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Fusion can be an Abundant, Safe

and Reliable Energy Source

• Worldwide, very long term availability of low cost fuel.
– No geopolitical instability due to competition for energy resources.

• No acid rain nor CO2 production.
– Reduced pollution and global climate change.

• No possibility of runaway reaction nor of meltdown.
– No Chernobyl, no Three Mile Island, no evacuation plan.

• Short-lived radioactive waste.
– No Yucca Mountain.

• Low risk of nuclear proliferation.
– All nations can have the full fusion fuel cycle with minimal oversight.

• Steady power source that can be located near markets.
– No need for large energy storage, local CO2 sequestration, very long

distance transmission, nor large land use.

• Estimated to be cost-competitive with coal, fission.

Complements nearer-term energy sources.



CO2 Emissions must be Reduced in

Both the Near and Long Term

2054: ~2x below BAU
2104: ~10x below BAU

-90%

(ppm CO2)

BAU

Pacala and Socolow: “… fundamental research is vital to develop the revolutionary

mitigation strategies needed in the second half of this century and beyond.”

R. Socolow

-50%



ITER is designed to produce 500 million Watts of heat from fusion for

over 400 seconds (>200,000,000,000 Watt Seconds) demonstrating

the scientific and technological feasibility of magnetic fusion energy.

Investment in Fusion R&D has
Produced Rapid Progress

Davidson



U.S. R&D has Contributed Strongly to the

Science and Technology Basis for ITER

Data from experiments
worldwide, supported by
advanced computation,
indicate that ITER will achieve
its  design performance.
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Temperatures have already
been achieved in excess of
what is needed for ITER.
Science and technology for
plasma heating are well
developed.

TFTR



The ITER Agreement was Signed Nov. 21, 2006

 China, Europe, India, Japan, Russia, South Korea, U.S.

• Over half the world’s population is represented in ITER.

– A strong international scientific consensus that magnetic fusion can be

an important new non-CO2-emitting power source.

• The negotiations over site and payment were successful.

– Europe pays 45.4% – spending 1/5 of this in Japanese industry (!).

– Each of the other six participants (including U.S.) pays 9.1%.

– Europe pays for one-half of a set of additional fusion R&D facilities to be

located in Japan, valued at 16% of ITER.



ITER will Demonstrate the Scientific and

Technological Feasibility of Fusion Power;

Further S&T is Needed to Make Fusion Practical

• ITER is truly a dramatic step. For the first time
the fusion fuel will be sustained at high
temperature by the fusion reactions themselves.

• Today: 10 MW(th) for 1 second with gain ~1
• ITER: 500 MW(th) for >400 seconds with gain >10

• Many of the technologies used in ITER will be
the same as those required in a power plant.

• Further science and technology are needed.
• Demo: 2500 MW(th) continuous with gain >25,

in a device of similar size and field as ITER
 ! Higher power density
 ! Efficient continuous operation

• A strong R&D program is required to leverage
the results from ITER.
• Experiments, theory/computation and technology

that support, supplement and benefit from ITER,
as endorsed by the NAS.



U.S. R&D Addresses Power Density and

Continuous Operation, Leveraging ITER

Alcator C-Mod:
ITER magnetic field, 
plasma pressure 
and geometry. Radio- 
frequency current
drive. Metallic walls.

DIII-D:
Flexible plasma 
shape, instability
feedback control,
Microwave
current drive.

NSTX:
High plasma pressure
per magnetic field. 
ITER-like fast ions.
Broadens basis for
ITER science issues.

NCSX:
World-leading compact
3-D geometry. Steady-
state without current 
drive, stable without 
feedback control. 

A range of smaller Concept Exploration experiments investigates
alternative, and in some cases simpler, geometries

for high plasma pressure (power density) and steady state.

Experiments are supported by programs in fusion theory and technology.
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The National Spherical Torus Experiment is

Leading the World in High " Research

• NSTX has achieved the highest ".

• NSTX has the most powerful plasma heating systems.

• NSTX has the most sophisticated instability control tools.

• NSTX has the most advanced plasma measurement tools.

High " is needed for high-power fusion systems.

MAST
(EU)

! 

" #
Plasma  pressure

Magnetic  pressure



NSTX Leads to Attractive Fusion Systems

• A Component Test Facility will be needed to carry out Demo nuclear

component testing and development.

• ST enables highly compact CTF with full remote maintenance and high

duty factor, and provides attractive maintainable power plant.



NSTX Studies a Wide Range of Tokamak Regimes

Answers Key Issues for ITER and Innovation for Fusion
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NCSX will Assess the World’s Leading

Stellarator Concept for Fusion Energy

• Optimized Design

• A unique design that is much more
compact than foreign stellarator
designs, with higher " than
equivalent advanced tokamak.

• No need for current drive for steady
state, can operate at high density
for high efficiency.

• Passively stable to internal and
external modes, with no need for
rotation drive or feedback control.

• No disruptions.

• Optimization Process

• Numerically optimized based on
global stability, unique tokamak-like
quasi-axisymmetry, and buildability.

• Massively parallel computing studied
over 500k configurations.

National Compact Stellarator

Experiment

R = 1.42m   <a> = 0.33m

Bt = 2 T, Ip < 350 kA

Practical fusion systems must be compact 
and operate efficiently in steady state.



NCSX Construction is Beautiful

Coil winding form
All 18 delivered.

Vacuum vessel
All 3 sectors delivered.

Coil-winding facility
12 of 18 wound.
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The Next Big Challenge: 

the Plasma-Material Interface

Assuming we get to high power density (NSTX)
and stable sustained operation (NCSX),

the plasma-material interface becomes the next challenge.

Loarte, 1999

Fundamenski, 2004

(JET)

NSTX (35 Tl/sec)

8.5mm midplane
power width

5mm ITER

assumption



NSTX Has Shown Dramatic
Impact of Flux Expansion

• Low-A has dramatic SN/DN difference.

• Low-A gets strong effect from varying Rx.

• Flux expansion has a dramatic effect.

• What are the limits to this approach in long pulse?
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Liquid Lithium Divertor Target
will be Tested on NSTX

• Lithium has been effective on limiter tokamaks.

• NSTX is the first set of tests with a divertor.

• Can very low recycling dramatically change fusion?



A High-Power Compact Device
can integrate a fusion-relevant material interface

with a sustained high-performance plasma.



• Fusion is an attractive, long-term form of nuclear energy.

• Fusion can have a major impact on climate change as CO2

emission must fall to 10x below business as usual.

• Progress has been dramatic, and ITER is the next major step.

• ITER will demonstrate the scientific and technological feasibility

of magnetic fusion energy.

• The U.S. needs to leverage ITER to be a competitor in

developing and deploying practical fusion energy.

• Partnership in ITER

• Strong domestic R&D

Fusion Energy Can be a

Critical U.S. Technology

“… innovation, technology and research and development should be at the

very core of our national efforts to secure our energy future. I believe we can

invent and invest our way out of this problem.” – Chairman Visclosky


