
offers proof that ‘true biology’ has
been discerned – rather than an
aberration, or a national medical
registration trend. Despite public fears
over privacy concerns and Big-Brother
like omnipotence, if ethically mined,
these substantive informational assets
have vast potential for stimulating
regional – and indeed international –
welfare improvement. “This resource
has been under-exploited” ventures
the Doctor. “What we need is more
investment, and researchers to
interrogate it. There’s so much latent
knowledge there, just waiting to be
brought into circulation.”
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AT A GLANCE
Project Information
Project Title:
“Epidemiology for Health” EpiHealth, and “Cardiovascular Prevention” for EU-Interreg IV Project
Project Objective:
To establish an academic network for national
and international excellence in epidemiology
(EpiHealth) and to promote a joint infrastructure for cardiovascular prevention and
epidemiology linking Denmark and southern
Sweden (EU-Interreg project)
Project Duration and Timing:
The funding of the EpiHealth project comes
from the Research Council of Sweden for
the period 2010-2014 (Lead partner: Lund
University, Sweden). The funding of the EU
Interreg project is for 2011-2013 (Lead partner:
Rigshospitalet, Copenhagen, Denmark).
Project Funding:
For EpiHealth a total of 42 million SEK will
be paid to the Lund University for sharing
between the Lund University (60%) and the
Uppsala university (40%). The funding for the
EU-Interreg project is for 2 million Euros to the
Lead Partner and thereafter sharing with the
collaborating centres.
Project Partners:
For EpiHealth: Lund and Uppsala Universities,
Sweden
For the EU Interreg project: Rigshospitalet,
Glostrup and Bispebjerg hospitals in Denmark,
as well as two partners, Lund University and Region Skåne (county council of Scania), in Sweden.

Main Contact:

Peter M Nilsson, Professor
Peter M Nilsson, born in 1953, is a full Professor of Clinical Cardiovascular Research at the
Lund University. He is also the Coordinator
for EpiHealth and the Lund University representative within the EU Interreg project. He
has published more than 250 original papers
and 90 reviews, mostly in cardiovascular
epidemiology, genetics, type 2 diabetes and
insulin resistance.

Contact:
Tel: +46-40-33 24 15
Email: Peter.Nilsson@med.lu.se
Web: www.med.lu.se/epihealth
www.skarf.eu

www.med.lu.se/epihealth
www.skarf.eu
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Physics

Medicinal tablets have been used for thousands of years. In fact their sheer ubiquity has prompted researchers
to ﬁnd better ways of producing consistently high quality tablets. Anna Demming speaks to Dr Göran Frenning
about his research into the physics and mechanics involved in making the perfect pharmaceutical tablet.

Powder compaction:
The perfect pill
Aside from the active ingredients, there
are a number of additional requirements for
producing high-quality pharmaceutical
tablets. Controlling properties such as mass,
volume, dissolution behaviour and tensile
strength can affect how the tablets can be
stored and how effectively the drugs in
them are administered to the patient, as
well as dosage and manufacturability.
“That is one of our main objectives — to
develop tools that can be used to guarantee
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or at least help to get a good quality product
in the end,” explains Dr Göran Frenning,
researcher and senior lecturer in the
Department of Pharmacy, at Uppsala
University, Sweden.
Dr Frenning began his research career
studying engineering at Uppsala. He moved
to the Pharmaceutical Department on
completing his engineering PhD when a
post doc position became available. His
current research looks into powder

processing and the physics behind it for
pharmaceutical applications.
Tablet production generally includes
processes such as granulation, followed by
milling and mixing the active ingredients
with additives known as excipients before
the powder is compressed into tablets. “You
have the active ingredient in the tablet and
then you have another set of chemicals that
make up the ﬁnal product,” Dr Frenning
explains. He gives an example. “If you have
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Images of tablets formed from granules as obtained from simulations showing increasing applied pressures.
just 10 mg of the active ingredient and you
want a tablet that weighs perhaps 200 mg,
you need to have something else to ﬁll out
the volume and impart certain properties to
the powder mix.”
The excipient may be based on cellulose or
lactose. Although the behaviour of the
particles depends to some degree on the
type of material, properties such as particle
size also have a strong inﬂuence on
behaviour. Knowledge of this aspect of
powder behaviour can, in principle, be
transferred from one excipient to another.
Different manufacturing processes can
result in different crystal forms of the
material or different dissolution behaviour,
which are important attributes of the ﬁnal
tablet. As a result the production may
involve changing the particle size by
milling or bonding particles to create larger
secondary particles or adding a lubricant
before compressing the powder into a tablet.
A lot of the work in the ﬁeld so far has
been directed to understanding behaviour
when mixing powders and transferring
them from one place to another by studying
how particles ﬂow and move around.
However Dr Frenning’s research has a
different focus. “We are trying to work a
little in this part of the ﬁeld,” he says. “But
what we have identiﬁed as the missing
knowledge is what happens when we go to
high density.”
The powders are subjected to high
compression in order to bind the tablet so
that it does not fall apart before it is taken
by the patient. The response of many
materials under compression is initially
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elastic like a spring, and then plastic where
deformation is sustained after the
compressing load has been removed. The
powder responds in a similar way to begin
with, as particles move into spaces to allow
a higher density and lower volume. However
the behaviour changes at higher
compressions. “Once you have used up all
void space there is no space for the displaced

material to go,” explains Dr Frenning. “So
that is the main issue here. You have the
transition from quite easy compression by
displacement of the material to much harder
compression by actually reducing the
volume of the particle as such because you
can no longer displace the material.”
Dr Frenning is of the opinion that the
powder returns to a spring-like behaviour.
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AT A GLANCE
Project Information
Project Title:
Modelling the behaviour of granular
materials under confined conditions
Project Objective:
The overall purpose of this
project is to develop an improved
understanding of and models
for powders subjected to large
pressures as during manufacturing of
pharmaceutical tablets. Such models
will enable a more rational product
development and an improved
process control, ultimately ensuring a
high quality project in the end.
Project Duration and Timing:
From 2012 onwards

“When you want to build
motorways or highways
you need to have a stable
base to build on and these
questions are quite related
to what we are working
on also”
However, studies of the powder behaviour
at this level of compaction are relatively
new and the model is not yet ﬁrmly
established. “We had a discussion at a
conference and when we got to this
question they thought it was very strange,”
he recalls. ”Typically you ﬁrst have this
elastic deformation and then plastic, and
then we say you get elastic behaviour again
– that sounds strange to people, but in a
way that is what happens,” he adds,
laughing to himself.
Investigations of these systems start at the
level of a single particle, which can then be
scaled up. However Dr Frenning’s approach
differs from the usual studies of powder
compaction. “The typical way is to just have
a particle and then compress the particle
from one direction with a piston and to see
how much force you need to compress it,” he
explains. “But when you have a particle in
a tablet you have forces coming from all
directions.” His work aims to mimic this
multidirectional aspect to get a better
understanding of the system.
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The progress so far has mostly derived
from modelling, but Dr Frenning hopes to
grow the experimental side of the work. “I
use mostly modelling myself but I have PhD
students who work in the experimental
part,” he adds. “And our professor here is an
expert in the experimental side so I
collaborate quite a lot with him to attack it
from both sides.”
While the research is likely to be useful
for companies Dr Frenning thinks it
unlikely that their research will lead to new
kinds of tablets that can be commercialised.
However the generic nature of the work
opens it up to a range of applications.
“When you manufacture parts by powder
metals or ceramics then you have the same
type of behaviour, the same kind of
problems,” he adds. In fact, as he points out
there are two other groups in Sweden
engaged in similar work but looking at the
mechanics and compression of steel
particles. “The principles are the same but
the materials are different,” he suggests.
“When you want to build motorways or
highways you need to have a stable base to
build on and these questions are quite
related to what we are working on also.”
Dr Frenning already has results on
spherical particles compressed from the
sides and the top. From investigating the
force required to compress the particles
they were able to develop a model that they
expect to be useful for future work on
understanding these systems. “That was
the ﬁrst work in this area that really tried
to look at the behaviour from other sides,”
he adds. The next step is to construct
apparatus to do the same measurements on
real particles.

Project Funding:
The Swedish Research Council
Project Partners:
Professor Göran Alderborn,
Department of Pharmacy, Uppsala
University, Sweden

Main Contact:

Göran Frenning
Dr Frenning is a Senior Lecturer
in Pharmaceutical Physics at the
Department of Pharmacy, Uppsala
University, Sweden. He has a PhD
degree in Engineering Science and
is currently an Associate Professor in
Pharmaceutics. Dr Frenning’s research
aims at enhancing the understanding
of pharmaceutical processes through
mechanistic modelling.

Contact:
Tel: +46 18 - 471 43 75
Email: goran.frenning@farmaci.uu.se
Web: www.farmfak.uu.se/farm/index_
en.shtml
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