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Chapter 13                           Transportation

The road to sustainable transportation will be quite difficult because our whole culture is geared to the car and airplane as transportation modes. This can't endure very long and ultimately we will be left with the train, bicycle, horseback, and foot as the only means of transportation. However in transit our foolish dedication to cars will undoubtedly cause us to go through the agony of making them more fuel efficient. Fortunately any techniques from cars can also be applied to trucks, and buses. We would be better off to increase the fuel efficiency of trains than cars because we can live without cars in largely self contained societies. There will always be a need to transport heavy materials such as grain, liquid fuels, coal, wood, steel, and fertilizer from one region to the other. However the transportation of people is less important and that can always be done by freight trains. Therefore more efficient cars is a transitory measure but not a long range one. It is hoped that some of the skills gathered through making more efficient cars can also be applied to trains, buses, and trucks. The train is the best long distance transportation because the low rolling resistance of tracks, the cheaper costs of building track, the lowered wind resistance of long skinny trains, and the high load capacity of trains will make them the ultimate transportation means.  Highway trains are also a transitional tactic. However rails will take less space and will last longer.

Since we will be hampered by an ultimate lack of money, it is important that we stop spending money on airplanes, airports, big cars, and new highways now, and save the money for new railroads. One universal element of travel is that higher speeds mean more wind resistance, and therefore more fuel per mile. It’s better to be able to eat than to travel fast.

 It is interesting to compare the fuel efficiency of various travel means. The number, 40 passenger miles per gallon for air travel is given in the EIA "Energy Outlook". Of course that means with a full plane. A passenger car that gets 16 mpg with one passenger is getting 16 passenger miles/gallon. Put 5 people in the same car and the number jumps to 80 passenger miles/gallon. A small car that gets 40 mpg and has 4 people in it is getting 160 passenger miles/gallon. A bus holding 40 people and getting 10 mpg is getting 400 passenger miles/gallon. This number could possibly be increased to 20 mpg and that would give an astronomical 800 passenger miles/gallon. It is hard to compute for a train but for a slow  train that is already loaded with many tons of essential cargo, passenger weight would be small in comparison to freight and train weight so passenger fuel economy would be very high. In addition to this the size of the train power plant makes it feasible to burn wood or coal. It seems unlikely that fuel cells will ever be cheap enough but if so they could be applied to trains and use hydrogen for fuel at 50% efficiency. This compares well to that of present cars that are probably getting less than a 20% efficiency from fuel to wheels.    

At present, progress toward reducing fuel consumption in cars is proceeding very slowly. Meanwhile we are rapidly depleting world resources of oil and gas while increasing problems of Global Warming and selling off our country through trade imbalance. Efforts to get higher gasoline taxes and improve car mileage standards have failed because the Republicans are controlled by the car companies and the Democrats are controlled by the Unions. 

One tactic for improving mileage that should be politically possible is to transfer many fixed costs of running the car to gasoline taxes. Such things could include license fees, driver’s license fees, medical insurance, liability, and a small collision insurance. This plan would take care of uninsured drivers and would reduce costs because of greater volume. People with expensive cars would of course need additional insurance. Paying for car travel by the gallon would provide an incentive for less driving, smaller cars, and car pools. Such a plan would be easier to sell than an open-ended tax increase. Furthermore, without the burden of the insurance cost, more people would buy small cars as second vehicles.

The Bush administration has made a policy of funding research only on fuel- celled cars. This puts fuel economy so far into the future that disaster is sure to result. The lack of a cheap source of hydrogen and transport problems transforms hydrogen energy into somewhat of a myth. The most recent issue of Popular Science describes a new fuel cell home energy system using hydrogen. As far as I can tell, the cost of the unit is about 10 times what you would pay for an Engine-Alternator set. However the cost of the fuel makes the electricity cost about $10 per kwhr, which is more than 100 times what you are paying now. It was predicted that solar cells would come down dramatically in price but this has not happened. I am afraid that the same may be true of fuel cells. If fuel cells become commercially viable they would first logically be using them in buildings where they would save large amounts of energy as cogeneration units. When a salesman tries to sell a city on a fuel cell system for city hall, I will have more belief in them.

The most successful current approach to fuel economy is based on a gasoline engine-electric hybrid. However such systems may be inherently higher in cost due to the cost of batteries and an efficient electric motor alternator. Replacement batteries for a portable computer might cost as much as $180 and may have to be replaced every two years. This failure of the computer companies to make batteries affordable is an indication of problems we will have with cars. The Toyota Prius is presently the most successful gasoline-electric hybrid. It is rumored that the cost of a new battery pack with an 8 year life is about $5000. This cost may interfere with sales thus discouraging fuel economy. Perhaps we need to come up with a cheaper way of conserving braking energy. Cost and long life are important because we want better fuel economy everywhere in the world. Even if rich Americans can afford to buy batteries, people in other countries may not be able to do so. It is therefore important to reduce fuel consumption in cars with minimal new car cost increases. This is completely possible.

Improving fuel economy in cars is primarily based on improving both full and part load efficiency and storing and reusing braking energy. Wind resistance becomes the major load at high speeds, but is not important in city driving. This means that speed limits are very important for fuel economy on the highway but that in town, the principal problems are extremely low part load engine efficiency and loss of braking energy. The electric hybrid cures part of these problems but they can also be cured by other means. For example, engine efficiency improvements do not depend on batteries. The storage of braking energy can be accomplished by compressed air, flywheels, or gas in a hydraulic accumulator. It is possible to build a more efficient car without expanding the electrical system.

One of the big problems is that environmentalists are obsessed with pollution control but do not worry as much about gas mileage. There is a real conflict between low oxides of nitrogen in the exhaust and fuel efficiency because high compression engines such as Diesels that are more fuel-efficient also make more oxides of nitrogen. Two cycle engines have less friction. That improves fuel economy but also causes higher NOX that may cause Global Warming. It is my contention that allowable NOX limitations should be increased for cars that get better than 50 mpg on the highway and efficient engines for the following reasons:

1 It simplifies the problems that car companies will have in producing new devices and will make them more willing to participate. They can make money on limited production and recoup some of their development costs. The number of small, improved engines developed will increase. This will also increase development of cogeneration engines.

2 Cars that get 50 mpg are such a small segment of the market that they won’t make much difference. As the number of vehicles on the road decreases on account of higher gas prices, the pollution will decrease.

 3 These cars would produce more NOX but would have reduced CO2 production. There might be a net gain.   

4 The rest of the world will be making Diesels whether we do or not. Some scientists are saying that making charcoal in developing countries is the largest component of Global Warming. The limited production increase of Nox will make little difference.

5 NOX is naturally produced by lightning and fertilizes agriculture. The good effect of the fertilization may be more important than the effect on Global Warming.

 6 Increased development could lead to tailpipe systems that will collect the oxides and make them available for fertilizer. 

 7 Improved fuel economy will enable American cars to compete better with foreign cars. 

 8 If the pollution standards are set on the basis of NOX per vehicle mile rather than NOX per gallon of fuel then a car that gets 60 mpg will have a 3/1 advantage over a vehicle that gets 20 mpg.  

A tactic that I would propose is that we concentrate on making a fleet of small four passenger cars with standard bodies, but with improved engines and energy storage devices. Popular cars of this size are the Focus, Neon, Cavalier, and Civic. A good goal might be 35 mpg in the city and 55 mpg on the highway. Pollution requirements should be relaxed on four passenger cars that get this kind of mileage. Changing to a Diesel engine may be enough to get these cars over the 55 mpg mark. With slightly lowered pollution requirements manufacturers will be more likely to experiment. In fact pollution requirements should be relaxed even more for limited production of experimental vehicles of this size. This will give manufacturers a chance to make a little money out of their experimental engines. Experimentation is essential!  Pollution requirements should not be relaxed for large, fancy, or non-experimental vehicles.        

Cogeneration using engine-alternator sets to simultaneously produce heat and power is a major way of saving natural gas for future generations. Such units could also be used as peaking power plants in summer to take care of air conditioning loads. Engines for cogeneration of all sizes are needed but an initial concentration on engines of about 40 kilowatts size would greatly increase the market for car sized engines. Schools would be a major initial market. It is much easier to build experimental engines for cogeneration because small lots that work well can be sold and some profit made from them. An intensive effort to build experimental engines for cogeneration that have improved full and part load efficiency would greatly benefit car fuel economy. The two industries would support each other because used car engines could also be used for cogeneration. Fuel cells are supposed to be the future of cogeneration. One simple reason they may not is that they will rely on natural gas for fuel that will be in short supply within the next 20 years. Then we freeze. Engines can run on low quality gas generated  from sewage, soft biomass, wood, or  coal and therefore will be around a long time.

In going through patents on engines I am struck by the interplay between the various ideas for different engines. It is like a bundle of sticks where you can’t move one without moving many. Quite a few of the good ideas are already in the patent files but suffer from poor implementation. In spite of all the work that has been done over the years I believe that I could still come up with something new. In reviewing possible improved designs, one thing that I am sure of is that there are several choices. The conservative nature of the car industry is really hurting the public. I believe that the state and federal government should make a major initiative toward new engine design that is independent of car company management. We need better fuel economy now. 

One transitional method of getting better transportation fuel economy would be highway trains. The length of trains greatly reduces air friction that causes the major fuel loss in high speed travel. Highway trains especially designed for low wheel and air friction would save a lot of energy, in comparison to myriads of cars. Highways will inevitably deteriorate as energy becomes insufficient to keep them in working condition. It might be possible to devise a flat steel track that would prolong their life for many years and would be low enough to allow cars to cross the track and use the roads. The use of roads for tracked vehicles would cut down on the numbers of new rail rightaways needed. On a flat rail it might be possible to use magnetic sensing and electronic control to keep the vehicle on a flat track.

One of the most important features of future travel would be the post house. For example every airport now should have a bus post house that facilitates the use of various types of transportation such as cars, limousines, and buses to get in and out of the airport. Post houses should be built at junctions in order to provide complete links for various kinds of transportation. Post houses should be large buildings that provide the functions of motel, waiting room, parking lot, grocery store, department store, car pool hub, bus hub, restaurant, and as many other things as possible. The integration of businesses, factories, and stores is essential for justifying large energy saving buildings.

 As the highways deteriorate due to insufficient energy to maintain them, it will be necessary to build many new railroad tracks and trains. Experimental tracks with experimental cars should be built in an effort to reduce track cost and improve longevity. The present track design may be optimum however and most development should center around it.

New locomotive designs are essential for improving efficiencies and finding designs that use more sustainable fuel. If fuel cells can be made to be efficient, and lower in price, and if hydrogen prices can come down, then the large size of the engine makes it an ideal place to use fuel cells. In my mind development on fuel calls must continue, but that development must not interfere with development on engines that burn coal or wood. These fuels will be available for a while, and wood may be our only fuel that will be sustainable as long as there are people. Locomotive engines using wood and coal may be improved steam engines, may be internal combustion engines or turbines using gasified fuels, or more likely may be combinations of the two. In any case there must be massive research on locomotive engines that do not use oil. There is also a strong possibility of using wood burning engines similar to locomotive engines as large building cogeneration units.

As time goes on there will be many transitional stages. Highways will get worse and worse with time. This will inhibit high speeds. Another reason for speeds below 45 mph in traveling short distances is that vehicles can be built in a more flimsy manner. This would permit using railed vehicles with flimsy tracks, wooden bodies and a much smaller engine. At the low speeds there would be no increase in danger but a considerable improvement in mileage. 

                               Financing car development

     The engineering league of cities mentioned under financing would be an ideal way of getting fuel efficient cars built. There are many organizations that could be persuaded to join. This could include taxi fleets, the military, and fleets from all branches of government. In pursuing the car project, technical representatives from various organizations would link up and formulate technical details and policies for a specification for a fuel efficient car. If 200,000 vehicles could be purchased at one time, individuals would join in and invest because of a quantity lowered price. One of the car industries would then come out with a model to meet the specifications. Coming up with a good set of specifications might be difficult if environmentalists insisted on impossibly low emissions requirements. Here, fuel economy with reasonable pollution levels is the most important thing and the environmentalists would have to back down. 

     If Diesels pollute enough to exceed current limits, then it might be possible to design a tailpipe filter that would help. Furthermore a position should be taken that conservation is more important than pollution and that vehicles getting better than 40 mpg on the highway should have relaxed standards. As fuel supplies diminish, economy will become important and pollution concerns will fade away. Initially, the volume of Diesel engines will be so small that higher pollution will do no damage. In any case an evolutionary concept of development will have been established, and further improvements in both fuel economy and emissions control could be expected. 

 The best vehicle to improve initially would be a four cylinder vehicle that already has good gas mileage. All fuel efficient vehicles including hybrids would be considered. Ideas that improve efficiency would come from both customer and manufacturer. VW makes a bug with a Diesel engine that gets high mileage. If the body style is not desirable then perhaps the engine could be adapted to a different body. If Korean vehicles are inexpensive and reliable they could be outfitted with a Turbo Diesel engine. Of course the American companies would bid but they would be at a disadvantage compared to foreign companies because they are so far behind. The message should be sent both to car management and the UAW that improved fuel economy if only in one vehicle, is crucial for future sales. When the UAW strikes in order to force manufacturers to build more efficient cars, then we will know that there is a social conscience. 

 It is important that the growth of oil seed crops and nut trees should be considered as a food crop, a subsidy for farmers, and a means of getting biodiesel fuel. City sponsored growth of biofuels would help the overall fuel economy stuation. Even if biodiesel were only used as a means of ignition with perhaps 10% of the energy needed, better fuel economy would result. Gasoline, natural gas, and woodgas are all fuel sources that would work with oil Diesel ignition. Although economy would not be as high as complete Diesel, engine pumping losses could be decreased, and compression ratios could be slightly higher. The advantages in being able to use various fuels is obvious. Biodiesel is a fuel source that would help to make farming independent of foreign imports. It probably has a higher ratio of energy out/energy in, and may well be lower in cost, than the ethanol that is presently being subsidized.   

