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Abstract—A broad review is presented of the status and outlook of achieving fusion energy
production by the confinement of high temperature plasmas with magnetic fields. The paper
describes the basic features of the fusion process, plasma confinement principles and concepts with
emphasis on the Tokamak, issues of materials development, descriptions of the major components
and subsystems of fusion reactors, prospects for power plants, the policy in the United States of
magnetic fusion energy and the international aspects of this endeavor. © 1998 Elsevier Science
Ltd. All rights reserved

1. INTRODUCTION

The quest for fusion energy, to essentially produce the condition of stars on earth yielding an energy
source with unlimited fuel resources and attractive environmental features, is one of mankind’s greatest
scientific and technological challenges. Much progress has been made and much remains to be done.
This review article concentrates on the status and outlook for achieving fusion energy by confining
high temperature plasmas with magnetic fields. In the sections to follow, we describe the basic character-
istics of fusion reactions, key principles of magnetic confinement, a brief history of magnetic fusion
research, plasma physics confinement concepts and issues, materials and engineering issues, prospects
for power plants, international aspects of fusion research, and science and energy policy considerations
as they are emerging for the U.S. program.

Future demands for energy will be determined by population growth rates and the rates of growth
of economic activity, particularly in less developed countries. More than a doubling of energy use may
be required over the next half century to sustain global economic development. Furthermore, the electric
share of total energy use is increasing. Options for meeting global energy demands in 2050 and beyond
include those available today (fossil, renewables and nuclear fission) and, potentially, nuclear fusion.
Each existing option has its own advantages and shortcomings that could limit its contribution.

Fusion offers the possibility of a large contribution to our long-term energy needs with an essentially
inexhaustible supply of fuel as well as significant attractive safety and environmental features. The
combination of the potential attributes of fusion (unlimited fuel supply, location not restricted by climate
or geography, no Greenhouse gases, no potential for large energy releases, and no need for long-term
radiative wastes disposal) places it in a category that strongly argues for further development. Given
limited choices of future, large-scale energy sources and the importance of adequate energy supplies
to our economic well-being and national security, a national long-term energy strategy should include
a balanced portfolio of energy options, including fusion.

2. FUSION REACTIONS

Fusion refers to nuclear reactions in which the lightest nuclei, such as isotopes of hydrogen, are
combined to form heavier nuclei with the release of substantial amounts of energy. The elements
involved are at the opposite end of the periodic table from those such as uranium associated with
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fission, the splitting of very heavy nuclei, also with the net release of energy. This is possible because
both very light and very heavy nuclei have less nuclear binding energy per nucleon than middle atomic
weight elements. The amount of energy released (E), in terms of the kinetic energy of reaction products,
depends on the mass difference (Am) before and after the reaction, i.e. E = Am ¢2.

Only the very lightest elements are practical for producing fusion nuclear reactions of net energy
yield. The main candidates are isotopes of hydrogen, helium and lithium. Fig. 1 [1] shows the cross
section of several fusion reactions of interest. D and T refer to isotopes of hydrogen, namely, deuterium
and tritium, respectively. The DT reaction

D + T—He* (3.5 MeV) + n (14.1 MeV) (1)

has the largest cross section at the lowest energy. The DT reaction is the focus of the current fusion
program, although other fusion reactions might play a role in the longer term.

Deuterium exists in small quantities ( = 0.015 atomic %) in sea water and represents an energy
resource on the order of a billion years at anticipated use levels for 10 billion people. Tritium does not
occur naturally; it is a low-energy beta emitter with a half life of 12.4 y. It can be bred, however, by
causing the neutrons released by the DT reaction to interact with isotopes of lithium as follows:

Li® + n—He*+ T + 4.8 MeV,Li’ + n—He* + T + n' — 2.5 MeV. 2)
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Fig. 1. Fusion reaction cross sections (1 barn = 102%*cm?(1})






