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On March 23, 1989, a hopeful news story spread rapidly to every last corner of the globe: two researchers had obtained a “clean
and virtually inexhaustible source of energy” through a “surprisingly simple experiment,” according to a press release
(http:/newenergytimes.com/v2/reports/UniversityOfUtahPressRelease.shtml) distributed at the time to publicise the alleged
discovery (http://www.sciencedirect.com/science/article/pii/00220728898000637via%3Dihub) .

Only one cubic foot of seawater, the resource used by the technique, was enough to produce the same energy as ten tons of
coal, said Martin Fleischmann from the University of Southampton (UK) and Stanley Pons from the University of Utah (USA).
The device created by the researchers was so simple that it seemed more typical of a college laboratory than the most

revolutionary finding in the history of energy.
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ITER facilities in France. Credit: ITER Organization/EJF Riche

However, as we now know, it was not the most revolutionary finding in the history of energy. So-called cold fusion was one of
the greatest fiascos in the history of science. Other researchers were unable to replicate the results of Fleischmann and

Pons, and many hastened to clarify that there was no credible theoretical basis to support their proclamation.

From the point of view of humans, nuclear fusion can be considered the most important natural source of energy in the
universe, since without it we would not be here. The Sun fuses protons, or the nuclei of hydrogen, to produce helium, releasing
light and heat and emitting neutrons. It has been doing this for almost 4.6 billion years, and scientists believe that it has enough
fuel left for at least one billion more years. Since the mid-twentieth century, when the process by which stars work was
understood, human beings have aspired to reproduce the fusion process artificially. “The huge potential of fusion has been

known for many years,” lan Chapman, the first director of the UK Atomic Energy Authority (UKAEA), tells OpenMind.

BUILDING SMALL SUNS ON EARTH

In the Sun takes place a fusion process at millions of degrees. Credit: Micolo
J/Flicker

The process that takes place in the Sun is produced at millions of degrees. At these temperatures a plasma is formed that
dislodges the electrons from their atoms and allows the nuclei to approach each other to achieve fusion, either using normal

hydrogen or its isotopes deuterium (with two neutrons) or tritium (with three neutrons). Fleischmann and Pons argued that an
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The most popular of the systems developed so far is the tokamak (http:/www.tokamak.info/) , a donut-shaped reactor that
keeps the plasma confined in its interior by an internal electromagnetic current. This is the option chosen for ITER
(http://www.iter.org/) , a large fusion reactor of 30 metres in diameter that is being built in Cadarache (France) and that arises
from an agreement signed in 1985 by the then-leaders of the United States, Ronald Reagan, and the Soviet Union, Mikhail
Gorbachev. ITER, under construction since 2007, is funded by seven partners: the European Union (plus Switzerland), the US,

Russia, China, India, Japan and South Korea.

The complexity of ITER has delayed the projected start of the plasma injection from 2016 to 2025 and has raised its
cost to an estimated 13 billion euros, but once finalized and in operation, there will still be many challenges to overcome. The
first is that the energy produced by the fusion must be greater than the energy invested in it; in other words, that it produces
net energy. Daniel Clery, physicist, journalist for Science magazine and author of the book A Piece of the Sun: The Quest for
Fusion Energy (http://www.overlookpress.com/piece-of-the-sun.html) (Overlook, 2013), explained to OpenMind that in the
1990s it was almost possible to reach this point of equilibrium In the Joint European Torus (https:/www.euro-fusion.org/jet/)
(JET), the largest tokamak in the world, located in Culham (UK) and managed by the UKAEA.

“FUSION IS POSSIBLE, BUT NOT PRACTICAL"

“I have little doubt that ITER, when it eventually gets finished, will achieve that goal and maybe even demonstrate significant
energy gain,” says Clery. But even then, there will be other challenges before the reactor can provide power to the grid.
“Researchers will have to figure out how to keep the plasma stable and burning for long periods of time; how to stop high-energy
neutrons degrading the structure of the reactor; how to breed tritium to use as fuel; and innumerable other problems,” adds
Clery. “So fusion power may turn out to be possible, but not practical. But we will never know until we try and unless

governments and the power industry invest more it will be decades until we find out,” he concludes.

Interior of the Joint European Torus, a donut-shaped reactor. Credit: EFDA-JET

Chapman sets some dates and numbers: at the beginning of the 2030s, ITER will produce 500 megawatts, consuming
between 50 and 100. The head of the UKAEA points out that ITER will solve many of the problems still pending with the
support of researchers from other facilities already in operation, like the JET of Culham. “"The EU roadmap for fusion anticipates

demonstration fusion power on the grid around 2050, and commercial power-plants thereafter,” he summarizes.

A PROMISE IN THE LONG RUN
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coils control the plasma. “It is more stable than tokamak and allows for a longer operation,” explains Boudewijn van Milligen,
researcher at the National Fusion Laboratory (http:/www.fusion.ciemat.es/inicio/) of the Centre for Energy, Environmental

and Technological Research (CIEMAT) in Spain, which houses the TJ-Il stellarator (http:/fusionwiki.ciemat.es/wiki/TJ-1l) .

For van Milligen, also the creator and administrator of the FusionWiki website (http://wiki.fusenet.eu/wiki/Main_Page) , the
stellarator and other systems currently under development are very important alternatives, although “it is a bit difficult to say
which will be the first to achieve the goal, the production of electricity for the grid.” The physicist stresses that all systems have
problems, “but they are engineering problems, not ones of principle.” Even with all the obstacles to overcome, van
Milligen is convinced that fusion power is not a possibility, but a promise although in the long run. “It may take many years, but
we are in a position to say that it will produce net energy,” he says. And, according to Chapman, “we are in the final stretch of the

journey.”

By Javier Yanes

@yanes68 (https:/twitter.com/yanes68)
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