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| Editorial | EUROfusion |
Shortly before completing its first lustrum by
the end of 2018, EUROfusion has published its
revised Fusion Research Roadmap.
It is an evolution of the first roadmap preserving the unshakeable elements such as the
eight missions. It focusses on the main devices
ITER, DEMO and DONES. But in updating the
path to fusion energy, we have emphasised the
relative timing of the DEMO and ITER projects
to achieve the demonstration of fusion electri
city as fast as possible.
Acting fast is vital as climate change needs to
be battled right now. Energy from fossil fuels
must be replaced by CO2 free energy. There
is tremendous and worldwide effort in the
development of renewables as wind and solar, in
combination with storage in lakes, batteries and
chemical fuels.
Fusion will not contribute to the CO2 transition
by 2050, but given its inherent advantages (safe,
low physical footprint, abundant availability of
fuel) it has the potential to deliver an important
part of the world’s energy need around the turn
of the century.
The new Fusion Roadmap has been written with
all this in mind: it shows a realistic time path
towards a fusion reactor while trying to mini
mise risks as much as possible by proposing a
dedicated research plan.
Now EUROfusion is five years on its way, we
have already made progress along the time line
of the roadmap. Recent highlights are Wendelstein 7-X‘s world record triple product for stella
rators achieved and the mimicking of a full per
year of ITER divertor heat load on the tungsten
tiles in MAGNUM-PSI. EUROfusion f unded
work has been awarded with many prizes
as the Nuclear Fusion prize, the SOFT Innovation Prize, and the American Landau-Spitzer
prize. We are very proud and look forward to
continuing our excellent performance also in
coming years.
At the end of 2018 we also say goodbye to
Jérôme Paméla, who has chaired the General

Tony Donné,
EUROfusion Programme Manager

Assembly during the past four years and guided
EUROfusion from shortly after its inception to
the organisation it is now. We are indebted and
very thankful for his contributions and all the
energy he has invested in our consortium. For
this issue of Fusion in Europe we interviewed
him as well as his successor, Ambrogio Fasoli.
Currently, 4.000 people work for EUROfusion.
I would like to end this editorial by thanking
all scientists, engineers, managers and adminis
trators for their contribution to the success of
EUROfusion.
For 2019, I wish all readers of Fusion in
Europe a very successful and productive
year in good health for you and your
families.

Tony Donné,
EUROfusion Programme Manager
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WE CAN LEAD
THE WORLD OF
FUSION RESEARCH

Jérôme Paméla chaired EUROfusion's General
Assembly from 2015 until 2018. Picture: ITER

W

In 2019, Ambrogio Fasoli took over the
chairmanship from Jérôme Paméla. Picture: SPC

hen Jérôme Paméla took over the chair on the first
of January 2015, newly born EUROfusion welcomed
a senior Expert in international fusion r esearch lead its
General Assembly. Now, Ambrogio Fasoli will take over
EUROfusion's highest decisive body. Read what both think
about the past, the present and the future of the largest
complementary European research programme ever.
6
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What were your personal goals when taking
up the Chair of EUROfusion’s General
Assembly?
I was very enthusiastic when I took over from
Sibylle Guenter. She had done a wonderful
job in preparing the transition from EFDA to
EUROfusion which was a major step forward.
What was the main struggle in transitioning
from EFDA to EUROfusion?
Initially the laboratories were eager to
secure their resources. They wanted to avoid
any significant cutback, which was legitimate. This resulted in tensions at the first
General Assembly meetings in 2014/15.
I think, this was just normal.
EUROfusion is eminently cooperative. The
chairman is just the chairman. The work is
done by the programme manager, the task
force leaders, the project leaders, scientists and technicians, administrators – it’s
all these people who make EUROfusion a
success.
One example during my chairmanship was
the c orrection of the status of DEMO: it is
now understood and accepted that DEMO is
not in a conceptual d
 esign phase yet.
What does ‘conceptual design phase’ actually mean?
It means that all the main technical options
are f rozen, otherwise you cannot conduct a full
conceptual study which requires integrating
all systems and functions into a single design.
There are still a lot of open options for DEMO,
some challenging demonstrations and difficult
choices to be made.
The correct definition of the status of our
projects is very important in order not to overrate our research.



The correct definition of the
status of our projects is very
important in order not to
overrate our research.

!

Have you been concerned regarding the
image of fusion research?
Yes, that as well. Overselling and being over
ambitious with our projects is technically
dangerous and can be politically fatal.
Did the fusion community become more
modest regarding public announcements and
status definitions?
Maybe.



The difficulties with the ITER
schedule have made us necessarily more modest. We have to be
aware of what is our image in the
public and among stakeholders.
We have to be realistic.
Bernard Bigot stated earlier that ‘EURO 
fusion is an excellent example of what E
 urope
can do. What is your opinion on that?
This is absolutely true. The development of
European cooperation over the past 20 years
indeed proves that: from the “Associations”
to EFDA in 2000 and from E FDA to EURO-fusion in 2014. Each step has been a step
towards stronger cooperation and reinforced
coordination in a truly European spirit.
You just said, that EUROfusion’s MST programme is a paradigm of what Europe can be.
What do you mean?
By complementing each other we can be very
efficient. You keep your national specifics but
you share them and let others participate. I
also say, let’s keep the different education systems. When you put together a Swedish, an
Italian, a French and a Spanish Researcher,
you get four people with different approaches. But, in the end, their diversity makes them
much more efficient together than four persons from a single nationality. Different cultures give us different skills and, above that,
complementary approaches which help us
addressing problems more powerfully.
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What do you think is the first big challenge
for your successor Ambrogio Fasoli?
In fact, each of the chairs face a new challenge. Sibylle had to manage the transition
from EFDA to EUROfusion, I had to ensure

!

that EUROfusion would work smoothly, my
successor Ambrogio Fasoli needs now to manage the transition from the European research
p rogramme Horizon2020 to the new one:
Horizon Europe (FP9).

INTERVIEW
WITH AMBROGIO FASOLI
Ambrogio Fasoli will take over the chair of
EUROfusion’s ultim ate decisive body, the
General Assembly, on the first of January
2019.

!

Your challenge as the new chair presumably
will be the transition to the new European
framework programme Horizon Europe.
How do you proceed?
We will continue on our successful path. The
revised EUROfusion roadmap delivers the
base for our research.
We need to ask for the resources that are adequate to our ambitions.



How can you ensure to continue supporting
ITER when Brexit dawns and EUROfusion is
about to lose one of its most important labs:
the home of JET in Culham?
All being well, we will never lose such an
i mportant part of our community, and I am
confident that this will not happen. I hope
that the United Kingdom will be associated
with Euratom and EUROfusion in a fair way.
Just like Switzerland, for example. This can
work out very well, as I can testify, being from
Switzerland myself. I can confirm that we are
fully integrated in all EUROfusion activities.

We cannot be shy in claiming
more funding, both community
wise and locally.

We have talked about future tasks. What will
you take on board from your predecessor?
Jérôme always has always found the best the
solution to satisfy most parties, using his
fereputation are partly based on his work and
of that of his predecessors. We need to shape
a coherent vision for what needs to be done
along the lines that have been defined in the
recent past to provide fusion energy to the
world.

We must attract the best young talents to our
global adventure, in synergy with each other.
What is it that you personally bring in?
The Chair’s personal views on EUROfusion
developments have a relatively minor relevance, though they should be consistent with
the consortium’s overall goals, if that’s what
you mean.
I, personally, have a relatively long career
in academia, in large and small groups and
experiments. I believe, I can appreciate the
a dvantages of large facilities but as well
d etailed academic research. Hence, I offer
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my services to make EUROf usion smoother,
s impler and even more outstanding in the
worldwide f usion research. I see myself as
primus inter pares who works to generate
consensus and then stands by the decisions
taken by the General Assembly.



Jérôme Paméla also f ostered
mutual trust, which is the
fundament of our activities.

| Moving Forward | EUROfusion |

Does this also mean to increase the Trai
ning and Education activities?
Definitely. We need to foster new generations
of scientists and engineers and include them
in the developments for ITER and DEMO. We
need to increase innovation and scientific
originality via long-term mechanisms. This
also means to simplify the organisation and
the bureaucracy.

We must take this up. Moreover, we need to
develop goal oriented, long-term scientific
projects without suffocating creativity.
What do you mean by that?
I want the space of research to be sheltered
and I will do my best to protect it even f urther.
We must remain open to original s cience
and innovation. At the same time we have to
proceed at full speed towards specific projects, for the preparation of ITER experimentation, for instance, or the design of DEMO.
And how will you achieve that?
Continuity is an element worth fighting for and
this includes human resources as well as scien
tific and technology strategies. A s equence
of short term projects is not the best way to
proceed to DEMO. We need to ensure a continuous dialog and full transparency among
the different stake holders, to maintain the
course of our big ship.

Where do you see EUROfusion positioning
itself in the upcoming two years?
We can lead the world of fusion research …
S eriously, we should not be too modest.
EUROf usion is very, very strong now. I follow a s ynergistic and coll egial approach
a lso i n st rong excha nge w it h t he Programme M
 anager to make EUROf usion even
stronger. 
n

!

What’s the role of the Chairman of EUROfusion’s General Assembly?
The General Assembly elects its Chairman for two years. S/he leads the biannual meeting. Along
with the Bureau of the General Assembly, he or she prepares the agenda. The main task of the
Chair is to lead the discussion regarding scientific and financial issues and to foster decisions.
Adding to that, he or she ensures a strategic role for the General Assembly. The chair represents
EUROfusion towards stakeholders and politicians in a firm collaboration with the consortium’s
programme manager.
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THE ROAD TO
FUSION ELECTRICITY

A

t the 30th Symposium on Fusion Technology, also known as SOFT
2018, EUROfusion introduced its revised roadmap to r ealise
nothing less than energy produced from fusion. The plan now incor
porates advances in material sciences and updated requirements for
the first fusion power plant DEMO. Here's all you need to know about
EUROfusion's way forward to commercial electricity from fusion.

The new Roadmap sets out the milestones
EUROfusion has identified as vital to realise fusion energy. The most detailed plan of action ever
seen in this field maps out the facilities and research landmarks that are required to deliver the
world’s first fully operational fusion power plant.

THROUGH UNCHARTED TERRITORY
“These are practical, achievable steps – but we
are operating in uncharted territory. Time,
perseverance and intellect are essential for us
to achieve our goal,” states EUROfusion Programme Manager Tony Donné who has worked
with more than 50 European experts on the
revision of the document.
Since the first roadmap saw the light of day in
2012, EUROfusion has made significant progress, such as the successful integration of
tungsten into the wall of the Joint European
Torus. This resulted in a greatly advanced understanding of the material properties that
larger and thus higher performing machines

10

like ITER and DEMO will require. After the
completion of Wendelstein 7-X in 2015 the
first experimental results have been fed into
the revised EUROfusion roadmap.
“This success allows us to further investigate
the stellarator as an alternative to the more
known tokamak concept”, adds the Programme Manager.

ANYTHING BUT THEORETICAL
It is not only the machines which hold the key
to the success of European fusion research.
Advances in the understanding of material
properties will allow the new research facilities to create the building blocks for a new era
of clean power.
Also, the European fusion programme is anything but theoretical. It has particularly
pushed the boundaries of materials science
and also generated a series of core benefits for
industry. These include MRI scanning, remote
handling and cockpit manufacture.

| Moving Forward | EUROfusion |

Tony Donné talks to Head of EUROfusion
Communications Petra Nieckchen about
the importance of the Roadmap in navigating towards a world with working fusion
power plants.

Tony Donné: “The breakthroughs in Magnetic Resonance Spectroscopy have not only
helped to save lives but they also create a real
outcome, namely an industry worth almost
multi-billions of dollars” Adding to this, the
development of remote handling techniques
have led to major advances in power decommissioning. This c reates enormous potential
for use in other hostile or mega/micro scale
environments where direct human operation
is suboptimal.
After all, the European fusion roadmap is the
only document that systematically tackles the
progress of its field once ITER is operating to
demonstrate how to harness fusion power. It
will be DEMO demonstrate how to harness
f usion power and it will be DEMO as the
world’s first fusion power plant which will finally feed energy into the grid. Both facilities
will nevertheless lay the groundwork for industrial fusion.

EUROfusion provides a
long and a brief version of
the roadmap. Follow this
link to your free download.

A GLOBAL ENDEAVOUR
The revised plan is the pathway between a
pioneering research project and one of the
most important industrial advances of our
time. The authors of the roadmap agree that
this can only be solved while treating the rea
lisation of fusion energy as a global endeavour:
“In EUROfusion we bring together 28 countries working together towards a common
goal, bringing specialist expertise and creating
an environment of mutual enrichment”, says
Tony Donné. This and a world that is in need
of an emission free energy revolution will make
fusion energy a part of the energy mix in the
second half of this century.
n
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THE EUROFUSION ROADMAP:
THE MOST DETAILED PLAN OF ACTION
EVER SEEN IN THIS FIELD

The Roadmap assesses
the current fusion landscape and
charts the fastest course
to a world with fusion electricity –
just like the navigation system
in any car.

Tony Donné,
Programme Manager, EUROfusion

ROADMAP STAGES
First period (up to 2030)

Second period (2031 – 2040)

Third period (beyond 2040)

Build ITER and broader approach projects;
secure ITER success; lay the foundation of
DEMO

Exploit ITER up to its maximum performan
ce and prepare DEMO construction

Complete the ITER exploitation; IFMIF
upgrade; construct and operate DEMO; lay
the foundation for fusion power plants

THE ROADMAP CONSISTS OF THREE PILLARS
ITER

The International Thermonuclear Expe
rimental Reactor is a magnetic tokamak
device under construction in the South of
France. It is the core physical asset of the
global fusion research project and is the
next stage in our mission to harness fusion
power. EUROfusion supports ITER through
delivering expertise and research miles
tones.

RESEARCH AND INNOVATION

IFMIF – DONES

The International Fusion Materials Irradiation
Facility - Demo Oriented NEutron Source (IF
MIF-DONES) is a research centre and associ
ated infrastructure for testing, validation and
qualification of the materials to be used in a
fusion reactor. It will be based in Granada,
Spain. This will help fusion scientists to
test materials in an environment mimicking
the conditions of the Demonstration fusion
reactor (DEMO).

DEMO

Demonstration power plant: this will be the
world’s first fusion power plant, feeding into
the grid and laying the groundwork for indus
trial fusion to be a part of the energy mix.
DEMO will be built based on learnings from
ITER, though construction will begin con
current to the operation of ITER. DEMO will
provide a blueprint for the development of
a fleet of fusion power plants across the
world.

The European programme focuses on a pragmatic approach to ITER and DEMO, building on science and technology where the confidence
is greatest but also seeking to continually improve the performance of the plasma and components; increasing the plant efficiency and
availability, reducing the cost (and possibly the size), and also making the plants as easy as possible to operate.
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APPROACHING MAST
UPGRADE – THE PRINCE
AND THE TOKAMAK

E

UROfusion is looking eagerly
towards welcoming a new

member to the tokamak f amily:
MAST Upgrade, at home in
Culham, will be ready to start
operating in 2019. The socalled ‘spherical tokamak' will
explore whether smaller reac
tors could make future fusion

The Duke of Cambridge, Prince William (left), with Ian Chapman,
Head of CCFE and Kim Cave-Ayland during his visit in Culham.
Picture: © Copyright protected by United Kingdom Atomic Energy Authority

It was a member of a comparably impressive family who
has recently paid a visit to MAST Upgrade: The Duke of
Cambridge, Prince William, visited the Culham Centre
for Fusion Energy to mark the end of construction for the
experiment. During his stay, he heard about the five-year
project to build a machine capable of creating artificial
stars. William then ran a test of a 'glow discharge' – a
low-temperature plasma that cleans the inside of the machine during commissioning. Although the machine is not
ready for experiments yet, this was one of the first times
plasma was created in MAST Upgrade and by doing so the
project team achieved a significant milestone.
The Royal event drew further attention towards the experi
ment. Reuters followed up with a report on the s cientific
advances of the spherical tokamak. An article along with
an explainer video discusses the improved heat exhaust
system in which the plasma travels further and cools much
more before contacting the wall. This approach is called a
Super-X divertor. As a result, fusion experts predict that
the power load can be reduced by as much as a factor of ten.
With a standard divertor, as used in JET, the heat exhaust
system will have to be replaced every three years presuma-

power plants cheaper.

bly. Using the Super-X divertor design might make the system last for up to 30 years now – a big step towards economically viable fusion energy. Let’s see what MAST Upgrade is
going to tell us about it when it starts up next year.
n

Video of Prince William
at the Culham Centre
for Fusion Energy

Reuters’ Explainer video
of MAST Upgrade



13

FUSION IN EUROPE

ONE SMALL EQUATION –
A BIG STEP FOR
NUCLEAR FUSION?

O

ne equation that gets it all – and
that is a novelty in nuclear f usion

engineering. Scientists from the United
Kingdom and Finland have developed
a mathematical method to integrate
effects of irradiation on fusion mate
rials. The new formula will help with
constructing a virtual fusion reactor
and should allow the refinement of
designs long before the facilities start
operating. NASA has shown interest
in the idea.

The image shows the distribution of elastic stress around radiation defects produced by an impact of a high energy fusion neutron.
Picture: Andrea E. Sand/ University of Helsinki

INTERNATIONAL TEAMWORK
More than 70 years after turning nuclear fission into power, a team of scientists from the
Culham Centre for Fusion Energy (CCFE),
the University of Oxford, and their colleagues
from Finland have solved a fundamental
problem, not only for fusion. The researchers published an equation that predicts how
strains and stresses develop in fusion reactor
components when they are irradiated with
neutrons. Why has it taken so long to crack
the nut?

14

Like any, seemingly simple,
solution, it was hard to guess before
you knew how to do it.

says Sergei Dudarev, Head of the Materials
Modelling Group at CCFE. European scientists are working together, developing models
for f usion materials and performing calculations requiring thousands of megaflops on
EUROfusion-funded supercomputers. Giga
bytes of computational data have fed into

| Research Units | EUROfusion |
this one formula. It also took several highly
trained mathem aticians to fiddle out a way
of integrating all the information into a finite
element computer code – a powerful numerical method for solv ing problems of engineering and mathematical physics. Such codes can
be used for designing planes and fast cars and
even unusual furniture. They find solutions to
problems of structural analysis, heat transfer,
fluid flow, mass transport, and electromag
netic fields.
The new formula has helped Sergei and his
colleagues to solve a longstanding problem
of nuclear engineering, namely the question:
How to connect atom-scale radiation damage
to reactor-scale engineering?

Most remarkably, this is a
result of a multinational effort and
I am delighted to say that fusion
research took the lead here.

Sergei states. The University of Helsinki delivered the advanced atomistic simulations
of radiation damage, and mathematicians at
CCFE and the Department of Materials of the
University of Oxford figured out how to fit the
results into one equation.

PREPARING FOR STRUCTURAL
WEAKNESSES
The new formula helps assess the effects of neutron bombardment on components within the
reactor. By predicting the impact of radiation
on the stresses in materials – on top of those
imposed by component weights and electromagnetic forces – the calculations can save time
and money. The new method identifies locations
where the additional effect may push materials



We will create better, more
reliable and safer nuclear
systems.

beyond the design limits. The design can then
be changed to restore operating margins.
Because we will know about the weak elements
in the structure even before the foundations are
laid. ”, says Sergei.

FUSION-POWERED SPACE
It is not only the fusion and fission industries
that are interested in the idea. One weekafter
the article was published, Sergei received an
invitation to explain the theory to scientists
from the renowned Los Alamos National
Laboratory (LANL).
“Imagine, they already had all mathematical machinery in place to solve a fairly difficult design
problem. It was just this little equation which
NASA needed to complete the design for a new
engine for interplanetary travel ’’, explains Sergei.

ONE OF NUCLEAR FUSION’S
MOST READ PAPERS
So it does not come as a surprise that the paper
has turned into the most read publication of
this year’s December edition of ‘Nuclear Fusion’. The article stayed on top of the download
charts for about a week, and the download rate
has so far been about five times higher than
average for similar papers in the magazine.

CLOSING THE GAP
“It is about time we draw proper attention to
this topic”, says Sergei. “Fusion scientists are
only now becoming deeply involved in the engineering and nuclear aspects of research because
the Joint European Torus, so far, is the only machine capable of operating Deuterium-Tritium
fusion. But this will change with ITER, IFMIF
DONES and DEMO.” Being well aware of this,
the European roadmap on fusion research has
clearly prioritised this topic. By involving distinguished academics from many European
countries in this multi-disciplinary problem,
the consortium enables them to deliver solutions which even reach beyond fusion.
EUROfusion’s effort has already resulted in
the new mathematical equation and the finite
element algorithm from Sergei’s team. It has
emerged just in time for designing a new generation of future fusion machines. It might open up
the path to more efficient fission reactor designs
and operations of nuclear facilities. 
n

15

| Impressions | EUROfusion |

FUSION IN EUROPE

Impressions
Impressions
IMPRESSIONS

IMPRESSIONS

Impressions

IMPRESSIONS

14

4

3

5

1

2

16

| Impressions | EUROfusion |
1
2

A model of JET next to a model of ITER. EUROfusion
Denis Kalupin, Russian-born EUROfusion scientist, during a
shooting for the German TV programme ZDF info.
Picture: EUROfusion
3 Carlos Arillo is the head of the futuristic band Poupees Electriques.
Picture: EUROfusion/SGW
4	The picture shows Daniel Mason, a materials modelling scientist
at CCFE, created this visual data from his research on different materials used in fusion devices. It shows the effect of atomic-scale stresses caused by irradiation damage. Picture: © Copyright protected by
United Kingdom Atomic Energy Authority
5 A part of the Power Plant Physics & Technology Department paid a
visit to the ITER site and was stunned by its progress.
Picture: EUROfusion
6 During the Garching Open Door Day in October many visitors came
over to the EUROfusion booth and also tried our game 'Operation
Tokamak'. Picture: EUROfusion
7 It's electrifying – a plasma ball interacting with a human hand.
Picture: EUROfusion

8

ENEA – Agenzia nazionale to ensured that all the sessions during
this year's SOFT conference were chaired by women.
Picture: EUROfusion
9 A tungsten tile being tested at the new HIVE (Heat by Induction to
Verify Extremes') facility in Culham. Picture: © Copyright protected
by United Kingdom Atomic Energy Authority
10 At the EUROfusion booth during the Garching Open Door Day.
Picture: EUROfusion
11 A member of Poupees Electriques playing along to pictures of
fusion experiments during a concert in Garching.
Picture: EUROfusion/SGW
13	The spherical tokamak MAST Upgrade is housed at the Culham
Centre for fusion Energy (CCFE). Image Source: EUROfusion.
Photographer: Christophe Roux
14	Mikhail Turnyanskyi (EUROfusion) in the ZDF documentary "Secrets
of Soviet Society". Picture: EUROfusion
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NEW HIGH-SPEED LAUNCH
SYSTEM FOR EUROPEAN –
JAPANESE TOKAMAK

Getting round the corner: Pellet “looping system” at ASDEX Upgrade developed for high speed inboard launch taken as blue print for JT-60SA.
Picture: Bernhard Ploeckl

F

usion is famous for its extremes. Imagine you fire ice pellets into a gas
that is ten times hotter than the Sun in order to fully unlock its energy.
A team of international scientists has vastly improved the fuel system not
only for an upcoming Super Advanced tokamak but for future power plants.

18

| Broader Approach | EUROfusion |

Now, new machines are scheduled and must
take advantage of recent results in research,
such as the upcoming super advanced tokamak
JT-60SA in Japan. Europe currently builds the
experiment together with Japan through the
Broader Approach agreement.

At the Culham Centre for Fusion Energy
(CCFE), they call it the ‘snowball in hell' – a
bullet of frozen deuterium fuel heading at high
speed into the furnace-like plasma inside the
fusion experiment. Firing these tiny pellets is
one of the most effective ways of getting fuel
into the plasma, enabling fusion reactions and
the release of energy.

So, researchers from Europe and Japan sat
together in meetings in Japanese Naka since
2011 and collected the latest results from pellet
injection experiments. Since JT-60SA will be
the next JET-sized machine and aims to qualify
steady state plasma regimes of operation for
ITER, it surely needs a state-of-the-art fuelling
system.

FUELLING FUSION
This will become increasingly important as
future fusion devices grow bigger and plasmas gets hotter to reach ‘ignition', the point at
which the plasma heats itself without external
input – crucial for power-producing reactors.
To achieve ignition, the density of the plasma
core must be raised and sustained by fuelling it.

This is where the work of Peter Lang (Max
Planck Institute for Plasma Physics, IPP,
Germany), Bernhard Ploeckl (IPP), Shinji
Sakurai (National Institutes for Quantum and
Radiological Science and Technology), Tomohide Nakano, (QST Naka Fusion Institute),
before mentioned Luca Garzotti (CCFE) and
Bernard Pégourié (CEA Cadarache) came in.
Their three years of work have resulted in a
paper called ‘A Flexible Pellet Injection System
for the Tokamak JT-60SA: The Final Conceptual Design”.

The pellets are frozen because of the shielding
effect of a dense gas shell which surrounds the
frozen pellet when travelling inside the incredibly hot plasma. This is similar to the ‘Leidenfrost effect', where water droplets levitate above
a hot pan due to a gas cushion”, explains Luca
Garzotti, one of the CCFE physicists studying
‘pellet injection' on CCFE’s MAST (Mega Ampere Spherical Tokamak) and author of a new
study in preparation of JT-60SA, which has just
sparked a lot of attention.

THE EUROPEAN FUEL
Not only are the devices MAST and JET
(Joint European Torus) in the United Kingdom exploring this fuelling method. The former Tore Supra (France), Frascati Tokamak
Upgrade (Italy) and ASDEX Upgrade (Germany) were providing data to predict the performance for ITER.



Imagine a formula one
racing car”, he adds, “one team
has the best tires, the other comes
up with the most effective chassis
and the third team has m
 anufactured the best engine. Usually,
you do not find all of this in
one car, but we tried to make
this happen.
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Confident to master the
challenge: Researches from
Europe and Japan meeting at
Naka to discuss next steps.
Picture: private

THE BEST OF ALL WORLDS
“We integrated the new approaches of diverse
subsystems which have been invented over the
past 20 years. We connected them and turned
them into a new pellet injection system for
JT-60SA”, explains Peter Lang.
The modern pellet injection system is currently
being manufactured to be ready for shipment
to Japan by mid-2022.

One of the beauties of open
access publications is, that you can
easily see the facts and figures that
come with your publication. You
learn about your audience which,
at the end of the day, motivate you
to continue.


THE BEAUTY OF OPEN SOURCE
Obviously, the readership was curious to learn
about the latest results for the new tokamak.
Readers of the paper, which was published in
‘Fusion Science and Technology’, positively
evaluated the article. The download rates,
especially in the Asian countries, have been
remarkable compared to similar publications.
“I think, we have a growing fan base in these
regions”, says Peter Lang. 
n

The paper in Fusion Science
and Technology is available
for download here:



Freeze in hell
Watch this video of tiny pellets of frozen deuterium – fusion fuel at
-260 degrees Celsius – being fired in to 100 million degree plasma at
rates of up to fifty per second. As they hit the plasma they ablate almost
instantlyin a flash of light, and set off controlled turbulence, which
keeps the plasma stable.
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JOBS @ITER
You want to be part of the world’s largest experiment
to tackle the world’s demanding energy needs? ITER,
in the beautiful south of France, offers challenging
full time assignments in a wide range of areas. The
organisation encourages applications from candidates
with all levels of experience, from recent graduates to
experienced professionals.

Check out the big list of available
jobs at ITER here:

https://www.iter.org/jobs



#WeAreITER
ITER has recently launched the hashtag #We
AreITER. ITER’s staff and
supporters worldwide can
now express their support
for the project on social
media.
In doing this, users recognize ITER-related achieve
ments – be it in manufacturing components,
advancing preparations towards the start of assembly, solving scientific riddles, addressing
engineering challenges or spreading the word about this unique clean energy project. The hashtag will help raise awareness of ITER, create a sense of pride for contributions to the project
and connect to the large fan base worldwide.
Join in and use #WeAreITER when posting your messages on social media – on Facebook,
Twitter, Instagram, LinkedIn, on any other social media networks, in any language or platform
that you may use. #WeAreITER
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Fusion research has
become more focussed
and goal oriented s ince
introducing EUROfusion.
The European Joint
Programme is an e xample
to the world of working
together to deliver c ommon
goals.
Patrick Child, Deputy Director – General, Directorate General
Research and Innovation

The SOFT Opening Ceremony. Picture: EUROfusion/Photographer: Tamás Szabolics, Wigner Research Center for Physics

SOFT VOICES 2018

T

he Italian National Agency for New Technologies, Energy and Sustainable Economic
Development, ENEA, had organised the Symposium on Fusion Technology, also

known as SOFT in Sicily. With close to 1,000 participants and more than 1,000 contri

butions the symposium saw a record-setting year in its history. This year, EUROfusion
had presented two out of three prize winners.
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For the first time, the SOFT Innovation Prize went to one of our partners
outside Europe: to Yican Wu from the C
 hinese Hefei I nstitute of Physical
Sciences. My h
 ope is now that this would further s timulate the
participation of ITER partner countries or any third country with
a bilateral fusion c ooperation agreement under Euratom.
Georges Bonheure, Scientific Officer,
EU Directorate General Research and Innovation.

| Community | EUROfusion |

Thomas Härtl from EUROfusion’s Power Plant Physics and Technology
team during the poster session at SOFT. Picture: EUROfusion)

Patrick Child (European Commission), Jens Reiser, Simon Kirk and
Pengcheng Long who received the prize because Yican Wu could
not be present at the SOFT Innovation Prize ceremony.
Picture: KIT/Peter Späh

Jens Reiser (Karlsruhe Institute for Technology),
EUROfusion group leader for “High heat flux materials”, won the first prize for the development
of a novel ductile tungsten material. Secondprize
winner Simon Kirk (Culham Center for Fusion
Energy) presented his work on the development
of a robot tool for cutting and welding using a
small laser head. The third prize went to Yican Wu
from China for the development of a CAD-based
particle transport software for nuclear design
and radiation safety calculations.

EUROfusion organised the first-ever Women at SOFT event. Participants
met with colleagues and discussed how to encourage more active
female participation in high-profile conferences. Picture: EUROfusion



There are so many different
aspects of fusion research
across a large number of
European labs. SOFT gives
you the opportunity to see the
entire breadth of activities all
in one place.
Simon Kirk, second prize winner of the
SOFT Innovation Prize 2018.



Here at the SOFT c onference,
it is b
 eautiful to see p
 eople
working together and
sharing the same vision. It
is just a great and inspiring
community.
Jens Reiser, winner of the SOFT Innovation Prize 2018.
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T

he International Atomic Energy Agency organised the 27th Fusion Energy Conference
the reference meeting in this field. This year’s event has not only proven that fusion

energy is closer than ever to becoming an industrial reality, with Arne Kallenbach it has
again awarded a EUROfusion expert with the Nuclear Fusion Award.
The opening ceremony
of this year's fusion
energy conference.
Picture: IAEA

FUSION ENERGY
CONFERENCE 2018
FEC2018 in
brief
n in Ahmedabad, Gujarat, India
n from 22nd to 27th October 2018
n first time in India
n	h osts: India’s Department of
Atomic Energy and the Institute
for Plasma Research
n over 700 representatives

n	from

39 Member States of the
International Atomic Energy
Agency (IAEA)

n
n
n
n

6 conference days
23 overview presentations
83 orals
10 overview posters

FEC2020
The next Fusion Energy Conference will be hosted by EURO
fusion’s French Research Unit CEA and the ITER International
Organization at Nice (in France) from 12 to 17 October 2020.

24

| Community | EUROfusion |
"Innovations and enormous work are doubtlessly needed to bring us closer to
realising an industrial nuclear fusion powerplant, […] fusion research moves to
the technological innovation, testing and prototype stages." Meera Venkatesh,
Director of the IAEA’s Division of Physical and Chemical Sciences
"A broad international collaboration is a specific feature of fusion r esearch worldwide and
the signature of the ITER project. […]. We are open to new international p
 artners […] to
work together to put fusion firmly within the future energy landscape." Patrick A. Child,
Deputy Director-General for Research and Innovation of the European Commission

"The costs [of future fusion reactors] will be further reduced as there will be
increased harmonization of codes and standards." Nawal K. Prinja, Technology Director of the Wood Group, a technology vendor from the United Kingdom

physics understanding, partly obtained via numerous
PhD theses, also contributes to the significance of our
experiment.
Arne Kallenbach

INTERVIEW WITH THIS YEAR’S NUCLEAR
FUSION AWARD HONOUREE ARNE
KALLENBACH
After Francois Ryter from the German Max Planck
Institute for Plasma Physics (IPP) last year, it was again
a European researcher who received the Nuclear Fusion
Award in 2018: Arne Kallenbach, operator of ASDEX
Upgrade at the IPP in Garching and EUROfusion’s Experiment Leader for the tokamak. His work describes a
way of extending the lifetimes of heat exhaust systems
for ITER and DEMO.
What does this year’s Nuclear Fusion Award mean for
you?
I am honoured and happy that this prize acknowledges
our pioneering work in ASDEX Upgrade. Due to its
dedicated design and powerful heating systems, ASDEX Upgrade is a key experiment for the investigation
of the power exhaust problem. The tokamak allows us
to apply different approaches such as impurity seeding
in an integrated way with the implications of tungsten
plasma facing components. Those are important steps
towards a fusion reactor. The continuous progress in

How would you rank the European contribution to
the FEC2018 compared to Asian or American results?
Regrettably, I missed to attend this year's FEC, for the
first time since many years. In comparison to other
conferences, I see Europe still on the fore-front, in close
competition, but also collaboration, with the USA.
Asian countries are clearly catching up. The next expected highlight will be the start of JT60-SA in Japan,
which is in part a European tokamak. ITER gives
the field a world-wide focus. The progresses well and
demands input from the entire fusion community. n

The winning paper
The award-winning paper "Partial detachment of high power discharges in ASDEX
Upgrade" has been published in IAEA's Nuclear Fusion Journal this
year. Scan the qr code
to download it.



25

FUSION IN EUROPE

summing up

“European research into the
realisation of carbon-free fusion ene
rgy has
generated a series of core ben

efits for
the industry worldwide.”
The ‘Indian Business Standard’ in
the article
“Fusion energy research 'powering'
European
industry”.

“The greater danger is not hav
ing
anybody succeed than having
everybody.” (Commonwealth Fusion CEO
Bob
Mumgaard in the article ‘Billionaire
s Chase
‘SpaceX Moment’ for the Holy Gra
il of Energy’ from Bloomberg Business.)

30 October 2018

1 November 2018

"Fusion is
no longer
'30 years
m om e n t w
away'. It's
hen the m
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