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   Chapter 9                      Agriculture and Biofuels 

      Agriculture must change drastically in the coming years if humans are to survive. Lack of energy will make it essential to revolutionize farming. Farmland will have to grow food, energy crops, nitrogen fertilizer and food export crops. This means that more cropland per capita will be needed. Since transportation of food uses too much energy there must be an attempt to make each county self sufficient in food and to have means to store it. Each village, city, or Ecomindium should have that goal. The first goal for our agriculture should be to produce enough energy to sustain itself without using any fossil or imported energy. The next step is to make agriculture supply energy for the transportation of food, winter heating, and as many other uses as possible. This is best done if several farmers live in an Ecomindium instead of a farm house, and if the farmers work part time in the fields and part time at manufacturing. A large share of the work force must live in this style thus supplying increased workers to handle either peak farming or peak manufacturing loads. It will be essential to obtain farming energy from biomass, solar, and wind. There must be a strong effort to conserve energy so that it will be available for farming and essential heavy manufacturing. If energy is really scarce then human energy must be used as much as possible. If there is enough grazing land available then draft animals will be used. Crop residues must be used to the fullest extent. Energy crops as well as food crops will have to be grown. Liquid fuels for plowing will be precious so anything available will be used to make them.     

     In a half-starved future, every one will have to be at least a part time farmer. There must be a union between farming and nature. We need those wild animals to eat fruit and nuts so that seeds will spread. We also need them for food and to make a more diverse world. Wild farming is very important.

                                   The Importance of Biomass

      Of the alternate energies biomass is the most important because it is storable and transportable. It can be grown all across the nation. It is the only alternate energy that will see us through the winter. It can store carbon for energy and sequester it for years to slow Global warming. Biomass is the only way we can fix carbon from the atmosphere, and wood is the only biomass that can store energy from summer to winter, or from year to year. Wood is the traditional and the eternal energy source. Biomass is also essential as a source of building and furniture materials. When the fossil fuels are gone, biomass will be the only source of carbon that we will desperately need for making liquid fuels, plastics, and chemicals. Biomass may also be a major source of medicines. The transportation and storage of solar and wind energies will be far more costly than producing the energy, thus enhancing the value of biomass. The hydrogen economy is unlikely to be significant. Therefore it is best to grow profusely and husband our biomass resource by using it for essential manufacturing and farming. It must be used as close as possible to the source. Energy from biomass may be obtained from, crop residues, sewage, manure, biomass energy crops, prunings, twigs, leaves, solid waste, fruit, grain, nuts, and wood. You can grow it in your front yard. Wood is a solid fuel that could be used to fuel trains or cars. I see wood charcoal as being a major transportation fuel. Trees are essential to nature, and create food, not only in their fruits but also in the animals that graze on them. We need to plant a surplus of trees at lowest possible cost, ASAP. However, the biomass grown is limited by land, fertilizer, and the human will to plant. Biomass plantations can grow more fuel per acre than forests and also may be able to produce large quantities of food. We must exploit biomass to the fullest. However there is not enough land to supply all of our needs. Crop residues and energy crops will be important as sources of biomass. However it is essential to use all land as sources for food and energy. On rough, hilly, remote, or rocky land, trees may be the only practical crop. Furthermore tree roots sink deep into the ground and bring nutrients to the surface. They make topsoil. This is important because fertilizer will be one of our biggest problems. Wood is a crop that needs no plowing, or cultivating. It can be harvested mainly by human labor without much external energy input. Wood is much denser than other biomass and therefore is easier to store and transport. The only sources of potassium and phosphorous fertilizers that are likely to last for 1000 years are human and animal wastes, and ashes from tree burning. 

      Every farm will have to have fruit trees, berries, nut trees, and perennial food plants surrounding planted fields in order to resist wind and water erosion. Prunings and leaves from fruit trees will supply on a yearly basis, wood and soft biomass for fuel. If we used all of the energy in leaves, that alone might provide us with enough fuel to last for 2 months. Of course when the trees are old, they are cut for wood.  The fruit can be used for human food and can also feed wildlife and foraging animals. Any surplus of it can be fermented and made into fuel alcohol. 

      The connection between agriculture and nature should be strengthened in every way. Wild crops will become very important because they require less plowing and other forms of care. For example deer as meat require less care than cattle. They would have to be fed only in the late winter months. Ubiquitous fruit and nut trees support nature in every way while producing useful food in wild places. Hunting and fishing will always be worthwhile both for sport and for food. Nature walks will become more interesting and more wildlife will be present. If each walk is an occasion to spread more seeds, the spreading of flower seeds and fruit trees will beautify nature. In an Ecomindium culture nature can be very close to your dwelling.

     An excess of food will make it possible to trade food for natural resources. As famine stalks the earth, food may be the most valuable trading commodity.

                                                   Soft Biomass digesters 

    Biogas reactors are large tanks that hold mixtures of sewage and soft biomass. If the proper bacteria are present in large numbers, the semi-liquid will digest through bacterial reaction, and produce a burnable biogas that is a mixture of about 50% methane and 50% carbon dioxide. The soft biomass would include sewage, animal manure, leaves, grass, crop residues, hay and other legumes, food wastes, grass, leaves, and waste paper. Alfalfa or other legumes in a biodigester would be a good way to get space heating energy, biogas, fresh water, and nitrogen fertilizer from the same crop. Wood chips would digest rather slowly but might be added to filter the effluent and form surfaces for bacteria to grow. The proper ratio of carbon to nitrogen is said to be about thirty to one. If the mixture is too acidic, wood ashes can be added to the mix to make it more neutral. Nitric acid would be a good chemical to add to the mix to make it more acidic. Fortunately the nitrogen compounds in the tank are not destroyed by digestion. This means that we have a means of obtaining nitrogen fertilizer while making energy. The sewage will proceed serially through at least three tanks until the effluent is very clean. If pure biomass is used in a secondary or tertiary tank it will make biogas while filtering the sewage, reducing the nastiness of the solids, adding to the fertilizer value, and capturing nutrients. Ultimately, water not reused can fertilize a pond where fish are raised. Solids and liquids can be removed from any part of this chain in order to get fertilizer, irrigation water, or clean water. Obviously the cleanest water with the least nutrients will come from the last and cleanest biodigestion tank.                                          

     Steel digestion tanks in buildings would use the heat of digestion for winter space heating. If the sewage can be rerouted or pumped out, these same tanks could be used in summer as air conditioning heat exchangers. Actually the cooling of the tanks by heat pumping would also reduce the rate of digestion, and thus the heat in summer. For outdoor use, basements from demolished houses would be useful as tanks.
     The carbon dioxide from biodigestion could be removed in winter by a cryogenic process and the pure methane could then be put into tanks and used for powering farm machinery. Any cryogenic process would take power but would heat the building. The pressurized carbon dioxide could be used for refrigeration or would be a good way of storing energy.  

     Besides wood and crop residues it probably will be necessary to grow energy crops such as saw grass and other cellulose crops that give a high energy return per acre. This energy must never be used purely for winter heating. There just will not be enough of it. It always must supply either essential mechanical energy for manufacturing or for combined winter heat and power. Manufacturing must be closely linked to dwelling so that the energy can be efficiently used. There must be a surplus of labor and thought about farming so everyone will have to participate to some extent. The Ecomindium is the best means of combining these functions.

                                         Energy From Alcohol

     Presently there is a controversy as to whether alcohol made from grain pays off or not. Since farmers have to be subsidized to produce it, there has been a lot of attention paid. Alcohol is made by fermentation of materials containing starch or sugars with yeast. There are also many efforts to use enzymes and other methods to produce alcohol from cellulose. There are several kinds of energy exchanges needed to process corn into alcohol. Energy is needed to make the fertilizer and plow the land. When the mash ferments heat is given off. If fermentation takes place in winter then this heat could be used to heat a building. Heat is needed to distill the alcohol away from the fermented mash. If done in winter then the waste heat from the process would help to heat the Ecomindium. It is also possible to distill in summer by incorporating the distilling into a solar mirror, electrical power system. This reduces the heat of distillation from fossil fuels to zero. The spent mash also has food value. Normally this food is fed to animals. However it might also be processed into people food and that would greatly enhance its value. Liquor for people use might be a money earning side benefit from distillation processes. Reduction in plowing energy could be gained by using mashed fruit taken from apples or other fruit trees. There is also a possibility that crops other than grain such as sugar beets and potatoes might supplement grain as a feedstock. Another possibility is that sugars from biodigestion tanks could also be used as feedstock for alcohol fermenting. Since liquid fuels will be at a premium, and this process is primitive and easy to do, it may have advantages even if the energy pay off is not particularly good. This is very much true if some of the major inputs to the process are from solar energy. Alcohol made from nuts or apples would require no plowing and could come from the worst sort of land. Acorns are traditionally good pig food. However I suspect that they could be used to make fuel alcohol, vegetable oil, or even human food if processed. 

                                                         Biodiesel      

     Another important source of energy from biomass is that of oil from oil seeds and nuts converted into biodiesel fuel. Even acorns might be useful for that purpose. This fuel is more efficient because of the higher compression ratios of the Diesel engine. Dual fuel engines for cogeneration that use biogas or woodgas as the main fuel but are ignited with biodiesel could become the standard. Such engines could also be used for tractors, trucks, trains, and buses if the vehicles had wood gasifiers mounted on them. Biodiesel from oil seeds has been computed to be more energy efficient than alcohol from grain.     

                                      Woodgas Generation
          Biomass gasification by heat will be a major method of heating a building while furnishing gas to run other operations. Burnable gas is made by partially burning coal, coke, wood, biomass, or charcoal in an oxygen-starved atmosphere. The resultant gas, called wood gas, coal gas, or producer gas is composed of the inert gases carbon dioxide and nitrogen, and of the fuel gases, hydrogen, and carbon monoxide. The energy density of this gas is quite low. The density could possibly be increased enough to make compressed gas into tractor fuel by using pure oxygen to combust and by eliminating carbon dioxide with a cryogenic process. Charcoal or coke could also be by products of a gas generator. An attempt would have to be made to separate tars and liquids from the process in the hope they could be converted into liquid fuels or chemicals. The carbon monoxide in producer gas makes it very poisonous.

         Producer gas was used during WW2 to directly power vehicles using wood chips for fuel. It could be used to power a cogeneration engine, made into liquid fuels, or used directly in a stove for cooking. It is also possible to power a tractor directly from wood using an internal wood gas generator. If charcoal or coke were made efficiently in winter, they would probably be good fuels for trains and tractors. One advantage that the gasification process has over a biodigester is that the throughput is higher so the gasifier could be the real workhorse of the Ecomindium. Also, wood fuel may be easier to obtain than soft biomass. Both processes must be used. Cogeneration engines could be designed to run off wood gas, biogas, coal gas, or natural gas that could be still available. Initially these engine generator sets could be made from used car engines. However later, more efficient engines would be developed and mass produced. Producer, and biogas engines can be either spark or Diesel ignited. They would have higher compression ratios than gasoline engines. Injected biodiesel oil is the best method of ignition because the dual fuel system allows using additional Diesel fuel to get higher outputs when needed. Producer gas is a low energy fuel and therefore engines powered by it will have lower outputs than with conventional fuels.

      The steam engine is a feasible solution to converting wood energy to electricity and directly competes with gasification. However internal combustion engines avoid cleaning boilers, may be more efficient, and avoid costly condensers. It is also true that a gasifier in contrast to a boiler may be used to make liquid fuels. The best solution may be to combine gasification, internal combustion, and steam engines in order to get more efficiency.      

     If high pressures are used in the gasifier then the output of methanol can be greatly increased. If all of this is done in winter, the waste heat from all processes will be useful to heat the building. Saving biomass fuel in summer means that summertime solar energy will be quite important.

                                                   Transportation Fuels

      There will never be enough liquid fuels for personal transportation or for airplanes. However, they will be essential to power tractors, trucks, trains, and buses. Methanol, ethanol, biodiesel from seeds, and liquefied natural gas are all possibilities. Fortunately in the worst case, essential vehicles can be powered directly by wood, charcoal, or coal by gasifying on board the vehicle. The historic usage during WW2 of this process showed that the process worked, but was too dirty. It also reduces engine power. However improvements of better filtering and partial use of Diesel fuel would reduce these problems.

      One of the advantages of comanufacturing is that the heat generated by compression of gases for cryogenic or energy storage purposes is useful for heating buildings. This makes it more effective for example to make oxygen for use in producer gas generators or for compressing carbon dioxide for storing energy. The compressed gases could then be used for powering vehicles. There is also a possibility of finding a way to make butane or other compressible gas from wood. Liquid fuels like ethanol will be precious, but still may be used for farm operations. The ability to make methanol efficiently in a small process, or ethanol from cellulose would be important breakthroughs. 

       Pyrolization is heating a hydrocarbon substance with no air present. This is a possible way of processing wood. The wood could be heated by a big solar mirror in summer in a process that combines steam power generation and pyrolization. Charcoal is of course one of the important resulting products. Another advantage of this process is that a small portion of the gases are converted directly to methanol. That is why methanol was originally called wood alcohol. Although the portion of methanol is small enough to be sneered at, liquid fuels will be so valuable that this process could be of interest. Also there are tar and “pyro oil” products that could possibly be made into liquid fuels. Either gasification or pyrolization could also produce wood or coal tar that would be useful for making chemicals and many other things.

     Methanol can also be manufactured with much higher conversion percentages from producer gas. The temperatures and pressures needed are so high that it has been said that this could be done only in very large facilities. However in a comanufacturing operation such as suggested here, 100% of the waste heat can be used for space heating. That greatly increases the efficiency. Further development work might come up with a process for making methanol that would be more efficient in smaller quantities.

                               Humans and Animals as Energy Sources

       There must be an effort to experiment with a culture that is largely fed by garden crops that can be grown with less machinery. The lowly potato can be grown by hand with a spade and can largely sustain life. Of course other garden vegetables and fruit trees plus grazing animals would be useful. Hopefully there will be some energy for tractor fuel or some horses that can be largely fed by grazing but as a fall back position for extreme want, human energy farming must be explored to the last detail. Using exercise machines, humans could be used to compress air as a universally useful and storable energy source, or to pump water for example for flush toilets.

      The extent that we will go back to draft animals is uncertain. They minimize prime fuel consumption but require many acres of pasture land. One system would be to use them as draft animals during the first years of their life and then eat them as they grow older. It is my belief however that their usage will go up considerably because precious materials are not necessary to repair them. One of my WW2 memories as a young soldier is the sight of cows drawing wagons. I don’t know if the cows were able to produce milk while doing this or not. Certainly that would be a good multiple use of the animal. I have heard of bulls attached to treadmills.  

                                                                Fertilizer 

         Presently potassium and phosphorus fertilizers are obtained from mines that will eventually be depleted. Nitrogen fertilizer is made from natural gas at a high energy cost. Unless something is done, when these resources are depleted there will be mass starvation. The entropy process may be delayed by the use of natural fertilizer obtained from biodigestion of sewage, animal manures, and biomass ashes. We can increase the value of our chemicals by making soap and detergents from chemicals that are also good fertilizers. In fact we may be able to make wood ashes do double duty by first using them to make soap and then they become fertilizer. In the Ecomindium, bath and lavatory water should be recycled by filtering it, and then using it for stools. This saves water, pumping energy, and adds to the total fertilizer capability of the effluents and solids from the biodigestion process. 

        It is essential to process sewage as close to the origin as possible because sewage, in particular,  urine, contains ammonia that is very valuable. In fact it might be optimum to collect urine separately in order to remove ammonia. A process that could be used is to compress the vapors from the raw sewage so as to separate the ammonia out early for use in either fertilizer making or as a refrigerant. This enables the collection of the ammonia so that it will not be lost. The capture of the ammonia could avoid the manufacturing of refrigerants. Since ammonia is a strong greenhouse gas its capture will reduce greenhouse gas production.

        Fertilizer made from biomass ashes of various kinds, principally wood, will contain potassium and phosphorous but probably not much nitrogen. The heating process will drive it off. This recycling of fertilizer must take place religiously. Otherwise the land would quickly be depleted. Phosphorous and Potassium that we are getting from mines in Florida and Canada are non-renewable sources and when the mines are exhausted we starve. Since wood ashes are basic, they could be leached with water and used as in smokestacks as a counter to acid rain. If the ashes were treated with a nitrogenous acidic compound such as nitric acid, they would make an excellent concentrated fertilizer. Other than that they could be added to the septic tanks, and neutralized if necessary thus adding to the nutrients from digestion.

        Hay, which is a legume and contains nitrogen, adds greatly to both the gaseous energy and fertilizer output. Both the hay and the sewage have some phosphorous and potassium. To be sure, it will require additional cropland to grow the hay but the energy needed to make nitrogen artificially is quite high. Alfalfa is said to have very deep roots. This would help to mine the soil of nutrients wherever it is used. Crop residues from soybeans, which are also legumes, could be used to furnish nitrogen for biomass digestion. This use of hay is a new way of filtering sewage water, creating heating and gaseous energy, and making fertilizer.

        Sewage solids may be disposed of by putting them on soil as fertilizer in as moist a condition as possible, consistent with handling problems. A pipeline from septic tank to fields would greatly reduce transportation energy. There are various ways of applying the biodigester solids as a semi liquid sludge directly to the soil. The digestion, and the large amounts of biomass added will dilute the nastiness and odor so that it will not be an unpleasant task. 
         Liquids from the digester can run through sand bio-filters either outside or inside the buildings. These filters should have plants growing in them and can be made from shallow troughs lined with plastic and filled with sandy loam. Both sand and roots purify the liquids and utilize the last of the nutrients. The water can be stored in a pond or immediately be purified as needed and reused. Sewage liquid can also be purified by distillation that is powered by waste heat. Pasteurization is another method by which some of the fluid may be made safer. The design of the self contained water and sewage system will be an important part of Ecomindium design. All sewage products must be recycled within the Ecomindium property in order to eliminate expensive sewers, sewage disposal plants, water plants, and water mains. The solids must be sent to the fields by the shortest path possible. Septic tanks and cisterns can store both water and heat.

          It should be possible to keep fertilizer on land by putting rings of trees and bushes around farm fields. These rings would trap the fertilizer and convert it back into biomass. The ashes then return the nutrients to the soil. Mass planting of trees also of course makes topsoil through leaf mold. The pond on the property would accumulate liquids and salt over time.  

           A long range problem of sewage recycling is that salt or other noxious materials may build up in the soil. Humans and animals eat salt taken from mines or the sea, it is excreted and it slowly builds up in the sewage system and in the soil. Also, any irrigation brings in salt. Eventually we must learn how to remove the salt from the recycled fertilizer. One way of avoiding this would be to feed farm animals from local soil derived products like wood ashes, animal bones, or even from sewage liquids. This material, concealed in their foods would furnish not only salt, but also probably other minerals useful to their bodies. It might also be possible to feed people with ashes concealed in foods. This would give them salt and other minerals and avoid bringing in any unnecessary salt into the biosystem.                       

                                                       Food from biomass  

    Cattle and other ruminants are able to digest cellulose because of bacterial action in their stomachs. The question as to whether a digestion tank could be used as a huge stomach needs to be raised. A partial digestion of clean biomass with hay added and the proper enzymes might cause a concentration or increase in food value of the remaining solids. Of course energy extraction as explained under digestion would be obtained. The solids from the digestion would then be fed to farm animals and of course their manure would return the fertilizer. In times of food shortages, digested residues could possibly be consumed by humans. There is also a possibility that concentrated digestion tank solids would be suitable as feedstock for fermentation in order to make ethanol. The leftovers from this process in turn would become animal food.  Because of the multiple benefits of this process, it probably would be more effective than more exotic processes to do the same thing.                                           

      Human diet will have to change in the vegetarian direction so that less agricultural output is used to grain feed beef and other meat animals. The exception to this is grazing animals that can use pasture and wild lands. A huge deer population might be a means of supplying a major meat source. Other than planting suitable wild crops for forage, feeding to get them through the winter, and protecting crops in spring, little care would be needed for the herd. As cars become scarcer, the interference between deer and humans will diminish.

                                       Intensive Agriculture

      A more dense agriculture is useful because it not only increases crop yield but also reduces travel distance to crops and simplifies the use of sewage fertilizer. Ecomindiums must be surrounded by intensively cultivated gardens that rely on treated sewage liquids for fertilizer. One possibility for decreasing the work of gardening would be “bowl” gardens. In other words the total space might not be cultivated but bowls would be dug out and filled with mixtures of dirt and biomass. This would probably work well with squash and other hill crops. As an example I have heard that potatoes can be grown with little cultivation using car tires as retaining rings for mulch. If concentrated sewage liquids can be sterilized by pasteurization then they could be piped out from the building and would furnish both irrigation and nourishment to crops.

      One experimental type of agriculture that might be useful would be to plant low height field crops like clover in between orchard trees. Leaves from the trees would make fertilizer for the plants and the density of production is increased. The short crops probably would be harvested first and then high wagons could come through to pick apples with fewer ladders.   

      Pond culture may be very important in the future. Already farm raised catfish, talapia, and salmon are plentiful commodities. It has been said that the people of Vietnam have toilets over a carp pond and so create a short path between sewage and food. Even if we didn’t want to go that far, partially processed sewage might be used to fertilize a pond. Crayfish might be able to eat food wastes directly without processing and then could provide food for fish or humans. Frogs could also eat insects nourished by waste and then become fish food. If ponds are fed intensively and aerated by windmills, then pond culture could provide a lot of food while simplifying sewage disposal and serving as a reserve water source. Algae and other water plants have some of the highest biomass growth rates for biomass and may be useful for food and energy. If salts accumulate in the pond we know that some fish and some plants tolerate it very well. Salt from distillation of pond water could be used for human and animal consumption thus eliminating external inputs to the ecosystem. It is important to totally and eternally recycle fertilizer.

                                            Plant Propagation    

      Obviously we must plant many species of perennial food plants in order to make biodiversity. We should be planting rhubarb, asparagus, berries, bush cherries and anything else that will seed itself. However we must concentrate on fruit and nut trees because they have the biggest pay off. The whole South should be planted with pecan trees because their nuts make both food and oil for energy. Olive trees should be planted anywhere they will grow. Hazel nuts may be a good crop for the North. In addition to making food for humans, fruits and nuts also provide food for wild and grazing animals and could be a source of liquid fuels. One of the good things about biomass from trees is that a mass planting program could start in any town and then could be spread throughout the nation. Every person, from the oldest, smallest, best, or least educated, could participate. If it were the duty of every citizen to plant 100 trees a year then from one hundred million people, there would be 10 billion trees planted per year. In time that would store a lot of carbon and would result in an emergency energy supply far greater than anything we could get from storing oil. Presently we could use cheap labor from the unemployed, children, volunteers, students, and convicts. A massive tree planting program would reduce welfare costs.

       In order to make this happen we must develop a tree planting culture. Youngsters can help their own future by planting trees. It is your duty to encourage them to do so. There must be many books written on the subject of germinating and nursing trees and food plants. All cities should have the goal of planting all parks with fruit trees, nut trees, and perennial food plants. Every stream bank should be planted. The sides of the streets should be planted with twice as many trees as now. Please put the pressure on your parks department to concentrate on this idea and to try to get the schools to participate.

        Every effort should be directed toward reducing the cost of planting a tree down to less than a dollar and the time required to less than 10 minutes. We must plant them like corn. This means that seeds and smaller trees in greater number will be planted. We must design the planting and watering machines and nursery techniques that will plant trees at lowest possible cost. Every school should have its plant nursery and experiment station where small trees and plants can be started and germination rates determined. Germination, grafting, plant genetics, and nursing of plants should be a required course at all schools whether for youngsters or for college kids. If we are to harvest more food and fuel with less plowing and manpower, the extra work load of planting, should be minimized. Fruit trees should be everywhere growing wild and proliferating like invasive plants. In that way every kid that eats part of the fruit and throws it away or every animal that eats and passes it, will be an agent in food production. Cider, cherry, and berry juices could be pressed out immediately in the fruit rich forest. Then, the seed carrying residues would be eaten by animals and spread. It would also be possible to core fruit and scatter the cores in the forest so that deer, rabbits, birds, and farm animals would help to spread the seeds of fruit. In order to survive, planting of every square inch of earth that will support agriculture, lumber, and biomass fuel will be necessary. Extermination of lawns should proceed as rapidly as possible. The objective would be to raise plants that are so useful that they could not possibly become pests. Some berry plants make useful ground cover while producing fruit. If good clumps of such plants could be started then they would spread forever more

      Fruit trees frequently need to be grafted in order to produce good fruit, thus complicating the planting process. The study and selection of self germinating good fruit bearing crops should be a major endeavor. If millions of seedling fruits are planted they would not only furnish fuel but also will be a bank from which propagating plants with good fruit could be selected. Non bearing plants would be thinned by cutting them for wood. This wild tree stock could also be grafted in place. Selection of plants and grafting would be easy enough that even small school children could participate. 

    There also must be genetic modification in order to obtain good fruit without grafting. This is a much more important endeavor than genetic manipulation of food crops, animals, or people. It is essential to be able to take seeds from a good tree, plant it and get another good tree. All sorts of money should be spent on this problem in order to get the scientists to work hard at getting better fruit into the ground.

                                   The Biomass Energy Potential

       It is necessary to get an estimate of the energy potential of the USA. I have seen numbers as high as 60 quads but did not believe them. However my own crude estimate turned out to be close to that. Note that all of these calculations come out to different answers because different assumptions and calculations are used. However they all seem to affirm the statement that we can get 10 quads from biomass.

        Conversion factors for the following calculations are one hectare=10,000 square meters=100 million square centimeters=107639 square feet=2.47 acres.  US land area=3536000 square miles=2.263 billion acres=916.2 million hectares. At 7000btus/lb dry biomass one ton=14 million btus. . The reference below from Karl Davies called “Biomass Energy Potential Calculator” indicates that about 19% of the Land area of the US is arable land, 25% is pasture land, 30% is forests, and 26% of the land is unusable. The total land area is 2.263 billion acres. Other references indicate that crop residues are about 1.5 tons/acre.  

       Miscellaneous data giving growth rates for various crops indicates that native forests produce about one ton/acre per year, managed pine plantations 2.5 tons/acre per year, alfalfa 8 tons/acre/yr, and hybrid poplars 4 to 10 tons/acre/yr. Exotic southern crops production in tons/acre per year is 17 tons for sugarcane, 12 tons for sorghum, 16 tons for water hyacinth, 16 tons for Sudan Grass, and 20 tons for kenaf. Yields as high as 39 tons/acre/yr can come from algae on pond culture. The higher numbers probably can’t be obtained except in exceptionally well managed and fertilized environments. However they do show the possibilities. Since it is a legume and because of its deep roots, alfalfa may be a major crop of the future.

        At an average level of growth of one ton/acre and 14 million btus/ton the US could grow 32

 quads/year of energy. This is 32% of what we are using now. Of course food will also have to be grown but since some energy crops can yield 10 tons/acre then it should be possible to reach 30 quads.        Another calculation of available energy can be made as follows. If the arable land is 19% of 2.263 billion acres, the crop residues are 1.5 tons/acre, and the energy value/lb is 7000 btus, then the total energy grown from cropland residues will be 9 quads. 

     For alfalfa, another reference indicates that 8 tons/acre/yr can be grown. If we divide that by two to get a safety factor we get 4 tons/acre/yr. Pasture land would then yield 2.263 Billion*.25*4*2000*7000=31.7 quads.

      Tree crops show yields from 1 ton/acre/yr to 10 tons/acre/yr. However natural forests produce only about 1 ton/acre per year. Forestland would then produce 2.263*10^9*.3*7000*2000= 4.75 quads. The total of these energy sources would be 45 quads. Sorghum, sugar cane, and other southern crops show much higher values of tons per acre, so the numbers shown are not unreasonable. The number of 10 quads from biomass as used for calculations in the chapter entitled “The Broad Plan” can easily be met and will carry us through the winter if it is used carefully. If we assume that much less meat is eaten, half of the cropland could be converted to energy production. Then total production could probably be boosted.

        However it must be noted that biomass fuel must not replace food production. Food may be a resource that we could trade for oil. Also, the planting and harvesting of biomass will take lots of manpower. We can easily get the plants in the ground now but massive harvesting can’t take place until labor becomes much cheaper. That will happen as all of the parasitical jobs disappear as the result of fuel shortages. Since biomass accumulates on a yearly basis and is stored efficiently, there is no problem in planting it long before harvest time. Biomass harvesting  may reduce the biodiversity of plants unless there is a major effort to plant and nurse as many species as possible. Soils are exhausted by trees and other crops. However if fertilizer is infinitely recycled that may not be much of a problem. Fertilizer recycling may build up undesirable quantities of chemicals in the soil. We need long term solutions for that. 

  By Karl Davies
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	274,768,800
	   2
	549,537,600
	  8
	8%
	0%
	

	Other
	26%
	2,381,330
	238,132,960
	   0
	0
	  0
	0%
	0%
	

	Total
	100%
	9,158,960
	915,896,000
	
	2,857,595,520
	  40
	40%
	27%
	

	
	
	
	
	
	
	
	
	
	

	References:
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	United States of America – Energy 
	
	
	
	
	
	

	http://www.eia.doe.gov/emeu/cabs/usa.html
	
	
	
	
	
	

	Total Energy Consumption (2000E): 
	
	
	
	
	
	

	98.8
	quadrillion Btu (25% of world total energy consumption)
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Current Shares of U.S. Energy Consumption
	
	
	
	
	

	http://starfire.ne.uiuc.edu/ne201/course/topics/resource_usage/current_shares.html
	
	
	

	1994 U.S. Energy Use By Source
	
	
	
	
	
	

	Source Consumption in Quads
	
	
	
	
	
	
	

	Oil
	31.00
	35%
	
	
	
	
	
	
	

	Natural Gas
	24.00
	27%
	
	
	
	
	
	
	

	Coal
	20.00
	23%
	
	
	
	
	
	
	

	Nuclear
	7.00
	8%
	
	
	
	
	
	
	

	Hydroelectric
	2.50
	3%
	
	
	
	
	
	
	

	Wood Waste
	1.50
	2%
	
	
	
	
	
	
	

	Biofuels
	1.30
	1%
	
	
	
	
	
	
	

	Geothermal
	0.20
	0%
	
	
	
	
	
	
	

	Solar
	0.07
	0%
	
	
	
	
	
	
	

	Wind
	0.04
	0%
	
	
	
	
	
	
	

	Total
	88.50
	100%
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	United States - Geography
	
	
	
	
	
	
	

	http://www.cia.gov/cia/publications/factbook/geos/us.html
	
	
	
	
	

	Area: 
	
	
	
	
	
	
	
	
	

	total: 9,629,091 sq km
	
	
	
	
	
	
	

	land: 9,158,960 sq km
	
	
	
	
	
	
	

	water: 470,131 sq km 
	
	
	
	
	
	
	

	Land use: 
	
	
	
	
	
	
	
	
	

	arable land: 19%
	
	
	
	
	
	
	
	

	permanent crops: 0%
	
	
	
	
	
	
	
	

	permanent pastures: 25%
	
	
	
	
	
	
	

	forests and woodland: 30%
	
	
	
	
	
	
	

	other: 26% (1993 est.)
	
	
	
	
	
	
	

	[1 sq km = 100 hectares]
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Popular Poplars: Trees for many purposes
	
	
	
	
	
	

	http://bioenergy.ornl.gov/misc/poplars.html
	
	
	
	
	
	

	Hybrid poplars, in short-rotation silviculture, can produce between 4 and 10 dry tons of wood per  acre/ year

	(8-22 metric tonnes per hectare per year)...This compares to yields of less than 1 ton/ac/yr for native forests and t2.5               to 2.5 tons/ac/yr for managed  pine plantations

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Bioenergy Conversion Factors
	
	
	
	
	
	
	

	http://bioenergy.ornl.gov/papers/misc/energy_conv.html
	
	
	
	
	

	1.0 metric tonne (tonne) = 1000 kilograms = 2205 pounds
	
	
	
	
	

	Energy content of wood fuel (air dry, 20% moisture) = about...6,400 Btu/lb
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Realities For The 90s
	
	
	
	
	
	
	
	

	Environmental and Nutritional Facts drawn from Diet for a New America by John Robbins and other sources
	

	http://home.earthlink.net/~tilleyrw/realities_90s.html
	
	
	
	
	

	Amount of soy grown in United States consumed by livestock: 90% (2) 
	
	
	
	

	Amount of corn grow in United States consumed by livestock: 80% (3)
	
	
	
	

	Amount of total U.S. grain production consumed by livestock: 70% (5)
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	* "No Meat"  assumes 70% of crop land can be converted from production for livestock to biomass production,

	all pasture land can be converted to biomass production, and all forest land stays in forestry (timber/wood/pulp)

	production. This is probably a fantasy too. But it still might be a good idea to buy soy burger stock while it's low.


	
	
	
	
	
	
	
	

	
	Biomass Energy Calculator
	by Kermit Schlansker
	

	
	Total land is 2.263 billion acres
	6000 btus/lb
	

	
	Acres taken as 10% of suitable land
	
	
	

	
	
	
	
	
	
	
	

	
	Crop
	Fraction
	Total
	Tons/acre   Btus
	Total 
	

	
	
	total land
	Acres
	/year
	/Year
	Energy
	

	
	
	
	Millions
	
	Millions
	Quads
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Sugar Cane
	0.019
	42.997
	15
	180
	7.74
	

	
	Corn
	0.019
	42.997
	5
	60
	2.58
	

	
	Alfalfa
	0.025
	56.575
	7
	84
	4.75
	

	
	Hyb Poplar
	0.03
	67.89
	7
	84
	5.70
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	Total Quads                        20.8
	

	
	
	
	
	
	
	
	

	
	
	Other Crop possibilities
	
	
	

	
	
	
	
	
	
	
	

	
	Algae
	
	
	20
	240
	
	

	
	Kenaf
	
	
	15
	180
	
	

	
	Sorghum
	
	
	10
	120
	
	

	
	Sudan grass
	
	
	10
	120
	
	

	
	
	
	
	
	
	
	


