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ABSTRACT

The long-term objective of the European fusion
programme is to harness the power of fusion to help
meet mankind’s future energy needs. The next step
towards this goal is the international ITER-project,
which has to demonstrate the scientific and techno-
logical feasibility of fusion energy by generating
500 MW of fusion power, ten times more than is
put in the reactor, for a sustained period of time.
ITER is not an end in itself: it is the bridge toward a
first demonstration power plant that will deliver
large-scale electrical power to the grid.

Fusion has some key features which make it an
attractive option in a future energy mix: inherently
safe; waste which will not be a burden for future
generations; no emission of greenhouse gases; and
the capacity for large scale energy production. In
addition, the required raw materials for the fuel are
abundantly and widely available around the world.
The combination of these features gives fusion the
potential to make a substantial contribution to satis-
fying world energy demand later this century, and
beyond.

On the 28" of June, 2005, the ITER-partners de-
cided unanimously to construct ITER in Europe,
near Cadarache in the South of France. The partners
in the project are the EU, Japan, China, India, Ko-
rea, the Russian Federation and the USA, together
representing more than half of the global popula-
tion.

Europe has achieved a position of pre-eminence in
fusion through its extensive fusion research pro-
gramme, which is coordinated on a European level
by the European Fusion Development Agreement
(EFDA) and the European Commission. This paper
gives a short introduction to fusion as an energy
source, and discusses the current status of the Euro-
pean Fusion Research Programme, with a focus on
the preparations for the ITER project.

1. INTRODUCTION

With an increasing world population and a growing
economy, the demand for energy is sure to grow.
New solutions will be required for providing a tar-
geted answer to both the energy demand and the
emission problems associated with our present en-
ergy system. Fusion energy, the energy source of

the sun and the stars, has seen remarkable progress
over the last decades, and is now ready to move out
of the laboratory, and to be considered as a credible
energy option for clean, large-scale power genera-
tion.

11 The fusion process

In a fusion reaction, two light atomic nuclei fuse
together to form heavier ones, as is shown in fig-
ure 1. The fusion process releases a large amount of
energy, which is the energy source of the sun and
the stars. In stars, heavier elements are formed by
consecutive fusion reactions starting from hydro-
gen, a process that continues until the element iron
is reached, which is the most stable of the elements.
The formation of even heavier elements such as
gold and uranium requires a net input of energy,
which is only accomplished in the most extreme of
circumstances: supernovas.
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Figure 1: Two nuclei, here deuterium and tritium,
fuse together to form helium, a neutron, and a large

amount of energy.

A fusion reaction does not happen easily. The nu-
clei of atoms have a positive electric charge, and
equal charges repel. But if two nuclei manage to get
close enough together in spite of the repelling force,
another force manifests itself: the nuclear force.
The nuclear force is extremely powerful, but only
acts on very small distances. The strong nuclear
force pulls the nuclei together to form a new atom.

To bring the two nuclei close enough together, they
need to collide with a very high speed, which
means that the temperature of the gas must be high.
If a gas is heated beyond a certain temperature, the
electrons are separated from the atoms which they
belong to, and together they form a gas of charged
particles, in which the electrons and nuclei move
independently. That state is called a plasma. In the



centre of the sun, fusion reactions occur at 15 mil-
lion degrees Celsius.

Because the nuclear force is so strong, a single fu-
sion reaction releases an enormous amount of en-
ergy, millions of times more than a single chemical
reaction. One kilogram of fusion fuel can generate
the same amount of energy as 10.000.000 kilo-
grams of coal. An electricity generating power
plant working on this principle therefore only needs
a very small amount of fuel.

2. FUSION ON EARTH

2.1 The deuterium-tritium fusion reaction
Although many different fusion reactions are possi-
ble, only a few of them are interesting for the appli-
cation of fusion as an energy source on earth. Those
are the reactions that will still occur at a relatively
low temperature. The fusion reaction that is easiest
to accomplish on earth is the reaction between deu-
terium and tritium, two isotopes of hydrogen. As
shown in figure 1, a deuterium and a trittum nu-
cleus can combine to form a helium nucleus, a neu-
tron, and energy.

Deuterium is the stable isotope of hydrogen, with
one extra neutron in its nucleus, tritium is the un-
stable isotope of hydrogen, and has two extra neu-
trons. To produce enough fusion reactions, the deu-
terium-tritium mixture has to be brought to a tem-
perature of 150 million degrees, ten times higher
than the temperature in the centre of the sun.

2.2 Confining a hot plasma

As there are no materials that can withstand such a
high temperature, a way must be found to keep the
hot plasma away from the walls of the plasma ves-
sel. If the plasma would touch the wall, the plasma
would cool down, and fusion would stop. To ac-
complish this isolation from the walls, a strong
magnetic field is applied to the plasma. The
charged particles in the plasma follow the magnetic
field lines. The magnetic field lines can be organ-
ised in a circular way, such that the plasma does not
touch the inner wall of the vessel. This technique is
called magnetic confinement. In modern fusion ex-
periments, the plasma is confined in a doughnut-
shaped vessel with magnetic coils called a tokamak,
as shown in figure 2.
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Figure 2: The principle of a tokamak. The plasma
is contained in a doughnut-shaped vessel, also
called a ‘torus’. Using superconducting coils (blue)
a magnetic field is generated, which causes the
plasma particles to run around in circles, without
touching the vessel wall. In reality, a number of
other coils are present, that produce subtle changes
to the magnetic field.

3. FUSION AS AN ENERGY SOURCE

When fusion comes available as an energy source,
what will be its characteristics? Will it be clean and
safe? What is the waste, and how large is a typical
unit? In short: a fusion power plant will generate
about 1000-1500 MW of electricity. In the plant,
lithium is turned into the intermediate fuel tritium,
which is heated to 150 million degrees together
with deuterium. Fusion reactions produce helium,
an inert gas which is the ‘waste’ of the reaction, and
neutrons. The neutrons fly into a blanket surround-
ing the plasma, where they react with lithium to
produce tritium, and where they transfer their en-
ergy to a cooling medium. The energy can be used
to generate electricity, or, for example, to produce
hydrogen.

31 Fuels

Fusion is a particularly attractive energy source as
it uses fuels that are abundant and available around
the globe. The primary fuels used in fusion are deu-
terium and lithium. Deuterium is a hydrogen iso-
tope, which can be readily extracted from water
(there is around 33g of deuterium in every cubic
metre of water), and lithium is an abundant light
metal — for example used in lithium-batteries —
from which tritium can be generated inside the re-
actor. The lithium from one laptop battery, com-
bined with the deuterium in 100 litres of water, can
cover the electricity use of an average European
citizen for 30 years.

3.2 Safety

Fusion power plants will be inherently safe. Al-
though the plasma in a fusion power plant will have
a volume of 1000 cubic meters or more, the total
amount of fusion fuel in the vessel is very small:
only two grams, enough for just a short time of op-



eration. If the fuel supply is closed, the reaction
stops without problems within seconds. Fusion is
not a chain reaction and can therefore not run out of
hand: in the normal situation, the fusion process
runs at the fastest possible rate, and any deviation
from this optimum leads to a decrease in energy
production.

The intermediate fuel, tritium, is a radioactive sub-
stance, and fusion power plants are constructed in
such a way that a safe handling of the tritium is
ensured, which is subject to appropriate laws and
regulations. Techniques and expertise to handle
tritium safely already exist.

As tritium is produced inside the plant in a closed
circuit, the total amount of tritium present can be
limited to about 1 kg. Outside the plant, no trans-
port of tritium is needed, except for a new fusion
power plant, which needs to be ‘primed’ with trit-
fum the first time it is used; after that it can produce
its own supply.

33 Environmental impact

Although the products of the fusion process (helium
and neutrons) are not radioactive, the structural
materials of the vessel are activated by the neu-
trons. If proper materials are used, the half life of
such waste can be limited to about 10 years, mean-
ing that after a period of 100 years the radioactivity
drops to a value of a 10.000th of its initial value,
and can be largely recycled. The design of new, so
called low-activation materials that are needed for
this aim, is an important and active part of the in-
ternational fusion research. Fusion produces no
actinides, which form the long-lived waste of fis-
sion power plants.

34 Costs of fusion power

In April 2005, EFDA has released the European
Fusion Power Plant Conceptual Study (PPCS). The
study defines four future fusion power plant models
illustrative of a wider range of possibilities, span-
ning from near-term to very advanced, and ad-
dresses questions related to safety and environ-
mental impact, economics, and development needs.
The study is available on the EFDA website.

In the study, the costs of future fusion electricity
were computed from detailed plant models using
well-attested industrial costing techniques. Al-
though cost estimates so far ahead are highly de-
pendent on technological and financial assump-
tions, the study concluded that the cost of electricity
from the models is in the range of estimates for the
future costs from other renewable sources, obtained
from the literature.

4. THE CURRENT STATUS OF FUSION
RESEARCH

In the fifty years that research on nuclear fusion has
been carried out, enormous scientific and techno-
logical progress has been made. Fusion scientists
now manipulate plasmas of hundreds of millions of
degrees, in large fusion devices.
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Figure 3: The progress of fusion research through
the years, measured by the triple product, which is
an indication of the performance of a fusion
plasma. Please note the logarithmic scale on the
vertical axis. For comparison, the development of
computer chips is indicated.

Figure 3 shows the progress of the so-called ‘triple
product’, a figure-of-merit which measures the per-
formance of a fusion plasma. The triple product has
seen an increase of a factor of 10.000 in the last
thirty years, and another factor of 6 is needed to
arrive at the level required for a power plant. In the
figure, the progress is compared to that of computer
chips.

4.1 European fusion research

Reaching the aims of fusion research requires a
sustained, long-term and large scale research effort,
which would be impossible to sustain for any single
European country. That is why all the Member
states of the European Union collaborate in a single
European research programme, which is coordi-
nated by the European Commission through Eura-
tom. The Swiss Federation and Bulgaria are also
part of this programme.

Individual research institutes in the Member States
have “contracts of association” with Euratom — the
international legal framework under which EU
Member States cooperate in the fields of nuclear
fission and fusion research — in which the long-
term commitments and work plans are laid down.
This has lead to a research programme that is coor-
dinated and integrated on a European level.



In 1999, the European Fusion Development Agree-
ment (EFDA) was created to provide a framework
for national fusion research parties to participate in
collective activities, such as the Joint European
Torus (JET), the world’s largest fusion experiment.
EFDA’s activities include fusion technology R&D,
the exploitation of the JET facilities, and contribu-
tions to international collaborations, such as the
ITER-project. EFDA was established as a frame-
work contract between Euratom and the research
institutes associated to the European Fusion Pro-
gramme.

4.2 The Joint European Torus — JET

JET, based in Culham, Great Britain, is the central
research facility of the European Fusion Pro-
gramme. The focusing of significant European fu-
sion research funding on JET has made it the pre-
eminent fusion facility in the world and allowed
Europe to take major strides in fusion research. JET
is complemented by a number of specialized
smaller devices run by more than twenty individual
EU member states.

JET construction began in 1979 and operations
started in 1983. All of its original planned opera-
tional goals have been met in time and cost. Since
2000, a new way of operating has been put in place
under the EFDA agreement: JET is now collec-
tively used by teams of visiting scientists from
across Europe. The JET programme is led by the
EFDA Associate Leader for JET and a small coor-
dination team. A new scientific programme has
started, and JET now hosts a large number of inter-
national research efforts.

Figure 4: A look inside the plasma vessel of the

Joint European Torus (JET). JET is located in Cul-
ham, GB. The plasma is shown on the right.

JET has produced significant fusion power in deu-
terium/tritium plasmas — up to 16 MW — in the
short pulses characteristic of existing experimental
devices. ‘Break-even’ conditions, where the fusion
output power equals the external input power re-
quired to heat the plasma, were almost reached.
Moreover, JET has demonstrated that fusion de-
vices can be operated safely with tritium fuel and

that activated structures can be maintained and
modified using remote handling techniques.

Thanks to the success of JET and other experi-
ments, the world fusion community is now ready to
take the “Next Step” of constructing a larger de-
vice, ITER, which will produce plasmas under reac-
tor conditions of high power gain and provide a
reliable basis for proceeding to a demonstration
reactor, capable of producing electricity.

5. THE ITER PROJECT

Figure 5: The ITER machine. The man in the
bottom shows the scale.

While significant progress has been made with JET
and other fusion experiments, it was clear from an
early stage that a larger and more powerful device
would be needed to create the conditions expected
in a fusion reactor and to demonstrate its scientific
and technical feasibility. ITER is an international
research and development project with the aim to
demonstrate the scientific and technological feasi-
bility of fusion energy.

ITER has twice the size of JET in its linear dimen-
sions (see figure 7), which means it has a plasma
volume that is almost ten times larger. ITER is truly
a global project: the current partners in the ITER
project are Europe, Japan, the Russian Federation,
China, India, Korea and the USA.
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Figure 6: Countries participating in the ITER pro-
ject. The dots indicate fusion research institutes.
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Figure 7: the size of the plasma in different fusion
experiments across Europe. The ITER plasma is
twice the size of JET in its linear dimensions.

ITER will allow the study of plasmas in conditions
similar to those expected in a electricity-generating
fusion power plant. It is designed to generate 500
MW of fusion power for extended periods of time,
ten times more then the energy input needed to
keep the plasma at the right temperature. It will
therefore be the first fusion experiment to produce
net power. It will also test a number of key tech-
nologies for fusion including the heating, control,
diagnostic and remote maintenance that are ex-
pected to be needed for a real fusion power station.

The construction costs of ITER are estimated at 4.7
billion Euro over 10 years, a large part of which
will be awarded in the form of contracts to indus-
trial companies. Another five billion Euros are
foreseen for the 20-year exploitation period. Europe
will contribute a major share of the costs. The con-
tributions of the partners will for the largest part
consist of components for the machine, so-called in
kind contributions.

ITER will be a machine of the tokamak type in
which the torus-shaped fusion plasma is confined
by strong magnetic fields (see Fig. 5). The device’s

main objective is to demonstrate prolonged fusion
power production in a deuterium-tritium plasma.
Compared with current conceptual designs for fu-
ture fusion power plants, ITER will include most of
the necessary technology, but will be of slightly
smaller dimensions and will operate at about one-
fifth of the power output level.

In June 2005, the partners in the project decided
unanimously to choose the European site at Cada-
rache, in the South of France, as the location for the
construction of ITER. The design of ITER is ready
for the start of construction to begin, and the first
plasma operation is expected in 2016.

51 A key element in a long term strategy

The long-term aim of fusion research and develop-
ment in Europe is to create power station proto-
types demonstrating operational safety, environ-
mental compatibility, and economic viability. The
strategy to achieve this long-term aim includes a
number of different elements: first of all the devel-
opment of a larger experimental reactor (the Next
Step, which role will now be played by ITER), fol-
lowed by a demonstration reactor called DEMO.

In addition to these two devices, the strategy in-
cludes the study of improved concepts for future
fusion devices, and accompanying physics and
technology R&D activities which also involve
European industry. Finally, studies are performed
on the socio-economic aspects as well as the safety
and environmental aspects of fusion power, which
focus on the potential contribution of fusion to sus-
tainable base-load power generation.

5.2 History of the project

The idea for ITER originated from the Geneva su-
perpower summit in November 1985 where Pre-
mier Gorbachov, following discussions with Presi-
dent Mitterand of France, proposed to President
Reagan that an international project be set up to
develop fusion energy for peaceful purposes. The
ITER-project subsequently began as a collaboration
between the former Soviet Union, the USA, the
European Union and Japan, and was later enlarged
to China, the Republic of Korea and to India.

Conceptual and engineering design phases led to an
acceptable detailed design in 2001, underpinned by
$650M worth of R&D, which was carried out by
the ITER parties to establish its practical feasibility.
The design of ITER, resulting from this unique in-
ternational collaboration, is the first complete de-
sign of a fusion device of conventional power sta-
tion size, based on well-established and proven
technology. This design provides a detailed engi-
neering plan ready for implementation.



Figure 8. Many components and techniques that
are needed for ITER have already been tested by
industry, such as this model of the ITER Toroidal
Coil, assembled in the Toska facility in
Karlsruhe, Germany.

The physics and technology experiments conducted
in many fusion devices worldwide have provided a
solid physics base for extrapolation to the ITER
scale. A number of key high-technology compo-
nents, such as superconducting coils, have been
developed specifically and manufactured by indus-
try and are ready for production.

The recent decision to construct ITER in Cadarache
in the South of France allows the project to move
on to its construction phase. In the mean time,
agreement has been reached on the sharing of the
costs and the in-kind contributions to the project
between the different Parties. The way is now open
for the signing of a joint implementation agree-
ment, which will allow the international ITER Or-
ganisation, based in Cadarache, to be established.
The ITER organisation will be responsible for all
aspects of the project: the licensing procedure,
hardware procurements mostly provided in kind by
the Parties, the twenty-year operation period, and
ultimately for decommissioning of ITER at the end
of its lifetime.

In the first months of 2006, the top management
team of ITER has been named. The Director-
General of the project will be Kaname Ikeda, for-
merly Ambassador for Japan in Croatia. The Pro-
ject Construction Leader will be Dr. Norbert Holt-
kamp, born German, and former director of accel-
erator systems at the Spallation Neutron Source in
Oak Ridge, USA. Current expectations are that the
ITER organisation should be established around the
end of 2006, and following licensing, begin con-
struction in 2008, with a view of obtaining the first
plasma in 2016. This will be followed by an exploi-
tation phase lasting about 20 years.

5.3 The European contribution

Europe has been at the forefront of fusion R&D for
the past 50 years, and with hosting ITER, Europe is
in a favourable position to maintain its leading role.
During the ITER-project, the industrial companies
that will construct the European part of the ITER-
device will use high-tech know-how developed in
fusion research institutions around Europe. It is
expected that a lot of technological innovation will
result from the exploitation of this knowledge,
which opens many opportunities for high-tech
companies to participate fruitfully to the project.

In order to manage and provide their contribution to
the ITER project, each of the partners needs to es-
tablish its own domestic agency, which is responsi-
ble for the delivery of the components to ITER. A
European domestic agency is being established for
this purpose. This new organisation will be called
'Fusion for Energy', and will be located in Barce-
lona, Spain. This new organisation will also provide
Europe's contribution to other international fusion
research efforts, and, in the longer term, support a
programme of research and development activities
to prepare for the construction of prototype fusion
reactors.

6. FINAL REMARKS

Climate change, environmental degradation due to
fossil fuel use, security of supply and energy pov-
erty are all very serious issues that must be faced.
The transition towards a sustainable energy supply
is surely one of the major challenges of this cen-
tury, and all available sources will have to play a
role in the future sustainable energy mix; we do not
have the luxury of choice.

With its inherent environmental and safety advan-
tages, such as no emission of greenhouse gases,
fusion should be seen as an important element in
any global strategy designed to allow sustainable
development. As fusion is particularly suited for
large-scale base load electricity production, it is the
ideal complement of other renewable sources in the
future energy mix. Fusion technology, brought to
fruition, will be an asset of the utmost value to give
to our descendants.

More information can be found on the following
websites:

www.efda.org

www jet.efda.org

www.fusion.org.uk

www.iter.org




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


