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ro

cess

•
O

ctober 3 – 4
–

Prelim
inary definition of a D

em
o.

–
K

ey factors affecting logic and tim
eline.

–
N

ear-term
 issues for the plan.

•
O

ctober 28 – 30
–

E
xperts on key factors.

–
E

U
 and JA

 developm
ent path groups.

•
N

ov 11 (U
F

A
), 12 (F

E
SA

C
), 15 (D

ev. P
ath C

om
m

ittee)
–

R
eport and input at A

PS

•
N

ovem
ber 25 – 26, F

E
SA

C
 R

eview
 of P

relim
inary R

eport
•

D
ec 3, P

resentation at F
P

A
•
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om

m
unity W
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•
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anel M
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–

Program
 E

lem
ents

–
C

ost B
asis Scenario

•
F

ebruary 9 – 10, P
anel M

eeting
–

Second C
harge

–
M

oving tow
ards closure

•
F

ebruary 27 – 28, C
onference C

alls
–

E
xtensive conference calls to com

plete report

•
M

arch 5, 2003, R
eport to F

E
SA

C
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T
h

e A
d

m
in

istratio
n

 o
n

 F
u

sio
n

“T
his [progress in fusion science] is an enorm

ous change that is enough to change the
attitudes of nations tow

ard the investm
ents required to bring fusion devices into

practical application and pow
er generation.”

P
residential Science A

dvisor John M
arburger

“B
y the tim

e our young children reach m
iddle age, fusion m

ay begin to deliver energy
independence …

 and energy abundance …
to all nations rich and poor. Fusion is a

prom
ise for the future w

e m
ust not ignore. B

ut let m
e be clear, our decision to join

IT
E

R
 in no w

ay m
eans a lesser role for the fusion program

s w
e undertake here at

hom
e. It is im

perative that w
e m

aintain and enhance our strong dom
estic research

program
 …

 . C
ritical science needs to be done in the U

.S., in parallel w
ith IT

E
R

, to
strengthen our com

petitive position in fusion technology.”
Secretary of E

nergy, Spencer A
braham

“T
he results of IT

E
R

 w
ill advance the effort to produce clean, safe, renew

able, and
com

m
ercially-available fusion energy by the m

iddle of this century.
C

om
m

ercialization of fusion has the potential to dram
atically im

prove A
m

erica’s
energy security w

hile significantly reducing air pollution and em
issions of

greenhouse gases.”
P

resident G
eorge W

. B
ush



T
h

e L
ast D

ecad
e h

as S
een

 D
ram

atic A
d

van
ces - I

W
ithin M

F
E

, the underlying turbulence that causes loss of
heat from

 high-tem
perature m

agnetically confined ions has
been identified, and in som

e cases quenched, in good
agreem

ent w
ith com

putational m
odels. T

heoretical and
com

putational m
odels of the global stability of m

agnetically
confined plasm

as have been validated, and new
 techniques to

stabilize high pressure plasm
as, desirable for econom

ic pow
er

production, have been dem
onstrated. T

echniques have been
developed to quench m

agnetic turbulence in self-organized
system

s w
ith attractive pow

er plant properties, and new
configurations have been show

n to sustain very high plasm
a

pressure relative to m
agnetic pressure. N

ew
 plasm

a
configurations have been designed capable of operating at
high plasm

a pressure w
ith passive stability.



T
h

e L
ast D

ecad
e h

as S
een

 D
ram

atic A
d

van
ces - II

W
ithin IF

E
, m

ulti-dim
ensional com

putational m
odeling of

both direct and x-ray driven targets has successfully predicted
experim

ental results w
ith both laser and z-pinch drivers, and

has been used to design high-gain IFE
 targets. Significant

advances have been m
ade in the repetitively pulsed “drivers”

required 
for 

IFE
. 

L
arge 

increases 
have 

been 
m

ade 
in 

the
production of x-rays w

ith z-pinches, and m
egajoules of z-

pinch x-rays have been used to drive high-quality capsule
im

plosions. 
C

ryogenic 
target 

im
plosions 

energy-scaled 
to

sim
ulate N

IF experim
ents have begun. E

xperim
ents using a

petaw
att laser 

have 
dem

onstrated 
efficient 

heating 
of 

pre-
com

pressed cores, a step tow
ards higher gain inertial fusion

energy.



T
h

e L
ast D

ecad
e h

as S
een

 D
ram

atic A
d

van
ces - III

In the fusion technology program
, m

aterials originally
developed for the fission breeder program

 have been
reform

ulated for both enhanced perform
ance and greatly

reduced activation. M
ulti-scale m

odeling of neutron effects now
captures the essential physics of neutron interactions in
m

aterials, allow
ing better understanding of the full range from

nanophysics to large scale m
aterial properties. N

ew
 designs for

fusion blankets em
ploying configurations featuring innovative

com
binations of m

aterials open the w
ay to higher tem

perature
coolants and so higher efficiency pow

er plant operation.
Im

portant advances have been m
ade in both solid and liquid

cham
ber w

all technologies for IFE
 and M

FE
, as w

ell as in IFE
final focusing system

s and target fabrication.



N
IF

 an
d

 IT
E

R
 D

rive th
e U

rg
en

cy o
f th

e P
lan

A
 

stro
n

g
 

p
arallel 

effo
rt 

in
 

th
e 

scien
ce 

an
d

tech
n

o
lo

g
y o

f fu
sio

n
 en

erg
y is req

u
ired

 to
 g

u
id

e
research

 o
n

 th
ese exp

erim
en

tal facilities an
d

 to
take ad

van
tag

e o
f th

eir o
u

tco
m

e.

N
IF

IT
E

R



P
rin

cip
les

T
he goal of the plan is operation of a U

S dem
onstration pow

er
plant (D

em
o), w

hich w
ill enable the com

m
ercialization of fusion

energy. T
he target date is about 35 years. E

arly in its operation the
D

em
o w

ill show
 net electric pow

er production, and ultim
ately it w

ill
dem

onstrate the com
m

ercial practicality of fusion pow
er.

T
he 

plan 
recognizes 

that 
difficult 

scientific 
and 

technological
questions rem

ain for fusion developm
ent. A

 diversified research
portfolio is required for both the science and technology of fusion,
because this gives a robust path to the successful developm

ent of an
econom

ically 
com

petitive 
and 

environm
entally 

attractive 
energy

source. In particular both M
agnetic Fusion E

nergy (M
FE

) and Inertial
Fusion 

E
nergy 

(IFE
) portfolios are 

pursued 
because they 

present
m

ajor opportunities for m
oving forw

ard w
ith fusion energy and they

face largely independent scientific and technological challenges.
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     Goals, Specific Objectives and Key Decisions - I

P
resent – 2009: A

cquire S
cience and T

echnology D
ata to Su

pport M
F

E
 and IF

E
 B

urning P
lasm

a E
xperim

ents
and to D

ecide on K
ey N

ew
 M

F
E

 and IF
E

 D
om

estic F
acilities; D

esign the International F
usion M

aterials
Irradiation F

acility
Specific O

bjectives:
B

egin construction of IT
E

R
, and develop science and technology to support and utilize this facility. If 

IT
E

R
 does not m

ove forw
ard to construction, then com

plete the design and begin construction of the 
dom

estic FIR
E

 experim
ent.

C
om

plete N
IF and Z

R
 (Z

 R
efurbishm

ent) (funded by N
N

SA
).

Study attractive M
FE

 configurations and advanced operation regim
es in preparation for new

 M
FE

 
Perform

ance E
xtension (P

E
) facilities required to advance configurations to D

em
o.

D
evelop configuration options for M

FE
 C

om
ponent T

est Facility (C
T

F).
Participate in design of International Fusion M

aterials Irradiation Facility (IFM
IF)

T
est fusion technologies in non-fusion facilities in preparation for early testing in IT

E
R

, including first
blanket m

odules, and to support configuration optim
ization.

D
evelop critical science and technologies that can m

eet IFE
 requirem

ents for efficiency, rep-rate and 
durability, including drivers, final pow

er feed to target, target fabrication, target injection and tracking,
cham

bers and target design/target physics.
E

xplore fast ignition for IFE
 (funded largely by N

N
SA

).
C

onduct energy-scaled direct-drive cryogenic im
plosions and high intensity planar experim

ents (funded
by N

N
SA

).
C

onduct z-pinch indirect-drive target im
plosions (funded by N

N
SA

).
Provide up-to-date conceptual designs for M

FE
 and IFE

 pow
er plants.

V
alidate key theoretical and com

putational m
odels of plasm

a behavior.
2008 D

ecisions: A
ssum

ing successful accom
plishm

ent of goals, the cost-basis scenario assum
es that by this 

tim
e decisions are taken to construct:

International Fusion M
aterials Irradiation Facility

First N
ew

 M
FE

 Perform
ance E

xtension Facility
First IFE

 Integrated R
esearch E

xperim
ent Facility



   Goals, Specific Objectives and Key Decisions – II

2009 – 2019: Study B
urning P

lasm
as, O

ptim
ize M

F
E

 and IF
E

 F
usion C

onfiguration
s, T

est M
aterials and

D
evelop K

ey T
echnologies in order to Select betw

een M
F

E
 and IF

E
 for D

em
o

Specific O
bjectives:
D

em
onstrate burning plasm

a perform
ance in N

IF and IT
E

R
 (or FIR

E
).

O
btain plasm

a and fusion technology data for M
FE

 C
T

F design, including initial data from
 IT

E
R

 test
blanket m

odules.
O

btain sufficient yield and physics data for IFE
 E

ngineering T
est Facility (E

T
F) decision.

O
ptim

ize M
FE

 and IFE
 configurations for C

T
F/E

T
F and D

em
o.

D
em

onstrate efficient long-life operation of IFE
 and M

FE
 system

s, including liquid w
alls.

D
em

onstrate pow
er plant technologies, som

e for qualification in C
T

F/E
T

F
.

B
egin operation of IFM

IF and produce initial m
aterials data for C

T
F/E

T
F and D

em
o.

V
alidate integrated predictive com

putational m
odels of M

FE
 and IFE

 system
s.

Interm
ediate D

ecisions: A
ssum

ing successful accom
plishm

ent of goals, the cost-basis scenario assum
es a 

decision to construct tw
o additional configuration optim

ization facilities, w
hich m

ay be either M
FE

 or IFE
.

M
FE

 Perform
ance E

xtension Facility
IFE

 Integrated R
esearch E

xperim
ent

2019 D
ecision: A

ssum
ing successful accom

plishm
ent of goals, the cost-basis scenario assum

es a selection
betw

een M
FE

 and IFE
 for the first generation of attractive fusion system

s.
 
 

C
onstruction of M

FE
 C

om
ponent T

est Facility (C
T

F)
        or
 
 

C
onstruction of IFE

 E
ngineering T

est Facility (E
T

F
)



Goals, Specific Objectives and Key Decisions – III

 2020 – 2029 Q
ualify M

aterials and T
echnologies in F

usion E
nvironm

ent
 Specific O

bjectives: 
O

perate IT
E

R
 w

ith steady-state burning plasm
as providing both physics and technology data.

Q
ualify m

aterials on IFM
IF w

ith interactive com
ponent testing in C

T
F or E

T
F, for im

plem
entation in 

D
em

o.
C

onstruct C
T

F or E
T

F; develop and qualify fusion technologies for D
em

o.
O

n the basis of IT
E

R
 and C

T
F/E

T
F develop licensing procedures for D

em
o.

U
se integrated com

putational m
odels to optim

ize D
em

o design.

2029 D
ecision:

C
onstruction of U

.S. D
em

onstration Fusion Pow
er Plant

  2030 – 2035: C
onstruct D

em
o

  Specific O
bjective: O

peration of an attractive dem
onstration fusion pow

er plant.
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C
o

st A
ssu

m
p

tio
n

s

C
ost profiles for m

ajor facilities and program
s w

ere provided by experts and
review

ed by the Panel. T
he U

.S. contribution to IT
E

R
 construction w

as
estim

ated at $1B
, per FE

SA
C

.

T
he plan assum

es an ongoing level of highly coordinated international
program

m
atic activities, and international participation in IT

E
R

 and IFM
IF,

but assum
es U

.S.-only support for C
T

F or E
T

F, and D
em

o. It assum
es

continuing strong N
N

SA
 support of Inertial C

onfinem
ent F

usion
.

A
dditional 

funding 
that 

w
ould 

be 
needed 

in 
the 

second 
half 

of 
the

developm
ent plan to m

aintain a strong core scientific capability, and to
provide 

continued 
innovation 

aim
ed 

at 
im

proved 
configurations 

beyond
D

em
o, is not included.  T

he panel believes that these are necessary elem
ents

of an overall fusion R
&

D
 program

. T
he panel has not attem

pted to analyze
these costs in a system

atic m
anner but estim

ates they w
ould sum

 to a few
billion dollars.



T
h

e F
u

sio
n

 B
u

d
g

et N
eed

s to
 ~ D

o
u

b
le o

ver th
e N

ext
F

ive Y
ears, an

d
 if P

o
sitive D

ecisio
n

s are th
en

 m
ad

e,
w

ill N
eed

 to
 R

ise b
y a F

u
rth
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K
ey O

b
servatio

n
s

T
he F

IR
E

 Scenario
In the FIR

E
 path the integration of burning plasm

as w
ith steady state operation is

deferred to a later tim
e. O

ne im
pact of the deferral is that the integration w

ould then first
occur in the C

om
ponent T

est Facility. T
hus an initial period of C

T
F operation, likely of

several year duration, w
ould be required to acquire operating experience w

ith steady-
state deuterium

-tritium
 plasm

as and fusion cham
ber technology. Sim

ilarly the start-up
tim

e of the D
E

M
O

 m
ight be extended for integration at large scale.

T
he P

lasm
a C

onfiguration of the M
F

E
 D

em
o

T
he cost-basis scenario as articulated provides for the option that D

em
o can be

configured differently from
 the advanced tokam

ak as it is presently understood. It should
be anticipated, how

ever, that the initial operation of D
em

o w
ill require m

ore learning in
this case and the initial production of electricity w

ould be som
ew

hat delayed as a result.

M
anagem

ent C
onsiderations

T
o achieve the goals of this plan, the program

 m
ust be directed by strong m

anagem
ent.

G
iven constrained budgets, the w

ide variety of options and the linkages of one issue to
another, increasingly sophisticated m

anagem
ent of the program

 w
ill be required.



C
o

n
clu

sio
n

s - I

T
he U

.S. fusion energy sciences program
 is still suffering from

the severe budget cuts of the m
id-1990’s and the loss of a clear

national com
m

itm
ent to develop fusion energy. T

he result is that
despite the exciting scientific advances of the last decade it is
becom

ing difficult to retain technical expertise in key areas. T
he

P
resident’s fusion initiative has the potential to reverse this

trend, and indeed to m
otivate a new

 cadre of young people not
only to enter fusion energy research, but also to participate in
the physical sciences broadly. W

ith the addition of the funding
recom

m
ended here, an exciting, focused and realistic program

 can
be im

plem
ented to m

ake fusion energy available on a practical
tim

e scale. O
n the contrary, delay in starting this plan w

ill cause
the loss of key needed expertise and result in disproportionate
delay in reaching the goal.



C
o

n
clu

sio
n

s - II

E
stablishing a program

 now
 to develop fusion energy on a practical tim

e
scale w

ill m
axim

ize the capitalization on the burning plasm
a investm

ents in
N

IF
 and IT

E
R

, and ultim
ately w

ill position the U
.S. to export rather than

im
port fusion energy system

s. Failure to do so w
ill relegate the U

.S. to a second
or third tier role in the developm

ent of fusion energy. E
urope and Japan, w

hich
have m

uch stronger fusion energy developm
ent program

s than the U
.S., and

w
hich are vying to host IT

E
R

, w
ill be m

uch better positioned to m
arket fusion

energy system
s than the U

.S. – unless aggressive action is taken now
.

It is the judgm
ent of the P

anel that the plan presented here can lead to the
operation 

of 
a 

dem
onstration 

fusion 
pow

er 
plant 

in 
about 

35 
years,

enabling the com
m

ercialization of attractive fusion pow
er by m

id-century
as envisioned by P

resident B
ush.


