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Abstract

Recenl events have increased national attention w the need for elean, new domestic energy
surces. AL the same tone, scentific results have greatly mereased confidence that Tusion
can be harnessed as a practical large-scale energy source. A plan is presented lor the
aceclerated development of magnebic fusion encrgy. The lirsl major step i this plan is the
construction of a new international facihity, called [TER, in which magnetically confined
usion fuel will be sustained al high emperature through it oawn internal Tusion process,
Additional entical elements of the plan are described, as required e achieve the poal of
producing electrical powver Ton the grid within approsiimately 35 vears.

[ntroduction

A number of Tactors have contributed 1o the recent incieased atlentien o the possibility of
accelerating the development of Tusion as a practical energy source. Energy policy in
pencral has risen in visibdity with the development of the President's Nalional Energy
Pudicy, as well as with Energy Bills passed in both houses of Congress, All three documents
call amention o usion as an abundant, safe and clean energy source. The fuel Tor fosion s
abundantly available to all nations for thowsands of vears, the fusion poocess s inlnnsically
safe and saste Drom Tusion is relatvely sht-lived, Clhimate change has also recerved
considerable public attention, and the wmescale for accumulabon of €O, m the atmesphere
sugpests That atteactive new cnergy sourees such as fusion should be developed aggressively
in the next few decades.

[n paralle]l with these policy developments, progiess in magnele fusnen energy scientific
research has boen ragnd. Fusion poser i the sange of 10 - 20 MW for dusaluos of about ene
secund has been produced in expenimental Tacilities in both the U5, and Europe. The
understandimg and predictabelny of fusion systems have developed to the point where
Europe, Japan, Russa and Canada are curreatly negobiating o constinct a 300 -
FOOBWIthy fusion test facility, capable of operativm for pulse lengths of up e one bowr,
The scientilic data are now avalable o support a U5, decision e join these negoiations.

[L 1% i thes context that this “Accelerated Flan (o Develop Practical Magnelic Fusion
Encrgy™ is presented. We have laken as guidelines foa this plan that

ap Al least a meddest amount of electrical power from Tusumn should be availlable (o be
put onte the electrical grid within approximately 33 vears

bl Suwen thereadter a well-oplimesed power svstem should be avalable fin large scale
commercial application
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The larpest new companent of the plan presented here 15 the construchion of a burming
plasma expariment Such an experiment will pernt the st investiganon of a magneatically
confined plasma, or hot wmaeed gas, producing hundreeds of megawatts of fusion power, and
largely sustamng it5 high lemperature through its own o mtermal fusion reactions. This s a
critical and necessary step for the development of fusion energy. Such an expenment alone,
havwaver, will not supply sufficient information o allow the raped deployment al practical
Fusicn energy. To aclieve the stated poals will also require strengthenng al key strateme
elerments of fusion enargy research. fundamental understanding, configurabion optimeeation
and development of matenals and tachnalogy.

As formulated this plan will posinon the US 1o develop pracucal, highly attractive fusion
power systems and so o be a supphier, cather than only a consumer, of fusion systems on the
warld markel.

The scienbific results of the last decade open a pathway w0 the demonstrabion of practical
Fusion electne powsar. With commitment of affart and facus on critical ssues and well-
identified mulestones, ths goal should be achievable on the requisite bmescale.

The Proposed Plan

A new plan fvn the development of magnetic fusion energy musl meel a number of critena.
[l must pencteate decply into the new regime of self-sestaimng “burning™ plasmas, sincee
sell-sustaned vperation is 4 prereguisite for Fusion power prodection. TCmuost recognise the
central role of fundamental understanding i supporting both the decision o procesd mow
with a burmng plasma expenment and also the innovations thal will vltomately make Desion
enclgy practical. It must accelerate the imvestigation of key scientifie msoes for Tusion’s
praclicality in wder o asswe that viable and cost-eflective Tusion encrgy syslems are
browght 1o market. Fially it must recogmse the impostance of advanced matenals and
[usion encrey echnologies to the realisoe implementation of a commercial fusion poser
plant. In all areas this effont must be managed tightly such that enly well-coneeved projects
litting closely inte the vyerall plan are Tunded, and project teams are held accountable
against well-delined milestones and deliverables. Metrics of guality, relevance o the plan
and perfonmance must be Key.

The plan presented here addeesses the development path Dor magnetic Tusion encrgy, in
which magnetic felds comtinuoushy conline the plasma used o prodece Tusion energy. An
altermalive approdch, ineital feson encrgy, uses iepetitive pulses of energy Lo heat dense
plasma rapad]y e high wemperatue, dunng the el period that it s held in place by s own
imcrtia. Plans for the development of merlial fusien encipy are alse being fuomulated, and
the sigmiticant svoergies betseen these lechnologies should alloss a umitied plan o be
developed, laking tull adyvantage of a mutvally supporlive development process.

A burmmg plasma s one in which the fusin process isell sall provide most of the heat 1o
sustam the high plasma lemperature. This wall be reguired inoany pracuical fosion syslem,
and a5 such is a mapn and necessary step wowards Tusion posier, as afTirmed by all recent
reviews o the fusion encrgy scieaces program. An expecinenl of this class wall also
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advance the scienee of Fusion plasmas across a very broad lvonticr. A number of magnetic
Musion Tacilites have boen proposed fon thes purpose, bul oone s under constroction yel
Europe, JTapan, Bussia and Canada ae currently nepodiatmg over constrectiom of the ITER
deviee, which would serve as a burmmg plasma facility. Osing o s relatively long pulse,
supercomducting conls and large duty factor, ITER would also serve as an chgincering tesl
lacility, adding considerably toous value Tor Fusion energy development. Test modules on
[TER could be used 1o demonstrate the producton of a small ameunt of electricny, although
less than reguived o operate the device.

[nternational collaboratien in large-scale science 1s an attractive vehicle foe sharnng costs
and drawing on womldwide expertse. Success requires commonality, or al leaslt
complomentarity, of goals and serous commitment, so such collaboration should not be
tndertaken hghtly. The guestion whether o pursue somelhing as entical as [ision energy
development through mtermatwmal collaboration is an important policy decision, as il raises
ismues of intellectual property rights, infastroctuee development and management ellicacy.
[nternatuonal agreements areé slow and dolTicolt 1o achieve. Currentls, however, the ITER
conperation appedrs e presenl a umgue, attractive opportumty G the ULS I represents a
cntical pre-compelitive step in the development of Tusion energy, the need For which is
widely secopnieed lor the benefit all humamty. The ITER design has been oplimised 1o
reduce cost and increase Nexabality, amelrating carher TS, concems. Joning the engoing
[TER neputiatums worttld enable the LS. wr mfluence the outcome of those ncgodiations Lo
its benelit. Later, substantial cpportunities will likely arise regarding olher nceded large-
scale [acilities dealing with low -activabion-matenals and component testng, as noted below,
and i pessitive fivst step with ITER will Tacilitate Mitere paogress.

The plan described here, and dlusrated in Foipure 1, assumes US. parbicipation m ITER. 1n
this plan ITER Tunetions as a long-pulse bumng plasma experiment, providing scientifi
data on self-sustaning plasmas and allowimg the development of the needed improved
optrating regimes for a demoenstratien povwer planl, DEMO. ITER s lomg pulses and high
duty Factor allow myvestigation of a wide ranpe of scientifie issees critical o fuswm encrgy
development. ITER will also funclion as an engincering lest facility, providing practical
expenence with the enginering components ol a fusion power plant, al full scale.

Chomnestie studies have been made of a lower-cost copper-magned device called FIRE, which
wirld also allow studies of buming plasma physics, but for much shoater and fewer polses.
Because of s low duty Tactor and copper coals, FIRE could not address certam long-pulse
scicntifie ssues, and would mor function as an engincering est facility in the same sensc as
[TER. A smaller device, called Tgmitor, has also been proposed o Italy, 1 shaes some
propeitics with FIRE, but = even more compact and supports shorter pulses. In the event
that [TER does md move forward, an altemative strategy would be to proceed swith the
domestic FIRE expeniment. An experimental test reacton shich follosed atler FIRE woald
likely have lowes availability than one which felliaved afwer ITER, since it would represent
the fist integraton of Tull-scale echnologies such as superconducting magnets, and might
require an additivmal 3-10 vears o come W full-power eperation.
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Fusieny requires the contd of very gh temperatme wnesed gases, called plasmas. Dramatic
advances have becn made in the last decade m the understanding of the physics of high-
temperature plasmas conlined by magnetie fields, both through mose soprhisticated plasma
diagmestic measurements and theough the peeatly enhanced computational power now
available e rescarchers. These effurls are critical because the mnovalions reguired for
practical usion energy can only anse from accurate physical understanding, and ullimately
only a well understond and Tully contelled plasma can function as a reliable Tosion power
source. Furthermore the scientific progress represcnted by this sork has ils own
lundamental value. A recent emphasis has becn to sbieagthen the connections between
[usion research and other relaled areas of science, such as astrophysics and accelerator
design. This elfint s beginmng o bear Tl as scientife weas and lechnigues help o cross-
lertlise rescarch. Tnoats recent review of e fusion energy sciences progeam, Lhe NASNEC
endorsed the high gualny of the scientifie research m usion and particulardy emphasized the
critical importance of scienee in altaming the goal of practical Tusion powes.

A major thrust s reguired in the area of advanceed compuling, invalving on the one hand a
strengthening of underlving plasma theory and on the other increased involvement of
computer scicntists, mathemalicians and possibly computer architects, Aceess W apdly
increasing computing power s needed as part of this elTort, A strengthemng of plisma
meastement systems {included in the conliguration cplimization effon discussed below) s
critically coupled o this clement of the stategy. Decpening of scientific insighls and
intepration of scientifie resulls pointing W anporlant innoyvations ae e key deliverables of
this strategie element.

Wihale the fusion energy sciences program concenliales additional resources on the aboyve
goals, b would be appropoate for the DOE Olfiee of Science Basic Energy Sciences
progriam and the Natenal Science Foundation e strengthen their activibies in basic plasma
scienco, sinee the prodect of thes rescarch s valuable not only for fusioen cocrgy but also as
an element of basie research.

Conliguration Crhptimizativn

The ITER design s based on the okamak (see glossary) conligmation, shich is the only
magnetic configuratien for plasma conlinement cureently sulliciently developed o allow
confident extrapoelation ite the burmng plasma regone. However there are sigmifeant
remaimmg echnical guestons as to how elfecuvely a okamak-based fusion power planl cin
opeiale m steady state with low recorewlating posver, high noutron wall eading and very
infreguent off-normal heat Tex events {called “distuptions™) Thus it is necessary o
strengthen efforts al configuration oplimizatnen e be prepared Toe the step woa practical
DEMC after ITER. This optirusation is based o, and conlributes o, the Tundameontal
understanding ol high lempeature plasmas.

Topologically wrmdal {doughnut-shaped) magnelic systems are currently understooml o
have the best prospects For fusion power productoms. This stems fiom the Fact that plasimas
Mg casaly along magnetice feld lines, and the clesuie of these limes onto ionoddal surfaces s
extemely bonetweial for plasma conlinement. The configuraton of the magnehe loms (e .,
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the internal profiles of the magnetic Nlelds, the ratic ol the magor o moes cadai, the rato of
the magnetie helds poimting the long compared with the shorl way around the torus, and the
degree of sy mmedry of the torus) can have important implications for the achicvable fusion
poser density, the overall plasma stabality, the cost ol the reguisite magnets and the amaount
of recirculating povwer reguited lor plasma sustunment. Tnvestigations o study these
varatnms are necded vm a timely basis o have conbidenee that a prachical Tusion system cin
be helded. The Secietary of Encrgy Advesory Board, inoals recent review of the Tusion
program, gave particularly steong supporl W this approach W assuring the practicalicy of
[sion encrgy.

A framewo k has been developed for studsing conlinement conliguralions at increasing
depth, starting with initial studies al the " Coneept Explisation™ (CE) level, progressing Lo
more scienhlically complete studies al the “Frool of Principle™ (FoP)y level, and allowing
studies of plasmas appreaching fusien parameters at the "Perlformance Exlension™ (FE}
level. In additien o developing specific impooved Tusion systems, scieablic resulls Nom a
poattllie of confipurativms decpen understanding by providing strong tests of theoetical
ideas and so provide benedil acress the spectrum ol conligerations. ALl tansitions from the
CE to the PoF and then PE level, however, reguire sinet pogr review against enteria of
scientific guality, relevance Lo the plan, and perfunmance.

Exwsting PE class wkamak deviees in the TS, are scientifie wonkhorses producimg eritical
results bor the final design and then operabion of a burning plasima experiment. It s
impoatant o sbengthen plasma measurciment diagnostics, tools Tor plasma control, and run
me on these facilities as well as on those at the CE and PoP level, and the cost-
elfcctiveness of imcrements in these areas 1s high. 10 s anticipated that the present PE class
tokamak experiments could be operated very pnsductively untl sheatly belore a burning
plasma experiment begins opeation, with a stromg focus on developing fbor [TER the
improved porfonmance operatmg moede called " Advanced Tokamak ™ opecation, m which a
large Daction of the plasma curent s sell-sustamed at high plasma pressure by the
internally driven " boolstrap™ current. Thes mede offers the potential o resolve key issues for
the wikamak, o allowy i o progiess o the DEMC stage. During thes lime penod there will
also be important near-term oppeaiumities for international collabosatien on mwee poswerul
tokamak lacilities abroad, and later i the decade a long pulse superconducting device is
anticipated o come on line in South Korea, while a second such deviee s under
consideratiom i Japan, These would provide particularly important new opporlumibies for
collaboration.

Becawse an opumized fusion plasma cannot be designed through theory and computation
alome, the plan must also provide Tor omore detwled experimental examination of
configurations thal promise altractive resolutien of the Key ssues for DEMO. A PE class
Spherical Torus (5T {see glossany) mught seive as the ficst new PE class deviee in the TS,
program For many vears, iF thorough revies coneludes that this is warranted by results from
the present very promising PoP class devices and the projected capability of the 5T
configuration for fuswm powver applicatien. A second new PE elass device, perhaps of the
Reversed Field Pinch (see plossaryy or Compact Stellarator (see glossaryy tvpe, could
operate on a timescale swch that, coupled with results Trom PE class expenments abroad,
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erther configuratien could ultimately be chosen for DEMO. The Compact Stellarator s
particularly well positioned to benclit from results of the large superconducting stellarator
FPE expeniments in Japan and Europe.

[ Qs important thal the pipeline of intuduciny CE experoments remanns open, as indicated
in ligure 1, since mnovalive approaches continue o be pencrated. Conliguratoons cureently
in the CE class wonld most likely need e poant towards improvements in power plants
bevond DEMO, although the possibality of vers altractive ideas @aking the lead should not
b excluded by the structure of the plan. Thus selected activities within the CE hine should
b strengthencd w suppont the possibadicy of then rapidly moying forward.

bdatenials and Techidop,

Because ITER canmd provide all of the expenence swith materials and technoligies reguired
o provide confidence in environmentally atbractive, hgh avalability operation of DEMO,
additional facilities at a range of scales swill be reguired o develop the needed low-
actvation, lomg-lite materials and highly reliable wohmdogios.

Fusien™s entironmental and ceomomic altractiveness reguires malerals that can withstand
high noutron fluxes o long peruds of tme, resulling in only modecate and shore-lhived
riadioactivity. ¥ory considerable propress has been made by muodifving steels that were
developed [or Dission applications. In lests using noutrons from fssion regetors, these siecls
appear W have adeguate propertcs fon imtial Tusion applications. Yanadiom alloys shows
promise of lower activatton levels, and hpher lemperalure (and so bgher elfcency’)
wperativn, bul these materials are less well developed. Most attractive, but least developed,
are silicon cartide composites, Nanoscience techinigues and advanced compulalion are
leading o the development of matenals modihications such as disporsion stiengthening
which may alless, Tor example, higher temperature operation. While [ission neutrons
provide valuable information on matenals propertios For Tusion, il will be necessany Do 1est
the mest promismeg materials with the spectium of higher-cncrgy newtons created by Tusion.

Advanced computing is making mapor contributions Lo malorials nanescionco i many argas,
including Desion matenals development. This effot needs (o be considerably strengthened,
and highlighted as a mission of the DOE Office of Science Basie Energy Sciences program.
Matcrials development and losting in last lssion regetors needs W be soengthened as well,
[nvestigatiens are now under way as o whether the TS5, Spallation Neulren Source can
provide appropriale encrgetic neutrons for some aspects of fesicen materials esting. Both
Europe and JTapan are designing new neutron sources, and perhaps with fusion materals
testing considened during the design stage such lacihitios could contnbute more stromgly.

There s a wedespread view thal a small-volume “point™ neutnon scurce such as the
[ntermatwmal Fusion Matenals [rcadabion Facillity {IEMIF) is needed o guahily matenals for
DEMO. The conceplual design of this facility is now complete, and it avails the begmning
ol engineering design. IFMIF should begin operation withen five sems of ITER in oider o
proyide tmel v informalion.
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The major wechnologies required for Musion can be read outwards from the plasma. plasima-
[acing components o manage high beat and pariele foxes, bBlankets o caplune neutnons,
brecd tritivem fuel and provide heat fon electncoily generation, and large superconducting
magnets W fonm the sequisite magnetic lelds, The fiest of these is actually an anterlocked
science and lechnology problem, s some Fusion systems such as okamaks are prone o off-
notrmial heat oy events {disruptons) andfor repetitive heat loads that can be coneentraled in
space and tme, called edge calized muodes. Technodogies are also needed w heal and Tuel
the plasma, amd 10 some configerations o sustaim an electneal current in the plasma. A
critical issue is that these high wechnoelogmes must be inlegrated i a manner that cesults in
high reliabality, availabality and maintainabality ina pactical encrgy-producing system.

A facihiey wall be needed o enable testing Tusion system components at sufficienl neuteon
Mux and NMuence o assuce eh availability of the DEMO power plant. YVarous studies of
such a facility have appeared with the names "Volume Neutron Source™, "Fusion
Development Facility™ and "Component Test Facility ™, Here we adopl the name Component
Toest Faciluty (CTE), used m the ULEC study, as expressive of ils promany poal. 10 would be a
compact device construcled using steadyv-slale resistive magnets for the main coils, most
likely based on the database accumulated from the Sphencal Tores and Advanced Tokamak
programs. The purpose of such a facility would be o test Fusion energy technology
compements such as the blankels for tiatium breeding and heat extractom, at realistic neutnon
Muxes and Tuences for DEMO. IC would seeve, fun example, o shake out design concepts
and test matenals, coatings and coolant compalibilities, establishing reliability, avalabiliy,
and maintainability of fusion energy wechnologics, With conservalive physics perfunmance
the CTE could have a steady-state driven plasima with a low Desion gain value, 1 =2, but =ull
wilh envugh neutren 1Tux and fluence [or the required component testing. With suceess in
advanced porformance physics in the Advanced Tokamak and Spherical Torus hines of
rescarch, this deviee could support higher fusien performance, gan, and neulron fluxes o
aceclerated testing. Futhermore there would be meentive wr add electoe power conyersion
equipment Lo offset the electre poswer regquoed Tor this Taclily. With full ulilitatien of
advanced physics possibilities a small net electric production might even be possible. A
CTF device could be intermationally funded, but led by the TS5 and sitel domestically,
providing the entical Lest bed fon component optimizatn and application of long lite, low
activation materals.

[ addition to the individual major Tacilities desenbed above, soveral smaller supporting
technolngy Facilities will be requered as seell, Their main functiens will be subsystem and
component development and separate-effocts westing, in mon-nuclear environments. T hese
will be used L develop the required engincering and matenials science, and screcn design
wpliens Tor rehabalinty under extended and off-normal conditions, belore westimg in CTF or
[TER.

i the futsis of the program ondlised Nere, 37 shonld e possilde Lo Degin apeeafion of o
proactical demonstralion pewer plawd I gppreociiately 35 vears. I im0 parallel with a
burning plasma expenment, the 1S has sustained a stiong program of fundamental
understanding, comligmation optimizaten and matenals and wechnolegy development, a1
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shorild be well positiened we develop an opltomided design for a U5 -led DEMO. This device
should be capable of reliable full-power operation, and should be sulliciently cost-effoctive
that rapid market penetration will ensue.

Cost

The plan prosented bere s a staged one, sith cosls increasing al a moderale rate over lime,
As cach project s imbiated there must be a very carclul evalvalion of the dalabase
supporting the project, of the project plan, and of the everall level o progiess in fusion
encigy development. Quality, relevanee and performance reémain as entical eriterna. Thus al
each stage in [usion encrgy developament, and Tor each project, there s a clear “oxit amp”.

The costs Tor the domestic magnetic fusion program are based on earlier planming
documents, such as the Fosion Encrgy Sciences Advisory Commitler 1999 Knoxyville
assessment, with increments fun the Facilities described. The cost fun ITER is based on the
[TER leam™ estomate, and so reguires fuither review, particularly sinee the ITER wam did
ol factor in eéstimates of conlingency i the manncr employved o the T8 The cost of
participation in ITER constiuction in 3Py 2002, assuming the cost developed by the ITER
tearm, could be as low on average as 35300 vea Tor 10 vears were the LS. o panticipale as a
lmited 1O partner on ax high as STIESMYear were the LS. o participate as a foll mon-host
pariner. Full partnership would alloss a greater imvoelvement of LS. idustry an ITER
comstructon, and greater influence of TS, scientisls and enginecis in the ITER program.
The cost for FIRE constiuctiom is based on a pre-concepiual desipn stedy, sooreguires
lurther review as well, bul cn a similar 10-vear basis would correspond to 51200 vear.
Cosls for IFMIF and CTE are based on available studies and assume egual threc-party
collaboratm. Decisions on these addilienal imternatiomal Facilities would be phased behind
the decision o construct [TER.

Table | = Estimated Cost in FY 2002 SM

Chanesle [TER [FMIF CTF Tutal

FY 200K 35 -115 - - 363 - 430
FY 201 370 =115 - - 420~ 485
FY 20200 iss =75 20 T 475 - 520
FY 2030 330 n-75 20 30 430 - 475

In BY 2030 DEMO would alse be under construction. It this were
dome with one partner, the annoal cost would be in the range of
3500 vear.

Thes plan is optimesed o minomese coses, sithout sacitficig kelibood of success, I also
provides a slow growth in expondiluies, Which can be keved o progeammatic reyviews and
pisible Tulure oplomiatnms.

The st important Teature of this plan, however, s thal it wall poovide Tusion encirgy Lo the
prid vm a practical timescale, and ic will ensure that the Pusion systems which are developed
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are environmentally attractive and marketable both in physics performance. power density,
steady-stare operation and plasma stabality, as well in enginecring perfommance: reliability,
availability and maintainability. This plan will put the US. 10 a posilion e be a supplier
tather than valy a comsumer of Tusion povier systems in the [utere.

Summary
The pronty of fusion has nsen conswderably i pubhe discourse, as lustrated o the
President s Natonal Energy Policy and m Energy Bills passedl in both houses of Congress.

The myveshigalion of sell-sustained “burming” plasmas 5 a cotical next step i the
development of practical Tusion energy. Paticipation in ITER 15 an altactive means for the
LLE Lo access the new regime of self-sustamed burming plasmas, and will provide both
steady-slale soence and engineering esting bovond what can be achieved ina domestic
experimenl.

The advancement of the science of high-lemperature plasimas s a key suecess Tacn for the
development of Mision encrgy, and provides fundamental value e the nation.

Because it remans wncerlain hoss ellfectively the tokamak configuraton on which ITER is
bascd will be able o operale in steady state swith gh newtron wall leading and low
disruptivity, a strumg parallel program m configuratien oplimidation is reguired Lo assure
that a practical demonstration posier plant {DEMO) can be constructed afier [TER.

Because ITER will it provede the Full range of techmedogy testing we assme high iehabiaty,
avallabiliy and mamtamability of DEMO, other facilities will be needed w guahity
materials and technologies or fusien. OF particulias interest bor the LS. miphl be an
inteprated compunent test facility.

The acceelerated plan e develop practical magnetie fusion engérgy preseited here saves cosls
through mternational collabsration. [ provides for careful review at cach step, with exil
ramps Within every aspect of the program. Most importantly, however, thes plan assures Lthat
fuspen power syslems developed by the U5 will be envirenmentalls altractive and
mankedable, making the U5, a supplier rather than only a consumer of such systems.
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Celossary

CE: Comliguration Explinalum experiment pooviding mital mvestigation of @ nesw
plasmza configuralnms,

C8 PoP: Compact Stellaator of the "Prool of Pnnciple™ class, which adds
compaciness and higher power density o the advantages of the conyventional
stellarator. NCSX Lo begin constrection i FY 2003 in 1L,

CTF: Compuonent Test Facility. A sinall steady stale fusion Tacility o lest compone s
al neutron fuxes close tr iest-wall valees in Fusion posser systems, with the

possib ity of sinall net electne prodection. Funded internationally.

DEMO:. A full-size fusmm poswen plant with ds high as possible avalabalicy, and as
competitive as possible cost of electricity, Likely multple DEMO s in the world
program, boll by consoatia

FIRE: A limuted-pulse buming plasma physics facility, funded natiomally.

[FMIF: Internatonal Fusion Matenals Iiradiateon Facility, funded intermational 1y,
Puinl meuteon soanee for estung small matcrial samplos at fexes close o first-wall
values in [usion posser sysiems.

[TER: A lomg-pulse buimng plasma physics and engineenng test lacilicy, Tunded
imternational]y.

PE: Porformance Extenswm expeniment studying a condiguration an e -fusion
peLranrieiers

PoP: Prool of Frinciple experoment investigatmg a plasma configuraticen in dan
imteprraed manner.

RFF PoP: Revcised Field Pinch of the “Prool of Principle” class. The KFP s a
configuratm with @ very low magnetic field the lmg asiay around the ores, leading
Lo o -comst magnets ina fosion power planl. M3T in WS, RFX in Italy.

S/C Tok PE: Supcrconducting lokamak Facility of the "Performance Extensum ™ class.
RSTAR s cuneatly under construction in Borea as sell as HT-TU i Chinag, ITT-605C
has been propescd 1o Japan.

S/C Stellarator PE™S (non-US): Superconducting stellarators of the "Perlinmance
Extension” class. A stellaator i a torowdal confipurabion whose cross-sectional shape
vares around the torus, allowmg increased stabaiey (lictle or ne disruptions) and mo
need Ton extomal sustamment of plasma current. LHD conently operating in Tapan,
WX under comstiuctom in Germany.

ST PoP: Sphencal Torus facility of the “Proof of Frinciple” class, An 5T s a tonodal
configuratm in which the momo radivs approaches e magon tadies, resulting
capability wr suslain high plasma pressures and so fusion poser demsity fora miven
magnete leld. NSTX and MAST are currently in opeiatwm in the 5. and Engpland
respectively.

Tok PE: Tokamak facilily of the "Performance Extenswm ™ class. A lokamak s an
axsymmetns wnondal system chaactersed by a ratio of the major o the mone adies
ol ~ 3, with a much stronger magnetic feld dinected around the toras the long way
thian the shorl way., Coppor-coil machines in this elass include DH-D and C-R0OD in
LLSLJET and ASDEX in the UK. and Germany, and JT-00U i Japan.



Fig.1, Magnetic Fusion Energy Facilities Operation Timeline
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