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Time to Pause Before the Next Step 
Richard E. Siemon 

Fusion Energy Program Manager 
Los Alamos National Laboratory 

April29,1998 
University of Wisconsin Next Step Fusion Meeting 

Many of us, who have staunchly supported ITER for years, are coming to realize it is time 
to further rethink fusion energy’s development strategy. Specifically, as I have heard 
suggested by Grant Logan and Dale Meade, and in keeping with the restructuring of 1996, 
a theme of “better, cheaper, faster fusion” would serve the program more effectively than 
“demonstrating controlled ignition.. . and integrated testing of the high-heat-flux and 
nuclear components required to utilize fusion energy.. .,” which are the important 
ingredients of ITER’S objectives. 

I have personally shifted my view for a mixture of technical and political reasons. On the 
technical side, I sense that through advanced tokamak research, spherical tokamak 
research, and advanced stellarator work, we are coming to a new understanding that might 
make a burning-plasma device Significantly smaller and less expensive. Thus waiting for a 
few years, even ten years, seems prudent. 

Of course we all see the political environment through our own eyes. I have endeavored to 
inquire about fusion in as wide a circle as possible, and had the interesting opportunity to 
spend time in industry and away from fusion a couple of years ago. The most penetrating 
concern I hear from many different quarters, was eloquently argued by T. Okawa about 
ten years ago when the US was frrst embarking on ITER. He noted that development of a 
technology such as fusion will be similar to the development of fssion. Many prototypes 
with different design philosophies will be required, so that an engineering trial and error 
process can be used to solve problems such as blanket development, high-heat-flux 
materials and neutron wall damage. He said at the time, if ITER were to become the 
flagship for fusion, it would hurt the program immensely, because it was all too obvious 
that we could not carry out the development process using devices that cost $5- 10 billion. 
He felt then that we needed to go back to the drawing boards and look for a better 
mousetrap. Basically, I am coming to the same conclusion today. 

The issue of development cost is widely acknowledged. However, I wonder if we 
adequately appreciate the seriousness of this problem. What I hear from industrial R&D 
managers is a strong aversion to big prototype systems for development because they cost 
too much. The reason is summed up with one number: Net Present Value. It simply 
means, before embarking on a development path, calculate the cost and interest on the 
costs for all the years before you anticipate a net positive cash flow from the product. 
Then, based on the cash flow when the technology works, ask what the integrated value of 
the project amounts to for your stockholders. How long you are willing to wait to return a 
profit is a company’s decision, and for most boards of directors, the time is currently 
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shrmking, not growing. We frequently calculate and quote Cost of Electricity. Energy is in 
fact a commodity market. Therefore, fusion needs a very large advantage in COE to ever 
just@ developing it on an NPV basis. Of course government development has different 
rules, but ultimately if we want someone to actually commercialize fusion, this is the sort 
of test that will be used. I am convinced that this instinctive view of technology 
development, and industrial aversion to large and complicated prototypes, hurts fusion 
when fusion is equated to a system that looks like ITER. Savvy policy makers in the 
government (usually Congress, rather than the Administration where bureaucrats tend to 
like big projects) are sensitive to this concern. 

If it turns out as many believe, that mother nature insists fusion is best developed as a 
large expensive steady-state device with superconducting magnets, then governments will 
have to devise ways to make an exception to the above cost-of-development problem. 
Given the anticipated rise in oil prices (see the March 1998 Scientific American), such a 
prospect seems reasonable in perhaps ten or twenty years. However, the lack of concern 
about energy today, combined with a current disdain for mega-science projects in this 
country, suggests that right now, at least in the US, we should emphasize fusion research 
that can be accomplished at a smaller scale than ITER. Examples of important scientific 
issues that could be addressed at modest scale include: maintaining steady-state in a 
tokamak, especially with advanced-tokamak modes of confinement; and/or beta limits and 
other features of modern compact stellarators. At the same time, inertial fusion studies 
should continue, and other Innovative Confinement Concept ideas should be pursued at 
appropriate concept-specific levels. This is my image of a program based on the “better, 
cheaper, faster fusion” theme. Then when society’s energy needs become more pressing, 
the case will be stronger for an ITER-like device whose design has been optimized. Or 
possibly a better approach wdl emerge based on research of the next decade or so. 

Scientifically, there is fascinating physics to be learned through studies of burning plasma 
in a tokamak. And clearly if we wish to study burning plasma physics in a sustained 
plasma, there is no other configuration with an adequate database on which to proceed. 
But what is the urgency of moving towards an ITER-like step focused on burning plasma? 
Consider some of the arguments put forward and the counter arguments. 

Argument 1: The physics of burning plasma is the next great frontier of plasma 
physics. What is so special about a small population of energetic alphas? Surely we could 
design clever and lower-cost beam injection or RF heating experiments to test the 
fundamental behavior of an energetic plasma component, including many of the possible 
instability modes. Stewart Zweben of PPPL notes that the central finding from TFTR and 
JET DT experiments was that DT plasmas are almost indistinguishable from DD plasmas. 
It would seem better to consider experiments that approached burning plasma physics in a 
number of lower-cost computer-simulated experimental steps. Such experiments should 
compete on an equal basis with other possible fusion experiments at any given time, and 
the “next great frontier” should emerge as a result of deliberations, not a dictum. 



Argument 2: By successful operation of a high-gain fusion tokamak, we will 
accomplish the grand challenge of “demonstrating the scientific feasibility of fusion 
energy.” This is perhaps the strongest argument. On the other hand, when TFTR and JET 
were proposed, we thought at the time that their success would do that. Unfortunately, 
when the experiments worked, what we got was a nice pat on the back for Q - 1, and then 
the question was asked: So when will we have fusion reactors providing electricity? The 
trouble is a common misconception by the public, and maybe by ourselves in the research 
community, that “scientific feasibility” equates to commercial feasibility. At least one 
congressman, Mr. Myers from Indiana, felt &e he had been misled with TFTR, because it 
wasn’t made clear to him that after T F R  we would still have a lot of work to do. 

Argument 3: Fusion technology is even more important than plasma physics for the 
development of a safe, environmentally attractive, economic fusion energy system. 
Thus we need an integrated experiment to begin addressing issues such as high- 
heat-flux first-wall materials; blanket designs for energy conversion; and radiation 
damage to basic structural materials and auxiliary components such as divertors. No 
argument with the fust assertion, and it is true that many of these issues are generic to any 
of the closely related tokamak, stellarator, and spherical tokamak fusion systems. This 
argument is basically predicated on the unjustified assumption that fusion energy will be 
commercialized with a “tokamak-like” system, and no other fusion system is likely to 
work much differently. However, the issues are not so generic when one considers inertial 
fusion energy, or even the main MFE alternatives such as the reversed-field pinch, 
spheromaks, or field-reversed configurations. Furthermore, inertial fusion is a completely 
orthogonal approach in the sense that essentially different physics and technology wdl 
determine its success or failure. Other less explored possibilities, such as the broad class of 
magneto-inertial fusion and electrostatic confinement systems, are also orthogonal to 
conventional superconducting magnetic fusion. For any orthogonal approach, the 
development of technology in an integrated burning-plasma tokamak would be largely 
irrelevant (and vice versa). The unavoidable narrowing of technology research that has 
occurred during the ITER design phase, which would probably intenslfy if we participate 
in a construction activity, seems premature at this early stage of fusion’s development. 

Argument 4: Fusion in the US needs a flagship device to justify $200-300 million per 
year. This is an argument we have made for twenty years as we designed TNS, CIT, 
BPX, TPX, ITER, etc. None have yet been funded, and the argument that funding has 
dropped as a consequence is not compelling. Consider this year for example. The only 
attack on the budget seems to be because of ITER participation, not the opposite. We do 
have a flagship institution in Princeton Plasma Physics Laboratory, and that is one good 
anchor for the size of the program already. If we adopt and promote a “better, cheaper, 
faster fusion” theme, I strongly suspect we could increase future fusion budgets without a 
large flagship facility. 

Argument 5: A super-conducting ignited tokamak presents the last step of 
development needed before DEMO, and then power reactors can be built. This is 
reportedly the European and Japanese view. If so, I fear they are badly misguided for the 
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reasons stated at the beginning. In fact, guilt by association with this highly questionable 
position may be the fusion program’s biggest problem when US policy makers are 
considering our budgets. Involvement with our international colleagues is unquestionably 
valuable from a technical and funding-leverage perspective. I hope that we have 
misunderstood what our colleagues mean when they say “only one more step, a DEMO, is 
needed before commercialization,” and that we can prevd  upon them to understand why 
that view causes so much difficulty in tkis country. 

One also hears that Europe and Japan are going to leave us behind in the development of 
fusion, and our industry needs to be involved so the US can stay competitive in the world 
energy market. If there were presently a. serious profit possibility for involvement with 
fusion, I trust that industry would not miss the opportunity, irrespective of government 
activity. 

As scientists we have the fear of a missed opportunity for scientific collaboration if Europe 
and/or Japan go forward with ITER and we do not obtain a significant involvement. This 
is very hard to resist on scientlfic grounds. My argument, already stated, is that we risk 
too much by creating the illusion of believing fusion commercialization is eminent when it 
isn’t. This is purely a political argument and amounts to a statement of belief rather than 
fact. So I tender these arguments as much to stimulate thought and discussion as to 
persuade. This community forum for debate on fundamental programmatic logic is an 
excellent idea, and I thank the organizers and admire their efforts for arranging the 
meeting. To summarize my main point: 

The Purpose for Pausing: “Better, cheaper, faster fusion.” 
Without a burning plasma next step, or a major effort on the third leg in our program in 
the parlance of the Leesburg meeting, what can we do? Consider the power of the uIllfylng 
theme: “better, cheaper, faster fusion.” The purpose of developing a sustained advanced 
tokamak mode or improved divertors is clear: signifcant reductions in system size and 
cost for fusion energy development. The purpose of advanced stellarators is clear: a major 
engineering simplification derived from divertor-free operation. The purpose of Reversed- 
Field Pinch research is clear: major cost reduction by nearly eliminating the toroidal 
magnet system. And so on and so on. Every element of our research program should have 
this focus. A portfolio of such activity combined with the growing awareness of long-term 
energy problems provides an excellent basis for stimulating reasonable growth in the 
fusion budget. 
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What is this meeting really about? 

Time to Pause Before the Next Step 

Richard E. Siemon 
Los Alamos National Laboratory 

April 29, 1998 
University of Wisconsin 

Fusion Program Next-Step Meeting 

How we should involve ourselves with ITER. 

A litmus test suggested by Rob Goldston: 

Imagine everything existing in the program 
continues, and Congress offers a $50 million 
increment to funding. What would you do with it? 

Sllde 2 



the less we spend on ITER the better. Now you tell 

I I 
Ernie Moniz Anne Davies 



Why does the cost of ITER seem too high? 

0 Too big and complicated to work? 

Jet airliners and stealth bombers work. 

o Spending caps preclude large new initiatives? 

DOE alone has a $10-20 billion budget. 

My guess for root cause: 

0 Cost of development is too high to 
compete in energy commodity market. 

!,l,J<' 5 

Commercialization - a big step after 
scientific feasibilitv 

The last thing 1 need ure a bunch of scientists suggesting 
improvements when I'm trying to muke it to murket with u 
new technology. 

Bruce Peters, Dow Chemical 

commercialization begins only ajter the science is done. 

Commercialization issues are 
P time to market, 
P business partnerships, 
> coordinating and meeting budgets and schedules, 
b manufacturability, 
b reliability, 
k certifiability, 
% supplier availability, 
P etc. etc. 

______-____ -- - _-_- 
Cost of commercialization process is much larger than cost 
of proving scientific leasibility. 



Decision to develop a new technology 
depends upon: 
NET PRESENT VALUE? 

NPV is fundamentally an estimate. 

Identify all the steps needed. 
Consider the cost of each development step. 
Estimate the time for each step. 
Calculate the interest on the costs for the time required to 
become protitable. 

Calculate the profit per unit sold, and the quantity of units 
that will be sold, and determine the cash How until end of 
life for the plant (or end of life for the market, which ever 
comes first). 

Note that price of commodity products like energy, as 
opposed to specialty products like stealth bombers, is set by 
the markel, not the cost of production. 

The sum of all profit minus all costs is the NPV in units of 
some years dollars. It niust be positive, and soon, or look 
for another technology. 

- - 
Can you honestly imagine a favorable NPV analysis for a 
technology based on an ITER-like device? 

Fusion needs 
market pull or 
technology push. 

0 Market pull may develop in ten or twenty years. 

See the March 1998 Scientitk American, 
The End ojCheap Oil, by Campbell and kaherrkre. 

0 Breakthrough innovations in fusion research could allow 
technology push. 

0 The “better, cheaper, faster fusion” theme looking at 
innovation is just what we need until market pull 
develops in the future. 



Better, cheaper, faster fusion 

Unifying theme as suggested by Grant Logan, Dale Meade, 
and probably others. 

Sustained advanced tokamak modes or improved divertors: 
smaller size and reduced cost at the “next step.” 

Advanced stellarators: 
engineering advantage of disruptionless discharges. 

Reversed Field Pinches: 
Reduced cost by virtual elimination of toroidal magnets. 

Innovative confinement concepts: 
Concept-specific development aimed at 

various advuntages. 

-~ 

A portfolio of “better, cheaper, faster fusion” research 
activity should make a handsome case for increasing the 
US fusion budget. 
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Rob Goldston’s litmus test 

Imagine everything existing in the program 
continues, and Congress offers a $50 million 
increment to funding. What would you do with it? 

My opinion; 

Invest in a portfolio of innovation aimed at 
“better, cheaper, faster fusion.” 


