imate our pursuit of the truth. Albert Einstein has passed
away, but his epic reconceptualization of space, time,
energy, and matter offers ever new puzzles to tease our
imagination into discovering more about the universe.
Dr. King was assassinated, but his devotion to his enlightened understanding of the human condition continues to inspire.
A functional immortality isn’t about dying and martyrdom. Being willing to die to defend—or burn
down—a dentist’s office, a sandwich shop, or furniture
store misses the point.
Will we wipe out poverty on this entire planet? Will

we develop defenses against comets and coronaviruses? Will we create for our children and grandchildren a future in which they will have the opportunity to
address their minds to new scientific inquiries and a
culture that fosters that pursuit, creating a world worthy
of the dignity of the human individual, here on Earth,
and above it?
Or, will we shackle ourselves to centuries-old
sources of power, like wind, and condemn ourselves to
destitution, compared to that abundance that could be
ours?
The answer lies with us.

Dr. Bernard Bigot



The ITER Project:
Hydrogen Fusion for the World Energy Supply

This is the edited transcription of the prerecorded video which served as Dr. Bernard
Bigot’s opening presentation to the Schiller Institute’s conference on September 5. Dr. Bigot
is the Director-General of the International
Thermonuclear Experimental Reactor (ITER).
Subheads have been added.
Thank you very much for inviting me to
participate in this International Schiller Institute conference. I’m very pleased to introduce
you to the ITER project. Its mission is to demonstrate that hydrogen fusion could be an option for the
world energy supply in the future.
The ITER site has the various buildings and equipment on their way to being erected and installed. This
very large project is governed by 35 participating countries and seven primary partners.
Everybody knows that we are facing a limit for the
use of fossil fuels which we have been using now for
over 150 years. And the alternative options are limited.
We have to rely on some well-known physical phenomena.
Clearly, there are renewable energies, which are
quite attractive, but from my point of view, it is a partial
solution, because of low power density, coupled with
intermittent availability for large population concentrations. The mega cities require massive energy production, which has to be predictable. Nuclear fission is also
an option, certainly. But as you know there are drawSeptember 18, 2020
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backs and limitations, because uranium resources are
not infinite.

The Fusion Energy Option

We need to find another solution, another option.
We can look at what is happening in the universe. In the
universe, the most common way to produce energy is
hydrogen fusion as in the Sun and in the stars. The Sun
is just a big bubble of hydrogen, 300,000 times the
weight of the Earth. And at the center of the Sun, there
is a very hot plasma of 15 million degrees (Celsius), a
high-density plasma, and the hydrogen fuses and produces energy.
How to does that happen? The compression of the
hydrogen nuclei brings them closer and closer, and at a
short enough distance, they fuse and produce two new
particles: neutrons and helium. They move away and
release a lot of energy.
Scientific Imagination and the Future
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only produces helium, which is a very
inert chemical, as well as not radioactive.
• There is an almost limitless supply
of fuel for hundreds of millions of years,
widely distributed around the world.
• There is no impact on climate, since
there is no greenhouse gas emission.
• Furthermore, fusion reactions produce no long-lasting high-activity radioactive matter, only a tiny amount coming
from tritium and some activated parts of
the walls of the reactor.
On Earth, we cannot produce that energy in the
same way, as you can imagine. Our physicists have
been bright enough to imagine an alternative
option, which is to use a very low density plasma, but
at higher temperature, 150 million degrees, ten times
the temperature of the core of the Sun. In that condition, we have been able to accelerate the hydrogen nuclei in such a way that they get up to a very
high speed, and once they collide they fuse with
high probability and in this way produce two new
particles: the same helium nuclei as well as the neutrons.
The energy of the helium that you
get out of this collision is an energy
which is in the order of five times
larger than the energy of the collision, and that of the neutrons, is 20
times. These two particles [neutrons
and helium] will hit the wall and convert their kinetic energy to heat. This
is the way we can produce energy
with hydrogen fusion. The good
point is that there is a very high density of energy in this phenomenon,
since 1 gram of fusion fuel is the
equivalent of 8 tons of oil.
There is a very large advantage
in this technology, because:
• It can be a source of massive, predictable and potentially continuous energy, even variable in form, that
complements renewable energies.
• It is safe, using only two grams of hydrogen at a
given time. If any parameter deviates from the “normal”
values, the reaction just stops.
• It is also environmentally responsible, because it
12
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The ITER Mission

The ITER mission is quite simple:
• To demonstrate the scientific and technological
feasibility of fusion power for peaceful purposes.
• To produce, for this, a burning plasma, as I mentioned, at 150 million degrees.
• To achieve a yield of over 10, when you compare
the thermal output of the fusion reaction [500 MW]
with the power that you have to inject into the plasma
[50 MW].
Size is absolutely critical. Size matters.

The world record for hydrogen fusion is currently
held by the JET [the Joint European Torus, in Culham,
U.K.], with a plasma volume of 80 cubic meters. In
ITER it will be ten times larger, at 830 cubic meters.
The power being injected into the JET plasma, in the
order of 23 MW, produces only 16 MW of fusion power,
which is a net yield below 1, which is not so attractive.
For ITER, the heating power is two times larger [50
EIR September 18, 2020

MW] and indeed the fusion power generated [500 MW]
is 30 times larger [than that for the JET]. So, definitely,
size matters, which makes this option a little more complicated than some others.
How can we achieve this collision with 150 million
degrees (Celsius) and a very high speed?
We know the way: We have to use what we call “the
magnetic forces.” Not the gravitational ones as in the
Sun and the stars, but magnetic forces. I’m sure you
remember that when you have a charged particle near a
magnetic field, the particle is captured by the magnetic
field and is also continuously accelerating, spinning
around the magnetic field line.
So this is why we have to assemble large magnetic
cages. Figure 1 shows the size of
these cages. With 18 vertical coils, FIGURE 1
6 horizontal ones and the central
solenoid, all of them nearly 20
meters wide and 20 meters high.
We need a very high precision in
order for the particles to circulate
very efficiently on the circular
magnetic field line. This is why we
have to position the axis of the
magnetic cages with a precision
below a millimeter, compared with
the axis of the vacuum vessel
which we name the tokamak.
This is the reason for the size
and the complexity of ITER, which
has brought 35 countries to associate with seven major members. An
initial agreement was reached on June 20, 2005 among
the seven members to build ITER on the site proposed
by Europe and the final ITER Agreement was signed in
November 2006 in Paris. The seven major ITER members altogether, represent more than 50% of the world
population and about 85% of global GDP.
Because all the members are really convinced that
hydrogen fusion could be a breakthrough in the future
for world energy supply, they have decided to produce
“in kind,” the various components of the equipment.
They are training the best of their industry to demonstrate the feasibility and capacity of the manufacturing
of the large components such as the magnetic coils, the
vacuum vessel and all the other equipment.
It is quite challenging to achieve the required qualities. That is why we needed long-term planning. In
September 18, 2020

EIR

2015, after a thorough review of the project, we decided
to go on and create a schedule which should let us have
the first plasma in 2025, after we receive in these precise years—2020, 2021, and 2022—all of the last components and have them assembled before the end of
2024. After that, after commissioning the equipment,
we will produce our first plasma in 2025.
After that, we will have what we call a “staged approach” to full fusion power with our special brand of
fuel, deuterium-tritium. We have planned a sequence
for installing some complementary equipment to collect the energy; to heat the plasma more efficiently by
adjusting the magnetic field; and to recycle the fuel that
has been fusing in the tokamak.

‘In-Kind’ Production of Components

The complexity of the management is related to
the decision of this “in-kind” sharing of all the manufacturing of the components, and to the requirement
that ITER members will share all intellectual property.
In the cutaway image of the tokamak, you can see
the vacuum vessel, which is the torus, embedded in the
magnetic cages, and all the different components that
will be in what we call the “cryostat” because the temperature needs to be quite low for the superconductive
coils: –270 degrees Celsius. In all of this work, big
progress is now going on, with many manufactured
components on their way:
• China has manufactured one of what we call the
“poloidal field coils.” This coil is now complete and has
Scientific Imagination and the Future
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been transported to the ITER site. It now has to be
checked before final positioning within the tokamak.
• In India, the “top lid” of the tokamak is now complete and will be shipped to the ITER site.
• Japan will also deliver the cage coils, the vertical
field coils, toroidal coils that I mentioned before.
• Europe also is producing vacuum vessel pieces as
well as Korea. And indeed we
have the first vacuum vessel
sectors. There are nine sectors.
The first one has now arrived
safely on site and is fully compliant with requirements.
• The U.S. and Russia are
providing materials.
On the ITER site, the largest
pieces, which couldn’t have
been transported, are on their
way to being completed. They
are [four of] the “poloidal field
coils.” The largest one is 24
meters in diameter. It was not
considered viable to transport
them from another country. So
this is why we experienced during this last month the
quite massive arrival of many components. Some coils
and some equipment which is now on site and ready for
assembly. We are now preparing all these different
components, including these first poloidal field coils
which have arrived on site, in order to be able to assemble them.
To do that, we have to have all the civil engineering
works ready to accommodate the equipment. Many
14
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buildings are on their way to being
completed and finished in order to accommodate the equipment. As of now,
70% of the total work, from design to
first plasma, has been completed. And
since we have been progressing quite
well, during the last five months,
reaching on the order of 70%, we feel
that we are on track to achieve the
challenging goal of first plasma in
2025.
We are preparing now for machine
assembly due to the fact that the civil
works are so well advanced and the
components being on site. This
summer, we moved what we call the “cryostat base” as
well as the lower and upper cylinder, which are large
boxes of 30 meters diameter and 30 meters high, to the
tokamak “pit,” i.e., the building where the plasma will
be fusing. The large cryostat base, lifted nearly 50
meters above the ground. It has since been deposited on
the tokamak base earlier this week (Aug. 31). Very im-

pressive and a big challenge, because of its large size
and the precision with which we have to position this
equipment—a precision below 5 millimeters.
We are really ready to go now for the first preassembly, the pre-assembly of the vacuum vessel, on
site, as well as the toroidal field coils with the assembly line and we are now commissioning all these different sequences to be sure it will be safe and of high
quality.
EIR September 18, 2020

First Plasma by 2025

I hope I have convinced you that hydrogen fusion is
on its way to becoming an option for the world’s energy
supply. There is a large benefit from it, but there are still
a lot of challenges to be overcome in order to demonstrate it. We feel that it will be possible, after first plasma
in 2025, to go on for full fusion power ten years later, in
2035, and by the year 2040-2050, to have made all the

needed demonstrations such that the utilities could then
consider using this technology and substitute it for their
large consumption of fossil fuels to produce energy, to
produce electricity in complementarity with renewable
energies. Indeed these two technologies could complement each other very well. One is massive and fully
predictable, and the other, as you all know, is diffuse
and intermittent. So, we have an option for the future.

Dr. Stephen O. Dean



Achieving Fusion Power:
Where We’ve Been, and How We’ll Get There

This is the edited transcription of
a pre-recorded interview of Mr. Dean,
presented as his opening remarks to
the Schiller Institute conference on
September 5. Mr. Dean is the President of Fusion Power Associates.
Q1: Could you describe the history of the U.S. fusion program and
its achievements?

together and said they would build
it as an international project, and all
the rest of the world then joined in
on that. That became the ITER venture that’s now coming to fruition
soon. ITER has been a prime example of how successfully the world
can work together to do something
like this. Of course, as you know,
it’s being built in France right now.
[See the presentation to the Schiller
Institute conference by the Director-General of ITER, Dr. Bernard
Bigot, also in this issue.]

In the 1970s, tokamaks were invented and demonstrated first in
Schiller Institute
Moscow at the Kurchatov Institute.
Dr. Stephen O. Dean
It was so attractive that the whole
world started building them in various sizes. Progress
Q2: What have been the consequences of the cuts to
was very rapid, and the U.S. built a facility at Princeton
the U.S. fusion budget over the decades?
called the Tokamak Fusion Test Reactor, and Europe
built a facility called JET [Joint European Torus] that is
The real momentum for fusion and the really big
still in operation. Both of these achieved fusion condifacilities for fusion are all being looked at elsewhere.
tions. So, the world was ready to move ahead very rapFor example, in Japan, a huge, new fusion experiment
idly in the 1970s from these achievements.
called JT-60 Superconducting just came in operation
The U.S. Congress actually passed the Magnetic
this year. Its construction is just being finished. In
Fusion Engineering Act of 1980, saying that the U.S.
Europe and the UK, the JET experiment is still running,
was ready to spend $20 billion in order to have a fusion
where the U.S. Tokamak Fusion Test Reactor got shut
power plant on the grid by the year 2000. So, we were
down. So, we’re totally dependent right now on the inready to go and do that. We were planning to build a
ternational effort for what the timescale of bringing
facility like the present-day ITER [International Therfusion online for electricity is. The U.S. does not have a
monuclear Experimental Reactor] in the 1980s.
commitment right now to actually build anything like a
But Congress never provided the money to implepower plant or a prototype power plant, although we
ment that Act that was passed by Congress. So, things
have a study going on right now by the National Acadslowed down, and in 1985, Reagan and Gorbachev got
emies looking at what’s called a pilot plan as a goal. But
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