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Chapter 14                        Device   Development 

     There must be a rebirth of technical innovation in this country and that must result in manufactured products that can contribute to our survival. A lot has been said about the lack of jobs for Americans. What is not understood is that the products that these jobs could produce are more important than the unemployment problem. These products must be so valuable that we could export them all over the world in order to pay for raw materials. They would also be indirectly valuable in reducing Global Warming and foreign pressure on energy. New product development of energy producing or conserving devices leads to more manufacturing jobs, more technical skills, and conservation of essential resources.

      Technically based new product programs could be initiated by the US government, their contractors, private corporations, non-profit corporations, cities, counties, states, or universities. It is essential that tax reduction be given for development of essential items. Products specifically useful for energy saving, that can be comanufactured within large buildings must be developed. This is so important that many alternate means should be employed to get the products developed and made into manufactured elements. Many factory machines will be needed for small manufacturing. Ecomindiums will of course try to develop their own products. However they must be assisted by every means possible.                     

     The biggest problems are the extremely low technical skills of all governments, and short term outlooks and profit motives. All government are dominated by Liberals and Conservatives who have no technical skills; therefore, they have no ethic that encourages new development. The expenditure of big bucks by GM on hydrogen shows that big corporations also are guided by poor management. Cities could be powerhouses in fostering new development if they even considered it to be their responsibility. Free enterprise is failing us because of its short term outlook and all important profit motives. Therefore there is no effort to husband scarce resources. We must start to evaluate natural resources on the basis of the common good and their probable value 50 years from now.

    It is very important to originate programs that will make it easier for inventors to develop new products. This should include help in feasibility analysis, making prototypes, in getting patents, and multi product incubator factories. A corporation to further this could be established by any branch of government, by universities, or possibly even a non profit stand alone. Ideally such programs should be established by many organizations working together. The advantage that a University corporation has over a non school corporation is that labor input by students in normal course work might be available, thus giving a big boost to manpower on the project. Doing both theoretical and practical work on a completely useful real product would be a vastly improved learning experience for the student. The student would not only learn from the instructor and text but also from inventors, outside engineers, and from craftsmen. This would entail a good and instructive project and a cooperative instructor. Student labor is frequently wasted on useless products such as fighting robots, solar powered cars, and human powered flight. The payoff from these activities is small. In contrast the payoff from a wood or coal powered tractor, or wood powered cogeneration would be huge 

     One of the essential things about such a program would be a sizeable return for both inventor and sponsor. All participants would get a small share that might become a major sum later. A main goal would be to keep lawyers from siphoning off all the profits. It would be the responsibility of the corporation to assist with patents by creating a low cost path for getting them. In some cases the inventor might pay these reduced costs for the patent and in some cases the corporation would. Obviously, university corporations would use the same path for other inventions from professors. It would also be the responsibility of the corporation to furnish space for prototypes and shop facilities. Arrangements for student participation would have to be agreements between instructors, the corporation, the inventor, and students. The students might get a small share but not much. Division of patent rights would be by prior agreement. A possible division might be 35% for the inventor, 35% for the corporation, and 30% for other investors. Obviously the whole operation would depend on lower cost methods of development, reduction of time consumed by inventor, and lower patent costs. This type system would permit hobbyists and other mechanically inclined people to make a time investment while learning.

      Development of new devices needs to be centered around an essential user such as an Ecomindium. The Ecomindium, its needs, and its outputs are totally important because it can serve as a model to all of society. The devices that meet the needs of the Ecomindium will be totally useful all across the country. Initial Ecomindiums should be set up as research and product development organizations that would have space for projects, a technical occupancy that can help with the projects, support from nearby universities, and a good shop. The basic needs of the Ecomindium are heating energy, air conditioning, electricity, water, sewage disposal, fertilizer, portable fuel, food, employment, and manufactured goods. The Ecomindium should be able to export both food and manufactured goods in order to pay for the imports. A singular important thing about the Ecomindium is that it needs essential products to manufacture so that waste heat can efficiently be used as space heating in winter. It needs to be as self sufficient as possible so that minimum transportation is needed. The utilities and energy conservation devices needed for the facilities would serve as an incentive and guide for small product development and manufacture. Hopefully the facility needs, and the urgent necessity of providing a future for the children would ignite the whole community in an effort to supply labor for this project. It would be essential to keep records and analyze each energy aspect of the Ecomindium in order to find a basis for future design.

                                            Comanufacturing

    Comanufacturing is of total importance to survival because it enables manufacturing and winter heating to be done with the same energy. Comanufacturing will initially be centered around the making of portable fuels from biomass. Cogeneration is the manufacturing of electricity while using the low temperature heat from the process for other useful things such as space heating. Gasified biomass will furnish winter heat and fuel for electricity. Later the process of gasification will entail the recovery of liquid fuels, charcoal, and chemicals for manufacturing. All sorts of mechanical and electrical products can be manufactured in winter using biomass as fuel or in summer using solar energy. All of the things necessary for making and saving energy or feeding our people will be things suitable for comanufacturing. Small manufacturing processes must be developed so that they could be put into every large building. The advantages of using waste heat for heating buildings in most cases will outweigh the advantages of large manufacturing systems. However large manufacturing can be accomplished in a very large building surrounded by Ecomindiums. The advantage of eliminating commuting will cause an inherent lower money and energy cost. There are many items other than the ones mentioned in the following paragraphs that must be manufactured. Clothing would be a prime example. Plastic sheeting and piping, metal tubes and pipes, and many other things will be needed.

      Foundry and forge work are important activities for the Ecomindium in winter because a lot of waste heat is produced and because the products are essential. The making of cast iron is important to any industry manufacturing combustion devices because it will resist corrosion at high temperatures and has a fair amount of tensile strength. Good wood stoves made from cast iron last a long time. If a process for making cast iron from scrap steel in smaller quantities can be developed then a lot of waste heat suitable for heating the Ecomindium would be created thus getting double use from the energy. Cogeneration without other processes normally takes a large enough amount of heat that there is a surplus of electricity. Since scrap steel usually is melted by electricity, then cogeneration and steel melting would make a good fit and probably would not require too large an installation. Similarly making steel from ore using coal, coke, or charcoal as fuel could probably be done on a small scale. Every winter a batch of parts could be made for internal use or for resale.

      Cast aluminum parts would also be useful for many things. Fan compressor blades, turbine bodies, heads for engines, pistons, and many other parts would be useful. It might even b possible to develop alloys that would have low wear in cylinder operations. A combination of biomass fuels would heat the aluminum and waste heat would be very useful.

      Forge work is important to farming, especially if horses are used for part of the work. Forge work will be important for tool sharpening, repair, horse shoes, and manufacturing. Welding is crucial both to farm machinery repair and to manufacturing. If these activities are done in winter a heat exchanger can be used to recover the heat while exhausting bad fumes.  

      Although machining doesn’t provide as much waste heat as foundry work it does supply some. In any case it is a crucial part of prototyping and manufacturing processes. It also uses up any surplus electricity in a totally essential activity.  

                             Devices That Must be Produced

   Various devices must be produced as production items and sold from catalogs to experimenters and Ecomindium designers. Design, use, and production of the items is best done as comanmufacturing in an Ecomindium. However the best rule is to do it anyway you can. If the items are available then a rush of new and essential products will be created. Use of the products in the Ecomindium will determine their suitability and cause changes.

Mirror elements-----Since mirrors are cheaper than photo-voltaics, high production of mirrors is essential for solar experimenting. These could be produced in standard sizes and focal lengths. Of course experimental installations will have to determine the most useful parameters. If possible the mirrors should be square and sides should be standardized in four, six, or eight feet sizes. . These elements could be stamped from metal, or made from fiberglass or wood with appropriate mirror coatings. Regardless of the mirror design we need them now so that experimenters can build arrays of mirrors for prototype solar energy systems. A large rotating table that always faces the sun should also be designed as a standard item.

    Solar tower system mirrors have been built by covering dishes with a metal membrane. The volume behind the membrane is then evacuated so that air pressure deforms the membrane into a long focus solar mirror. This method must be experimented with. It is essential to put standardized mirrors for solar trough systems into high production. The design of Ecomindiums so that such systems can be put on roofs is important A rotating platform on a roof might be a good idea. 

Steam engines-----Small steam engines and associated assemblies must be developed to utilize waste heat from engines, gas turbines or for solar energy. Suitable building blocks accessories for solar steam engines must be developed and put on the market. Other things for solar systems that must be put into production are vapor engines or turbines, alternators, boilers, condensers, and high temperature voltaic cells.                  
High intensity photo voltaic cells-----These use mirror focused light to achieve higher efficiencies and enable smaller photo-voltaic cell areas. They must be cooled in order to operate. This waste heat could be used to make hot water, regenerate salts for absorption refrigeration, or for space heating in winter. Such cells could be the best way to use solar energy. It is imperative that there should be intensive R&D on them.

Engine development------Engines are needed for cogeneration, tractors, trucks, buses, air conditioning, and even cars. There must be an effort to improve engine efficiency. Improvements are essential because one of our top priorities must be to make farming independent of foreign oil as soon as possible. One tactic would be to run farm machines on woodgas derived from wood, coal, or charcoal, using gas generating burners mounted on the machines. They could be Diesel engines with ignition by biodiesel or spark ignition engines modified for dual fuel use and with higher compression ratios. For vehicles consideration must be given to engine friction and braking energy storage. 

Cogeneration Systems---- No device is more obsolete than the ordinary furnace. In addition to being much less inefficient than  a Cogeneration system, It fails when the power is off, thus requiring people to seek emergency shelter in the dead of winter. Power outages spoil a lot of food.

     The essence of Cogeneration, or Combined Heat and Power (CHP), is to use internal combustion, steam engines, or combinations of the two to produce both electricity and space heat. CHP furnishes plenty of power to run the furnace fans that presently reduce the efficiency of furnaces. Such systems need to be developed in all varieties, sizes, and shapes. If that results in an excess of electricity in winter then heat pumping and comanufacturing can be used to reduce fuel input or use it efficiently. Units in sizes ranging from house sized units as small as one kw for hot water heating to sizes as large as one megawatt for large buildings will be needed.

     This industry could be started using used automotive engines to drive perhaps a thirty KW alternator. Of course a heat exchanger would be needed to get the heat out. Then there should be concentrated development on improved engines from 40 to 200 hp that will satisfy the needs of cogeneration and vehicular use. Diesels are best for the first try. Obviously engines for the two uses would have some different features. However one of the weaknesses of fuel economy R&D is that everyone insists on developing a new car. This increases the complication to the point that the project fails. It is much better to take an existing car and improve it by changing the engine, transmission, clutching, and braking energy storage. Then you have something that could be immediately put into production. New engine ideas could be developed on the cogenerator chassis where there is quick start, easy output measurement, and variable loading from the attached motor-alternator. The progress for engine modifications in the cogenerator would be much quicker, and costs would be lower if the engine does not have a car attached to it. Schools would be a good first customer for high performance cogeneration. 

     In larger sizes conventional Diesel engines are available. Even in smaller sizes an ordinary chunky, low rpm Diesel engine could be used. The fuel for all of these stationary engines would probably be gas, with ignition from fuel-injected biodiesel. The gases used as the principal fuel could be ordinary natural gas, biogas (a mixture of methane and carbon dioxide), or woodgas (a mixture of hydrogen, carbon monoxide, and carbon dioxide. Engine development could start by using the standard block as previously described.. 

     Distributed Power generation is the same as cogeneration but would include installations that might to help heat many buildings. It also might include large windfarms or solar energy stations that furnish part of the heat of a housing complex. Combination of gas turbines and steam turbines would be highly efficient, If every school could be outfitted with a one megawatt power plant that would heat the school in winter and could supply peaking summer electricity, then large amounts of power could be saved. 

     One of the problems associated with cogeneration is that more electricity is generated than needed by the building where heat is used. Since small engines are less efficient than larger ones it makes sense to use a larger engine and run it only part time. This is no problem if small producers can exchange power with the power companies at equal rates. For example a car sized engine is too large for power generation in a home unless it can be ran at low duty cycles. Power companies can be compensated for the costs of energy exchange by higher rates on large consumers. Manufacturing industries must be set up to use any excess power.

Woodgas Production-----The process of making gas from biomass by combustion involves a large chamber somewhat like a woodstove to hold the fuel, plus nozzles to inject air or oxygen. Unlike stoves, Woodgas generators are deprived of air so that there is unburned gas that is useful for fuel. The use of cellulose for fuel allows farmers to use all of their burnable waste for farm operations. Gas can also be produced from coal or charcoal and then the gas can be used in cogeneration engines. Another obvious output of the generator is waste heat suitable for heating buildings. There is also a possibility of making methanol or other liquid fuel from the gases. Still another useful product might be charcoal. Development work must proceed on mobile gasifiers that could be used to run tractors while using charcoal, coal, or wood for fuel. Foundry work to make cast iron is essential.

Liquid fuel production-----The easiest liquid fuel to make is probably biodiesel from oil seeds. It may be possible to make liquid fuels on a small scale just by pressing the oil out and then treating it. It is possible that ethanol could be made profitably if the waste heat and other by products are used. Some methanol can be derived from woodgas generators. If a liquid fuel such as methanol could be made from wood and waste in winter, the waste heat becomes valuable for space heat. Higher volume production may be obtained at higher pressures. Efforts must be made to improve both ethanol and methanol production in small facilities. One question is how much powdered charcoal could be mixed with oil in Diesel engines. Making liquid fuel from biomass in smaller processes must be a top priority.  

Small Boilers-----Small boilers are used to collect waste heat so that steam or vapor can drive expansion steam engines and turbines. Units in various sizes must be developed and put into production. There should always be standardized boilers available in standard sizes.
Free Piston Engines-----Free piston engines (FPE) are devices that combust as in ordinary engines but the device goes back and forth without rotary motion. The device was originally built as a gas generator for a turbine-alternator and this possibility is still a strong one. That has the advantage that crankshaft and crank rods are eliminated. However it can also be used as a compressor for refrigeration or air, and when coupled to a linear alternator it can generate electrical power directly from the motion. The turbine option, when the turbine is coupled to an alternator also furnishes electrical power. Because of the absence of side forces on the piston, free piston systems characteristically would have longer lives and would require fewer materials than ordinary engines. It is my belief that the free piston engine is much more worthy of development than fuel cells. Free piston engines should be developed as internal combustion, steam, Stirling, and multiple stage engines. In smaller sizes it is expected that free piston engines using slower speeds and larger cylinders can be made more efficient than crank engines.

Turbine driven energy-----Waste heat and pressure from all engines, especially free piston engines can be converted to useful power using exhaust or steam turbines.  Such systems would utilize waste heat from engines, biomass gasification, waste heat from various processes, or solar energy to generate electricity, to pump, or to compress. One of the best devices is a high speed turbine directly coupled to a high speed alternator. The use of gears is avoided in such a device. Sixty cycle power can be generated from turbines by using gears to reduce the RPM. Turbines can also drive fans for turbo charged engines and can be used to drive a compressor for various uses.  It is essential to develop cheap, multistage, high efficiency turbines.

Free piston compressors-----These would be driven by compressed air, steam, or refrigerant vapors. In general it is useful to use a small piston, high pressure, expandant to drive a low pressure, high volume refrigeration compressor. Since large piston sizes are difficult to build, diaphragm compressors might be useful. Such a system for example could be used to drive a refrigerator from compressed air. 
Scotch yoke engines------The scotch yoke engine has the possibilities of lower friction, longer life, cheaper manufacturing and elimination of the problem of machining crankshafts. Another advantage is that the same yoke can power or receive power from two or more cylinders. This should be investigated as a means of replacing current engines.

Fluorescent fixtures-----There are already well developed fluorescent bulbs but still they are not being used universally. One reason is that the present fixtures are inadequate. Fixtures should be developed that rely on mirrors rather than diffusing glass to hide the bulb. Fixture efficiency and good appearance is all important. From a technical point of view this is one of the easier problems.

Large Tanks-----Large tanks will be essential for holding sewage, fresh water, and refrigerants. If they are made of steel they also could be used as heat exchangers. To what extent they can be made in a small operation is uncertain. However it would appear that if sheet steel is available, tanks could be rolled out and welded in a small operation. Stamping out tops and bottoms might need a larger and more remote location. The noise of stamping would be too great for a location in a dwelling.

Wood fueled tractors------It is essential that tractors be developed that can run directly on wood chips, corncobs, straw, or other biomass. Probably the engine would have a gasifier and would use both internal combustion and steam engines. The same can be said of trucks, trains, and buses.

Crop drying equipment-----It is essential to build drying bins for both crop and wood drying. Solar energy is the best fuel.

Wood chipping operations------For stationary applications wood chips made by solar energy will be important. Probably the best way to do it would be to produce solar electricity for general purpose use and where possible use the waste heat for drying. 

Planting and harvesting equipment for wood------It is imperative that cheap methods for producing wood be developed. Wood should be planted like corn. The long range problem that we are removing nutrients from the soil can be greatly reduced by extreme conservation.    

     One of the advantages of field crops is that planting and harvesting equipment is available. In the future, wild crops and tree crops will become more important because we will want to maintain wild land while harvesting resources from it. We will certainly need machines and devices to plant trees, shrubs and perennials in a mechanized high speed fashion. One example would be a simple hand seed dispenser. Another example would be a small tractor powered machine that would drill small holes in accordance with a grid pattern. The holes would then be planted and covered up by hand. This machine would gradually be improved to do the planting and mechanize as many functions as possible. Another example would be a brush chipping and hauling machine that would wander through wild land cutting bad trees like buckthorn, hauling the chips away, and perhaps planting new seeds or cuttings in the same operation.
Self driven farm equipment of various kinds-----Farm equipment can run very slowly and weight may necessary to get sufficient traction. It may be possible to carry a solar panel or dish large enough to partially power the tractor or other device. One thousand square feet of solar panels at 10% efficiency would furnish about 10 kilowatts for plowing. Stored power through batteries or compressed air may be useful. A plow pulled tractor could make a couple of rounds around a field and then stop at a station to get compressed air. It may also be possible to store enough energy in a flywheel to get around the field a few times.

Heat pumping and refrigeration----- Refrigeration, air conditioning, and heat pumping systems are all identical in that they use a compressor to condense vapor and an evaporator to cool. There is a hot side and a cold side. Normally only one side is used. For refrigeration the hot energy is returned to room ambient. For air conditioning the hot air is returned to outside air. In dehumidification the heat is returned to the dehumidified air, thus causing the dehumidifier to heat the room air and reducing cooling. For heat pumping for space heating in winter, heat is usually pumped out of a refrigerant to ground heat exchanger.

      Most of these systems could be improved by pumping against ground heat rather than air. Another significant tactic would be to use both the hot and the cold side. One significant pair would be hot water heating and refrigeration. Water normally comes in from the ground at a temperature of about 60 degrees F. From there it is elevated to about 120 degrees by the water heater. If this water were heated to 90 degrees by the refrigerator compressor an energy saving improvement could be obtained both for refrigeration and for water heating. Another example would be space heating and an ice rink. Heat pumping is necessary to keep the ice frozen. If the hot side were used for space heating then a savings would be made. Every school should have an ice rink. Still another would be a large food locker on the cold side and space heating on the hot side. Another example would be using air conditioning heat to distill water. The output would be pure warm water that would be suitable for making hot water or the distillate could be cooled outside or in a cistern and stored.  

    Lithium bromide and water form an absorption air conditioning system. This method of air conditioning coupled with an efficient solar or regenerator could be the basis for air conditioning. 

    Many different types of apparatus must be developed for heat conditioning and heat pumping. One valuable device would be an air driven free piston engine coupled to a vapor compression piston. Compressed air is a valuable means of storing energy and of transporting energy around the building. Engine driven compressors will also come into play.

    Solar generated electricity may be the basis of summer air conditioning. Both electricity and compressed air can power many things around a building, a factory, or farm.

Sewage Processing Systems-----The Ecomindium must use sewage as a means of getting a useable fuel gas, fertilizer, irrigation water, and drinking water. This is done with a sequence of processing tanks and filter beds. One of the more important tanks is the biodigester tank that makes biogas from a mixture of sewage and soft biomass such as leaves or grasses. This biogas is used of course as fuel for the cogeneration engine. Because of the urgent need for fertilizer, sewage processing system development must proceed as fast as possible. 

     Tanks, pumps, plastic, and pipes are all important devices that must be manufactured.

Building Construction-----Experiments that relate to cheaper or better building techniques must go on constantly. Efforts to use straw bales and tamped earth for buildings can start with storage sheds and from there, go to buildings that people live in. There also must be a constant effort to recover materials from recycled houses. It is hoped that whole wall and roof sections can be cut out and reused. Broken concrete can be reused in basement floors and many other ways. There must also be experimentation in building cisterns and wells. These would be used for water storage, winter heat pumping, ice storage, sewage storage, and as a source of cool water. Any idea resulting in a lasting building that saves construction and heating energy should be experimented with.

Fuel Cells and Hydrogen-----Hydrogen is a chemical that is useful for many things so improved methods of making it are worth spending some money on. However the possibility that it could enable us to run our fleet of gas guzzlers is a total myth. General Motors is supposed to be investing one billion dollars on hydrogen and for sure, they will lose their shirts on it. Spending money on hydrogen filling stations is sheer madness because the volume of hydrogen used in cars would be so small that they would never be cost effective. Fuel cells work best with hard to get hydrogen and their vaunted efficiency goes down with any other fuel. The high cost and possibly short life of fuel cells makes them a poor national investment. In contrast, low tech internal combustion engines can be fueled by wood gas, and steam engines can be fueled by wood or waste. The farmer would certainly prefer to use locally available fuel. For hydrogen a very complex system is needed to do the simple things.    

    Hydrogen is an important ingredient in making ammonia and fertilizer. It probably will also play a role in making liquid fuels from biomass, coal, or shale resources. Therefore large wind and solar energy farms may use hydrogen to make liquid fuels directly on site. Hydrogen can be used to make ammonia and fertilizer during periods of excess power. This enhanced energy can then be shipped across country by rail. The extent to which ammonia could serve as an energy carrier is uncertain but that may be a better possibility than hydrogen.

     Hydrogen may also help to store energy from night to day in a large building. During the day the hydrogen would be made from solar energy and stored. Then it would be used at night in an engine or fuel cell in order to keep the evening lit up. However hydrogen would probably not be as effective as storing heat in phase changing salts or cold in dry ice.

    Fuel cells are a better bet for use in buildings than they are in cars because for a family, a one kilowatt fuel cell used for cogeneration may be large enough to save a lot of energy. This is true because they can work for 24 hours a day. In a car a cell as big as 30 Kw may be necessary thus causing a much larger investment, yet all the publicity is about their use in cars. I have heard that fuel cells have such a short life that they aren’t worth much for anything. Certainly the environment of the Ecomindium is an ideal place to develop and manufacture the cells. However fuel cells are still not proven to be viable and will not be considered to be useful in this book.

