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For Discussion on 4/16-17/03 – Those with names in the brackets are expected to be the main persons to provide the analyses of the items that before their names. Thanks.

· Are energy and environment the most two important challenges of the 21st Century and beyond?

· Energy and environment (I would add ecology) as challenges are really tightly connected and cannot be separated.  I would rank the amelioration of energy/environment/ecology (“e-3”) issues as certainly vital to the future economic development of a sustainable and peaceful human society worldwide.  Having said this, I have to add that the emergence of “designer genetics (stem cell research, gene engineering of crops, human transplant organs from other forms of animal life, sudden and significant extension of human life, etc.),” and their social impact will definitely comprise one of the most far-reaching and difficult challenges confronting human civilization in the 21st century.  The accelerating pace of genetic science was amply illustrated just this week with the announcement that the RNA of the SARS virus was sequenced by one institution…and confirmed by a second…barely six weeks after its discovery.
· Can the challenges be resolved with or without an all-out national or international effort?

· The short answer is “no.”  However, their resolution needs to be fine-tuned to regional social structures and levels of industrialization, and tailored to move “e-3” forward according to each local scenario.
· This question is often posed in connection with concerns over global climate change,  energy supply assurance and security, and diversion of nuclear power plant material to weapons development.  These are cosmic policy issues which need to be guided by sound science, but let me focus on one or two technologies which could have direct impact on the first two and would benefit from national and international efforts to effect application.
· The overwhelming view of every energy scientist I know is that the most immediate and effective energy technology that can be employed everywhere to benefit the “e-3” issue is energy efficiency, especially in near-term reduction in carbon emission.   This view is “politically invariant from left to right,” and reflects the biblical injunction, “waste not, want not,” common to all belief systems I’m aware of. Debates continue over whether energy efficiency can be “market driven” or requires “social incentives.”  My observation is that the market alone is not enough to assure its deployment, especially in those societies where energy is cheap and plentiful.   On the other hand, there are areas where “government pressure” has worked quite well, especially in increasing gasoline engine efficiency, reducing “noxious emissions,” mandating clean water supply and its conservative use, and the introduction of energy efficient technologies into building codes.  The DOE-assisted industry development of energy efficient refrigerators and the “Energy Star” standard has been a tremendous success.  However, one has to be careful to set realistic “physics” goals and avoid what happened in California with the failure of the “zero-emission car mandate.”
· Education can and has played a critical role in addressing the “e-3” issue.  For example, the present younger generation of Americans, Europeans and Japanese has accepted recycling and environmental protection as part of their public ethic, largely due to earlier exposure to such ideals in their elementary education.
· Other aspects of public acceptance of energy efficient technologies has not been so successful, especially when those technologies are marginally more expensive than “business as usual.”  Two disparate examples involve residential lighting and large industrial motors.  For the former, “smart switches” have been developed which can sense human presence in a room and thus control the lighting.  But they are relatively expensive, and, although presently workable, need further development to make them truly “user friendly.”  In the latter case, large motors, 1000 hp and up, consume a major portion of electricity generated in industrialized nations, and although 98% electrically efficient, often operate at constant rotational speeds poorly matched to load conditions which lower their effective efficiency to around 40%, which could be vastly improved with the employment of “variable speed drives,” a kind of FACTS device, to better match rpm/torque to load conditions.  Such drives are an additional expense to initial motor costs and “run of life” electricity savings provide insufficient market incentive.  For both examples, public incentives, such as tax relief to manufacturers, may be necessary to effect these energy efficiency technologies.
· For the US, the most immediate “e-3” issue is the restructuring and hardening of the electricity transmission system and the application of advanced technology toward that end.  Recent FERC orders and the establishment of the DOE Office of Electricity Transmission and Distribution are important steps toward that end.  However, it’s accomplishment is more a matter of policy than technology, and the policy has to deal with the age-old conflict between “federalism” and “states rights.”  I’m sure if the electric grid had existed in 1789, the Founding Fathers would have dealt with it constitutionally as they did the development of roads and waterways.  
· What is the most desirable form of energy supply and kind of supply system that we would like to have, i.e. environmentally friendly, plentiful, inexpensive, efficient, safe, secured etc.? [Paul G –please]

Natural Gas
For the next decade this would have to be natural gas for the following reasons:
1. Reasonably widely available and cheap, especially in the US (North America) and FSU.

2. A mature and robust pipeline system already in place (although extremely exposed to attack)

3. Lower carbon emission per unit thermal energy compared to coal and petroleum (more hydrogen bonds!)

4. Combined cycle gas turbines are the cheapest (fuel costs aside) and most efficient “heat engines (Brayton Cycle)” available and can be manufactured, transported and installed quickly.
5. Downsides:
· We will run out in about two decades, and methane is a valuable chemical stock as well as fuel

· Within the present decade, gas prices may become highly unstable due to high demand for electricity demonstration
· It only slows down carbon emissions, not eliminate them.

Coal:

1. Upsides

· Plentiful supply in North America and China

· Mature technology…most ”noxious” emissions under control
2. Downsides

· Massive amounts of fuel needed…difficult to transport

· Very carbon intensive…will require sequestration on a likely unachievable scale ecologically.

Nuclear (see below)

· What are the most important primary energy sources in the next 100 years, and do they have to be remote from the load centers? [Paul G and Balu –please]

· Nuclear Fission
In the article, “Energy for the City of the Future,” which appeared in the Spring issue of The Industrial Physicist (this paper presented the concept of the nuclear/hydrogen/superconductivity symbiosis and the SuperCable which underlies the SuperGrid), I went through the arguments why nuclear fission power was the optimal and only practical “e-3” choice that could provide cheap, plentiful, sustainable, safe and secure energy for electricity and hydrogen.  Opere citato.
Although our educational system has done an admirable job on promoting energy conservation, its treatment of nuclear power has been less than even-handed.  One can hardly talk about nuclear fission to my generation without them “diving for cover,” especially if they are utility executives.  In “Lion’s Club” type talks that I sometimes give, I point out that “The China Syndrome” actually has a happy ending…technologically.  As Jack Lemmon lays dying on the control room floor, shot by a mysterious “swat team,” he asks his sidekick, Wilford Bromley, about a possible meltdown, “Did it work?”  Bromley responds, “Yes, boss, it scrammed as designed.”  The villains of TCS were greedy utility executives and corrupt regulatory commissioners…so what else is new?
· Nuclear Fusion

As long as fission fuel is plentiful, and it would be for 1000 years if the world under US leadership pursued aggressive control and oversight of actinide reprocessing and breeding, it is unlikely we will need fusion energy given the immense difficulty in implementing “burning  D-D plasmas” to produce electricity.  However, if lunar colony exploitation of 3He reserves, whose fusion with deuterium releases energetic alpha particles which can make electricity directly, were to occur, fusion might become much  more practical.
· Are electricity and hydrogen the two most desirable secondary or intermediate energy sources?

Absolutely.
· Can there be radical modification in the existing electrical grid system? [Paul G – please]

Define “radical!”

If by radical, one means major replacement of existing infrastructure, this is unlikely to occur.  However, augmentation of the existing grid through construction of new transmission corridors employing FACTS and superconductivity to alleviate key bottlenecks such as identified in the National Transmission Grid Study (NTGS), and to “interconnect” RTOs via dc back-to-backs for purposes of reliability and stability is highly probable…and in fact, urgently needed.
· Is the Energy SuperGrid, which bundles electricity with hydrogen, the most desirable system to achieve the desirable form of energy and kind of supply system, giving the complexity involved in overlaying it over the existing electric grid? [Paul G – please]

Keep in mind the “Energy SuperGrid” is a vision, a paradigm to excite and unite policy makers and energy technologists, and not, at least not for right now, a plan to overlay North America with a massive new grid to “shrink the energy map of the US.”  It will “grow naturally” like the internet, which was interleaved with the existing communication delivery infrastructure.  The first element of the SuperGrid to be deployed will be point-to-point SuperCables in relief of bottlenecks, and, when appropriate, using hydrogen as both cryogen and additional energy delivery agent.  As the hydrogen economy grows, more and more SuperCables will be installed linking high temperature gas cooled nuclear reactors producing both electricity and hydrogen to load centers.
· Is the Energy SuperGrid SuperGrid more competitive when is built independent of the existing grid economically competitive by by-passing some of the technical complications when the two are coupled?

I’m not sure I understand the question.

· Is a go-it -alone SuperGrid more competitive with liquid nitrogen cryogenics only and hydrogen generated at the local load center by electrolysis?

· This is an interesting issue.  Much depends on whether we accept dc as the high capacity electricity transmission system of choice.  If so, it may be possible to use cold hydrogen gas at 80 K under pressure, instead of liquid hydrogen at 20 K, thus saving the additional cooling cost over nitrogen (ac losses in ac superconductor cables create heat which has to be removed by liquid cryogens).  This is a design question under review in the EPRI program.
· Local generation of hydrogen is also being considered as part of the EPRI program.  Generally speaking, centralized energy production is more competitive than distributed simply due to economies of scale (centralized production is also more “e-3” friendly).  In the case of hydrogen, this is especially so if the hydrogen is produced by nuclear power through electrolysis or sulfur-iodine catalysis along with electricity (having said that, new HTGCR designs are scalable down to 100 MW, so local siting of generation is in principle possible even with nuclear).  One concept under review is the “hydricity substation,” whereby “reversible fuel cells” capable of back-and-forth conversion of hydrogen and electricity are coupled with LH2 cooled SMES units for local cogeneration and storage of each energy flavor.
· How competitive is it if we generate hydrogen at the remote primary energy source sites, pipe hydrogen to local urban centers for direct uses and for electricity generation and thus bypass liquid hydrogen cryogenics and superconductivity? 

· This is kind of the inverse of the above question, and, in fact, reflects an ongoing debate between the electricity and hydrogen advocacy communities.  In the discussion, the following points must be kept in mind:
· All primary fuel sites are remote…coal, gas, petroleum and uranium…and require transportation to the generation plant.  One reason natural gas generation of electricity is on the rise is the widespread network of pipelines in North America, the US and Canada to be exact.  Hydrogen proponents argue that this same network could be used to transport “generated” hydrogen in a similar manner for “local” electricity generation.
· However, considerable amounts of power, usually electric, must be expended to pump and pressurize gas pipelines.  A number of studies have shown that “wellhead generation” and transport of electric energy through superconducting dc cables is more economic over long distances (200 km) than pipelining the gas energy equivalent. 
· One must also keep in mind that the primary intent of the “hydrogen economy,” from the “e-3” perspective, is to supplant petroleum and other fossil fuels for transportation and heating.  This alone will require producing a prodigious amount of hydrogen.  I recently calculated that to replace the some three million barrels of gasoline currently consumed daily in the US for surface transportation (this is the “after Otto” efficiency energy…derived from an actual daily consumption of nine million barrels) by electrolysis of water would require an additional 700 GW of electricity generation capacity to the current capacity of around 440 GW.
· If we do think Energy SuperGrid is the most desirable system, as many people believe, it involves the following technologies:

(I’ll address each item on the list below in the context of the question posed at the bottom)

1. power system

Continue and expand the system studies undertaken in the NTGS, especially to identify actual “on the ground” transmission lines, especially between RTOs, that currently are, or will be, under stress.

2. power generation, transmission and storage

Ideally, a symbiosis of nuclear, hydrogen and superconductivity…generation by nuclear, transmission by SuperCable…and storage by hydrogen, both latent in the SuperCable itself and in tankage.
3. power electronics

The SuperGrid concept presents some very interesting opportunities to advance power electronic device technology.
· The current silicon power device technology is mature, works well, but is expensive due to the lack of a volume market (unlike the digital market).  If the SuperGrid could drive volume, it could lower cost for other applications, such as FACTS.

· Because lower voltages are employed, as opposed to HVDC, due to the high current capacity superconductivity provides, an opportunity is presented to utilize IGBTs which are manufactured in volume for variable speed motor drives.
· Because cryogenic support is needed for superconductivity, one should explore silicon power device design for wider operation window at low temperature, thus reducing “part count” (and cost) in the attendant inverter/converter substations.
4. HTS materials

· “Advances in superconductivity begin with the empirical investigation of new materials.”  This opening line of the Bednorz-Mueller discovery paper of high temperature superconductors remains the guidepost of our endeavors, perhaps someday leading to a practical room temperature superconductor.
· Incent a national lab/industry program to examine each new superconductor as discovered, e.g., MgB2 and perhaps just recently CoO2, for potential in a wire embodiment

5. HTS cables

· Continue DOE SPI cable programs with utilities and expand to include SuperCable demonstrations at a national facility.
· Look for a potential demonstration opportunity in relief of a public interest bottleneck
6. cyogenics

· Continue DOE/private industry partnerships to “harden” cryogenic equipment for use in utility field insertion.
· Utilize space agency experience in cryogen uses of hydrogen production and hydrogen transport in flexible transfer lines as basis for SuperCable packaging.
7. hydrogen generation, transmission, storage and safety[Allan and Balu]

· Review recommendations of EPRI Report 1007802, “High Temperature Gas-Cooled Reactors for the Production of Hydrogen:  An Assessment in Support of the Hydrogen Economy,” February, 2003.
8. hydrogen as a secondary energy source[Allan and Balu]

· Assess challenges in hydrogen production outlined in “Hydrogen Lifts Off…with a Heavy Load,” P. M. Grant, submitted to Nature as commentary, March 2003.
9. tunneling

· Cost – investigate “multiple use” for new tunnel construction (e.g., transportation, parcel delivery, communications) and “added value” to existing assets, e.g., the BART tunnel under San Francisco Bay
· Monitor ongoing underground construction techniques and studies for particle collider physics and neutrino detection at Fermilab and CERN
· Contract with German and Yugoslav engineering firms that built Baath Party headquarters.
10. safety and security

· Study hydrogen safety methods employed by NASA, the petroleum industry, and utilities.
· Put as much underground as possible, especially nuclear facilities
· Work with the DHS (Department of Homeland Security) and IDA (Institute for Defense Analysis) for special issues the SuperGrid may present…especially in transmission and distribution.  Incidentally, I serve on EPRI’s “Red Team.”  My major is bombing substations.
11. environment system analysis

· For the SuperCable and supporting electronics, no known problems
· For nuclear, the problems are well known, bounded and controlled.
12. cost analysis
Of course, cost is paramount, and the SuperGrid paradigm is likely to beyond the means of the private sector…but so was the Interstate Highway System and no one denies the public benefit derived therefrom.  So will it be for the SuperGrid.
Let me suggest a model.  When nuclear fission power was shown to be technologically feasible in the 1960s by Hyman Rickover, Chauncey Starr and Wally Zinn, the Atomic Energy Commission “incented (subsidized)” initial plant construction by relieving the first 5 or 6 utilities willing to gamble on this risky technology of the additional costs of nuclear plants over and above that of a conventional (coal or oil) unit of equivalent capacity.  It was an unqualified success…afterwards private capital built the rest of the Nation’s nuclear power fleet.  Let’s do the same for the SuperGrid.
              What are the problems related to the above technologies that need to be   

               resolved?

· How shall the problems be tackled, all out attach, in parallel with different emphases, or in series with pre-determined priority?

· A summary and Recommendation?

1. It is recommended that the Director of the Office of Electricity Transmission and Distribution (OETD) designate a Program Manager for the SuperGrid
2. It is recommended that OETD convene a task force co-chaired by a National Lab Director and a utility executive, facilitated by the SuperGrid PM, to examine and report on the following issues:
· The present and near term efficacies of key SuperGrid technologies
· Prototyping these key technologies at appropriate National Laboratory and industrial R&D facilities
· Identification of elements of the SuperGrid Vision for seminal insertion into the Nation’s energy generation and transmission infrastructure for the public interest.  These elements to include:
· A high capacity superconducting cable to ameliorate a serious bottleneck in the current transmission grid system, preferably between RTOs
· Opportunities to provide hydrogen transmission and distribution via a SuperCable in lieu of a “standard pipeline” for the concomitant delivery of electricity as well.
· Construction of a judiciously located, where production of hydrogen and electricity is in scant supply, nuclear power plant based on HTGCR technology.
3. This task force to recommend to the OETD Director for transmittal to the Secretary and the President, a considered appropriation request to present to Congress for Fiscal Years 2004 through 2009.
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