Fish, Fusion, and other Future Energy 

Luxembourg 2001

Despite numerous changes in date and program, finally landing on the local school holiday week, the Luxembourg Event of 2001 finally took place on November 3rd under perfect conditions. As the mist slowly rose over the houses and electricity pylons, 14 participants were making their way to the historic monument of Schengen, a memorial to the agreement signed by Luxembourg , France and Germany to open up their borders to the free movement of people and goods. A short walk away is one of the Run-of-the river water turbine installations operated by the CEFRALUX, a subsidiary of the Société d’Eploitation de l’Our SA, who operates a number of similar plants and the Pumping/Generating instalation at Vianden visited in 1999. The two Kaplan turbines are rated at 2.5GW each and take excess water flowing downstream at the Schengen /Apach lock after shipping has taken its share first. This visit was followed by lunch at Luxembourg’s Casino. Dragging the group from the table presented some difficulty, but not the gaming tables!. The lunch had been excellent and was followed by a very interesting lecture from Dr Daenner of the Max Planck Institut in Garching Munich, responsible for the Vessel/In vessel Coordination, for example covering the mechanics and logistics of producing and handling the enormous segments that make up the toroidal ring of a Fusion Reactor. The numbers, slides, and history of development up to the present day, and plans for the future made an extremely interesting lecture which could easily have justified more time. A short summary appears below. The final event was a visit to a local water tower supplying the local communities and the tunnel of the nearly completed tunnel on the motormay just before it crosses the new bridge at Schengen. Comprising the original tanks sourced from two springs lower down the slopes and the new tower to obtain higher pressure. The installation of the new tower was not quite complete which meant the entire group was forced to climb the steps rather than use the lift, in order to appreciate the view from the top of the tower, which on this sunny autumn day, was impressive!

Summary of Current State of Fusion Energy

Thermonuclear fusion is considered as an attractive energy source for the future. 

To make fusion work is a challenging task for physics and technology. Supported by generations of experimental devices, the largest of which in the world is located in the UK, plasma physics has progressed to a point where experts have confidence that the goal of creating the conditions for fusion reactions to occur and to be continuously sustained can be achieved with a high probability. The utilization of fusion reactions for energy generation is the next step to be demonstrated. 

This technical challenge is the objective of an international project called ITER (International Thermonuclear Experimental Reactor) in which scientists and engineers from Europe, Japan, Russia, and the United States collaborate to design, construct, and operate an experimental fusion reactor over the next few decades.

ITER will be a huge device the heart of which is a toroidal vacuum vessel of about 25 m outer diameter and 15 m height. This vessel will be surrounded by a set of superconducting coils creating the magnetic field for confining and shaping the plasma. Inside the vessel, a "blanket" and a "divertor" will be located which deal with the conversion of fusion energy into heat. Eighty percent of the fusion energy will be released in the form of high energy neutrons, and the rest as radiation and energetic particles. The total power generated will be of the order of 1 GW.

The technological challenges will be examplified for the case of the blanket. During normal operation, high heat loads from the plasma hit its surface, and penetrating neutrons heat its bulk. Specific materials were developed to cope with the interaction of the plasma with the surrounding structure. Modern fabrication technologies were explored and further developed to provide reliable components at reasonable cost. Off-normal events initiated by plasma disruptions create eddy currents in the structure, and huge forces and moments through interaction with the magnetic field. To cope with the structural responses requires unprecedented design solutions. Complex three-dimensional neutronics, thermomechanics, electromagnetics, and structural analysis are applied to guide the design. However, a substantial R&D programme has to be conducted in parallel to verify the results, and to provide the confidence that the ITER blanket can successfully be constructed and operated.

