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FOR THE FUTURE

Many paths lead to the /
energy future

Energy production should be clean, inexpensive
and safe. This undertaking already sounds
challenging, but is even more complex in reality.
To determine which paths could lead to this goal,
PSI researchers use a computer model that is
unique in its scope.
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“More objectivity would
be helpful”

Renewable energy expert Thomas J. Schmidt and
nuclear energy researcher Andreas Pautz

explain what tasks science needs to accomplish
as part of Energy Strategy 2050.
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INFOGRAPHIC

Energy scenarios

The scenarios produced by PSI researchers
can broaden the horizon for possible developments
in energy systems.
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Everyone must play
their part

We are facing major challenges. With the Energy Strategy 2050,
Switzerland has set itself the ambitious goal of running the economy
and adapting our lifestyles to minimise the emission of gases that
contribute to climate change. The current crisis in Ukraine has made
this goal more pressing and challenging than ever, as we need to
rapidly reduce our dependence on fossil fuels and their suppliers,
while at the same time ensuring a secure local energy supply.

And one thing is clear: without new processes, technologies and
materials we will not be able to accomplish this energy transition.
That’s why PSl researchers are helping pave the way through advanc-
es in their respective fields. For example, we are investigating and
creating new materials and processes to optimise energy storage or
conversion - such as the GanyMeth reactor behind me at our Energy
System Integration Platform ESI. We are using it to study how to
combine hydrogen and carbon dioxide most effectively to produce
methane, a synthetic form of natural gas. The ESI platform is just one
example of how we develop technical prototypes destined for large-
scale application in industry and business. We are involved in many
commercial partnerships to develop our basic research into solutions
to complex problems. Using sophisticated and state-of-the-art com-
puter models, we explore how energy systems will develop in the
future, and gauge the associated costs.

As usual, predictions about future developments are subject to un-
certainties, and different development paths emerge depending on
the various scenarios that we present in our key topic for this issue
of 5232. Nevertheless, they do sketch out the possible steps forward
within given parameters. Many of our findings also serve as a basis
and orientation for political decisions, although the overall geopolit-
ical conditions regarding energy imports, for example, are highly
volatile. With these and many other initiatives, we want to contribute
to achieving the goals of the Energy Strategy 2050 and ensure a more
resilient and secure energy supply. Despite all the successes in re-
search, one thing is also clear: to accomplish the necessary changes,
all sections of society - politics, business and the general public -
must play their part.
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Writing and more

Who has never held a pencil? In spite of digitalisation, it has
still not disappeared from our everyday lives. This may be due,
among other things, to its extraordinary properties, since we
not only can write and draw with it, but also can easily remove
the lines it draws with an eraser. The pencil owes this distinc-
tive feature to its lead, which these days is made of graphite, a
very special material. Graphite is pure carbon, the element that
also forms diamonds and serves as the central framework for
the carbohydrates, proteins and fats that essentially make up
our bodies. This list alone illustrates the versatility of carbon.
In graphite, carbon atoms arrange themselves in layers that are
not firmly attached to each other. They can, for example, be
easily rubbed off and then stick to paper. The graphite on the
paper can be removed again because it sticks more strongly to
the rubber of the eraser than to the paper. Lead was actually
used for pencil cores until the 19th century, and this is reflect-
ed in the “leads” used in mechanical pencils designed for tech-
nical drawings.
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Target and source

At PSI, graphite has a very special use. One is to make “tar-
gets”: rotating rings shaped a bit like hubcaps. Protons moving
at roughly 79 percent of the speed of light are fired at them

from the accelerator facility HIPA, so they become sources of
elementary particles. The first target is designated M for mince,
the French word for thin, because it is only five millimetres

thick. In collisions with carbon nuclei of the graphite, the fast

protons produce pions, which decay into muons in an extreme-
ly short time. After that, the proton beam hits a second target.
This one is designated E for the French épais, or thick, because

it has a thickness of 40 millimetres. Here significantly more

pions - and thus more muons - are produced. Researchers use

pions and muons to carry out experiments and investigations

in particle physics or explore the properties of materials. For
example, they allow the radii of the proton and a helium atom

to be measured more precisely than ever before. This in turn

makes it possible to test new theoretical models of the nucle-
ar structure and gain a better understanding of atomic nuclei.
Muons are also being used to study new materials for batteries

and decipher the composition of archaeological artefacts.



Tom Kober, head of the
Energy Economics Group

Russell McKenna, head of the
Laboratory for Energy Systems Analysis

INTERVIEW
“More objectivity
would be helpful”
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ENERGY SECURITY

Clean and secure energy
for the future

Switzerland is facing major challenges. In light of current geopolitical developments
and other crises, such as the global pandemic caused by the Sars-CoV-2 virus,

KEY TOPIC

the prerequisites for achieving the goals of the Energy Strategy 2050 appear to be in
question. Researchers at PSI are trying to broaden the view of possible development
paths through the use of complex calculations.

\

Evangelos Panos, a researcher
in the Energy Economics Group

INFOGRAPHIC
Energy scenarios
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Many paths lead to
the energy future
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Thomas Justus Schmidt, head of the

PSI Research Division Energy and Environment
(left) and nuclear energy researcher

Andreas Pautz, head of the Nuclear Energy
and Safety Research Division.

“More objectivity would

be helpful”

The current energy debate could do with more facts and less gut feeling

- argue Thomas J. Schmidt, renewables expert and head of the PSI Energy
and Environment Research Division, and Andreas Pautz, nuclear energy
specialist and head of the PSI Nuclear Energy and Safety Research
Division. In this joint interview, they set out the challenges that science
needs to address in connection with the Swiss government’s Energy
Strategy 2050 and why nuclear energy and renewables experts must work
closely together.

Interview: Brigitte Osterath

Professor Schmidt, you head up the PSI Ener-

gy and Environment Research Division, and

Professor Pautz, you oversee the Nuclear En-

ergy and Safety Research Division. What are

the differences between your two fields of re-
search, and what do they have in common?

Thomas J. Schmidt: The Energy and Environ-
ment Division does research on the production,
conversion, and storage of energy from renewable
sources, as well as addressing the consequences
our energy use has for the environment and atmos-
phere. Our research does not cover nuclear energy,
however.

Andreas Pautz: That is our expertise. But we do
have some common ground: We always work within
the context of Switzerland’s Energy Strategy 2050.
During this transition phase, we both have impor-
tant tasks to perform: The Energy and Environment
Division needs to push forward with renewables,
while we have to solve the problem of how to ensure
that nuclear power stations continue to operate

safely up into the 2040s - possibly even well be-
yond - and lastly, how to safely dispose of radioac-
tive waste. We play our part in maintaining high
safety standards throughout and minimising the
nuclear legacies for future generations to deal with.

So, you don’t see each other as rivals, champi-

oning different energy sources?

Schmidt: Not at all. We work closely together
and in doing so have to keep an eye on time scales
when it’s time to replace one technology with a dif-
ferent one.

Pautz: Exactly, our aim is to ensure optimal in-
terplay with a view to avoiding potential environ-
mental impacts as much as possible and minimising
costs. We look at this purely from a scientific angle;
we are not engaging in political discussions. The
decision not to limit the lifetime of existing nuclear
power stations effectively makes them an integral
part of the country’s energy strategy. By the way,
there is no other scientific institute in Switzerland



where so much energy research is conducted as at
PSI, in other words, where so many researchers are
concentrated in such a small space.

Do you also work on joint projects?

Pautz: Certainly. For example, we work together
on the SURE project, whose aim is to determine how
we can build a secure and resilient energy supply
for the country over the coming years. This involves
much more than just minimising CO, emissions, but
includes other aspects such as reliability of supply,
network stability, and defence against external and
internal threats. In addition, we are working togeth-
er on net-zero, that is, on technology development
and modelling for a society whose bottom line in
terms of greenhouse gas emissions is zero. In this
connection, we will be leading and coordinating a
competence centre of the ETH Domain, beginning
in autumn 2022.

Schmidt: We carry out this research in a joint
PSl lab, the Laboratory for Energy Systems Analysis.
This specialises in holistic analyses of the entire en-
ergy system. Transport, industry, private households,
electricity generation - everything comes together
here. Aside from that, though, there is a whole series
of other subject areas in which synergies arise.
These include materials aspects, the formation and
spread of aerosols, flow processes in porous media,
disposal and recycling processes, and much more.

Is more scientific objectivity necessary in the
discussions about the energy transition and
the various ways of achieving it?

Pautz: More objectivity in the energy debate
would be extremely helpful. We simply need to care-
fully weigh the new facts that we have today - for
example with regard to the increasingly visible con-
sequences of climate change or the unfortunate
lack of speed in the expansion of renewable energy
and storage technologies. Due to the military con-
flict in Ukraine, which has made us aware of our
dependency on fossil fuels, the issue of security of
supply has come into focus in a massive way. In view
of these new realities, | am pleading for an open
debate on technology that does not exclude any
form of energy, not even nuclear power. There
needs to be an evaluative thought process.

Schmidt: This also underlines the importance
of the holistic approach we adopt at PSl in order to
understand energy systems as a whole. Only a few
other places in the world follow this approach.

Is it difficult for you to attract young scientists

in your area of research?

Schmidt: No. Our international outlook helps:
People from around 45 different countries work in
the Energy and Environment Division.
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Pautz: | can confirm that for my division as well.
We have a very good reputation internationally and
thus strong demand. Together with EPFL and ETH
Zurich, we offer a master’s course in nuclear engi-
neering, for example. On average, 15 new students
start every year, and the trend is upward. This year
more than 25 are starting. It is also very gratifying
that in the past three years more and more Swiss
students have chosen nuclear engineering as their
subject. This shows that nuclear energy is not an
obsolete model internationally, and that the subject
also motivates young people in Switzerland.

Is the criticism “Switzerland wants to discon-
tinue nuclear energy, so why is PSI still doing
research on it?” something that you hear of-
ten?

Pautz: Hardly ever. No one disputes that spe-
cialists are needed for the next 25 years at least,
partly to solve the problem of radioactive waste
disposal. The need for Switzerland to maintain its
nuclear expertise is also widely recognised in polit-
ical circles. When it comes to nuclear technology,
Switzerland should also be able to defend its posi-
tion as a global player and draw on a deep pool of
know-how. This is only possible, however, if we con-
tinue to do research on important issues relating to
nuclear safety, and on the sustainability aspects of
this form of energy.

What has changed in your field of research
over the past years, and what do you expect
for the future?

Schmidt: Amongst other activities, we have re-
duced our research into combustion technology.
Although this used to be an important topic, it now
has a limited future. On the other hand, we have
taken on several new topics, such as hydrogen pro-
duction. Another issue that has become more im-
portant is the impact of our energy use on the cli-
mate. For example, what effects do aerosols have
on the atmosphere and on human health?

Pautz: The long-term operation of nuclear pow-
er stations tops our agenda, as well as the final dis-
posal of nuclear waste and the dismantling of de-
commissioned plants. Since it became clear that
Switzerland plans to phase out nuclear energy, we
have suspended activities that are related to con-
structing new power stations, such as the develop-
ment of new fuels. We are only marginally involved
in investigating new safety systems. In the future,
I'd really like to see collaborations between industry
and research become much more international. We
want to continue to capitalise on PSI’s strong inter-
national reputation in nuclear energy research. ¢



Many paths lead to
the energy future

The goal is clear: zero greenhouse gas emissions by 2050. But how can

Switzerland manage the energy transition at the lowest costs possible

and ensure the security of the energy supply? PSI researchers are providing e
answers with a computer model that is unique in its scope. :

Text: Bernd Miiller

Evangelos Panos and his team develop complex
computer models that simulate how the

energy systems could change in the future.
This allows different conclusions, for example:
per capita energy consumption should
decrease (see graphic, above right).
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When Tom Kober talks about his work, he makes
one thing clear right away: “We don’t predict the
future.” This could be confusing at first, since “fore-
sight” is Kober’s special field. Even though Kober
looks into the future, he does not make predictions.
“We calculate scenarios on the what-if principle,”
Kober says, “but every computational model is still
just an abstraction of reality, which means that cer-
tain aspects may well be disregarded.” None of
these scenarios will unfold in that exact way. Nev-
ertheless, they should provide valuable support to
decision-makers in politics and business. “The sce-
narios show possible options for action and the
consequences they have, which is particularly in-
teresting for the comparison of different scenarios.”
For more than 15 years, Kober has been dealing
with energy systems, CO, emissions and the press-
ing questions posed by advancing climate change.
Since 2016 the 45-year-old has been the head of the
Energy Economics Group, an important team in the
Laboratory for Energy Systems Analysis (LEA) at
PSI. “PSl is the ideal place for this interdisciplinary
research,” confirms Russell McKenna, the head of
the LEA. The LEA represents the ideal complement
to the main areas of work in PSI’s two research di-
visions Nuclear Energy and Safety, and Energy and
Environment. “We produce market analyses to sup-
port, among others, our colleagues who are devel-
oping electrolysers or fuel cells. We in turn benefit
from the data and expertise of the colleagues who
are developing new technologies,” McKenna says.
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This competence is also known to Innosuisse,
the Swiss Innovation Agency. It determined that de-
spite plenty of valuable foresight research on ener-
gy systems in Switzerland, this had not been well
coordinated. In 2017, the agency launched a project

- Joint Activity Scenarios and Modelling (JASM) -
charged with calculating a development path for
Switzerland towards a climate-neutral society. The
aim was to provide orientation for politics and busi-
ness. Participants included the eight Swiss Compe-
tence Centres for Energy Research (SCCERs). Be-
sides PSI, this included other institutions in the ETH
Domain such as Empa, EPFL, WSL, and ETH Zurich,
the Lucerne University of Applied Sciences and
Arts, and the universities in Basel and Geneva. Each
of these research institutions has particular
strengths and concentrates on specific research
questions.

The modelling team in the PSI Laboratory for
Energy Systems Analysis is recognised nationally
and internationally for the STEM (Swiss Times
Energy Systems Model) it developed. Kannan
Ramachandran and Evangelos Panos were largely
responsible for its development. “It is the only model
that can map development paths for the entire
Swiss energy system over long periods of time with
very good temporal resolution and an extremely
high level of technical detail,” says Evangelos Panos,
aresearcherin the Energy Economics Group. Other
researchers who use energy models only consider
one specific year in the future, not a period covering
several decades. In the JASM joint project support-
ed by Innosuisse, PSI researchers investigated
three net-zero scenarios in comparison with a base-
line scenario in which, by 2050, CO, emissions
would only be reduced 40 percent below 1990 levels
(see infographic on page 18): a net-zero CO, emis-
sion reduction scenario (CLI), a variant that also
calculates a reduction in energy imports to a mini-
mum (SECUR), and a variant with fragmented ex-
pansion potential for new renewable energy sourc-
es (ANTI).

Last year Tom Kober’s team presented the re-
sults of their models. Bad news first: to reach the
net-zero goal by 2050, substantial efforts will be
necessary. To achieve this goal in the most cost-
effective way possible, the installed photovoltaic
capacity needs to double every ten years, and
three-quarters of all residential buildings will then
have to be warmed by heat pumps. This would halve
Switzerland’s average per capita energy consump-
tion compared to today. Thus Switzerland would
transform itself into the much-cited 2,000-watt
society, meaning that the annual primary energy
consumption per capita would correspond to an
average output of 2,000 watts. Today it is nearly
4,000 watts per person. With a delayed expansion

= 3



“PSI is the ideal place for

this interdisciplinary research.”

Russell McKenna, head of the Laboratory for Energy Systems Analysis

of renewable energy sources, the average power
requirement would have to be brought down even
further, to 1,750 watts. In this case, the net-zero tar-
get could be achieved primarily through extra ef-
forts to conserve energy - which would bring corre-
spondingly higher costs, for example for more
thermal insulation and better process integration.

Photovoltaics has a major role to play in the en-
ergy transition. Switzerland could harvest around
50 terawatt-hours of solar power annually if all
available surfaces were used. Today, however, only
four percent of them are in use. If the country wants
to largely do without energy imports by 2050, more
than 90 percent of these surfaces would have to be
exploited. On the other hand, only around 50 per-
cent of the possible solar energy surfaces would
need to be used to achieve the goal in the baseline
scenario. In the scenario with delayed expansion, it
would be 40 percent.

In the meantime, other research institutions
have also presented their JASM results and summa-
rised them in a synthesis report. Besides that, there
are also the federal government’s scenarios - known
as Energy Perspectives 2050+. The researchers
agree on the main findings, but there are differenc-
es as well. The PSI models, for example, indicate
higher costs than in other groups’ results.

“Some events, however, cannot be predicted by
even the best computational models, for example
when a virus holds the world in suspense or a war
threatens the reliable supply of fossil fuels,” labo-
ratory head McKenna points out. Such shock events
are topics explored by SURE (Sustainable and Re-
silient Energy for Switzerland), a research project in
the SWEET programme (Swiss Energy Research for

1

In order to achieve the goals of the lowest possible
CO, emissions, a strong expansion of photo-
voltaics is necessary in all scenarios. In some
cases, more than 90 percent of the possible fifty
terawatt-hours, depending on the scenario

(see chart below right).

the Energy Transition) of the Swiss Federal Office
of Energy. In SWEET, ten research partners, led by
Tom Kober, are investigating how the energy system
behaves in the event of a shock and what counter-
measures can be taken. With regard to the Covid-19
pandemic, experts are quite sure that the immedi-
ate effects on the energy system will only be short
and medium term, and that long-term goals such as
decarbonisation will not change.

The war in Ukraine could be a different story. As
a result, some scenarios in PSI’s JASM report have
suddenly been brought into sharp focus. Today
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around three-quarters of Switzerland’s total annual
energy consumption is imported. Besides decar-
bonisation, the SECUR scenario is designed to
achieve independence from imports as rapidly as
possible, for example by using domestic renewable
energy to produce hydrogen. In such a scenario, it
is not only necessary to increase electricity produc-
tion, but also to conserve more energy and enhance
the flexibility of the energy system to integrate large
amounts of energy from renewable sources. This
also makes climate protection efforts around two
and a half times more expensive.

As an industrial engineer, Kober is particularly
interested in such economic aspects of the trans-
formation of energy systems, as well as in the tech-
nical interdependencies. The question is: What
does it cost if we make this or that decision in a
scenario, and what interactions result from this in
a system as complex as the energy system? The an-
swer is unambiguous: it’s not going to be cheap.
Society will have to bear substantial costs, depend-
ing on the scenario. No wonder: if Switzerland
wants to get from its CO, output of 43.4 million
tonnes per year (as of 2020) to net-zero by 2050,
then in the future CO, emissions will have to de-
crease every year by one and a half million tonnes
on average compared to the previous year. But
there’s also good news: this decarbonisation of the
energy supply is technically possible and in princi-
ple affordable - if the measures are chosen wisely.

Looking at the costs of the baseline scenario in
which CO, emissions fall by 40 percent by 2050
compared to 1990, one can see that the total costs

<
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of the energy system by 2050, compared to today,
will more than double. There are additional costs
associated with achieving the net-zero target. De-
pending on the scenario, these will be between
around 180 and 840 Swiss francs per capita annu-
ally up to 2030. Up to 2050, the additional costs will
be between 1,440 and 3,750 Swiss francs (see
graphic page 16). Evangelos Panos explains the dif-
ferences in costs between the scenarios: “The rea-
sons for such a broad range are different develop-
ments in energy source prices, energy technologies,
resource availability, market integration, accept-
ance of technologies and dependence on energy
imports. If the framework conditions change, this
results in a different technology mix, combined with
rising costs for the energy system if the inexpensive
climate protection options are only available to a
limited extent.”

Soit’s clear: the energy transition will be expen-
sive - how expensive depends on political decisions.
The hope of saving money by doing nothing is some-
thing Kober rejects outright: the ANTI scenario, in
which more cost-effective measures for the energy
transition such as the expansion of renewables
make only slow progress, is the most expensive sce-
nario of all. Instead of just 1,440 francs as in the
net-zero baseline scenario (CLI), the Swiss would
then have to pay an additional 3,750 francs per year
in 2050. If expansion of renewable energy sources
is delayed, hydrogen would become significantly
less important, since the domestic resources for
production would not be fully available. To compen-
sate for this, measures to conserve energy would




have to be given preference, and energy from envi-
ronmentally friendly sources would have to be im-
ported from abroad at high prices. Even if Switzer-
land wants to be as independent as possible
from energy imports, the additional costs of the
energy transition would almost double in 2050 to
2,560 Swiss francs per year, mainly due to the ac-
celerated installation of photovoltaics and better
building insulation in combination with heat pumps.

One key to the success of all ambitious devel-
opment paths, aside from the costs, is acceptance.
In the ANTI scenario, the researchers assume the
population takes a pessimistic and defensive
stance, which would set the energy transition back
by ten years. The referendum in June 2021, in which
Swiss voters rejected important climate protection
measures in the amended CO, Act, shows that this
is not far-fetched.
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Industrial engineer Tom Kober tries to use the

scenarios, among other things, to investigate how
the costs of the energy transition will develop.
One thing is clear: it’s going to get expensive

(see graphic above).

Kober also sees the world of finance as having an
obligation. The energy system of the future is in-
creasingly capital-intensive. Although people will
save on fuel, larger sums must first be invested, for
example in photovoltaic installations or hydrogen
technology. Banks assess the risks of investments
and distinguish between mature technologies like
photovoltaics or thermal insulation, and other tech-
nologies that today are only on the way to market
maturity. But the energy transition will only succeed
if new technologies associated with hydrogen, or
with separating CO, out of exhaust gases from pow-
er plants or incineration facilities, are introduced on
a massive scale. Here new financing instruments
and government guarantees are needed.

Which scenario is now the best or the most like-
ly? As has been said: no scenario of the PSI JASM
report predicts the future; none has only advantag-
es, inasmuch as there is no good or bad. But there
are a few basic principles common to all scenarios:
+ A price must be put on greenhouse gas emissions

- that means energy prices must reflect the costs
for the environment and for people. In addition,
the decarbonisation measures must be coordinat-
ed and implemented rapidly, otherwise it will get
really expensive.




+ Electricity from low-emission sources, especially
renewables, is the raw material of the energy tran-
sition. Switzerland’s power consumption could
increase from around 60 terawatt-hours today to

ENERGY SECURITY

the social impact of the energy transition. Tom
Kober is optimistic that the energy transition can
succeed: “What we need now are decisive measures
and concrete regulations that everyone can follow

80 in 2050. To meet this need and to compensate  to control carbon emissions.” ¢
for the gradual phase-out of nuclear energy, the
output from photovoltaics must at least double
every decade.

- More weather-dependent electricity production,
such as from photovoltaic and wind power plants,
means that the energy system has to react much
more flexibly. This requires additional energy buff-
ers (short-term and seasonal) in the form of bat-
tery, thermal or chemical storage, as well as the
willingness of consumers to adapt their energy
consumption to the energy supply.

+ Without the separation and underground storage
of CO,, the decarbonisation goals cannot be
achieved. Switzerland must coordinate this with
its neighbours.

+ Openness to technology pays off. Competition
combined with incentives can bring the best re-
sults at the lowest costs.

Research using the STEM model continues and will

be extended to other aspects of the sustainability

and resilience of the energy system, most notably

“For the energy transition we also
need new financing instruments and
government guarantees.”

Tom Kober, head of the Energy Economics Group
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6 million equations —one energy system

The trained software engineer and energy modeller Evange-
los Panos has built up a complex computational model over
the years with his colleague Kannan Ramachandran and a
team of other researchers: STEM, the Swiss TIMES Energy
System Model. It consists of six million equations with six
million variables that describe various aspects of the Swiss
energy system. The variables are linked in many dimensions
via the equations. If you change one variable, such as the
price of emitting a tonne of CO, or the expansion of photo-
voltaics, dozens of other variables change, sometimes in
unforeseen ways.

It is inconceivable to work out such a gigantic system
of equations with paper, pencil and pocket calculator. Even
the special computer that Panos uses takes several hours
to solve the system of equations for a single scenario. But
the modelling of energy systems using different scenarios
is more than that, because it involves converting specialist
knowledge about the energy system from different disci-
plines into efficient algorithms in order to be able to calcu-

The magazine of the Paul Scherrer Institute

late them using computers at all. Thus it’s no wonder that it
took months of meticulous, detailed work to calculate all of
the scenarios and their variants in the JASM project.

In comparison to models from other research teams,
PSI’s STEM has some outstanding distinctive features - but
naturally, it can’t do everything. It is a model focused on
technological and economic optimisation. For example, it
does not make any statements as to how the scenarios in
Switzerland will affect the labour market or value creation.
The researchers also excluded emissions from internation-
al air traffic and emissions that occur abroad in connection
with the importing of goods into Switzerland. Therefore, the
modelling of the Swiss energy system is not a solo task of
PSI, but a contribution embedded in cooperative research
involving other renowned research groups: working togeth-
er to ultimately draw a comprehensive picture, with as many
facets as possible, of the transformation of the energy sys-
tem.



Supply side General indicators

Demand side

Energy scenarios

The scenarios produced by PSI researchers are not forecasts, but
rather assumptions as to how Switzerland’s energy systems could change.
Nevertheless, they broaden the view of possible developments.
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The ESI research platform offers
numerous opportunities for networked

energy research.

Energy research at PSI

Cooperation for a secure energy supply

The Paul Scherrer Institute participates in many co-
operative projects, either in a leadership role or as
a partner. PSl led the Swiss Competence Centre for
Energy Research (SCCER) on Heat and Electricity
Storage, within the framework of the federally initi-
ated Energy 2013-2020 funding programme of the
Swiss Innovation Agency Innosuisse. Also, in a joint
research project of five SCCERs, PSI prepared a
white paper on “Power-to-X” for consideration by
the Swiss Federal Energy Research Commission
(CORE). The goal of the white paper is to gather to-
gether the most important findings currently avail-
able about Power-to-X technologies. Similarly, PSI
led the energy research association SCCER Bio-
sweet, in which up to 15 academic research groups
and dozens of implementation partners took part,
with a focus on biomass conversion processes. At
present researchers from ten institutions, under PSI
leadership, are investigating how best to make Swit-
zerland’s energy supply sustainable and resilient
over the coming years. This is within the framework
of aresearch project called SURE (SUstainable and
Resilient Energy for Switzerland) funded through
the Swiss Federal Office of Energy.

Networked platform

On the experiment platform ESI (Energy System In-
tegration; see also graphic above), research and
industry can test promising approaches for inte-
grating new renewable energy sources such as sun,
wind, and biomass into the energy system. Also,
through the project ReMaP, the demonstrators of
the ESI Platform are networked with the Empa re-
search platforms ehub, NEST and move, as well as
ETH Zurich and renowned partners from industry.
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Efficient storage and conversion of energy

In the search for more efficient usage of energy, one
area PSl is focusing on is the characterisation and
development of materials for new energy storage
media, including lithium-ion batteries. These will
play an essential role in future hybrid, electric, and
fuel-cell vehicles.

Safe use of nuclear energy

One key research focus is to gain an even better
understanding of the processes in nuclear power
plants, to contribute to their safe operation. These
investigations are carried out by means of comput-
er simulations, among other approaches. Another
aspect is the safe disposal of radioactive waste.
One goal of the work in this area is to determine how
well suited different geological formations are for
safely storing radioactive waste over long periods
of time.

Holistic assessment of energy systems

Beyond investigations into individual energy tech-
nologies, PSI researchers also take a holistic view
that includes comparisons of nuclear, fossil and
renewable energy systems. Using this approach,
they analyse the structures and effects of national
and international energy systems to better under-
stand the connections between energy, economy,
environment and technology, or they explore differ-
ent options for the energy supply. ®
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Destroying cancer cells
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Susanne Geistlich, head of the Clinical Drug Sup-
ply Group at the Centre for Radiopharmaceutical
Sciences at PSl and ETH Zurich, is on a mission to
fight tumours. She and her PSI team produce
radiopharmaceuticals to detect and destroy
cancer cells in the body. To the right, in the be-
fore-and-after picture in the background, you see
the successful result of one such treatment. Drug
safety requires the highest levels of purity in the
facilities and laboratory where production takes
place. These were newly confirmed through the
recent certification by Swissmedic, the Swiss
Agency for Therapeutic Products.
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Even everyday objects are subject to
non-destructive examination at ANAXAM.
CEO Christian Griinzweig and project
manager Cynthia Chang philosophise about
the distribution of sealant in a tin can.




IN SWITZERLAND
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Of fusion reactors, fuel cells,
and tin cans

Whether everyday objects or high-tech materials for renewable

energy technologies: for more than three years now, the technology
transfer centre ANAXAM has been facilitating access to the large
research facilities at PSI and supporting small and medium-sized enter-
prises (SMEs), start-ups and large companies worldwide with

a complete package of services to use these facilities for their own
material analytics.

Text: Benjamin A. Senn
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150 million degrees Celsius - that’s how hot the
plasma is supposed to be inside the fusion test re-
actor ITER in Cadarache in southern France, which
researchers want to use to put a future energy
production technology to the test. For comparison:
we can bake the perfect, crispy pizza at around
350 degrees Celsius; lava flows, depending on the
type of rock, at a temperature of more than 1,000
degrees Celsius; and there is a remarkable heat of
around 15 million degrees Celsius in the interior of
the sun. The unimaginable 150 million degrees Cel-
sius researchers plan to achieve at ITER would be
unique in our solar system. Even if the hot plasma
in this so-called tokamak never comes directly into
contact with the walls, one can vaguely imagine
what enormous thermomechanical and radia-
tion-intensive stresses these materials will have to
withstand.

Before the start of test operations under such
infernal conditions, the materials must be subject-
ed to controlled stresses, and any structural chang
es inside them must be checked with high precision.
This is exactly why the technology transfer centre
ANAXAM offers many state-of-the-art analytic
methods that can be carried out at the large re-
search facilities of PSI.

Precise materials analysis

ANAXAM is a non-profit association founded in
2019 by the Paul Scherrer Institute, the University
of Applied Sciences and Arts Northwestern
Switzerland, the Swiss Nanoscience Institute and
the Canton of Aargau. The association’s goal is to
facilitate access to the large research facilities for
industrial projects. The acronym ANAXAM stands
for Analytics with Neutrons And X-ray Advanced
Manufacturing.

Neutron beams and synchrotron radiation - a
special form of X-rays - can be used to examine
objects non-destructively. This not only allows a
three-dimensional view inside the object, but also
lets us identify and localise the different chemical
elements through spectroscopy, or characterise a
material morphologically through diffraction and
small-angle scattering. Depending on the object,
neutron and synchrotron beams can be applied one
after the other, and the results can be combined,
for example, to achieve different contrasts in the
imaging.

The sheer dimensions of PSI’s large research
facilities allow material analytics that is simply im-
possible in conventional industrial laboratories.

“For example, the Swiss Light Source SLS at PSI,
which is used to generate X-rays, delivers a bril-
liance that exceeds that of laboratory-scale X-ray
sources by an impressive factor of ten billion,” says
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Christian Griinzweig, ANAXAM’s CEO. In Switzerland,
analytics using neutron and synchrotron radiation
is only possible at the large research facilities SLS
and the Swiss Spallation Neutron Source SINQ at
the PSI.

For companies to benefit from these complex
facilities, ANAXAM’s core team of six is on hand to
provide advice and practical assistance. “We are a
one-stop shop. Customers come to us with a prob-
lem, we advise them, we purchase measurement
time from PSI, we set up a specific infrastructure if
needed, and we carry out the measurements, in-
cluding data analysis. The customers receive the
data and their interpretation in a final report,” ex-
plains ANAXAM project manager Cynthia Chang.
Before joining ANAXAM, materials scientist Cynthia
Chang and Christian Griinzweig were engaged in
analytics research at PSI - Chang with synchrotron
and Griinzweig with neutron analytics. Their exper-
tise is perfectly complementary in their current po-
sitions. Together with their team, with a wide range
of backgrounds in research and industry, they are
reinforcing Switzerland’s status as an industrial lo-
cation using the most advanced analytical methods
for the products and processes of tomorrow.

Fuel cell components made in Switzerland

Fuel cells are considered an important technology
for electromobility in the future. Inside such a cell,
hydrogen and oxygen react to produce water, re-
leasing energy in the form of electricity and heat.

The central component in a fuel cell is the so-
called bipolar plate (see figure, top of page 25),
where the electrochemical reaction takes place.
With respect to its channel geometry (the fine
grooves seen in the figure), this plate must be de-
signed in such a way that oxygen and hydrogen can
be distributed evenly, the heat of the reaction can
be dissipated efficiently and the water resulting
from the reaction can be reliably transported away.
The plate must also be made with a precise fit to
ensure the cells are gas-tight.

To achieve this precision, bipolar plates are con-
ventionally cast from the material graphite. This
process is very complex and expensive, however -
graphite bipolar plates account for up to 40 percent
of the production cost of a fuel cell. In addition, they
are very heavy, which in turn has a negative effect
on performance.

To address these problems, the company Fein-
tool developed a process enabling bipolar plates to
be manufactured from extremely thin stainless
steel sheets in a single production step. Besides
offering a faster and cheaper production method,
the use of stainless steel also results in lower over-
all weight and reduced volume compared to fuel



The experimentally generated three-

dimensional synchrotron computed tomography

image of the bipolar plate was matched against
theoretical blueprints to create a target-performance
comparison, which makes the deviations (blue and red)
directly visible.

cells with conventional graphite plates. However,
forming and cutting out such a plate demands max-
imum precision, since the metal used is extremely
thin (0.075 millimetre) - the sheet metal press has
to work with a very delicate touch.

Instead of time-consuming iterative testing to
ensure the perfect interaction of press and tools,
Feintool turned to ANAXAM. Cynthia Chang ex-
plains the team’s successful collaboration with
Feintool: “We were able to examine the manufac-
tured bipolar plates using high-resolution synchro-
tron computed tomography and thus characterise
their three-dimensional structure. This enabled us
to determine exactly where the channel geometry
shows deviations and where the production process
needs to be further optimised.”

Everyone is welcome at ANAXAM

But it’s not only high-tech materials like bipolar
plates that find their way to PSI by way of ANAXAM.
Everyday objects are also subject to non-destruc-
tive examination, so it can happen that the CEO and
the project manager sometimes may philosophise
about the structure of a tin can.

Its most important property is that it is airtight.
The German company Henkel Adhesive Technolo-
gies uses a special sealant that is applied between
the rim of the can and the lid before these two com-
ponents are folded together. “We used high-resolu-
tion neutron computed tomography for this project.
This enabled us to analyse the distribution of the
sealant in the seam of the can non-destructively
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and three-dimensionally. This helps the company
understand potential faults in application, which in
turn can help to extend the shelf life of the packag-
ing,” Griinzweig explains.

“It doesn’t matter whether a customer comes to
us with an everyday object or a high-tech product,”
the ANAXAM boss continues. “Because what can
be measured can also be improved. That’s why a
large multinational or the smallest SME can benefit
from our methods and, thanks to state-of-the-art
material analytics, further optimise its products or
processes.”

ENEA, ltaly’s national agency for new technol-
ogies, energy and sustainable development - which
is co-developing the wall materials for the ITER to-
kamak in Cadarache - was also able to benefit from
this expertise. ENEA managed to characterise mi-
crostructural changes in their materials that were
caused by the harsh conditions in the plasma. For
this project, ANAXAM employed a number of unique
neutron analysis methods. It was also possible to
mimic the plasma-generated radiation exposure of
the wall materials by means of neutron beams at
PSI. In this way ANAXAM made an important con-
tribution to one of the many puzzle pieces that have
to come together to pave the way towards a func-
tioning fusion reactor, and thus a possible energy
source of the future. ®
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Latest PSI N
research news

1 Aerosol pollution map
of Europe

An international team led by PSI has an-
alysed measurement data on air pollu-
tion collected at 22 sites in both urban
and rural areas throughout Europe. They
concentrated on pollution due to so-
called aerosols. Also known as fine dust
or particulate matter, these pollutants
can be harmful to human health, in part
because these airborne particles pene-
trate deep inside the lungs. While the
composition of the fine dust varied
across the sites, the researchers con- Great
sistently identified one main source of : ) Britain
aerosol pollution: heating residential
buildings with solid fuels such as wood
and coal. The data obtained in this way - : Germany
should help to improve models of air
quality.
) HﬁBMeIgium

Further information: ) L‘L‘/@ Luxembourg
http://psi.ch/en/node/51953 .
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Switzerland
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14 s
European countries

were sources of data for a new
study of aerosol pollution.

< 1 micrometre: the size

of the particles of the organic
aerosols studied.
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2 Visiting the researchers

PSI is searching for sustainable solu-
tions to central issues for society, busi-
ness and science. The newly redesigned
and recently reopened exhibition in the
PSI Visitor Centre provides insight into
current research. How do we ensure our
future energy supply in a way that con-
serves natural resources? What does
medicine have in store for us in the fu-
ture? Which new technologies will bring
further progress to our society? Thirteen
interactive thematic islands invite visi-
tors to discover PSl and its wide-ranging
research. Questions about storing ener-
gy from renewable sources are central
here, as are the further development of
medical diagnostics and therapies, the
search for new materials for the develop-
ment of novel electronics and the reali-
sation of future technologies such as
quantum computers.

Slovakia ‘
t

@ Budapes

Hungary

IN BRIEF

3 Finding anti-cancer agents

Agents that act on the cytoskeleton are
among the most effective drugs against
cancer. Researchers at PS| and the Ital-
ian Institute of Technology IIT have de-
veloped an especially potent substance
that disables a protein in the cell skele-
ton, leading to cell death. For their work,
they used computers to combine the
structures of three molecular fragments
that preferentially dock at a specific
point, or binding, on the cytoskeleton.
After using computational design in the
development stage, the researchers sub-
sequently synthesised the chemical
compound in the laboratory. They hoped
the compound produced in this way
would be more effective than previously
known active ingredients. Using meas-
urements at the Swiss Light Source SLS,
the researchers checked how the mole-
cule actually docks to the binding site. In
two further cycles, they improved the
substance. They were then satisfied with
the compound, which they dubbed
‘Todalam’. They have already been able to
demonstrate its deadly effect in cell cul-
tures.

Further information:

http://psi.ch/en/node/51112
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o \
Macedonia
L PR

4 L
pbani

Greece
K

s
LN
.

5232

The magazine of the Paul Scherrer Institute

4 A look into the magnetic
future

Researchers at PSI have observed for
the first time how tiny magnets in a spe-
cial arrangement reorient themselves
solely as a result of temperature chang-
es. This insight into processes that take
place within so-called artificial spin ice
could play an important role in the devel-
opment of novel high-performance com-
puters. When water freezes to form ice,
its molecules, with their hydrogen and
oxygen atoms, arrange themselves in a
complex structure. In the laboratory, it is
possible to produce crystals in which the
elementary magnetic moments, the so-
called spins, form structures compara-
ble to ice. That’s why researchers also
refer to these structures as spin ice. Now
the scientists have managed to produce
artificial spin ice that essentially con-
sists of nanomagnets that are so small
that their orientation can only change as
a result of temperature. The control of
these different magnetic phases could
be interesting for new kinds of data pro-
cessing. At PSI investigations are under
way to determine how the complexity of
artificial spin ice could be used for novel
high-performance computers with low
power consumption.

Further information:

http://psi.ch/en/node/50890

27



|

Music at PSI

Sounds coming from technical devices and scientific research processes are the order
of the day at PSI. We already presented a tiny excerpt of the PSI soundscape in

the 1/2022 issue. Now and then, though, completely different sounds ring out on both
sides of the Aare campus, because many of our researchers are also musicians.

Let us introduce you to some of them.

GALLERY

Text: Christian Heid : . [

bota (drums), Ludmila Leroy (bass
and voca ) ind Péeter Alpert (guitar) cut loose, a
powerful, groovy sound reverberates from the PSI
research building. They came together with their
own respective preferences: the guitarist, found-
er of the PSlIchedelics, goes for grunge; the singer | |
especially loves the songs of Freddie Mercury, the
long-deceased lead singer of the group Queen
the drummer has a soft spot for progressive an
art-rock. Their research interests, too, are differ-
ent. Ludmila Leroy works in solid-state phy i
at the X-ray free-electron laser SW|ssFEL a ,’ at
the Swiss Light Source SLS. Peter Alpert works
with airborne particles at the SLS./And for Robert
Sobota the focus is on next-generation supercon-
ductors. Yet anyone who has heard them immedi-
ately knows: on the musical level, they’re in per-
fect harmony!
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Bouzouki

At the age of five, loannis Samaropoulos had al-
ready begun studying a musical instrument. First
violin, then guitar as well, before he decided on
the bouzouki, a Greek stringed instrument, at the
age of 11. The starting point was rembetiko, a mu-
sical style born in the early 20t century with a
confluence of Greek folk music and Ottoman mu-
sical traditions. In these songs, homesickness and
longing are common themes. lonnis Samaropoulos
partly financed his university studies by playing
bouzouki and singing. He now works at PSI as an
incident analysis specialist in the area of radiation
protection and safety.
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GALLERY
.

search of a “more social” instrument - she opted for
the viola and its full, soft and somewhat melancholy

“sound. She especially loves baroque pieces such

as those by 18" century German composer Georg
Philipp Telemann. At PSI Lily Bossin works in the
area of radiation protection and conducts research
into new solutions and new materials for measuring
the radiation dose from ionising radiation.




SN
Oboe |

e
The oboe has an expressive tone that extends %‘:

from nasal and light to dark and velvety and is as-
sociated with the sound of ducks, as can be heard
in the symphonic fairy tale Peter and the Wolf.
Margaux Schmeltz, like anyone who wants to bri
forth melodious tones from an oboe, spends
lot of time shaping the double-reed mout
which resembles a crushed drinking stra
her favourite pieces are baroque compo:
Tomaso Albinoni and modern sonatas b
Poulenc. At PSI she is engaged wi ]
mapping of systems in motion, p
nection with human hearing, tc
into their biomechanical prope




GALLERY

;q, Alphorn

The tones that Micha Dehler elicits from the alphorn
using articulation techniques known as growl, bend
and shake, can drown out the seemingly endless
technical background noise inside the Swiss Light
Source SLS for a few moments. Actually at home in
jazz, where he plays trumpet and flute, he is also
a big fan of the piece Sura Kees, a funky piece for
alphorn and big band by the Aargau composer Urs
Erdin. At PSI he is working on the SLS update to be
implemented by 2025, concentrating in particular
on calculations to prevent beam instabilities.
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The best

Text: Laura Hennemann

Anyone who thinks it’s just the same arguments that
are always trotted out in the energy debate has nev-
er talked with Annalisa Manera. “There is no energy
source that doesn’t generate waste. And none
whose risk is absolutely zero,” the researcher says.

Manera, in her late 40s with curly brown hair,
works as a scientist at PSI, where she has been
leading a group for over a year now in the Nuclear
Energy and Safety Division that focuses on fluid
dynamics and heat transport. She is also Professor
of Nuclear Systems and Multiphase Flows at ETH
Zurich. In short: she knows all about nuclear energy.

But anyone who expects that nuclear power
takes precedence over everything else for her is
wrong again. “We should put as many solar panels
as possible on the roofs of our houses! Photovolta-
ics are perfect for covering most of our personal
needs,” she says. She speaks briskly and clearly, in
perfect American English with a trace of an Italian
accent - Manera was born in southern Italy.

What quickly becomes clear: if you move away
from accepted viewpoints, things can get complex.
And it’s then that Manera’s eyes sparkle happily -
here she’s in her element. She approaches complex-
ity with a sharp mind and pragmatic attitude.

This is already evident in her choice of a major:

“I fell in love with physics and mathematics. | just
wanted to be able to understand and explain
everything. But the career prospects in physics at
that time, in the 1990s in Italy, were not so good.” So
she enrolled at the University of Pisa to study engi-
neering. “Here nuclear engineering had the most to
offer me in terms of physics and mathematics, and |
was still able to get a master’s degree in engineering.”
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of both worlds

Annalisa Manera’s career has taken her through half of Europe
and to the USA. Now she is a nuclear researcher at PSI and

a professor at ETH Zurich. She exudes enthusiasm for her subject
and never loses sight of the big picture.

Changing countries

In 1998 she went abroad for her master’s thesis, to
the Technical University of Delft in the Netherlands.
And evidently she did well in academia: she was
immediately offered a PhD position, which she ac-
cepted, and then an assistant professorship, which
she declined. “I wanted to experience a different
scientific environment and broaden my horizons.”
She went to Germany for two years and worked
as a scientist at the Helmholtz-Zentrum Dresden-
Rossendorf.

The next stage in her career brought her to
Switzerland for the first time, in 2006. She was
curious to see if a job in industry was something for
her, and started at a consulting company in Dattwil,
Aargau. One of her projects was to evaluate the
different types of nuclear reactors on the market, in
order to develop recommendations for interested
countries. “But in the first three months | realised
that this work didn’t challenge me enough,” she
says matter-of-factly, as if that suggested nothing
about her ambitions.

She stayed in Aargau but went back to research:
at PSI. Here Manera’s career again took a steep turn
upwards, and after just six months she was head of
the group conducting research into the behaviour
of nuclear systems. She remained in this position
for five years.

Her next position was a professorship, but
again abroad, at the University of Michigan in the
USA. “In the USA, Michigan is number one for nu-
clear engineering research,” Manera says. “And |
liked the atmosphere there.”
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She stayed ten years in Michigan, where her
child was born. Today Manera is a single mother
with a ten-year-old son.

Manera has been back in Switzerland since
the summer of 2021, with dual status at ETH Zurich
and PSI. And she feels she has really arrived in
Switzerland. “l now live with my son in a small town
near Baden.” For her, it is ideally located between
ETH Zurich and PSI. It’s also a good starting
point for excursions. “We often do something on
weekends, go hiking with other families or visit a
museum.”

It also seems as if one aspect of Manera’s work
has become something of a hobby: the researcher
is in demand in the media, as an expert on energy
security in times of climate change. “I get a lot of
interview requests. And | try, as much as possible,
not to turn them down.”

What motivates her above all is the chance to
challenge popular but unfounded claims: “I often
see misleading statements in the media.” Naturally
she is keen to correct them. For example, she
explains that neither an accident like the one in
Chernobyl nor the one in Fukushima can be repeat-
ed in Switzerland: “Chernobyl was a totally different
reactor. This kind of accident can be completely
ruled out in Switzerland on the basis of physical
laws.” A catastrophe like Fukushima will also be
prevented by the continuous improvements which
local reactors underwent. Something else is impor-
tant to Manera: “In my interviews, | try to translate
technical concepts into language that is easier for
the general public to understand.” And she adds: “I
just don’t want decisions to be made on the basis
of misinformation.”

A table full of electronics

Even in a period when nuclear energy is being
phased out, Manera is convinced that research in
this area must be continued. “In Switzerland, we will
need specialist knowledge on nuclear issues for
decades to come, especially when it comes to dis-
mantling the plants. And as long as other countries
continue to have nuclear energy, we should not
leave future advances in knowledge to them alone.”

She also feels at home because the Swiss re-
search landscape appeals to her. In the USA there
is no basic funding for science, Manera says;
everything has to be raised through third-party
funding. This in turn can be achieved primarily
through collaborations with other researchers. So
Manera has built up a network of her own. “And now
| have the best of both worlds,” she says. “| benefit
from my many contacts. And because | can now
rely on stable funding for my laboratory here in
Switzerland, | have more time for actual research.”
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She finds the atmosphere at PSI to be a good mix
of aspiration and constructive freedom: “Here, if
necessary, | can pause and take time for in-depth
reflection.”

One of the topics she and her group are current-
ly working on is passive cooling - that is, how it
might be possible to operate a reactor whose cool-
ing liquid would circulate solely on the basis of
physical principles. “When you have a pump, the
behaviour of the liquid is quite predictable. Simulat-
ing and understanding passive flow behaviour, on
the other hand, requires much more complex com-
puter models.” In parallel with these theoretical
calculations, her research group at ETH Zurich is
conducting experiments that reproduce flow behav-
iour on a smaller scale. The work at the two institu-
tions appears to go hand in hand: at PSI, Manera
points to an office table that is covered with colour-
ful electronic components. “We design and build
our own ultrahigh-resolution measuring devices for
the experiments.”

Manera has to run. She’s about to have a meet-
ing two buildings further down the PSI campus with
representatives of the European Space Agency ESA.

“A Mars mission will not be feasible without nuclear
energy,” she says on her way out.

It would be great to listen to her some more and
be infected by her enthusiasm for applied physics.
Manera has so many numbers and correlations at
her fingertips, yet she never talks down from a su-
perior position. But both of her calendars - for PSI
and ETH Zurich - are full. She waves goodbye and
disappears in the direction of her next meeting.




IN PERSON

“I wanted to experience a different
scientific environment and broaden my horizons.”

Annalisa Manera, head of the Thermofluid Experiments and Modelling Group, PSI,
and Professor of Nuclear Systems and Multiphase Flows, ETH Zurich
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From our base in Aargau
we conduct research for Switzerland
as part of a global collaboration. 2




Genf

5

large research facilities that
are unique in Switzerland

800

scientific articles a year based on
the experiments performed at PSI’s
large research facilities

5,000

visits every year from scientists
from across the globe who perform
experiments at our large research
facilities

Paul Scherrer Institute
5232 Villigen PSI, Switzerland

Bellinzona
e

5232 is Switzerland’s prime address for
experiments on large research facilities.
The Paul Scherrer Institute PSl even has
its own postcode, a distinction that
seems justified for an institute that ex-
tends over 342,000 square metres, has
its own bridge across the River Aare, and
has around 2,200 employees - more
people than in most of the surrounding
villages.

PSl is situated on both banks of the
River Aare in the canton of Aargau, in the
municipal areas of Villigen and Wiirenlin-
gen. Its main areas of research are in the
natural sciences and engineering. Fund-
ed by the federal government, it belongs
to the domain of the Swiss Federal Insti-
tute of Technology (ETH Domain), which
also includes ETH Zurich, EPFL Laus-
anne, and the research institutes Eawag
(Swiss Federal Institute of Aquatic Sci-
ence and Technology), Empa (Swiss Fed-
eral Laboratories for Materials Science
and Technology) and WSL (Swiss Feder-
al Institute for Forest, Snow, and Land-
scape Research). We conduct basic and
applied research and thus work on sus-
tainable solutions for central questions
from society, science and business.
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Complex large research facilities

Switzerland’s federal government has
given PSI the mandate to develop, build,
and operate large, complex research fa-
cilities. These are the only such facilities
within Switzerland, and some are the
only ones in the world.

Running experiments at our large re-
search facilities enables many scientists
from the most diverse disciplines to gain
fundamental insights for their work. The
construction and operation of these
kinds of facilities involve so much time,
effort, and cost that comparable meas-
urement equipment is not available to
academic and industrial research groups
at their own institutions. That is why we
keep our facilities open to all research-
ers worldwide.

To obtain a time slot to use the exper-
imental stations, however, both Swiss
and foreign scientists first have to apply
to PSI. Selection committees comprising
experts from all over the world assess
the scientific quality of these applica-
tions and recommend to PSI which can-
didates should be given measurement
time. Even though there are around
40 measuring stations where experiments
can be carried out at the same time, there
is never enough capacity for all of the pro-

39



posals submitted - around one-half to
two thirds have to be rejected.

Around 1,900 experiments are per-
formed every year at PSI’s large research
facilities. Time slots are free of charge
for all researchers working in academia.
In a special process, users from private
industry can buy time to carry out propri-
etary research and use the PSI facilities
for their own applied research. For this,
PSI offers special research and develop-
ment services.

PSI operates five large research fa-
cilities in total where the internal pro-
cesses of materials, biomolecules, and
technical devices to explore the process-
es taking place inside them. Here scien-
tists use different beams to “illuminate”
the samples they want to investigate in
their experiments. The beams available
for this range from particles (neutrons or
muons) to intense X-ray light from a syn-
chrotron or X-ray laser source. The dif-
ferent types of beams allow a wide vari-
ety of material properties to be studied
at PSI. The high complexity and cost of
the facilities is due to the massive size of
the accelerators needed to generate the
different beams.

Three main areas of research

However, PSI not only acts as a service
provider for researchers, but also carries
out an ambitious research programme of
its own. The findings produced by PSI
scientists help us to understand the
world better, and also lay the foundation
for developing new types of equipment
and medical treatments.

At the same time, our own research
is an important prerequisite for the suc-
cess of our user service programme for
the large research facilities. Only re-
searchers personally involved in current
scientific developments in the fields ex-
ternal researchers are working in can
support them in their investigations and
further refine the facilities to ensure they
continue to meet the needs of cut-
ting-edge research in the future.

PSI has three main areas of research.
In the area of Matter and Materials, sci-
entists study the internal structure of
different materials. These results con-
tribute towards a better understanding
of processes occurring in nature and

provide starting points in the develop-
ment of new materials for technical and
medical applications.

In the Energy and Environment area,
activities focus on the development of
new technologies to facilitate the crea-
tion of a sustainable and secure supply
of energy, as well as an uncontaminated
environment.

In the Human Health area, research-
ers search for the causes of illnesses
and explore potential treatment meth-
ods. Their fundamental research activi-
ties also include the elucidation of ge-
neric processes in living organisms. In
addition to research activities, PSl oper-
ates Switzerland’s sole facility for the
treatment of specific malignant tumours
using protons. This particularly sensitive
procedure allows tumours to be de-
stroyed in a targeted manner, leaving the
surrounding tissue largely undamaged.

The brains behind the machines

The work at PSI’s large research facilities
is challenging. Our researchers, engi-
neers, and professionals are highly spe-
cialised experts. It is important for us to
foster this expertise. So we want our
employees to pass on their knowledge to
the next generation, who will then put it
to use in a variety of professional posi-
tions, not just at PSI. Around a quarter of
our staff are therefore apprentices, doc-
toral students, or postdocs.
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Coming up in the
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OUTLOOK

PROTON

Researchers at the Paul Scherrer Institute are
seeking answers to central questions concerning
the basic structures of matter and fundamental
functional principles of nature. They investigate the
structure and properties of atoms and elementary
particles. In doing so, they push the limits of knowl-
edge and set out in search of nature’s last myster-
ies. With the large research facilities of PSI they
can, for example, measure the diameter of particles
such as the proton or the helium nucleus more pre-
cisely than ever before, or pursue phenomena that
have never yet been measured - such as the elec-
tric dipole moment of the neutron or a particular
decay of a muon. The results of this research even
have the potential to change the fundamentals of
physics as we know them today.

M



Paul Scherrer Institut
Forschungsstrasse 111, 5232 Villigen PSI, Switzerland

www.psi.ch | +41 56 310 21 11




