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A BURNING PLASMA PROGRAM STRATEGY
TO ADVANCE FUSION ENERGY

EXECUTIVE SUMMARY

Fusian energy shows greal promise o contribuie to securing the energy future of
humanity. The tisk of conflicts atising from energy shortages and supply cutofts, as well
as the rsk of severe envieonmental impacts from existing methods of energy production.
are s reasons to pursue fusion energy mow.

The warld effort to develap fusion energy is af the threshold of a new sape in it
teseateh: the investigation of burning plasmas. This investigation, at the frontier of he
physics of complex svstems, would be a huge step in establishing the potential of
magnetic fusion energy o contribute o the world's energy securty.

The definmg feature of a burning plasma s that ir is self-heated: the 100 mallion
degree emperaere of the plasma is maintained mamly by the heat generated by the
fusion reactions themselves, as occurs in burnimg stars. The fusion-penzrated alpha
particles produce new physical phenomena that are sifongly coupled together as a
nonlinear complex system.  Understanding all elements of this svstem poses a major
challenge to fundamental plasma physics. The technology needed o produce and contral
a burning plasma presents challenges in engineeting science similarly essential  the
devalopment of fusion energy.

Experimental study of a buming plasma has long been a goal of the US. science-
based fusion energy program.  There s an overwhelmimg consensus among fusion
scientists that we ate now ready scientifically. and have the full technical capability. w
embark on this step. The fusion community is prepared to construct a facilaiy that will
allow us to produce this new plasma state in the labotatory, uncover the new physics
assaciated with the fusion bun. and develap and test new technology essential for fusion
[HWET.

Three aptions ate presently under consideration as burning plasma experimental
facilities: the international ITER project, the TS -based FIRE project. and the [talian
IGNITOR project.  All three are tokamaks, the most extensively studied magnetic
configuration. The prajects are at different stages of development. and have different
mission seopes. ome schedoles. and costs. ITER is a power-plant scale facility with a
comprehensive science and technology program. It has a well-developed eéngingering
design and negotiations for construction are underway. U5, participation in ITER wauld
have substantial domestic benefits. FIRE is a smallet scale facility with a broad science
program. It has an advanced pre-conceptoal design. International parcticipation in FIRE
would provide substantial benefits. IGNITOR has a well-developed design and s maving
forward in Ttaly. Its operation would provide valuable insight mto burning plasma
scienca, although ot is not designed 1o be the sole buming plasma facility in the world.

Recogmizing the apporiunity before us, the Fusion Energy Sciences Advisory
Commitiee was charged by the Department of Energy o “recommend a strategy for
burning plasma expetiments.” A FESAC panel was convened for this purpose. The
recommendations of the Panel are based, in large parl. on an extensive scientific



assessment of the three options by the 20002 fusion summer siody. a two-week meatng of
280 fusion scientists. preceded by eight montls of preparabory activity.

Given this background, the Panel has prodouced a strategy o enable the U5, o
procesd with this crucial next step in fusion enetpy science. The sirategry Was constructed
with awareness that the burning plasma program is only one major companent i a
comprehensive development plan for fusion energy. A sirong core science and
technology program focused on fuhdamental undecsandimg. confinement configuration
optimization, and the development of plasma and fusion echnologies is essential o the
realization of fusion energy. The core program will also be essential 0 the successfal
guidance and exploitation of the burnmg plasma peogram. providing the necessary
knowledge base aml scientific work force.

The Panel recommendations are guided by the design options and considetations
presented above and by two primary findimgs:

ITER and FIRE are each attractive options for the study of burning plasma science,
Each could serve as the primary burning plasma facility, although they lead 1o
different fusion energy development paths.

Because additional steps are needed for the approval of construction of ITER or
FIRE. a strategy that allows for the possibility of either burning plasma option is
appropriate.

With this background, the Panel puts forth the following major strategy
tecammendations.

Since ITER is at an advanced stage, has the most comprehensive science and
technology program, and is supported internationally, we should now seek to join
the ITER negotiations with the aim of becoming a partner in the undertaking, with
technical, programmatic and timing considerations as follows:

The desived role ix that the U, parficipates as a pariner in the full rauge of
activities, including fall participation in the governance of the project and the
program. We anticipate that this fevel of effort will likely require additional
Junding of approximately $TO0OMyr.

The minimam accepiable role for the UK. is ot o level of effort that would aflow
the U5, fo propose and implement scignce experiments, io make contributions
to the achivities during the consiraciion phase of the device, ond o have aocess
to experimental and engineering data equel to thatf of ofl partners.

The UN. performs a cost analysis of US, parficipaiion and reviews the averall
cost of the ITER project.



The Depariment of Enerpy concludes, by Jaly, 2004, that ITER is highfy fikely
to proceed to construction and terms have been negotinted that are accepiabie io
the U5 Demanstrations of likelihood could inclade sebmission fo the pariner
goveriamenis of an agreement on cost-sharing, selection af the site, and o plan
Jor the ITER Lepal Entity.

Since FIRE is at an advanced pre-conceptual design stage, and offers a broad
scientific program, we should proceed to a physics validation review, as planned,
and be prepared to initiate a conceptual design by the time of the U5, decision on
participation in ITER construction.

If [TER negotiations succeed and the project moves forward under terms
acceptable to the UL, then the U4, should participate. The FIRE activity should
then be terminated.

If ITER does notl move forward, then FIRE should be advanced as a UL5.-based
burning plasma experiment with strong encouragement of international

participation.

If IGNITOR is constructed in Italy, then the 1.5, should collaborate in the program
by research participation and contributions of related equipment, as it does with
other major intérnational facilities.

A strong core science and technelogy program is essential to the success of the
burning plasma effort, as well as the overall development of fusion energy. Hence,
this core program should be increased in parallel with the burning plasma initiative.

A burning plasma science program should be initiated by the OFES with additional
funding in FY 04 sufficient to support this strategy.
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