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Draft programme Political Prep Meeting and Workshop, 
4 May, 15:00-17:15 h, EP Brussels, Room ASP 1H1 

 
 

The meeting is open to all BUDG and CONT members and also to members of the 
ITRE Committee./Interpretation EN-FR-DE-ES. 

The workshop has been organised by the Policy Department D Budgetary Affairs, and 
is preceded by a presentation by the Commission. 

 

15:00-15:50: Commission Presentation 

- Director General for Research and Innovation, Robert-Jan Smits (15 min) 

- Director General for Budget, Hervé Jouanjean (15 min) 

- Discussion (20 min) 

 

15:50-17:15: Workshop ITER, fusion energy and European energy scenarios  

- European energy scenarios of 2050 and beyond and the role of fusion 
energy and ITER in these scenarios, 

by Dr Werner Zittel, Energy consultant with Ludwig-Bölkow-Systemtechnik 
GmbH, Munich, and founding member of the European Business Council for a 
Sustainable Energy Future (15 min) 

- Discussion (15 min) 

- ITER, an alternative fusion energy approach and the safety of fusion 
energy, presentations by  

Prof. Sibylle Günter, Scientific Director of the Max Planck Institute for 
Plasma Physics (IPP), Germany (the IPP is on the one side involved in the ITER 
project and on the other side exploring alternative research approaches), (15 min) 
and  

Dr Jean-Marie Brom, research director at the CNRS, the French National 
Center for Scientific Research, speaker of the network "Sortir du Nucléaire" 
(15 min) 

- Discussion (15 min) 

- Closing remarks (10 min) 
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Experts speaking at the workshop on 

"ITER, fusion energy and European energy scenarios" 
  
 
  

 

Dr Werner Zittel, Energy consultant with Ludwig-
Bölkow-Systemtechnik GmbH, Munich, and founding 
member of the European Business Council for a 
Sustainable Energy Future; Ottobrunn, Germany  

 

http://4dweb.proclim.ch/4dcgi/proclim/en/Detail_Person?zittelw.23240  
http://www.lbst.de/ 
 

 

Prof Dr Sibylle Günter, Scientific Director of the 
Max Planck Institute for Plasma Physics (IPP), 
Garching, Germany 
 

http://www.mpg.de/381794/plasmaphysik_wissM5  
http://www.ipp.mpg.de/ippcms/eng/pr/institut/organigramm/leitung/guen
ter.html  
 

 

Dr Jean-Marie Brom, research director on high 
energy physics at CNRS,  speaker of the network 
"Sortir du Nucléaire", Strasbourg, France 
 

http://www.cnrs.fr/cw/fr/pres/OserSavoir/FicherAvrJMB.htm  
 
 
 
  
Prof Dr Jean-Marie Chevalier from universities Paris (Dauphine) and Milano 
(IT), a senior associate at CERA, was invited as well, but he could not come.  
A short message from him will be read at the beginning of the workshop. 

 

2

http://4dweb.proclim.ch/4dcgi/proclim/en/Detail_Person?zittelw.23240
http://www.lbst.de/
http://www.mpg.de/381794/plasmaphysik_wissM5
http://www.ipp.mpg.de/ippcms/eng/pr/institut/organigramm/leitung/guenter.html
http://www.ipp.mpg.de/ippcms/eng/pr/institut/organigramm/leitung/guenter.html
http://www.cnrs.fr/en/aboutCNRS/overview.htm
http://www.cnrs.fr/cw/fr/pres/OserSavoir/FicherAvrJMB.htm


 



_________________________________________________________________________________ 

European energy scenarios of 2050 and beyond and the role of fusion energy 
and ITER in these scenarios 
 
Werner Zittel, Ludwig-Bölkow-Systemtechnik GmbH 
2nd May 2011 
 
Abstract 
 
This paper summarises in a nutshell the challenges which Europe’s Energy supply 
has to master in the years to come. Predominantly peak of oil production at world 
level, followed by regional and later worldwide peaking gas and even restricted coal 
and uranium supply at world markets together with rising urgency for climate 
protection form the driving forces to switch to a renewables based energy supply, 
predominantly fuelled by electricity while fuels might become scarce. Long term 
energy studies have already shown that such a transition to almost 100percent 
renewable energy supply in combination with efficiency measures can be achieved 
until 2050 and beyond at national, European and even world level. In parallel, rising 
metal scarcity forces to use metals wisely recycling them at a large rate. 
 
It is almost certain that nuclear fusion will not play a role in this transition as the 
necessary structural changes must be performed predominantly in this and in the 
next decade. In 2050 this transition will be almost completed. It is generally agreed 
that nuclear fusion can not play a role at least until 2050, 2060 or even later – if at all, 
as too many uncertainties and problems still must be solved, some of them being 
“no-go” criteria for the whole concept. 
 
One such critical issue is the tritium inventory for the first reactor. Tritium is one of the 
two fuels needed for the fusion reaction. In stable operation new tritium fuel shall be 
produced as by-product of the fusion reaction. Presently the total global tritium stock 
would be sufficient to start the first fusion reactor. However, tritium decays through 
natural radioactivity. Thus continuous production of tritium – which is done in heavy 
water reactors, predominantly at Darlington facility in Canada - is necessary to keep 
the stocks at sufficient level. However, Darlington will be decommissioned in 2025.  
Furthermore there is scientific debate whether or not fusion reactors will be able to 
breed enough tritium to maintain its own fusion reaction as well as to produce the 
initial inventory for further reactors. Some involved scientists argue there is evidence 
that the breeding ratio will be too low in order to produce the fuel for further reactors.  
 
With respect to these expectations it must be questioned whether the additional 
spending of billions of Euros today for a technology which at best could contribute to 
energy supply beyond 2050 when there is no need for that technology can still be 
justified. 
 
Introduction 
 
In its World Energy Outlook 2008 the International Energy Agency described the 
challenges of the world energy supply waiting ahead as “what is needed is nothing 
short of an energy revolution.” (WEO 2008).  
 
This short paper tries to sketch the trends and structure of future energy supply in the 
long term to 2050 and beyond. It is not the purpose to present detailed scenarios. 
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The focus is put on the most important trends and their probable implications on the 
future structure of energy supply.  
 
Based on these trends and requirements a possible role of nuclear fusion is mirrored, 
checking its properties to fit or contradict these requirements. But since the structural 
transition of the world’s energy system is already at its beginning, some short term 
aspects are also relevant as it does matter whether we must expect short term 
struggles maybe requiring any (also financial) effort to overcome or if we can allow 
for long adaption periods.  
 
This scenario frame setting restricts on probable changes to be expected over the 
next several decades. Unavoidably this includes personal views and conclusions 
which – due to the briefing character of this paper – are given as hypothesis not 
explained by deeper analysis. However, these views are based on more than 20 
years of empirical observation and analysis. Deeper insights, e.g. are provided in the 
literature cited. (EWG 2006, 2007, Höök et al. 2011; Zittel/Schindler 2009, Zerta et al. 
2010). But it is of course influenced and based on the work of many others. 
 
Present energy supply  
 
At world level, about 85 percent of the present final energy consumption is supplied 
from fossil energy sources composed from oil with 33%, coal with 28% and gas with 
23%. The largest part of the remaining supply is provided by Biomass, when 
including so called “traditional use” in developing countries, which in most cases 
means the unsustainable crabbing of fire wood for cooking meals. The final 5 percent 
are shared by nuclear electricity (2%), hydropower (2.4%) and other forms of 
renewables such as wind, solar and geothermal energy. To be exact, if we count for 
nuclear power the initially produced heat instead of the final electricity, its share rises 
roughly by a factor of three. 
 
At European level this situation changes a bit as traditional biomass use is negligible 
and individual shares differ: Again, fossil fuels hold the largest part with about 85 
percent. But due to the dominance of transport, the composition is different: Oil 
contributes with 42%, gas with 26% and coal with 16%. Biomass has 7 %, Nuclear 
5%, hydropower 1.8% and the other renewables 1.4%. Again counting the thermal 
heat of nuclear power plants instead of  the produced electricity rises their share to 
about 15 percent. 
 
However, these statistics for 2009 somewhat hide the dynamics behind. Production 
from all domestic European fossil fuels has already passed peak, coal at least since 
fifty years, oil since 2000, gas since about 1996. Also European uranium production 
peaked already in 1967 at more than 12 kt/yr uranium, when the output from German 
uranium mines – at that time the second largest producer worldwide – started to 
decline. 
 
Today, the EU depends on oil imports by about 85% (resp. 70% including Norway), 
on gas imports by 60% (resp. 40% including Norway), on coal imports by 40% and on 
uranium imports by more than 90%. 
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In contrast to this rising import dependence of fossil and nuclear fuels, the domestic 
renewable energy production grew steadily from 12% in 1990 to 18% in 2010 for 
electricity, and from 4% to almost 8% for fuels and heat. 
 
Briefly should be reminded that the present energy mix is also influenced by political 
actions. For instance in the early fifties the support of the coal industry resulted in 
joint action at European level (EGKS, EWG) which finally formed the early base of 
the European Union. But there was and is also enough space for individual action, as 
the Danish Energy Policy thirty years ago set the frame for combined heat and power 
plants all over the country by keeping oil prices high. This resulted in lower energy 
losses and a decentralised structure supporting renewables phase-in at local level. 
On the opposite, France very early decided to almost completely concentrate the 
electricity production on nuclear while Germany in the last two decades paved the 
way for the fast phase-in of wind and solar electricity production by providing the 
political frame with the feed in tariff law. There are many other examples which could 
be mentioned almost from any European country. 
 
The challenges 
 
The challenges for the next decades are of global character, though the details might 
differ from region to region. They are straight forward and nothing but new. Already 
40 years ago in the report “limits to growth” a rising urgency for action could be 
foreseen (Meadows 1972). In a nutshell these challenges are: 
 

 The climate change issue needs to be solved. A reduction of global emissions 
by 50% until 2050 against 1990 levels is a huge challenge requiring all efforts. 
Keeping in mind that OECD countries have a historical burden, it is common 
sense that developed countries must reduce 80% or more in order to keep the 
50-percent goal, which is based on the hope, that then the temperature rise 
until 2100 might be kept in the order of 2 degrees Celsius. The European 
Parliament has already committed itself to this goal (EP 2009). 

 Fossil Fuels depletion; It is very likely that global oil production is at peak and 
soon will start to decline by an average decline rate of 2-3 percent per year 
(EP 2011). Also annual natural gas discoveries have already peaked in the 
1970ties to be followed by a peak in production (Laherrere 1996). Declining 
world reserves since more than 20 years combined with rising production rates 
give strong indications that world coal production possibly might peak far 
before 2050 (EWG 2007). 

 Depletion of many metal mineral ores; The “Raw Materials Initiative” launched 
by the European Commission in 2008 has identified raw materials, mostly 
metals, where sufficient supply to European industry over the next decades 
must be seen as critical (EU 2005, 2008). 

 Recycling is a must, not a luxury: The “Raw materials initiative” has identified 
recycling as an crucial and necessary part of future materials supply. Waste 
production has to be minimised and recycling rates must increase as high as 
possible (EU 2008). 

 Depletion of some important minerals, basically phosphate for fertilizers; World 
Phosphate production has already peaked some time ago. Though resources 
are still there a concentration of reserves in Morocco and China is seen 
covering about two-thirds of world phosphate production (DPRN 2011). 
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 Water and food supply are endangered. Since several decades access to 
drinking water and security of food supply are among the top priorities on the 
screen of the United Nations. For instance, it was targeted in 2000 to reduce 
poverty, hunger and non-access to drinking water by 50 percent until 2015. 
Latest surveys performed in 2010 indicate that most of these issues of the so 
called “millennium goals” are even worse than in 1990 (UN 2010). 

 
Almost each of these problems is of longterm character with the property that pure 
market mechanisms do not reflect or even counteract its rising urgency. For a long 
time this hides the urgency of solving the problem. But at the same time, the longer 
the necessary adaption processes are delayed the more certain a basically smooth 
structural transition is forced to convert into sudden crunch with unpredictable 
consequences.  
 
For instance, it is tempting to respond to an imminent peak of oil production with 
rising investments and efforts to keep the production up as long as possible. A still 
increasing production sometimes is seen as proof that problems are far away. But 
with increasing certainty this is on the cost of future production rates and future 
generations since unavoidably it will be followed by a steeper decline when the 
remaining high cost-supply options are touched already at a time of peaking supply – 
not leaving them for the declining period where these reserves could be needed to 
smooth the transition. 
 
Specific examples of that kind might be the fast development of deepwater reservoirs 
or the investments into shale gas. From an overall perspective beyond the interest of 
individual companies these investments have the impact of shortly rising the supply 
while the message to the customers should be to smoothly switch to other supply 
options and to efficiency measures. 
 
Over the last decades almost each of the above listed challenges was addressed 
with a specific target. However, up to now, in most cases the situation worsened 
instead of improving. Worldwide CO2- emissions are still on the rise far above targets 
(except during the recession in 2009). 
 
There is a high risk that oil production is peaking just now, followed by a continuing or 
undulating decline in the next years. If this happens faster than counter measures 
can substitute for declining supplies, this might set the largest challenge to the world 
economy, probably making longterm investments into possible solutions decades 
away obsolete. The former chief economic adviser of one of the largest Canadian 
banks gives good reasons that the recession in 2008 was already part of such an 
reaction on restricted supply, triggered by high oil prices (Rubin 2009). 
 
The general depletion pattern of any use of finite resources is that economical most 
attractive deposits are touched first. Once these are exhausted they are gradually 
substituted by those with less favorable properties - e.g. longer distance to markets, 
lower deposit quality, higher extraction efforts etc. 
 
One aspect of this pattern is that remaining high quality resources are gradually 
concentrated in a diminishing number of countries. Already this single aspect results 
in fast rising restrictions at world markets for those countries whose rising demand 
more and more depends on rising imports.  
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The European situation 
 
It is a matter of fact that fossil and nuclear fuel production within Europe already 
peaked, oil production being down by 50 percent and gas production by 27% against 
their peak performance 10 and 15 years ago. Coal production after WW II peaked in 
the mid 1980ies, now being down by 50%. Uranium production peaked in the 
1960ies followed by a decline of 97% and today being irrelevant.  
 
There is common sense that over the next two decades oil and gas production inside 
Europe will further decline by about 60% at least (WEO 2010). With high certainty 
around 2050 and beyond Europe will have to import almost all its hydrocarbon needs 
from abroad – if possible (SEC 2011). This holds independent from a worldwide peak 
of hydrocarbon production. But also domestic coal production steadily declined at 
least over the last 50 years, while this decline accelerated over the last decade. 
 
European politics responds to the challenges with an intermediate milestone for 
2020, namely to reduce CO2-Emissions by 20%, increase the share of renewable 
energy to 20% and increase the energy efficiency by 20% (COM 2010). Furtheron, 
the European policy is developing a roadmap until 2050 with the goal to reduce 
carbon emissions by at least 80 percent (SEC 2011). However, according to the 
urgent needs addressed above these goals seem much too less ambitious. 
 
More progressive scenarios sketch that a transition to an almost 100% renewable 
scenario until 2050 can easily be performed by investing into clean renewable energy 
technologies and efficiency measures each time new investment cycles are 
imminent. (LTI 1998). Today it is out of question that such 100% scenarios are 
possible.  
 
Very likely the general framework in 2050 and beyond is that in Europe fossil fuels 
are only a marginal part of energy supply, predominantly substituted by efficiency 
measures and renewable energy. In face of the competition with other uses biomass 
probably will not play a huge role for fuels production. The general structure probably 
will be that fuels are scarce and expensive (Zerta 2010). 
 
The most important property of fossil fuels is their high energy density which gave 
them priority as chemical energy storage. This allowed an almost perfect decoupling 
of supply and demand. The loss of this property sets the largest challenge for the 
future energy supply infrastructure and for the transport sector. 
 
To illustrate the dimension of this structural shift: Todays oil or gas pipelines have a 
transport capacity in the range of 30-60 GW each. The capacity of electricity 
transmission lines is at least one order of magnitude smaller. Each fueling station 
provides a buffer between demand and supply. An electricity dominated infrastructure 
needs huge storage capacities and adaption measures to smooth fluctuations as 
each change in electricity demand immediately influences the supply side. Beyond 
demand side management (e.g. smart metering) which helps to adapt the demand to 
changing supply pattern and electricity storage technologies a chemical energy 
carrier – either synthetic methane produced from hydrogen or more probable pure 
hydrogen as energy vector – will be needed to provide such a link with buffer 
qualities. 
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In summary the basic frame in 2050 and beyond will be: 
 

 Fuels are rare and expensive as the potential for biofuels is limited. 
 Electricity is the dominant energy vector. 
 The major electricity production comes from renewable energy. 
 Energy supply is highly volatile following the climate- and weather 

patterns. 
 Adaption of supply and demand requires high flexibility and buffers. 
 Many metals are rare, mainly speciality metals such as Nd. 
 Recycling plays an important part at the supply side equation. 
 This has to be managed with an expected rising competitive demand for 

these metals from many industrial branches. 
 Over the years to come investment reserves probably will also become 

very scarce endangering the phase-in of adequate supply options due 
to lack of investments. Proper investments during the present and next 
decade will be crucial for paving the way to sustainable supply. 

 
The Role of Nuclear Fusion in 2050 and beyond 
 
In the short term the supply of tritium for the first reactor is crucial being a “go/no-go” 
criterion. (Dittmar 2009): Tritium the fuel for the reactors to be designed is scarce. 
Due to its radioactive decay after 12.6 years half of the initial tritium is lost. On earth 
the only viable source are the heavy water fission reactors, predominantly in Canada 
(Darlington). Their annual production rate amounts to about 1.5 kg/year while the 
accumulated stock is declining by 8% each year. At present this source will cease 
around 2025 (Closure of Darlington Facility). If no other new source is available in 
time (e.g. new heavy water reactors elsewhere with extraction facility), this will lead to 
a continous decline of the tritium stocks until these are too low to feed a reactor.  
 
Apart the problem of the initial tritium loading the fuel supply problem for further 
reactors is still not solved (Sawan 2006). Will the first reactor be able to breed 
enough tritium? Neutrons escaping from fusion processes first release their energy 
for heat production and secondly react with the lithium to produce helium and tritium. 
However, only a certain part of these neutrons reacts in the proper way. It is the most 
important issue that the tritium production rate must be large enough not only to fuel 
that reactor in the long-term but also to produce excess-tritium as initial fuel for 
additionall reactors. The size of the breeding ratio will determine about the maximum 
growth rate possible for nuclear fusion reactors. 
 
Will it be too small (below ~1.15) future reactor plans must be ceased. The exact 
ratio larger than one will determine how fast new reactors can be added. 
At present only some isolated laboratory experiments and theoretical calculations 
exist. These calculations indicate that it is by no means obvious that a breeding ratio 
larger one will be realistic. The results strongly will depend on reactor design details 
and experimental behaviour not yet predictable for certainty. There is a certain 
probability that this will be a crucial “no-go” criterion as pointed out by (Dittmar 2009, 
Sawan 2006). 
 
Fusion power plants need complex materials (high quality steels, huge amounts of 
copper, high performance magnets etc.). These require the corresponding primary 
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materials, e.g. neodymium for magnets. Already today at all political levels (at 
national, at European and at UN) bodies and programs are initiated to tackle the 
imminent materials resource problem. At EU-level for instance, 14 metals are 
identified where the supply might be in a critical stage already now or very soon (EU 
2008). When talking about 40 years timeframe and beyond it is very likely that the 
supply of almost any important industrial metal is at least critical. Some scientists 
specified “elements of hope” which seem to be abundant from present perspective. 
Their message is that it would be wise to concentrate future developments, 
specifically long term future developments, on a material base which seems to be 
guaranteed also in forty or fifty years from now. These metals include Na, Mg, Al, Si, 
K, Ca and Fe, but certainly not rare earth metals, Vanadium Chromium, Gallium, or 
many others (Diederen 2010). 
 
The rising metal scarcity asks for fast rising recycling rates and minimized waste 
production. Over the next decades the sustainability principle will not be a “luxourious 
way” of living which we have the option to choose or not , it will be a necessary 
prerequisite to survive as industrialised society. The physics and technology of 
planned fusion reactors is designed to extract the neutron energy by heating the first 
wall. But at the same time this contaminates and degrades the material properties 
forcing to exchange the first wall every few years. This results in huge amounts of 
waste production including many rare metals, which – due to their radioactivity - will 
be hard to recycle. Obviously, these properties aspects are in contradiction to 
sustainability principles. 
 
These issues convert the problem of “fuel flows” of conventional reactors into a 
problem of “material flows” of fusion reactors. Are there enough materials at 
reasonable quantities and prices in 40 or 50 years? It has to be kept in mind, that at 
large scale competing users of these materials (e.g. small hearing devices, electric 
power trains or gearless generators with Nd demand) might be willing to pay much 
higher prices due to their small specific demand. Lithium for the first wall is needed 
as breading base for the fuel. This will come in direct competition with Lithium 
demand for batteries for electric cars, small mobile electronic devices etc. if no long 
term sustainable other materials are to be found. Can these problems be solved in 
time, e.g. by substituting critical metals by “elements of hope” without loosing key 
performance parameters? 
 
The dominance of electricity supports the phase-in of new electricity sources. 
However the characteristics of an energy system based on highly fluctuating 
electricity production requires high flexibility. From that perspective fluctuating 
renewable electricity production and base load electricity supply from power plants 
with large investments are in direct competition: Either the electricity production from 
renewables must be capped – increasing their specific electricity cost – or the full 
load hours of huge power plants are reduced when renewable sources produce at full 
capacity – increasing the specific electricity cost of the power plant. Can fusion 
reactors easily be adapted to come in line with these requirements? 
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Conclusion 
 
Summarising these aspects results in the view, that  
 

- huge investments have to be made today without any guarantee that any 
contribution to energy production will be given in the foreseeable future 
(certainly not before 2050 or 2060 and possibly never) and at a time when 
huge investments are needed to solve urgent problems. 

- It is by no means ensured that the tritium for the first reactor will be available, 
this depends on various critical developments. 

- It is by no means solved that even the first reactor will breed its fuel for a 
continuous longterm operation. 

- It is by no means guaranteed that fusion reactors will breed their fuel. The 
achievable breeding ratio will determine how fast new reactors can be added. 
Probably It will need years to decades until enough tritium is accumulated to 
feed the second reactor. This will shift the phase-in period to several decades 
at least until a relevant contribution above 1% of electricity supply can be 
achieved. 

- It is common sense that first commercial reactors will not be available within 
the next 30-40 years. Therefore even at 2050 and still 2060 their contribution 
to electricity production will be negligible.  

- Fusion reactors consume huge amounts of rare metals while these become 
scarce and competing demand is rising. 

- Recycling of these materials from decommissioned fusion reactors or from the 
waste production (first wall) is very problematic, as these materials are 
radioactive for some time or dissipated in a way that their recycling will 
become very challenging. 

- At the time when fusion reactors possibly are available, the imminent and 
already started transition to new energy structures (or the energy revolution as 
it is called by the International Energy Agency) – predominantly based on 
renewables – is already over. We have to solve our problems right now not 
having further time to loose. In 2050 or 2060 when fusion reactors might 
contribute, there is no need for them as the necessary transition is almost over 
and the new structure sets different rules, hampering the phase-in of huge 
base load power plants in the GW-size. 

 
Putting things together the fundamental decision to be made is: 
Despite the high physical level and scientific challenges of fusion technology, can the 
society continue to spend several billion Euro over the next years for a technology 
which possibly might contribute some day, but certainly not within the next four 
decades, and possibly never? Or isn’t it in the responsibility of the governments to 
use this money for the problems urgently to be solved, namely competing climate 
change and declining fossil fuel production by a fast transition to renewable 
energies? 
 
To answer these questions several key problems still must be tackled, which partly 
were raised in this text. Note that economic issues of nuclear fusion are not yet 
tackled. It should carefully be decided whether the raised problems can be solved 
satisfyingly. When only one of the central problems turns out to be a “no-go” criterion, 
its over. Either resource scarcity of just one key metal, tritium fuel problem, waste 
problem, incompatibility to the general electricity structure in 2050 and beyond or 
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even pure economics are such criteria. The economics in 2050 will strongly depend 
on the materials cost at that time which today are not predictable but probably being 
a moving target dependent on many dynamic parameters. These must be seen in the 
context of declining technology costs of competing renewable energy technologies. 
 
Such a decision has the character of typical investment problems in society which are 
sometimes described in the literature as “Concorde fallacy” (Dawkins/Carlisle 1976) 
or “stranded invests” (Janssen/Scheffer 2004). To explain the first one, even when it 
was obvious to the involved experts that the famous Concorde aircraft would fail its 
commercial goals by far, none of the involved governments was able to accept this 
and to stop the development process, putting further billions in the project as nobody 
wanted to take the responsibility to recognise that the many invested dollars wouldn’t 
give the desired results.  
 
There might be some reasons to continue funding fusion technology at a certain 
level, but the argument to contribute some day substantially to energy supply at 
competing cost is certainly not among them. Too many obstacles and uncertainties 
undermine such a judgement. 
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• We are now facing a global energy crisis. I know you´ve heard this before, 
but this time it´s for real.

Hiroyuki Yoshino, CEO Honda December 1998

• My forecast is that between 2000 and 2005 the world will be reaching
peak production from our known fields, and after that, output will decline. 

Franco Bernabe, Ex-ECO ENI 1999

• We should leave the oil before the oil leaves us

Fatih Birol, Chief Economist, International Energy Agency 2008

Warning Statements of Industrial CEOs on imminant oil crises
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World Crude Oil Supply 1950 - 2050
(Crude Oil, Condensate, NGL, Heavy Oil, Oilsand)
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systemtechnik• Climate Protection EU: -20% in 2020 and -80% in 2050

• Fossil Fuel Depletion EU: oil, gas, coal, uranium have passed peak

• Depletion of Metal Ores EU-RMI: 14 critical metals identified

• Recycling EU-RMI: Substantial increase of recycling rate

• Depletion of Phosphate Ore (phosphor fertilizer) 

• Water and Food Supply are at Risk

• Poverty at the rise

Millenium
Goals
Will be failed

Biofuels
Are not an
Option!

Challenges to be solved

ludwig bölkow
systemtechnik

• The future availability of natural gas
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Historical data: OECD 2008, DTI 2010, NPD 2011, BP 2010; Forecast: LBST 2009
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• The future availability of coal
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Statement 1: „BAU“ is not an option

We are at the beginning of a structural change which
will force to change the economic patterns

• Having passed „Peak“ new investments will drive new technologies

• Energy efficiency gains importance

1930 1970 2010 2050 20901990 2030 2070

Energy Supply

1950 1990 2030 2070

oil
gas coal Renewable

energy

+
Renewable
Energy 

Quelle: AWEO 2006, LBST

Statements on Future Energy Supply

?

?
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Statement 2: The future is electricity dominated

Renewable electricity has different characteristics than fossil fuels:

• Not easy to store
• Direct coupling between production and consumption

1950 1990 2030 2070

Renewables

Fuel

Electricity dominated
(solar, wind, hydro..)

Renewables

Coal

Gas

Oil

Biomass, Geothermal

Fossil
Energy

Electricity

Source: AWEO 2006, LBST

Statements on Future Energy Supply

?
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• Electricity dominates the energy infrastructure

• The smoothing of fluctuations becomes system relevant

• Fuels can only be produced with huge losses

During Transition Phase 

Over capacities in base load
Full load hours of conventional power plants decline
Coupling between electricity, heat and fuels

The transport sector will change fundamentally

Technological Consequences
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The European Energy Supply in 2050 and beyond

• Almost all fossil fuels must be imported

• Fossil fuels at worldmarkets are rare and expensive

• The energy supply is electricity dominated

• Daily and seasonal supply fluctuations

• Matching of demand and supply by

- demand side management (smart metering)

- storage of electricity

- fuels production

• Buffers for decoupling are needed (hydrogen or syngas)

• Many metals are rare and expensive

•Recycling plays an important role

• Competitive uses may push prices

ludwig bölkow
systemtechnik

The possible role of nuclear fusion in 2050 and beyond

Short term issues:

• Initial tritium supply for first reactor

- tritium is radioactive (12.6 years life time)

- Each year tritium stocks decline by 8 percent

- The only relevant production source are heavy water reactors (CANDU)

production rate ~1.5 kg/year

- The production facility in Canada (Darlington) closes 2025

2025

If inventory too small => No Tritium for first reactor available!

Go/no go! - criterion

25
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The possible role of nuclear fusion in 2050 and beyond

Short term issues:

• Tritium breeding for further reactors

• Lithium + Neutron ->  Tritium + Helium

• Essential is that the breeding rate (= produced tritium/burned tritium)

is larger than 1 (larger ~1.15 to compensate for losses)

• If breeding ratio too small no fuel for further reactors can be burned

• There is theoretical evidence that breeding ratio will be too low

(Sawan, Abdou). 

Go/no go! - criterion

ludwig bölkow
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The possible role of nuclear fusion in 2050 and beyond

• Huge investments today, first energy production in 2050 – if at all

• Ttitium stocks for first reactor unsure

• Tritium breeding for further reactors not guaranteed

(some theoretical evidence that the breeding concept will never work)

• Common sense: First commercial reactor not available before 2040/2050

• Consumption of huge amount of speciality metals

• First wall will be contaminated and must be replaced every few years

• Recycling will be problematic due to radioactive contamination

• The energy transition takes place now and will probably be finished in

2030 when first fusion reactors might be available – if not later
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Final Conclusion

• Many uncertainties until a first reactor might operate

• Huge investments are needed today when the success is unclear

for seveal decades

• Fusion research started just a few years after research of fission reactors

• Fission reactors needed several years to develop

• Fusion reactor research lasts since already 50 years

(and is expected to last another 50 years)

without being close to commercialisation

Fusion reactors are not needed as 

we have to solve our energy problems just now!

The financial risk
Is unprecedented!

IEA 2010:

Much more needs to be done to ensure
that

This tra
nsform

ation happens quickly enough
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Annex: Some examples
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USA - 10 largest copper mines
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World Copper Production - sorted by peak year
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ITER, an alternative approach and safety issues of fusion reactors 
 

Sibylle Günter 
Max-Planck-Institut für Plasmaphysik, Garching, Germany 

 
 

1. Properties of nuclear fusion reactions 

Energy can be gained through nuclear reactions either by splitting heavy nuclei, or by fusing 

light ones. The former works in the form of a chain reaction in which neutrons, liberated in 

the breaking-up of a nucleus split further ones. One needs active control measures to ensure 

that the number of fission reactions remains constant in time and thus no unwanted power 

excursions occur. The produced new nuclei are radio-active. Those nuclei that decay fast 

produce a strong afterheat that needs active cooling even after the reactor has been shut down.  

Long-living radio-active elements also result from neutron capture. Some of the long-lasting 

nuclei have half-times of more than 10,000 years and thus a geological repository for the 

radio-active waste is required. 

 

In the foreseeable future only one fusion reaction is likely to be exploited on a terrestrial scale. 

Two hydrogen isotopes – deuterium (2H) and tritium (3H) – combine to form a He atom and 

set free a neutron, releasing in this process 17.6 MeV of energy. The reaction product of a 

fusion reactor is thus helium, which is not radioactive, and does not produce any afterheat. 

The fusion reaction is not a chain reaction, and there is no possibility of loss of control due to 

insufficient safety provisions in the design, or of re-criticality in case of a melt-down.    

 

Nuclear fusion requires a high energy of the two partners. This reaction is an analogue to 

combustion, but the burn temperature is in the 100 Million oC rather than the several 100 oC 

range, and the energy set free in a single reaction is correspondingly some Million times 

larger. But like in combustion we face the need to first obtain a high enough temperature and 

to keep the reactants from cooling too much by contact to the cold surroundings.  

 

There are in principle two ways to a fusion reactor, the so-called inertial fusion and magnetic 

fusion. In inertial fusion a small pellet with frozen deuterium and tritium is heated up so fast 

that a sufficient number of fusion reactions can occur before the pellet disintegrates. Research 

in inertial fusion energy will not be reported here as it is mainly performed outside the 

Euratom framework and – in the USA - to a large extend driven by the military applications. 
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As a stationary fusion power plant is a system with inherently low power density – only about 

one hundredth of that of a fission plant – the thermal insulation has to be very good. 

Fortunately, at these temperatures, a gas is fully ionized, and the motion of the particles of this 

so-called plasma can be influenced by electromagnetic fields. Only a strong, and properly 

shaped magnetic field, in combination with a very low plasma density can provide this 

exceptional insulation, but even in that case a large volume is required for self-sustaining burn.  

 

2. Why build the tokamak ITER and not a stellarator? 

While magnetic confinement fusion research has converged to one device – ITER - for the 

demonstration of sustained thermonuclear burn, there exist, at present, still three options for 

the ultimate, electricity producing power plant. They differ essentially on how stationarity of 

power production is to be provided. The by far most advanced configuration – the tokamak – 

requires for confinement the continuous flow of an electric current in a donut-shaped plasma. 

In present devices this plasma current forms the secondary loop of a transformer, and can 

therefore be maintained only over a certain time, which – in a reactor – could, however, 

amount to several hours. Then the discharge would have to be stopped, and the transformer 

recharged. A thermal storage would provide for continuity of the electric power production 

during this short interval (of the scale of several minutes). Alternatively, the electric current 

can also be maintained indefinitely by giving momentum through waves, or the injection of 

particles, to charge carriers (electrons or a small number of fast ions). This method has shown 

to be quite successful in principle, but has the economic drawback to require continuous input 

of some electric power into the plasma. Both of these distinct operating modes of a tokamak 

will be tested extensively in ITER. An alternative to the tokamak is the stellarator, which 

shares with it the basic topology of a toroidal plasma, but has a considerably more complex 

magnetic configuration. It is, however, intrinsically stationary without any need of external 

current drive.  

 

The history of fusion started already in the 1960s. Its development had to clarify and 

overcome first a set of novel physics challenges: identification of magnetic configurations that 

can stably confine plasmas with a pressure of at least several percent of the magnetic one, 

heating of a plasma to 10 times the temperature in the solar interior, and control of impurities 

to a low level, in spite of energy fluxes to walls comparable to those at the surface of the sun.  

The progress of fusion research since its beginning is remarkable: temperatures of up to 400 
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Mio °C have been achieved in tokamaks before the end of the last century. For stellarators 

sufficiently high temperatures can only be achieved if the complex magnetic geometry is 

carefully optimized to confine the energetic particles. Such an optimization was not possible 

before high-performance computers became available. Therefore, the stellarator at present 

lags at least one machine generation behind the tokamak. 

 

The universally accepted measure of progress in fusion is the product of pressure and the 

energy confinement time– the latter expressing the quality of thermal insulation. This quantity 

has been increased by about a factor of 10,000 since the beginning of tokamak research. This 

progress is impressive even if compared to the development in the performance of computers 

where the number of transistors on a chip doubles roughly within two years. From 1965 till 

2000 the progress in fusion was comparably fast. It has slowed down only during the last 

decade, as a machine of ITER size is needed to improve the heat insulation sufficiently to gain 

more energy from fusion reactions than is needed to heat the plasma. 

 

3. The basis of the ITER design and its role on the way to a fusion reactor 

The critical issue determining the minimum size for significant energy amplification is the 

thermal insulation of the hot plasma. The dominant losses are due to turbulence and could so 

far only be estimated by empirical extrapolation of the results of some ten major experimental 

devices. The scaling law derived from these devices fits all the previous results, covering a 

large range in heat insulation (about a factor of 100). The extrapolation to ITER is thus based 

on solid grounds. First-principle based theoretical models of the heat insulation starting now 

to become available will be sufficiently mature at the time of ITER operation. In combination 

with the results of ITER they will be able to support the design of a fusion reactor as a point 

design with engineering level confidence.  

 

The present-day tokamaks are preparing already now for ITER operation. They can provide a 

a  “step-ladder” approach to develop efficient ITER operational scenarios. Being very flexible, 

the smaller devices offer the possibility to test more rapidly and with modest cost novel ideas 

that can subsequently be tested on JET and ultimately extrapolated to ITER. In addition, these 

tokamaks offer the opportunity to train the generation of physicists and engineers that will 

later operate ITER.  
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ITER is a joint project of seven partners (the EU, Japan, Russia, USA, China, the Korean 

Republic and India). It will be about a factor of two larger in linear dimensions than the 

largest presently existing tokamak –JET.  This size is sufficient to achieve for the first time an 

energy production exceeding the heat input to the plasma by an order of magnitude. ITER is 

planned to test the two possible operational scenarios of a tokamak, the pulsed operation (with 

approximately 400 s pulse length) and a steady state scenario that could lead to a completely 

stationary tokamak. In addition, ITER will test technologies that are required for all fusion 

reactors like the tritium breeding blanket in which the fusion generated neutrons produce the 

tritium fuel from lithium. 

 

3. The stellarator Wendelstein 7-X 

The stellarator Wendelstein 7-X, being built in Greifswald right now, will start operation in 

2014. Like ITER, it is a super-conducting device. Being the first optimized stellarator of 

sufficient size, it shall prove that such stellarators can achieve sufficiently high temperatures 

and a heat insulation comparable to that of  tokamaks. By now, all of its 50 super-conducting 

coils have been produced and successfully tested, and  the assembly of the coils is nearly 

finished. After commissioning, the first operational period (2015-2017) will allow for pulsed 

operation only. Following the completion of the heat removal system (2017-2019) true 

steady-state operation will also be possible. Although the geometry of tokamaks and 

stellarators is quite different, stellarators will also profit from many results of ITER, in 

particular from tests of technologies like tritium breeding. 

 

4. The way to a fusion reactor 

If one aims at building the first demonstration reactor (DEMO) immediately following 

successful ITER operation, the stellarator option will not be ready in time. In that case DEMO 

has to be a tokamak, operating in either the pulsed or steady state modes investigated on 

ITER .  

In a fusion reactor the neutron fluence to the walls will be much larger than in ITER. 

Therefore, a dedicated programme in materials research is also needed. Such a material 

development programme is already part of the European fusion programme. It has resulted, 

e.g. in the successful development of low activation steels like Eurofer.  The fusion generated 

neutrons have, however, a different energy spectrum than e.g. those in fission reactors. To 

allow for ultimate testing of the developed materials, a dedicated neutron source is therefore 

needed that can generate a sufficient flux of neutrons with a fusion-similar energy spectrum.  
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In a future fusion reactor, the heating of the plasma will be provided nearly entirely by fusion 

energy directly deposited in the plasma. The fusion produced He-ions remain trapped in the 

magnetic field and maintain the plasma hot, whereas the neutrons leave the vessel and are 

absorbed in a blanket. There they deposit their energy – which is then further used for 

electricity generation in a steam or gas turbine – and react with lithium nuclei to produce 

tritium, which does not occur naturally.  

Tritium is the only radioactive element in the fusion fuel cycle. As it is produced and 

consumed on site within one or a few days, the necessary inventory can be kept low. Only 

about 1g will be, at any time in the hot plasma, and thus volatile. A significantly larger 

quantity will be trapped in the material of the vacuum vessel walls, but the development of 

tungsten based materials on ASDEX Upgrade, now further tested on JET, promises to keep 

this inventory limited to be about 1 kg, of which only a very small fraction could be mobilized 

in design-base accidents. A Gigawatt power plant would only need a couple of hundred kg of 

lithium and deuterium (which occurs naturally in water) per year, and on this scale the 

availability of the raw materials is not a constraint: they would be available world-wide and 

for several thousands of years, extending to millions if we tap the lithium in the sea water. 

 

5. No final storage of radio-active waste needed 

Although no radioactive reaction products result from the fusion reaction, radioactive isotopes 

are produced by the neutron bombardment of components in the reactor core. The amount of 

radioactive elements and their decay time strongly depend on the choice of materials used. 

For example, steels (EUROFER) have been developed which could be fully recycled within a 

hundred years period. After that, the total activity of the reactor residues is comparable to that 

of the coal ash produced in a coal power plant during its life-time. Further materials research 

is on the way to even further reduce the decay time of the radioactive waste for a power plant. 

It is thus to be expected that the radio-active waste of a fusion reactor will be recycled such 

that no geological repository for the waste will be needed. 

 

6. Inherent safety of fusion reactors 

Compared to fission the safety of a fusion reactor is not only a consequence of provisions 

taken in its construction and operation, but simply due to the inherent absence of certain risk 

factors: 
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 In contrast to fission there is no chain reaction involved in fusion. The power 

production will be simply determined by the fuel supplied to the plasma. There is no 

need for an active control to avoid unwanted power increases. 

 In fission reactors, the amount of fuel for more than a year is stored (a few hundred of 

tons) in the reactor core. In contrast, in fusion reactors, the only volatile, radioactive 

element is tritium, which is produced and also consumed in the reactor itself and the 

needed inventory will therefore be kept very low (about 1 g in the plasma).     

 The products of fission reactions are themself radioactive. Their decay continues even 

after shut down of the reactor and is accompanied by a large heat production. This 

afterheat needs to be controlled by cooling. If cooling completely breaks down, a melt 

down as occurred in Fukushima is possible. In case of fusion, the reaction products are 

not radioactive. A very small afterheat only occurs due to the activation of the walls 

by the fusion neutrons. This afterheat is, however, about a hundred times smaller than 

in fission reactors. Therefore, even in case of a complete loss of cooling the decay heat 

cannot lead to gross melting of structures. 

 In fusion the energy per volume in the reactor core is much smaller than in a fission 

reactor, by about a hundred times. Thus, no accidents driven by in-plant energies, even 

the most severe ones that could be conceived would result in confinement failure. 

 

The inherent safety properties, the crisis-proof availability of the fuel, and the promise of 

small environmental impact make fusion an attractive candidate for CO2-free electricity 

production, suited in particular to cover base-line loads.  Given the still existing physics 

questions and also the need to further develop and characterize materials, fusion can make a 

significant impact on the electric energy supply only in the second half of this century. 

However, even after 2050, electricity needs are still expected to rise (by a further factor of 3 

till 2100) and some of the shorter-term solutions to the CO2 problem, like the enhanced 

usages of gas, nuclear fission and CO2-sequestration, will run out of resources or face a 

shortage of suitable repositories by that time. A further growth of renewables will compete for 

space and fertilizers with other needs, and some of its associated technologies – like energy 

storage – carry by themselves still a significant development risks. Fusion has the promise to 

offer a complement to renewables, available continuously and independently of location. 
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Magnetic confinement: heat insulation by 
magnetic fields, two promising concepts  
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Stellarator Wendelstein 7-X 

•  first large optimized stellarator, should prove reactor relevance of 
stellarators  

•  technology and partly physics tested in ITER also relevant for 
stellarators 
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The way to a fusion reactor 
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Fusion can contribute to base-load electricity supply in the second 
half of this century 



 
 
Briefing Note : 
 "ITER, an alternative fusion energy approach and the safety of fusion energy" 
 
Jean-Marie Brom 
Research Director at CNRS-IN2P3 
Institut Pluridisciplinaire Hubert Curien – Strasbourg (France) 
 
 

I. A very short and critical history of nuclear fusion 
 

Although the principle of both nuclear fission and fusion were discovered at 
the same time, in 1938, research on nuclear fusion was staying far behind : the 
first military nuclear reactor came in operation in 1942 (for Plutonium production) 
followed after 12 years by the first commercial nuclear power plant . At the time 
fusion research was mostly carried out in military laboratories, leading to the first 
test of an H-bomb in 1952. 
 

Initially, the main actors of fusion research were the USA, USSR and UK 
(countries having already developed nuclear weapons). There was not any 
cooperation until 1961, when the first international conference "on plasma physics 
and thermonuclear fusion" sponsored by AIEA took place (Salzburg 1961).  After 
1968 (the 3rd plasma conference at Novosibirsk) the Tokamak device was 
considered as probably the most usable approach to fusion, although other fusion 
principles were pursued (laser in the USA, stellarators in Germany). One has to 
realize that before 1985 (and even after), research on nuclear fusion was not 
considered as a priority: it was considered that nuclear energy with fission was 
the ultimate and best solution. True or not, Uranium was sought to be abundant, 
fission technology was fully understood and secure (the TMI and Chernobyl 
accident had been analysed as human failures) and the cost of electricity 
produced by nuclear fission was officially defined as low.  
 

During this period of time, research on nuclear fusion had one of the largest 
turn-overs of physicists, and a classical joke was that fusion energy would be 
ready within 50 years, no matter when that was said. 
 

The JET (Joint European Torus) program from EURATOM can be viewed as 
an illustration of the relatively slow pace of fusion development : JET was at that 
time a 12-year-European research program set in order not to stay behind in 
nuclear fusion : In the USA, the Princeton Large Torus program was under way, 
and Japan was considering building his own large Tokamak. 
 
 - 1979 : start of the laboratory construction 
 - 1984 : opening of the JET laboratory 
 - 1986 : first plasma obtained at 100 M°C (millions of degrees centigrade) 
 - 1991 : observation of a first controlled fusion. 

- 1997 : peak fusion power achieved at 16 MW during 0,5 second (still a world        
             record…) 

      - 2010 – 2011 : closure of the JET laboratory after almost 40 years. 
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Up to 1985, research was mostly concentrated on obtaining and controlling an 

"usable" plasma, and no world coordination was considered as being necessary. 
 

The picture changed dramatically after the first meeting between Ronald 
Reagan and Mikhael Gorbatchev in Geneva on November, 19-20, 1985 : 
although no official declaration was issued after this summit, the two world 
leaders expressed their will to start a world program on nuclear fusion for the 
"good of mankind". 
 

The initial signatories were USSR, USA and the European Union (via 
EURATOM) and Japan. It took about 20 years to define more precisely  the 
project, and in 2006 the ITER agreement was officially signed by 7 members 
(China, and Korea joined the project in 2003, India in 2005). 
 

It is absolutely clear that this internationalization of fusion research was 
caused primarily for political reasons and by the growing doubts about fusion 
research and the increasing pressure on the budgets. The ITER project is not 
issued from the scientific community and has never been validated by any 
independent scientific panel. The fact that 20 years were needed to give contents 
to an already accepted project is certainly a good illustration of this.  
 

In addition, it has to be noticed that ITER represents a possible way (the 
TOKAMAK approach) which is not fully acknowledged by the fusion community : 
while ITER is not even built Wendelstein 7-X (using the stellarator thechnology) in 
Germany is expected to start around 2015, the National Ignition Facility (using 
lasers) at Livermore (USA) has already set a world record for neutron yield in 
November 2010, not to mention HiPER, an European project also using  laser 
technology. All these present or future projects aim at the same goal : proving that 
a nuclear fusion is possible, even for a short period of time (on the scale of 
minutes…) 
  

(Speaking about research and big laboratories, one can have an interesting 
comparison between the ITER project history and the CERN history : CERN was 
a real scientific project, coming from the scientific community, accepted by the 
whole community, built on a time scale shorter than ITER, for a smaller budget, 
and with immediate and impressive results which are continuing to arise…) 
 
 
II. ITER as a step towards a financial trap. 
 

One curious feature about the ITER is the continuous increase of its budget, 
before any results, even before any completion. This fact is not strange, when one 
considers  that the ITER project was mainly set for political reasons. There are 
still many scientific and technological questions which have to be answered 
before one can be sure that the ITER budget can be definitely asserted. 
 

Furthemore, one has to consider that ITER, the way to commercial fusion 
implies other  necessary steps which are not even budgetized or fully designed : 
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- The DEMO (DEMOnstration Power Plant). Whereas ITER's goal is to 
produce 500 million watts of fusion power for at least 500 seconds, the 
goal of DEMO will be to produce at least four times that much fusion power 
on a continual basis. To achieve this goal, DEMO should be at least 15% 
larger that ITER, it will be in operation for at least 20 years before giving 
any definitive results. Nedless to say, any cost evaluation is impossible for 
DEMO before knowing the real budget needed for ITER. (Not a single 
element for ITER can be used in DEMO). But in any case, funding ITER in 
2011 has to be considered as acommitment to fund DEMO in the future… 
-  
-  The PROTO facility : PROTO is a beyond DEMO experiment, part of 
European Commission long-term strategy for research of fusion energy. 
PROTO would act as a prototype power station, taking in any remaining 
technology refinements, and demonstrating electricity generation on a 
commercial basis. It is only expected after DEMO, meaning a post-2050 
timeline, and may or may not be a second part of DEMO/PROTO 
experiment. 

 
Since the political decision made in 1985, it has become clear in 2011 that the 

requested funds for the ITER project correspond to the first step in a financial trap 
which will drain huge funds until the end of the century, for a project which is not 
even supported by the nuclear fusion community, not to mention the scientific 
community as a whole. 
 
 
III. Safety elements  
 

As for any laboratory using equipments on a scale never achieved before, 
there are obviously many unanswered questions concerning  safety. The list 
would be too long, I will only address three major concerns : 
 
- The energy density : 

ITER will produce a plasma at a temperature in excess of 150 millions °C, 
wich has to be confined in a magnetic field (5,3 Tesla) delivered by 
superconducting magnet at -269°C. 50 million watts of power are needed 
to ignite the plasma.  
At CERN, shortly after the starting –up of the LHC (a huge accelerator 
using superconducting magnets), one of 100 000 connexions between 
magnets became slightly conductive, leading to very important 
destructions and more than one year delay in LHC operations. One 
important conclusion of this accident was that it is  impossible to 
guarantee that an element of a superconducting system can ever become 
conductive, leading to a very fast excursion in temperature and current. 
For ITER, in such a case, the evacuation of a very fast increasing 
amount of energy has to be considered with extreme care. 

  
 
 
 

- The neutron problem : 
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At ITER, highly energetic neutrons will be produced. Escaping the 
plasma, the neutron will have to be slowed down in a "blanket" where 
their kinetic energy is transformed into heat energy and collected by the 
coolants. In a future fusion power plant, but not in ITER, this energy may 
be used for electrical power production, and also for Tritium production. 
One question still not answered concern the lifetime of this blanket, 
exposed to a huge flux of energetic neutrons and thermal shocks,  
the subsequent activation, the eventual replacement of this blanket 
and the disposal of such highly irradiated material. 
 

- The Tritium : 
In the future, a fusion power plant should generate the tritium needed for 
the plasma ("Tritium breeding").  It is not the case for ITER, which will use 
during its 20-30 years of operation the present stock of available Tritium 
(about 20 kg).  
 
Tritium (half life of 12,3 years) was considered as not dangerous, emitting 
low energetic Beta radiations (which are stopped after a few micrometers 
water and in living tissues).  The activity of Tritium (359 TBq /g) 
represents about 400 000 billion  times the natural radioactivity (granite 
activity is about 1 Bq /g). But the Like hydrogen Tritium is very difficult to 
confine. Replacing Hydrogen, Tritium can be easily incorporated in 
organic molecules, especially in fast developing cells (foetuses). A bio-
accumulation can then occur, similarly as heavy metalloids. Since 2005, 
news studies (made in particular in France) have shown that the Tritium 
emissions (mainly due to nuclear activity) have to be re-considered. 
 
A "standard" nuclear power plant produces approximately 3g of Tritium 
per year; while a future nuclear fusion plant (DEMO, for instance), will 
need 300g of Tritium per day. 
 
ITER will be a research laboratory, aiming at producing a Deuterium-
Tritium plasma. This means that before obtaining a stable plasma, 
incomplete "burning" of Tritium will most probably occur during the lifetime 
of ITER. It is unavoidable that some of the Tritium will escape any sort of 
confinement, with the risk of being incorporated in organic matter.  
 
Furthermore (and I will not discuss here the extreme difficulties of a future 
"Tritium breeding"), towards the end of the project, it is planned that ITER 
may start exploratory searches on Tritium breeding, leading to an 
effective Tritium production, at the site. No estimation of such a Tritium 
production has ever been made norhas any clear explanation about any 
confinement strategy been given. 
 
It is understandable that the Tritium problem was neglected at the 
beginning of the ITER project. The outcome of recent studies on 
Tritium risks should be taken into account now before any serious 
decision should be made about the future of ITER 
. 
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Jean-Marie Brom – 4 mai 2011

ITER, AN ALTERNATIVE FUSION ENERGY APPROACH

A political dream leading to a financial trap ?

and

THE SAFETY OF FUSION ENERGY

Some unanswered and critical safety issues

Jean-Marie Brom
Research Director at CNRS (Particle Physics)
Experiments at CERN (Program LHC)

Visiting Scientist at Stanford Linear Accelerator Center (USA)
Visiting Scientist at Fermi National Laboratory (USA)

Jean-Marie Brom – 4 mai 2011

UNDERSTANDING THE ITER PROJECT :
SOME FACTS ABOUT FUSION RESEARCH

1938 : Fusion and Fission theoretically well established
1942 : First fission reactor (military)
1945 : First fission weapon (A-Bomb)

1950 : Start of fusion research for peaceful uses (USA, UK, USSR)
1951 : False claim to have controlled fusion (Argentina)
1952 : First fusion weapon (H-Bomb)

1951 : First nuclear power plant (USA - 200 kW)
1954 : First civil nuclear power plant (USSR – 5 MW)
1956 : First commercial nuclear power plant (UK – 50 MW)

1961 : 1st international conference on "Plasma Physics and Thermonuclear Fusion" (AIEA)
(France and Germany on fusion research)

1968 : 3rd international conference : The Tokamak announcement
1974 : The JET European project (16 MW during 0,5 Sec in 1991) 
1991 : JET announcement : 0,5 sec duration

Output power 16 MW
Input power 25 MW
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Jean-Marie Brom – 4 mai 2011

- 3 Major approaches to nuclear fusion in D-T:
TOKAMAK (Magnetic confinement)
Stellarators (Magnetic confinement)
Lasers / X-rays (Compression)

- 3 discouraging facts
-After 35 years, progresses are very slow

"Nuclear fusion commercially available within 50 years"
- Lack of financial and political support
- No real need for Industrial Fusion

- 3 Technological challenges
- Fusion at breakeven point (more output power than input)
- "Heat" extraction
- Tritium production

UNDERSTANDING THE ITER PROJECT :
THE PICTURE IN 1985

Jean-Marie Brom – 4 mai 2011

November 1985 : First summit Reagan-Gorbatchev in Geneva
Mr Gorbatchev proposes an initiative for a 
"common program for the good of mankind"
based on Tokamak

1986 : USSR, USA, Europe and Japan in the project
1998 : Russia, Europe and Japan
2003 : USA, Russia, Europe, Japan, China, Korea
2006 : after 21 years

ITER Agreement (Russia, USA, Europe, Japan, China, India, Korea) 

2020 (?) : after 35 years : first plasma in ITER. Studies for 12-15 years
2032 (?) : after 47 years : first studies about "Tritium breeding". Studies for 7-10 years
2040 (?) : after 55 years : DEMO (power plant prototype)

15% larger than ITER
2000 - 5000 MW (thermal) = present nuclear power plants…

2060 (?) : after 75 years : PROTO (or DEMO/PROTO) 

UNDERSTANDING THE ITER PROJECT :
THE FUSION PROJECT
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UNDERSTANDING THE ITER PROJECT :
COMPARISION WITH THE LHC PROJECT AT CERN

1989 : (Evian meeting) : First ideas about a future machine
1990 : Call for experiments (4 experiments will be selected)
1994 : CERN council approves officially the LHC project
1996 : 2 majors experiements (ATLAS and CMS) approved
1998 : civil engineering starts
2002 : first superconducting magnet under test
2003 : start of the experiments construction
2008 : LHC at -271°C 

First particles beams
Accident

2010 : LHC resumes operations.

CERN LHC 
(Accelerator + 4 experiments)

First ideas � Approval : 5 years
Approval � Completion : 14 years

First results expected : 3 years
Total budget : 7 billion €

Present fusion project
(Fusion power plant)

First ideas � Approval : 21 years
Approval � ITER : 14 years

First results expected : 20 years
Total budget : ?

Jean-Marie Brom – 4 mai 2011

UNDERSTANDING THE ITER PROJECT :
THE PICTURE IN 2011 : 60 years of fusion research / 26 years after the Geneva Summit

- 3 Major approaches to nuclear fusion in D-T:
TOKAMAK (JET, ITER)
Stellarators (Wendelstein 7-X)
Lasers / X-rays (National Ignition Facility)

- 3 Technological challenges
- Fusion at breakeven point (more output power than input)
- "Heat" extraction (blanket material and lifetime)
- Tritium production

- 3 discouraging facts
- The ITER project is not issued from the scientific community

but has been politically imposed
no consensus on ITER in the scientific community

- The budget (even estimated) is out of control before any completion
without mentionning DEMO / PROTO….

- ITER / DEMO / PROTO… will be too late to provide any correct anwser
to the world energy problem
to the climate problem
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SECURITY AND SAFETY ISSUES :

- Environnemental impact

- Earthquake security

- Exposure to electromagnetic field

- Exposure to cryogenic fluids

Will not be discussed here.

- Activation of material and radioactive waste management
Is a general question not specific to the ITER project
(having no correct answer at the moment…)

Jean-Marie Brom – 4 mai 2011

3 Questions on SAFETY

The energy density problem :
ITER superconducting magnet operates at -269°C
In the vaccum chamber, the temperature will reach 150 million °C
The energy requirement ranges between 110 MW and 620 MW

(magnet operation and plasma heating)
The thermal energy stored in the plasma can be as high as 500 MW

There will a huge amount of energy stored in ITER.

The CERN accident in 2008 : a slight increase of resistivity of one superconducting
connection.
an impossibility to evacuate fast enough the energy
stored in the superconducting magnets.

Question : In case of a loss of supraconductivity (quench) during operation, 
there is a risk of extensive damages (destruction ?)
What are the procedures to control any loss of supraconductivity ?
What are the procedures to evacuate the stored energy ?
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Jean-Marie Brom – 4 mai 2011

3 Questions on SAFETY

The neutron problem :
The plasma will produce an huge amont of energetic neutrons (14 MeV)

(nuclear fission : 2 MeV neutrons)
These neutrons will have to be slowed down in a "blanket" where their
kinetic energy will be transformed into heat energy and 

- Collected by the coolants (1st step : 2020 – 2032)
- Used for Tritium production (2nd step : 2032 – 2040?)

The blanket will have to be replaced between step 1 and step 2.
The full blanket corresponds to 440 individual elements (2200 tons)
The blanket will suffer from heavy irradiation and probable thermal 

shocks.

Question : What is the expected lifetime of the first (second) blanket ?
What are the procedures foreseen to remove / repair / replace the blanket

(time needed before intervention, expected radiation doses…)
What are the procedures to dispose of such a large amount of
highly irradiated material ?

Jean-Marie Brom – 4 mai 2011

3 Questions on SAFETY

The Tritium problem (a real concern since 2005) :
Tritium (half life of 12,34 years) is a radioactive material,

Emitting a low energetic beta ray (16 to 20 KeV)
Its activity (359 Tbq/g) is 400 000 billion times the natural
radioactivity (granit is about 1 Bq/g) 

Tritium is almost impossible to confine (Hydrogen – like)
Tritium can easily be incorporated in organic matter, leading to bio-
accumulation.
A nuclear power plant (fission) produces approximately 3g of Tritium/year

ITER will use part of the world stock (20 kg) (step 1)
ITER may produce Tritium (step 2)

(An industrial fusion power plant will need 300g of Tritium/day)

Question : What are the foreseen procedures to avoid any loss of Tritium, mostly
during the first tests (incomplete fusion)
What are the foressen procedures to confine and control the Tritium stock ?
What is the total amount of Tritium stored at the ITER facility during step 1 ?
What is the expected Tritium production at step 2 ?
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CONCLUSION :

One has to consider that
The ITER project is only one step (even important)

towards the possibility of energy obtained by nuclear fusion
The ITER project has been set mostly for political reasons
The scientific possibilities of the ITER project are still under question
There is no consensus amongst the scientific community about ITER
There are new and still unanswered questions about safety at ITER

One has to realize that the Fusion energy, if proven to be possible by ITER (?) 
cannot be considered as a viable answer to the climate and 
world energy future problems (being by far too late)

Jean-Marie Brom – 4 mai 2011

CONCLUSION :

1970 : Nuclear fusion will be an industrial technique within 50 years

1985 : One can foresee electricity production with fusion within 50 years
ITER estimation : 2 G€

2010 : The first large scale (1000 MWe) fusion prototype is expected within 50 years
ITER estimation : 18 G€

ITER has to be considered as a matter of politics and finances, 
can not be considered as a real scientific project.
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