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           I'll preface my comments with a very personal expression of my pleasure in having this workshop managed by Prof. Tom Overbye and supported by the Lounsbery Foundation, and to express my appreciation to those colleagues who have encouraged them.  It is not often that visionary speculations quickly lead to serious consideration by others.  I'm particularly gratified that so many of you have allocated your valuable time to join in this exploratory effort.  I particularly want to acknowledge the active participation of Dr. Paul Grant, my superconductivity guide, in this concept's development.  I hope this workshop will be an embryonic and enjoyable activity for all of you.

To start us off with a common picture, I'll briefly summarize the concept that I presented to the American Nuclear Society, Reno, NV, on Nov. 14, 2001.

The Continental SuperGrid concept ties the U.S. east and west coasts together with a superconductor energy pipeline carrying both electric power and liquid hydrogen.  For illustration, assume about 40 sections, each100 km long.  Every connecting terminal has a 1 or 2 gigawatt nuclear station supplying electricity to both the grid and an electrolytic hydrogen plant.  Its core is one of the new superconductors, either the commercial High Temperature oxide (HTS) or magnesium diboride (MgB2).  The concept assumes that they will become cheap enough, easy to fabricate, and have ample current carrying capacity around 25 Kelvin - a liquid hydrogen operating range. There appear to be no limiting scientific issues, but numerous new engineering problems exist in every facet arising from novelty, scale, and system integration. 

The visionary payoff is seductive. The magic words are Superconductivity, Hydrogen Fuel, Energy Storage, no Greenhouse Gases, and Continental Reliability.  A conjure-r could do wonders with such imagery. The pragmatic question before us is what will it take to make this a reality.

The SuperGrid concept provides a low loss electricity spine that connects the regional networks across the country; --a flattened national electricity load curve; --a major supply source for the hydrogen economy; --a tunneling approach that minimizes vulnerability to attacks by nature or man; --no greenhouse emissions; --and a guesstimated cost that may be in the range of eventual competition as an electricity source, all helped by a few plausible engineering achievements. The attached sketches (1-11) should bring you all up-to-date on the original conception.    

This workshop is intended to explore the range of R&D needed to design a short pilot test section (perhaps a 100 meters long).  If this would be funded, the information gained would then be applied to a demonstration 100 kilometer stage.  This is a multi-decade project, with many subtle pathways opened for long-range planning.  

What would be its benefits? Will they justify a large national investment?  In the history of technology, our civilized social structure has been significantly altered on a century time scale by the slow infusion of key developments; for example, the steam engine, electricity, wire and wireless communication, internal combustion engine, jet engine, microprocessor, internet, etc.  These are all enablers of social change. In a more modest way, a demonstrated SuperGrid might result in such change. Our future energy sources will be a mix of old and new options. The SuperGrid concept may be a stimulant for such new options.  It is too early to have these in the agenda of this workshop, but they lurk in its motivational background, so I'll briefly suggest a few that flow from the operational character of the SuperGrid.

(1) Minimizes virtual distance between source and load with a no-loss expandable power line.

On a large enough scale, it minimizes the distance constraint most notably between the east and west coasts. On a smaller scale it could connect regional transmission networks.  It would thus provide a back-up supply for regional outages due to weather extremes, and similar unpredictable events. On a local scale, it permits the renewables to provide a SuperGrid feed that uses the time-load-flattening of the continental grid to compensate for their local diurnal variations. 

(2) Hydrogen production by large-scale electrolysis. 

It supports the hydrogen energy cycle by the focused development of large-scale hydrogen production by electrolysis, and large-scale hydrogen-based energy storage.  An open technical question is the mix of gas pressure, and of normal or cryogenic temperature.  This may be a design variable to balance between providing cryogenic cooling to the superconductor and providing fuel gas.  Growth of the hydrogen cycle nationally may shape these operational decisions.

(3) Energy storage and distribution with hydrogen gas. 

Gas pressure and phase change provide energy storage.  Such storage capability, combined with fuel cells, may allow electricity networks to shift to a delivery system approximating the commodity characteristics of oil and gas, away from the present instant matching of supply to demand. Storage also enhances the role of intermittent sources such as solar and wind.  I haven't studied the transition consequences of an effective storage, although the future impact on the economics of energy capital structure, regulation, and politics would be substantial.  For example, storage increases the stability of time-sensitive energy prices, both temporally and spatially. This may modify the economic market power of electricity suppliers within and between RTOs.  In compensation, suppliers gain increased reliability of delivery, while cutting reserve margins locally.  The grid also opens the opportunity for electricity suppliers to substitute for their recent loss of vertical integration by expanding horizontal interconnections.  These are complex questions worth in-depth thought, but beyond the coverage of this workshop's agenda.

(4) Optimal application of nuclear power.
 Nuclear power was assumed because the SuperGrid provides an ideal application of its low cost fuel/kwhr and its operational reliability at a constant power level.  Within the next half century, the national demand for electricity is very likely to double. The demonstrated value of nuclear electricity at roughly 20% of our supply mix suggests that this fraction should be considered as a minimum for the foreseeable future. The SuperGrid provides a platform for adding nuclear power to our indigenous future supply mix. These benefits would also apply to our large hydroelectric sources, but these are unlikely to grow. Obviously solar, wind, and other renewables would fit, but for a variety of reasons may be limited both functionally and economically.  All avoid greenhouse gas emissions.   

(5) Expands electrical solid-state power control. 
 From an electrical engineering view, many existing solid-state control configurations need to be explored for the management of a superconducting direct current system that requires very stable current and load adjustment by variable voltage.  All this is feasible today, but the scale needed raises fresh requirements for converters and invertors. The historic competition between alternating and direct current systems at the local level may once again arise.  The SuperGrid supports either choice. The competitive merits have yet to be explored.

(6) Underground energy corridor and facilities. 

 Undergrounding the grid and the nuclear power plants was an intuitive choice.   Its obvious disadvantage is cost of tunneling. Less obvious, but very substantial may be its advantages. These include reduced vulnerability to attack by nature or man or weather; --greater public acceptability due to physical removal from interference with normal surface activity, such as avoiding rights-of-way disputes, and reduction of surface congestion, which is bound to grow; -- and finally, real and perceived reduced public exposure to real or hypothetical accidents. Thus official State approvals are more likely to be less time consuming.  Time delay to settle rights-of-way and public safety is a very costly element of transmission line projects, so such savings may be large.  Cumulatively, all these indirect benefits may be large enough to amply compensate for the direct costs of undergrounding the SuperGrid.  A direct and indirect cost/benefit comparison with an overhead system might be instructive.

(7) Common use of long-distance tunnels. 

 Separable, but possible, would be the eventual common use of the continental tunnel with an underground high-speed transportation system using maglev propulsion -- a revival of a much discussed concept.  A common tunnel for energy and transportation is a speculative notion that might color our tunneling discussion.  It is a more remote topic not on our agenda, but it is an idea that makes a good bull-session topic for engineers. 

 While all these futuristic thoughts are now conceptually amorphous, we have the opportunity to provide them with a more solid engineering R&D base. As part of this session, I have asked Chaim Braun to suggest a few examples within our existing national grid that would benefit near-term from a SuperGrid type application.  

With this generalized introduction, I turn the meeting back to Prof. Overbye. 
