ENERGY RESEARCH

The
Oldenburg

way

The University's researchers were among the first to start
investigating renewable energies back in the 1970s.
Unusual for a university without an engineering faculty,
energy research is still one of Oldenburg's flagships. On a
tour of various locations on campus and around the city,
we follow the unconventional path of the University's
energy research from its beginnings to the present day.

By Ute Kehse

t was a pretty crazy idea back

then, and people called us crazy,

too,” recalls Prof, DrJoachim Lu-

ther. “Energy nutcase” was one
of the names he and fellow Oldenburg
researchersgotused tointhe197osand
80s when people found out they were
researching ways to create a national
energy system based on renewables.
But as he points out: “Our research
wasaprecursor to today's energy tran-
sition.”

Luther,now 82 and Professor Emer-
itus of Physics, was one of the first pro-
fessors appointed to the newly estab-
lished University of Oldenburgin1974.
Andhe foundedafield of research that
still plays a key role today.
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Theimpetuscame fromtheproject-based
coursesoffered by the University of Old-
enburg asa “reform university” where
new methods ofhigher education were
introduced. Inthese courses,studentsac-
quired specialised knowledgebyworking
onsociallyrelevant projects - alsoin the
field of physics. “Those were turbulent
times,” theresearcherrecalls.In1972 the
Club of Rome predicted that many raw
materials were finite, and the oil crisis
of 1973 led to the expansion of nuclear
powetr. “These developmentsraised the
question: Are there alternatives to the
current energy system, and to nuclear
power in particular?” explains Luther,
who had originally specialised in laser
physics.

In the study project “Alternative
Technologies for the Use of Energy
and Raw Materials”, which con-
tinued into the 1980s, researchers
and students soon began to look
for answers. “We found the topic so
exciting and important that we made
it part of our scientific work,” Luther
explains. The team of physicists,chem-
ists and biologists worked together
with the economics department
from the outset. “When you move
between different faculties, some
thing truly innovative can emerge,”
hesays.

In the following decades energy re-
mained amajor focus of research at the
University - and itstillis.
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The Energy Labis one of the few architectural testimonies to the early days of the energy transition. The building went into operation
in1982and was exceptionally energy-efficient for those times. Power was supplied by photovoltaic modules originally manufactured
for space travel, which still feed electricity into the grid today, and a wind turbine (not pictured).

The Energy Lab:

Almost entirely
self-powered since1982

“Luckily, they didn’t end up on the
scrap metal heap,” says Michael Koritz,
pointing to threelarge control cabinets
standing in the corridor of building
Wo, the Energy Lab. The control panels
featureanarray of electrical symbols, a
row of black rotary switches, and ana-
logue current and voltage meters.

For Koritz, who was a research as-
sociate at the Energy Lab in the 2010s,
these control cabinets dating from the
early 1980s are a slice of history. “To-
day, you could control everything that
goesoninherewithasmartphone,”he

notes. But in 1982, when the building
was first commissioned, the concept
behind it was nothing short of revo-
lutionary. Instead of being connected
to the public electricity or gas grids,
the octagonal Energy Lab, with its
250 square metres of offices, seminar
rooms, laboratories and a light-filled
inner courtyard, was designed to be
completelyself-sufficient energy-wise.
The three control cabinets were the
linchpin: power came from a 25-me-
tre wind turbine and 336 photovoltaic
modules originally manufactured for
space travel which still feed electricity
into the grid today.

Surplusenergy was fed into 104 bat-
teries,and later on into an electrolyser

to produce hydrogen for a fuel cell. The
building was heated using thermal
solar collectors, geothermal probes, a
hot water tank and heat exchangers.
There was a minor flaw in the system:
a backup combined heat and power
generator that was supposed torun on
biogashad torun on propane gas from
bottles instead, because the logistics
of ensuring a safe supply of biomass
at the University were too complicat-
ed. Apart from that, the Energy Lab
was completely self-sufficient. “All the
technologies we are discussing today
already existed back then,” says Koritz.

The driving force behind this
unique experiment was the research
group ‘Physics of Renewable Energies’



Inthe NESTEC Emulation Centre at the DLR's Institute
of Networked Energy Systemsin Oldenburg, scientists
cancreateaccurate simulationsof complexpowergrids. ~ WindLab.

which formed around Luther in the
early 1980s. The researchers wanted
to demonstrate the feasibility of their
concept in a very practical way. This
proved more difficult than expected.
“We totally underestimated the prob-
lems,” Luther admits. “On papetr, it all
looked easy,but even when the system
was up and running we still had a lot
of work to do.” Sometimes physicists
have more faith in feasibility than en-
gineers, the researcher quips dryly.

Butdespite the experiment’s teeth-
ing problems, the Oldenburg scien-
tists were years ahead of their time:
it wasn’t until 1992 that the Fraun-
hofer Institute for Solar Energy Sys-
tems in Freiburg (of which Luther lat-
er became director) completed a solar
house which is now regarded as one
of the world’s first truly self-sufficient
buildings.

However, self-sufficiency was not
the Oldenburg team’s ultimate objec-
tive. Behind the demonstration project
was a larger question: Could Germany
be reliably powered by energy from
non-fossil and non-nuclear sources in
thelong term?“We collected moreand
more data and made more and more
detailed calculations,” Luther recalls.
Finally, they arrived at a conclusion:
“Technically, physically and systemi-
cally, itis possible.”

Theresearchers began tolook more
closely at energy storage systems and
energy converters - specifically, solar
cellsand wind turbines - with the goal
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of improving their performance. An-
other focus was energy meteorology.
The aim was to collect accurate data
on the fluctuating output of solar and
wind energy sources to improve fore-
casting. The topic was way outside the
mainstream back then: at the end of
the 1980s, the prevailing opinion was
that renewable sources could meet
only two to three percent of total en-
ergy needs.

Cermany now covers abouta fifth of
its primary energy demand and almost
halfofitselectricity requirements with
energy from renewable sources.

Meanwhile the Energy Labissome-
what past its prime. “You could say it’s
in a deep slumber,” says Koritz, who
along with Luther and several othersis
campaigning for the now vacantbuild-
ing - one ofthe fewarchitectural testi-
monies to the early days of the energy
transition - to be put back into use.

Astorminawind tunnel

The visitors from South Affrica are
impressed. The delegation from Old-
enburg’s twin town Buffalo City has
just listened to a lecture at the Wind-
Lab about the problems of Germany’s
energy transition. But Princess Faku,
Mayor of Buffalo City, sees thingsrath-
er differently: “Germany is address-
ing its problems.” In South Africa, she
explains, blackouts are common and

The30-metrelong wind tunnel, with its 3m x3mactive
grid, is the scientific centrepiece of the Oldenburg

windenergyisrarely used even though
there’s plenty of it.

In Oldenburg’s Research Labora-
tory for Turbulence and Wind Energy
Systems, or WindLab for short, visitors
cangetanideaofthe progressthathas
been made in harnessing the power
of the wind. The scientific centrepiece
of the elegant research building is a
3o-metre-long wind tunnel through
which air is propelled at speeds of up
to 150 km/h - as strong as a hurricane,
andjustasturbulent.

This is made possible by a grid of
almost a thousand diamond-shaped
metal blades whose configuration can
change from one elaborate geometric
pattern to another in a matter of mo-
ments to generate different degrees of
turbulence, similar to what happens
innaturalwind fields. “It’slike cutting
a piece out of a storm,” is how a team
led by turbulence researcher Prof. Dr
Joachim Peinke described the process
in a well-received paper published in
thejournal Physical Review Letters.

The ForWind Center for Wind Ener-
gy Research of the Universities of Old-
enburg, Hanover and Bremen, of which
Oldenburg wind research is a mem-
ber, recently began studying real wind
fieldsand their turbulence dynamicsat
alarge-scale, globally unique research
facility: the German Aerospace Center’s
(DLR)new WiValdiresearch wind farm
offers researchers five measurement
masts, each over a hundred metres
tall, and two wind turbines fitted with
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Energy research has been EINBLICKE's cover story five times since
the magazine was launched. The cover of the firstissue published
in April1985 shows the hot water collectors on the outside wall of

around 1,500 sensors for their exper-
iments.

Athird methodological pillar of Old-
enburg’s wind research, alongside the
lab experiments in the wind tunnel
and the free field experiments at the
wind farm, are the complex simula-
tions carried out on ForWind’s two su-
percomputers. The Energy Meteorolo-
gy Group - established in the 1990s as
aseparate research group by Dr Detlev
Heinemann - also remains active in
the University’s wind research.

With these research strategies, the
Oldenburg researchers follow in the
tradition of the Energy Lab. “We study
the wind and its interactions with the
turbines not as engineers but from a
physics perspective,” explains Prof. Dr
Martin Kiihn, head of the Wind Ener-
gy Systems research group and board
member of ForWind.

In Kiihn’s view, the main task now
istoincrease the “social and ecological
value” of wind energy. “As an industry,
we have been very successful in recent
yearsinreducing the cost of generating
a kilowatt hour of electricity. In fu-
ture, the focus will be on making wind
power more consistently availableand
ensuring thatitmaintains the stability
of the grid and replaces fossil fuels.”

From materials
research to systems

Theroof terrace of the DLR Institute of
Networked Energy Systems providesa
fantasticview of the University’s sports
ground - and of the Energy Lab, whose
grey wooden facade dotted with blue
solar panels peeks out between the
trees. The path joining the two build-
ings is not a long one, and they have
many other things in common. “The
Oldenburg site started with energy
systems research, then switched its
focus to energy-related materials re-
search,and hasnow goneback to ener-
gy systemsresearch,” explains Prof, Dr
Carsten Agert, Director of theinstitute.

After Luther left the University in
the mid-1990s, his successor, physicist

the Energy Lab.

Prof. Dr Jiirgen Parisi, focused on the
search for new materials that could
efficiently convert solar energy into
electricity. He was very successful: “The
timing was perfect, the photovoltaics
research in Wechloy got off to a flying
start, expanded and made a name for
itself,” Agert recounts. This success
contributed to the establishment of a
new affiliated institute at the Univer-
sityin 2008, the NEXT ENERGY - EWE
Research Centre for Energy Technolo-
gy, which, with its focus on photovol-
taics, fuel cellsand energy storage, was
the forerunner of today’s DLR Institute.
“Back then, materialsand components
wereakey topicin the discussion about
the energy transition, because photo-
voltaics, fuel cells and batteries were
still very expensive,” explains Agert,
who has headed the Oldenburg DLR
Institute since its founding.

In 2017, when NEXT ENERCY found
anew home at the German Aerospace
Center (DLR), the photovoltaics indus-
trywasincrisisandithad become clear
that the main challenge would be to
find ways to properly integrate renew-
ables, with their fluctuating energy
outputs, into the energy grid. “Conse-
quently, the institute focused entirely
on systems research,” says Agert. To-
day, its tenresearch groupsinvestigate
topics such as energy management in
smart power grids, integration of ener-
gy sectors and the modelling of power
grids and energy systems.

Energy systems go digital

Information technology playsakeyrole
in the energy transition, says Prof, Dr
Astrid Niefe, head of the Digitalised
Energy Systems Group at the Univer-
sity of Oldenburg and Executive Board
Member of the R&D Division Energy
at the OFFIS Institute for Information
Technology, one of the University’s
affiliated institutes. “New IT-based
approaches are a game changer in the
transition to a sustainable energy sys-
tem,” she emphasises. With four en-
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ergy informatics professorships and
a junior research group focused on
energy, Oldenburg’s Department of
Computing Science is well positioned
in this field, she notes.

As head of the Future Laboratory
Energy, a large collaborative project
funded by the state of Lower Saxo-
ny, Nief3e is working hard to advance
smart energy management systems,
simulation models and energy sce-
narios, and to streamline collaboration
between the various players in energy
systems research. The goal is to inte-
gratemillions of photovoltaic systems,
battery storage units, heat pumps
and electric cars as well as thousands
of wind turbines without destabi-
lising the power grid. Easier access
to data and software is essential,
says the IT expert. Under her leader-
ship, the NFDI4Energy consortium
works across Germany to make energy
systems research more transparent
and - thanks to digitalisation - more
efficient.

NiefRe and her research group at
the University study how artificial
intelligence (AI) and the principle of
so-called controlled self-organisation
canbe used tostabilise energy systems.
“Controlled self-organisation means
that the individual components of the
system are equipped with autonomous
software that controls their operation -
butinasafe mode,” she explains.

People involved in the Future Labo-
ratory investigate how this and other
energy informatics solutions can be
put into practice on a small scale in
three “smart neighbourhood” pilot
projects in in the north German fed-
eral states of Lower Saxony and Schle-
swig-Holstein. “Neighbourhoods are
animportant partofthe transition, but
in Germany, for example, citizen-driv-
en energy systems or energy cooper-
atives are not yet standard practice,”
Niefde explains. Which is one more

reason for the researchers to simulate
concepts like electric mobility in the
three pilot neighbourhoods. One of
theseneighbourhoods - Helleheide - is
located in Oldenburg.

It’'saTuesdayin March 2023. Twomem-
bersofthe ENaQ (Energetic Neighbour-
hood Fliegerhorst Oldenburg) project
grouparegivingaguided tour of the for-
mer Oldenburg Air Base site. The focus
ofthe tourisasection covering around
fivehectaresin thenorthern partofthe
sitewhichis currently under construc-
tion: the Helleheide neighbourhood.
Thewhole areaisstill fenced off; the fu-
turelivinglabisstilljustalargeholein
theground. Butitwillsoonbehometoa
climate-friendly neighbourhood where
asmuch energyaspossibleis generated
and consumedlocally - notyet fully cli-
mate-neutral, but certainly very closeto
what the Oldenburgresearchersled by
Joachim Luther envisioned almost fifty
years ago. In 2025 around 350 people
will move into seven buildings on the
site and make communal use not only
of the energy but many other things,
includingalaunderette and a meadow
orchard.

“It’s wonderful that people will ac-
tuallylive thereand goabout theirnor-
mallives,” says Prof. Dr Sebastian Lehn-
hoff, head of the project consortium,
which includes many of the stakehold-
ers in Oldenburg’s energy sector, and
Chairman of the Board of the OFFIS
Institute. The project is not just about
researching technologies but also
about the “interface with humans”, he
emphasises. Oldenburg citizens were
invited to express their wishes and
requirements for the climate-friend-
ly residential area in a participatory
process that was organised and eval-

uated by a team from the University
led by sustainability economist Prof.
Dr Bernd Siebenhiiner, among others.
One idea that emerged was the “en-
ergy traffic light”, a small lamp that is
plugged into a socket and goes green
when there is plenty of green elec-
tricity in the grid. “Ideally, users will
switch on theirappliances during that
time,” explains project worker Maren
Wesselow. The trafficlight device offers
a simple solution to avoid load peaks
within the neighbourhood. A prelim-
inary test in Oldenburg showed that
many of the participants used larger
electrical appliances more conscien-
tiously thanks to thisdevice - although
this didn’t save them any money be-
cause the tariff system still lacks the
necessary flexibility.

A digital platform is also in the
pipeline to encourage Helleheide’s
residents to save more energy. Users
will be able to track things like how
much money their solar panels are cur-
rently earning, or consumption levels
in their own household, their street, or
the neighbourhood as a whole. “Com-
paring yourselfwith others canbe very
effective,” says Lehnhoff.

He stresses that the success of the
energy transition hinges not only on
new technologies, but on people ac-
cepting them. This means that the so-
cial sciences play a key role in the cur-
rent phase ofthe energy transition,and
the University has an important con-
tribution to make. “Energy research at
the University has always been trans-
disciplinary,” he explains, adding that
over the years an intense and unique
interdisciplinary collaboration hasde-
veloped between the University’s ener-
gy informatics, wind research, social
sciences and econormics departments
and the affiliated OFFISand DLR Insti-
tutes. “We’vebeen doing this foralong
time,” Lehnhoffunderlines, “and we'’re
really good atit.”
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How will
healthcare change
intheyearsto
come?

"We are facing a major transformation in the healthcare system. Medical
services will be concentrated in far fewer locations than at present, and
treatments will increasingly take place on an outpatient basis. All current
developments and hospital reform plans point in this direction. There isno
alternative because medical professionals - already in short supply - will
continue to decline in numbers, and this is the only way to meet demands
for quality healthcare. What is the point of a hospital that has no staff, or
where the procedure thata patient needsis not routine? Centralisation may
mean that people have to travel longer distances - especially those in rural
areas - butitalsohasadvantages for patients: expertise willbe concentrated
atthose facilities that continue to operate,and the diagnosis and treatment
of even rare diseases will become routine there.

Thedigitalisation of the health industry will also shape this transformation.
Tired of having torepeat your medical history to every doctor you go to? That
willnolongerbe necessary once the results of all your medical examinations
andinformation about medicationsand previousillnessesare stored onyour
health insurance card orinanapp. Having this data at their disposal will give
patientsanew autonomy. I believe that within the next five years our smart-
phones will inform us in advance about what we need to bring along when
we go to hospital, guide us through all the required examinations during
our stay, and receive and store the results afterwards. The expectation here
is that medical professionals will know far more about patients in advance,
thankstodigital medical records and otherinnovations - and this willleave
more time for actual communication.'

Prof.Dr
Hans Gerd Nothwang

Medicine and
Health Sciences



