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I again apologize for the delays in my response – my contacts and I We took turns being out of the office over the last two weeks.   I took some time to discuss your questions/ direction with Natural Resources Canada's (NRCan's) technical and policy specialists ("Transportation Energy Technology Program" (TETP) – Andy Beregszaczy and Ian MacIntyre; "Energy Transportation Policy" – Peter Reilly-Roe and Vernel Stanciulescu).  As I mentioned in my previous email – I just haven't worked on this subject for several years, and even then my focus was narrow.  This makes me a "dinosaur" in the area.  I've presented things the way that I understand them, and asked for corrections/ comments from our experts.  I am not in a position to put a great deal of effort to get up to date on all of the details across the whole subject range.  

The defining document for current policy/ technology options for transportation systems is Phase 2 of the study “Future U.S. Highway Energy Use: A Fifty Year Perspective”.   This is a joint US DOE, Argonne, NRCan effort (I suspect that the US DOE spent much more money than us, something like the customary 10:1 GDP ratio), and I’m sure that you are familiar with it.  The energy forecasts/ scenarios probably involve many of the people you know in the area.

My comments on particular options below to some extent reflect the evolution of thinking/ prioritization from that document.  Peter Reilly-Roe has a very "real-politik" view of the transportation field.  If you have a chance to communicate with him (1-613-996-6001, peterrr@nrcan.gc.ca) you'll get an excellent econo-technico viewpoint, moderated by a realistic mindset forged by decades in the subject area.  He’s pretty hard to get ahold of, though.

At the end of this email I have also included several unrelated items that may be of interest to you (Climate Change models – some really interesting Canadian work, Prokorov's chapter on BPTT vs Adaptive Critics, hot fusion questions, NNs for flexible wings, IJCNN05 hotel). 

Zero-net-CO2 transportation options – NRCan's current perspective/ activities

Your recent presentation, “Reassessing the Global Energy Future: How Can We Achieve Sustainability?”, at the Aspen Global Change Institute conference or workshop highlighted four primary, "most-likely" options for zero-net-CO2 transportation energy.  I've added a few comments in red to augment your list.  

1) energy sources - for national/ regional/ local market distribution

a) "clean abiotic" power which can be distributed as electrical or chemical energy (direct solar or its indirect manifestations such as wind, hydro, tidal or surface-deep ocean temperature differences etc; geothermal; etc) 

b) biomass (solar driven ?eutropic? production of bio-methanol and ethanol, or autotropic bio-hydrogen, bio-methane produced energy from organic or sulfide material) – please add biodiesel and bio-ethanol (starch-based and cellulose based) to this list, as these are strong foci of NRCan! See comments below

c) fossil fuel (notably coal or natural gas) - when these are used with full-sequestration.  Presumably fossil fuels are off-limits for your mandate.

2) energy carriers - for national/ regional/ local market distribution

a) electrical distribution grid - from large sources, with local generation of transportation fuel

b) fuel distribution - fuel pipelines/ rail/ trucking to distribute fuel as with petroleum based fuels and natural gas today

3) on-site electrical or chemical production (other than small-scale versions of the "1.  energy sources" above) - requires "2. energy carriers" above for total household transportation energy needs

a) "gas-station" or home electrolysis to produce H2 from grid power.  These might be combined with home or neighborhood heating schemes to further improve energy efficiency.

b) solar power 

c) natural gas or other fuels from residential organics (waste food, compost etc)

4) vehicle energy storage/ power systems

a) on-board "fuel" storage (liquid fuels, compressed/ liquified gases, chemical battery, hydrides)

b) motors - 

i) battery/electric

ii) combustion 

iii) fuel cell/electric - using, for example hydrogen, direct methanol, ammonia, possibly methane and higher HCs with solid oxide fuel cells, etc

iv) (ignore flywheel, heat, compressed inert gas and other concepts for now)

c) Hybrid arrangements of the above should also be kept in mind, even though these can substantially increase the complexity and capital cost of vehicles.  Note that chemical batteries/electric motors will likely continue to be used as part of "starter/ emergency" systems.

Within the framework of current NRCan priorities:

· electric vehicles -  are not on the radar screen at all.   Additionally, the stated Avestor battery specs do not really differ from lithium ion, and the best of the projected battery systems fall hugely behind (factor of 20 or so on the fuel system side only - I can't remember the correct factor) compared to the energy/ power density (mass and volumetric) of combustion fuels!  Considering that weight reduction is a primary objective of many automotive energy-efficiency programs, throwing chemical batteries into cars is a big disadvantage to overcome...  Our technical programs no longer fund work in this area (other than battery work).

The caveat here might be the hope for nano-technologies to fundamentally change the power density (but not likely the energy density) of chemical batteries.  There is perhaps more hope for energy-storage densities for hydrogen fuel cell systems.

· NRCan has historically been fuel-neutral -  preferring to have "market/ technology evolution" prove out the best alternatives for the short/ mid term.  One strong preference is for "fuel-flexible" vehicle systems.  Methane-only, propane only and other "exclusive" systems have very limited real-market potential.  However, this line of thinking is clearly not a constraint on the mandate that you have (...assuming that fossil fuels with NOT be used...).

Note that your mandate, looking well into the future, isn't the mainstream objective of NRCan's current policy/ technology work for transportation.  There was (?maybe still is?) and "Energy Technology Futures" initiative that did do crystal-balling far to the future to help clarify the needs, options and boundaries (long-term context for current thinking to avoid the "forest and trees" syndrome).

Comments on specific options

1 (b)
biomass - biodiesel and bio-ethanol (starch-based and cellulose based)


To bio-hydrogen and bio-methanol, you might add bio-ethanol and biodiesel.  It isn't clear to me whether these latter fuels can scale sufficiently and competitively to displace ALL fossil fuels, but they may be interesting supplements.  

i.
bio-ethanol -  www.Iogen.com has been developing (with NRCan support, especially in the earlier years) a process to produce ethanol from cellulose.  The semi-commercial facility in Ottawa has been operating for almost a year - and seems to have some promise.  The hope is that waste cellulose material (or even agricultural (waste materials, ?kenaf, ???)/ forestry production) will be cheaper than starch food products used for traditional ethanol production.

ii.
bio-diesel -  This program is now getting a huge boost at NRCan.  I understand from Ed Hogan, TETP program coordinator for biodiesel, that bio-diesel has even better GHG performance than bio-ethanol.  It is produced by the ?trans?-esterification of organic liquids such as used cooking oils, etc.

On a different note, the "Diesel Emissions Evaluation Program" (DEEP) for underground mining tried diesel fuel as a means to reduce Diesel Particulate Matter (DPM) five or six years ago when I was involved in the program.  It was not useful in that application, as we needed 90 or 99 % reductions rather than 30 to 50% reductions in DPM.  It also produces more NO2 (as distinct from NOx) than regular diesel - and as NO2 is ~25 times or something like that more "toxic" than NO, we couldn't even run the equipment as planned as we could not exceed allowable workplace exposures to NO2! 

As a further comment (mine), it would seem that biofuels would at least have a volumetric energy density advantage over current hydrogen storage options.

2 (a)
electrical distribution grid - from large sources, with local generation of transportation fuel


As I guessed in my previous email, NRCan's current thinking is that the existing electric grid will not support a scenario for which all households power their cars electrically (fuel production or battery charging).  This would amount to a huge increase in demand.  Perhaps ways of "cheating" to reduce infrastructure capital investments are possible - such as bumping the voltages (regional, local municipal, direct to the house etc) without having to change all of the regional/ municipal/ household transformers and insulators all over the grid, but I am not aware of the details.

As for pipelines versus electrical grid, it seems that for very large energy sources (natural gas), there must be a significant advantage to piping over conversion to electricity.  However, perhaps for smaller volumes of alternative energy sources, especially when the market uses many different fules that cannot be shipped down the same pipe, maybe electrical distribution is the way to go, but I haven’t looked at that analysis (where is the cut-off, what are the criteria?).

3 (c)
natural gas or other fuels from residential organics (waste food, compost etc)

I'm only adding this because of an after-thought driven by our work (thus far unsuccessful) on trying to initiate a major recycling program across Canada.  My guess is that residential organics have virtually no chance of filling a significant portion of household transportation energy needs, but that if an efficient collection system was possible (maybe flushing ground-up material down the toilet to the MSW treatment systems, or some other approach) landfill could be reduced and a minor amount of fuel for vehicles could be generated.  However, I suspect that municipal waste incineration (as in Europe, Japan) may be a much more effective approach to getting the energy back from post-consumer waste.

Underground mining 


As I previously mentioned, NRCan is working with the US DOE on fuelcell vehicles for underground mining.  This is a potentially high-value application for fuelcells (i.e. special economic benefits beyond just moving people/ vehicles), and is a real "torture test" environment.

Non-related items

IJCNN05 – hotel

The Hotel Hilton Bonaventure in Montreal looks almost ideal for IJCNN05 – hopefully that will be settled soon, to help firm up planning.

Danil Prokorov – Backpropagation Through Time (BPTT) and Adaptive Critics

Danil has drafted a chapter comparing the (complimentary) approaches, which I have only just started reading.  This whole area raises for me (again) the interesting topic of specialist structures/ ensembles of NNs and how to put them together (although this is not a theme that Danil pushes in the chapter).  I still have to look in detail at your more recent ObjectNets concepts (perhaps I’m using the wrong term).  

Hot Fusion -  how's it going?  

What about quantum computers (match initiation/ growth of instabilities with computer architecture?) – I thought for sure that, with your control, NN and quantum computing interests, this would be a focus for you.

Climate Change models -  Jan Veizner, Ken Tapping, and Tim Patterson

Jan Veizner has a “fun” concept for the major long term “natural climate change cycle (of 140 million years duration!).  A background paper can be found at:

http://www.nrcan.gc.ca/gsc/loganclub/index_e.php

Geologists and others enjoyed his recent (updated) presentation here at NRCan two weeks ago – unfortunately I had to miss it (I was in Montreal with Danil Prokorov and Anthony Celenza).  It may take some time to further develop/ improve that idea.  Cloud cover seems to be a key intermediate variable – and there is some really interesting work going on in that area (including at NRCan).

With respect to anthropogenic CO2 and recent climate change, I’m trying to get Ken Tapping’s recent paper showing a significant positive residual in recent decades compared to the “natural” climate changes one would expect (largely determined by solar radiation variability).

Neural Networks for Flexible Aircraft wings  

The Nov03 Scientific American has an article "Flying on Flexible Wings" by Steven Ashley.  The author makes the very interesting comment:

"...Another possibility, according to Riley [...David Riley, program manager of Boeing's "Active Aeroelastic Wing" (AAW) project...], is to employ active feedback to suppress wing flutter – a potentially dangerous cyclic reaction to aerodynamic forces that can worsen quickly.  He thinks that some kind of digital learning system (such as a neural network) might be used to observe the onset of the problem and then counteract it..."

This looks like an NN application that you could help to drive – it is perhaps another opportunity (like the post National AeroSpace Plane efforts with Accurate Automation, and Michael Healey's LAP- RT system for aircraft pieces) to enlarge the NN beach-head into the aerospace industry.  Doing it right the first time might help avoid pre-mature frustration with NNs.

end

