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    Chapter 5                              The Ecomindium 

       The following discussion of the essential nature of the Ecomindium will be a shock to most people who simply can’t visualize any life style other than that of houses and cars. The first reaction is “never”. However people will soon learn that the natural gas we use to heat our houses will be in short supply and that our children may have to be cold. Since creating enough energy will be an impossible luxury, then we must change. There is no philosophy or personal preference here. These statements are merely those of an engineer who wants to save people from eternal distress. 

      An Ecomindium is a large general purpose building with apartments and many other activities in it. It is the crucial building block of a sustainable society and must be described in detail because it is the only way that humans can survive energy starvation. Thirty years from now, people will be at risk of freezing or starving to death. There is no possibility that we can heat houses or maintain our lifestyles for more than 30 years. A culture that lives in houses and travels in cars cannot survive. In coming up with a strategy for meeting our energy problem we must start with a housing and cultural module that can be prototyped in a small area and then repeated with many variations across the USA. Then we must build clusters of these modules that would support a large manufacturing industry with almost no commuting. 

      Within this single large building and its surroundings you can evaluate the consumption and production per capita of energy, food, and manufactured goods. Solar energy, biomass energy, and food production can all be measured by the acre. What we are evaluating here is how many people per acre we can support. We would also be evaluating energy consumption per capita. There is no personal philosophy in designing the Ecomindium. The desirable characteristics are based entirely on geometry. One aspect of this is that larger buildings are cheaper to heat. Another aspect is that clusters of people can manufacture and farm while traveling by foot or bicycle. We must plan on reducing energy consumption by at least 70%. The Ecomindium is the only way to do it. During their initial phases, Ecomindiums will be research centers. Later they will be places for millions to live in. Many new ideas must be developed in order to enhance the conservation and comfort that will be so desperately needed. One of the principle tactics will be synergism, the art of doing several things at once.

                                                 Design of the Ecomindium  

     An Ecomindium is a large building that has apartments on the upper floors and work places on the first floor and basement. These workplaces could be factories or local service facilities such as groceries and medical clinics. It is important that the shape of the building be chunky so that the volume to surface area ratio is as large as possible. Long and skinny doesn’t work. Shortened cubes with a foundation area of at least 10,000 square feet and at least four stories high with shed or pyramidal roofs are probably the best. A flat roof would be ideal for a solar installation but would probably have to be sloped in order to get rid of water. However some one may want to experiment with a dome or a huge A-frame. Domes and A frames don’t relate well to solar energy but may offer tornado resistance or simpler construction.. 
     The basement area of the building would be used for some of the utilities and also for the manufacturing efforts of the Ecomindium. A chute at the side of the basement would allow wood and other biomass to go into the combustion gasifier that would provide heat in winter, gas for electricity generation, and manufacturing power. Other chutes into the basement would provide input of hay, grasses, leaves, manure, and other soft biomass into the septic tanks that transform sewage into heat gas, fertilizer, and water. Other digestion tanks outside would be used in summer. One of the bigger problems of the Ecomindium is that summer and winter need different sets of hardware. Ingenuity on the part of the design engineer is essential in solving this problem. Larger Ecomindiums are more efficient and get more done because more people can come up with more good ideas. They would get more publicity and have a greater effect on spreading the word. A well insulated Ecomindium as large as 40,000 square ft with four stories is very easy to heat. The energy saving and concentrated work ethic in agriculture and manufacturing would keep our progeny warm and well fed into the future. We can vision projects as large as a section (640 acres) composed of at least 200 people, down to an 8 unit building on one acre. The smallest unit could still demonstrate intensive gardening, use of sewage for fertilizer, cogeneration, co manufacturing, cooperative tasking, cooperative transportation, and many other things. 

      One of the major questions would be the number of stories in an Ecomindium. A bigger foundation area means a bigger basement that in some respects is the most useful and easiest to heat space. Obviously, taller buildings would almost eliminate ceiling and floor heat losses. However a well insulated roof would also help to reduce such problems. The traditional apartments of Europe were 4 to 5 stories tall. They were probably limited in height because it would be difficult to go any higher without steel construction. Straw bale or earth construction would also limit height. If the roof is used extensively as a work place for solar energy or other pursuits, or if the basement were used as a factory, that might indicate larger foundations and fewer stories. However, wherever possible, Ecomindiums should be at least 4 stories in height.    

     Intensive agriculture is very important to the Ecomindium because it reduces the energy cost of transportation and the handling and processing costs for foods. Food preservation, baby-sitting, and cooking would be important sources of income for the elderly. An Ecomindium that has insufficient land cannot feed itself internally or provide the biomass needed to heat itself in winter. However initially they could be powered by donated wood and burnable trash. They would have to buy food but later could perhaps buy more land at a reasonable distance.  

       If we put a few Ecomindiums together, we can create a sustainable town that can manufacture something large. If we wish to use waste heat for heating buildings then a large manufacturing complex will require a large housing complex.

                               Construction of the Ecomindium

       Conventional frame construction is a definite possibility for the Ecomindium. Concrete block, especially for the lower floors is also a possibility that might yield a longer life. Conventional insulation could be used but straw bale or matt insulation over concrete blocks would be good for lower floors. Insulation on the outside of concrete makes the building cooler in summer and in a poorly heated building would make it warmer in winter. There would also be a need to experiment with large low cost, multi-use buildings made out of straw bales, tamped earth, rubber tires, or other scrap materials. It may be necessary to limit such buildings to one story. This is okay if the climate is not too cold and if the roof is well insulated. Subdivisions devoted entirely to low construction energy, solar energy, or other sustainable construction should be set up now. Cheaper construction would be appropriate for a migrating population that would live in the South in winter and in the North in summer.

     It is very important to reduce cost of the Ecomindiums without compromising longevity. Since building materials have a very high energy cost we must figure out how to use existing houses in every possible way. The problem with existing houses is that unless many people live in one house it will be impossible to heat them. They will interfere with agriculture and increase travel distances. It may be possible to use some houses in milder climates if the house has a basement, five or more people are living in the house, and it is massively insulated with straw bales and mats. Some of the houses will be left alone and used primarily in summer. For example farmhouses could be used in summer and left empty in winter. Other houses or basements could be encapsulated by new construction in order to form new Ecomindiums. In some cases straw bales or tamped earth construction could be used to enlarge houses. Some houses might be turned into greenhouses and summer living quarters. Houses with strong floors might be useable as barns, warehouses, or storage units. 

      In spite of efforts to use houses as they are, it still will be necessary to tear down many houses merely so that the materials can be reused in Ecomindiums. That will of course make more land available. It is hoped that whole wall sections with windows can be removed and used to build new walls in the Ecomindium. A carbide tipped saw may be able to cut the wall sections loose. The concrete fragments from broken up basements could be used as aggregate in new concrete or as stone in mortared construction.

      Basements and foundations are so difficult to destroy and so useful that most of them will be left intact. They will have to be plowed around. Such basements could be used as septic, fresh water storage, and irrigation tanks. Some of them could be turned into cold storage food stores. One good project would be to use a basement for storing sewage. At ground level there would be sand growing beds used for vegetables. These sand beds would not only be used to grow vegetables but would also filter the sewage into useable water and store it in a pond or another empty basement. Unused basements with water in them could also be heat pumped in winter to get space heat. The resultant ice could then be saved as long as possible and used for spring refrigeration, or as a means of getting more power from a solar boiler power generation system. 

    Research in methods of building housing is an essential part of the Ecomindium activity. Outbuildings should always be built using experimental constructions. A second Ecomindium could be built on the property using tamped earth or straw bales.

                                    Advantages of the Ecomindium  

     The clustering of people has many advantages. First, larger buildings are easier to heat because of their reduced surface area per unit volume. This alone may reduce winter heating energy per capita by as much as 80%. This geometrical advantage can be improved if better windows and insulation are used. In addition to saving heat, the grouped large buildings reduce travel distances so that bicycles and walking can be used for most personal travel, thus avoiding the use of a car. Another advantage is that the reduced footprint and reduced lawn size make nearby land available for agriculture. The large number of people clustered at one spot makes it possible to manufacture and work at home. These properties eliminate commuting and make tremendous reductions in work related transportation energy use. People can travel by foot or bicycle. Another saving is that the footprint of the building is smaller and that makes it easier to walk to fields. If people work in factories in winter and farm in the summer, then the need for food and manufactured goods is met. The self sufficiency of the Ecomindium minimizes transportation energy costs of food, fuel, and manufactured goods. 

      Biomass from crop residues, wood, and from specially grown energy crops will undoubtedly be the winter fuel. The enormous conservation of the Ecomindium is the only thing that will allow people to stay warm and work with limited biomass. The practice of having both apartments and manufacturing in the same large building allows all of the waste heat from manufacturing and Combined Heat and Power to space heat the building. The best example is the engine-alternator combination that generates electricity at about 30% efficiency, which means that about 70% is available as heat. In summer the manufacturing can be reduced in order to save the precious fuel for winter. However it might be possible to produce enough summer solar energy to manufacture. 

     Another advantage of bigger buildings is that heating system elements are more economical in larger sizes. Bigger cogeneration engines are more efficient than small ones. A group can afford a heating system element that uses biodigestion to generate heat and gas or a wood gasification heating system that uses solid waste, chipped wood, twigs, and all forms of soft biomass to generate both heat and power. Another advantage is that sharing of items reduces capital investment in things like cars. In other words, if a car is too expensive for someone, they could share it with others. The costs of the building are mitigated by the reduced costs of other normally external systems such as sewage, power, and transportation. Further savings can be obtained by childcare within the building and by sharing things, thus reducing demand. The total reduction in work related energy usage could be as much as 90%. The total energy synergism of the Ecomindium and the total recycling enables raw materials, energy, water, and fertilizer and other essential items to be conserved.

                             Urgency For Building Of Ecomindiums

     The construction energy needed for Ecomindiums, windmills, and solar energy is very large. This means that we need fossil fuels to build them. Therefore if we wait until the fossil fuels are gone, then we are at a point of no return and the human race is doomed to be in poverty forever. One good thing is that Ecomindiums could possibly last for 1000 years and could be amortized over that period. That is the longest lasting energy investment that anyone could possibly make. Once erected, an Ecomindium would be priceless. Another example would be windmills that could be rebuilt over and over and would last for a long time. Housing and living styles that save energy are like eternally producing oil wells that can go on for century after century. Oil and gas wells wear out rather quickly. Only the Ecomindium can reduce consumption per capita by as much as 90% while still allowing people to eat and stay warm in winter. This concept, the ultimate in conservation strategies, is seldom discussed because people are unwilling to face it.

                        Administrative Aspects of the Ecomindium    

      It is important that a strong constitution for the Ecomindium should be written before it is populated. This should make clear all of the advantages of the building and the rules that must be followed in order to live there. Strict rules about politeness, bullying, and loud music or noises will have to be made. Work rules for the Ecomindium must be outlined in order to show every occupant what will have to be done before they join. Managerial duties of the building will be rotated as much as possible. A voluntary social assistance structure must be set up to largely eliminate the social worker.  

                                                 Financing the Ecomindium          

      
One of the questions that must be asked is how the Ecomindiums are going to be financed. Since the ultimate cost of rebuilding America may be as high as 20 trillion dollars, the buildings must be built over a period of many years and we have to start right away. Both public tax money and private funds will be needed. First the government must establish the fact that Ecomindiums are worthwhile by building several that work. Then the public must be convinced that this is an investment that holds its value through several centuries and many generations. Then as energy becomes less available, there will be massive investment. Senior citizens may be a major financing support of the program because they will be able to sell houses and buy an apartment in the Ecomindium. How do you get them to do it? The answer is to spoil them with many advantages that they can’t get in houses. If taxes are increased on the wealthy and they are given breaks for investing in essential projects, then an additional money source will be created. Thus it is possible to finance large numbers of Ecomindiums without much tax input.                                                                                                                                                                                                                                     

                                    Occupants of the Ecomindium

    It is important to look at what clientele should be catered to when first starting an Ecomindium. Obviously the most important people are those who support the idea vigorously, can afford to buy their apartment, and have the technical skills to make improvements. One ideal group would be university engineering students. If Ecomindiums were built as on campus housing they would get a big boost from the people who live in them. The homeless are of course candidates, but they probably would not do very much to improve or take part in the work of the building. They probably should be spread in small numbers throughout a group of Ecomindiums. Ecomindiums are excellent places to encourage homeless or aimless people to work.

     There are several advantages in building Ecomindiums for the elderly. The biggest reason for concentrating on seniors is that they can usually pay for their apartment. Seniors are also more law abiding and would cause less trouble in the Ecomindiums. Seniors living alone in a house have an extremely high consumption per capita because their house heat and transportation is not shared. It is important that we stop building houses. If the elderly own houses and sell them to go into an Ecomindium then more houses are available and will not have to be built. If one third or so of the people in the building are younger they can give the elderly some assistance. This gets the young ones some extra cash and reduces the cost of caring for the elderly. Seniors will be able to save money by sharing things with each other. In Ecomindiums seniors will not have to mow lawns or worry about leaves in gutters. They can live in an Ecomindium with much greater comfort and through their baby sitting and other activities would be much more useful than in a house and car environment.

      A cooperative made up of seniors should be formed to nurture, plan, finance, and advertise these projects. More owner participation will help to bring costs down and the resultant cooperative management can do a better job of administering the building. A lot of senior facilities that are administered by private companies are so high in cost that many seniors elect to live in ordinary apartments. Surely, some of these costs could be reduced while improving services, if the administration, planning, and even some of the physical work were done by the seniors themselves. Another tactic would be to buy an existing building, modify the building into an Ecomindium, and set it up for seniors. Cooperatives that act partly as extended families could solve many problems for seniors. This is one way that elderly people can save wealth for their grandchildren and at the same time help themselves.

                                      Participation of Schools
      In its initial development The Ecomindium should be looked on as experimental. The initial goal should be to put 1% of the population into them. Then as disaster becomes obvious to all, there must be an all out building effort involving most Americans. A continuous effort must be made to convince state, local, and national governments of the fact that Ecomindiums are the only way we can save our children. We must try to convince people to build Ecomindiums from private funds. Initially they will not be a good investment. As time rolls by it will be the best investment that anyone could ever make.

     The energy projects could not be done without the cooperation of the local colleges and Universities. They could incorporate these projects into their engineering, architecture, and shop courses. A coalition of mechanically inclined students, professors, retired engineers, and volunteers together with some paid help could get together to do the work. One of the major efforts would be to lobby the Universities to participate in the design of the Ecomindium project. Some of the equipment designed as part of the project could be made into marketable products. 

                        The Ecomindium as an Eternal Research Project

     
The experimental energy facilities are a most important part of the Ecomindium because they greatly assist in the total conservation. These experiments include cogeneration, co manufacturing, intensive agriculture, recycling of water, sewage to fertilizer, tree planting at lowest cost, horticulture, plant genetics, and solar, wind, and biomass energy. Every attempt must be made to make the building as self-sufficient as possible. In the initial Ecomindiums there must be a continuous upgrading through R&D. Later of course as energy items needed reach mass production this will quiet down and there would be more emphasis on Comanufacturing and production of goods. Ideally the Ecomindium would design and manufacture some of the items needed for sustainability as part of the comanufacturing program. The experimental facilities could be in the basement of the building or in an underground room next to the building. The latter option is a little safer and gives more room but is much more expensive. Initially the building would need city-supplied utilities or a source of wood to make it habitable, but eventually the building should be self-supporting in terms of heat, electricity, and water. The initial goal would be to make it independent of electricity and return power to the grid. Independence from natural gas can be obtained if there are sufficient biomass and waste fuels. The place could also help the city by burning well-sorted trash for power. Hopefully assistance could be gained not only from the school systems but also from hobbyists, the mechanically inclined, and engineers.

                                                Cogeneration

     Combined generation of space heat in winter and electrical power (CHP}, better know as cogeneration is the most popular and universal way to save energy. The furnace is an obsolete device and should be done away with. Energy usage in winter can be greatly reduced by engine-alternator combinations. If improvements in engine efficiency are made, then the process will be even more useful. It is something we need to be doing universally, right now. It should be possible to get 30% efficiency from an engine-alternator combination. Since the heat equivalent of 1 kilowatt is 3400 BTUs, then the input power in BTUs is 3400/. 3= 11333 BTUs for total input. The waste heat is 11333-3400= 7933 BTUs. If this waste heat is used for space heating in winter rather than being thrown away, heating costs can be greatly reduced. An ordinary system would take 11333 BTUs to get the kilowatt plus 7933 BTUs to get the heat for a total of 19266 BTUs. The cogeneration system would require 11333 BTUs for the same output. The ratio is 11333/19266 =.588. This indicates about a 41% difference. The fact that gas consumption is far greater in winter than in summer increases the value of the saving. Though the load is much less, the energy needed to heat hot water in summer can use a smaller CHP system. In this manner the energy costs of winter space heating and year round hot water heating can be made to disappear into energy needed for electrical power. If electricity is the main power for any manufacturing process in the building, then the power plant size must be increased to cover both internal and manufacturing needs. Cogeneration and Comanufacturing then merge. 

                                                         Comanufacturing

      Comanufacturing or Combined Heat and Manufacturing is a process of using waste heat from manufacturing to heat a building in winter. In other words you put the factory inside the building and use it only in winter. This is one of the keystones of conservation. It is impossible to overemphasize the truly enormous need for comanufacturing in obtaining sustainability. In time, as people are forced by scarcity to use less electricity, comanufacturing will partially replace cogeneration. Endless engineering will be needed to make industries small enough to fit into an Ecomindium. Between comanufacturing and cogeneration the building can be heated with no other heat input. Note that comanufacturing is a concept of great importance because it not only provides winter space heating but it also eliminates commuting. Furthermore it could be the principal moneymaker for the Ecomindium. Suppose you have only the wood on your property to use for heating. With comanufacturing you can use the total energy thus making it the most efficient energy saving method of all. The manufacturing can be almost anything that uses energy and wastes some of it in the form of heat. As an example, this could be a small foundry, operated in the basement or in a nearby auxiliary building. If the foundry is operated in the winter only, then the waste heat that is always associated with a foundry can be used to heat the building. Products that could be manufactured within the Ecomindiums are coke, charcoal, liquid fuels, compressed air or other gases, windmills, solar power systems, food processing, wood gas generators, steam system elements, forge and foundry work, manufacturing small boilers, or full-scale manufacturing of any item. There would be a constant effort to make liquid and solid fuels for tractors, buses, and trucks. Energy to process and store food is a universal manufacturing need. Several Ecomindiums can group together to make large products. Obviously safety and noise will be continual problems. There are many other energy economies that can be obtained by cooperative action within the group. Comanufacturing takes precedence over cogeneration because our electricity usage is to a large extent a luxury. You can cut personal consumption of electricity to the bone without damaging health but we can't live without manufactured goods. 

                                            Fossil Fuel Driven Heat Pump

     
The combination of an internal combustion engine driving a refrigeration compressor could be used for both heating and cooling. In summer it is justified as a cooling system because of high summer electricity costs. In winter there is a large energy saving because heat coming from the engine combines with heat from the heat pump to heat the building. The rough equation for this is 30% of input power goes into refrigeration and 70% goes into waste but useful heat. If the heat pump has a gain of 4, then the beat coming from the pump is 4*.3=1.2.  1.2+.7=1.9. This indicates that the heat output has increased from 1 to 1.9. If we assume a slight increase in performance somewhere we can reach an improvement factor of 2. Actually there is a possibility of getting much higher numbers. The heat pump is not as cost effective as either cogeneration or comanufacturing for winter heat, but if summer electrical costs were very high, the combination of summer and winter usage would make it more valuable.

                                            Energy Inputs To the Ecomindium        

     
 In order to provide heat, cooling, and power several energy inputs to the Ecomindium must be used. Diversity is important because it is a means of overcoming the fact that major energy sources are intermittent. For example the peak in solar energy can compensate for a low production time in wind energy. Biomass and nuclear are constant sources and can be used to provide power during dropouts from solar and wind.

      The principal saver in the Ecominmdium is the geometry of the building. This alone could cut heating costs by about 70%. If biomass is carefully conserved then there should be enough to get the Ecomindium through the winter. Cogeneration and comanufacturing of essential products will provide both heat and power for the building. It is likely that there will be more than enough heat for space heating. Getting enough for power and manufacturing will be more difficult.

     Since it has a high throughput, the production of producer gas from Biomass may be the largest energy generator, particularly in winter. Both internal combustion and steam engines must be used to get the high efficiency necessary to save fuel. Charcoal may be produced as a byproduct of gasification. Charcoal is useful for smelting and melting of metals, for making power in vehicles by onboard gasification, and by mixing powdered charcoal with oil and burning it in Diesel engines.

     Biodigestion of soft biomass, and sewage to make heat, methane, and fertilizer is all important because the nitrogen is conserved. If a legume crop is used in the biodigester then the nitrogen value of the effluent would be quite high. The problem is that large tanks are required and throughput may be low. However, production of fertilizer is probably our most important endeavor. The Ecomindium is a place where proximity will make it easy to transport fertilizer to the crops.

     The production of alcohol from grain has been attacked as a very low gain process. In other words it takes almost as much energy to produce it as is gained. This is offset by the fact that waste energy from the production can be used in winter and less valuable solar energy can be used to distill it in summer. Because of the comanufacturing effect it will be more efficient to produce alcohol in Ecomindiums rather than in huge factories. The scarcity of liquid fuels will make alcohol production in the Ecomindium worthwhile.

    Large windfarms are now being developed and are being mass produced. However there is a strong need to develop smaller windmills that serve the needs of buildings or groups of buildings all across the US. The variance in maximum wind across the US may mean that a local mill has wind when the windfarms do not. Electric current sent from long distances is not as reliable as something you know how to repair and maintain. Furthermore if local mills are designed to compress air, pump water, pump sewage, or compress refrigerants, additional efficiency may be gained because these devices give direct action and avoid the copper of a generator. A compressor may be cheaper than a generator and does not have the same gear train problem. Compressed air is very useful in that it can be stored and is ideal to drive refrigeration. There is not enough wind in many areas to make ordinary windmills cost effective. Nevertheless wind must be experimented with. Each batch of energy from a high wind would be welcome. Therefore for low wind areas an effort must be made to lower the cost of the mill and to make it more efficient at low wind speeds. Smaller mills should be constructed partially of wood if possible. It may be possible to increase efficiency in low winds by using greater blade lengths in comparison to present practice. This is usually inhibited by breakage of blades at high wind speeds. If the blades are placed behind the windmill they could bend backward and not break. There could even be an umbrella type folding mechanism that would furl blades.

      Solar energy may cost four times as much as wind energy. However it will be essential to use it because there will not be enough energy from wind and because solar is much more ubiquitous than wind. Even in the Northern US there is enough solar energy to provide most of the summer time electricity. In the winter, solar energy provides much less power but can still provide a substantial portion of space heating. Multiple sources of energy also help to provide continuous energy without storage. Solar energy must be used in the Ecomindium in all of its forms. These include photovoltaic cells, glass covered heat exchangers used for solar heating, passive solar heat, solar heat processing of biomass, solar steam systems, solar high temperature voltaics, solar heat processing of liquid fuels and sewage, trough mirrors, and dish mirrors. Solar can provide most of the power in summer. Air conditioning can be powered either by solar heat or by solar electricity. The farm part of the Ecomindium could benefit greatly from solar focused heat. There must be a large rotating table in the yard that can be used to make various arrays and dishes face the sun. If the roof will bear the weight there should be experimentation there with trough collectors.

      
 More lengthy discussion on the use of wind, solar, and biomasss will be found in their respective chapters. The heat coming from humans is significant enough that it must be accounted for in air conditioning. Figures given by a refrigeration text are 250 btus/hr when resting, and 1500 btus/hr when working hard. This suggests that people powering an air compressor or generator by pedal or rowing machine can contribute both to mechanical energy and to heating in winter. In summer you would want to do the exercise outside. A very crude estimate might be 400 btus/hr and 1 Kwhr/day per human. A closer estimate would be difficult. My personal consumption of electricity is around 10 kwhr/day so there must be a lot of conservation.

    
Animals could make even bigger contributions. The German farmer built the barn next to his house. No doubt that sheltered one side of the house and one side of the barn, but made an awful stench. A more modern method would be to have an insulated airtight barn and heat pump it to get heat for your dwelling. Ammonia from animal urine hurts the lungs of enclosed farm animals. Therefore it would be essential to transport air from the barn and heat pump it before release in order to get the heat out of it. A herd of 10 cattle or horses would furnish a lot of heating energy.      

   
Farm animals could also power treadmills or other devices that could generate electricity, compress air, pump water, or grind grain. Obviously the animals would have to be fed in winter. However, grazing in the warmer months would help to increase the input/output energy ratio. Since draft animals may be essential for farming, their usage must be experimented with.

                                             Sewage Disposal

 As described in the Agriculture chapter, the processing of sewage in biodigestion tanks can yield heat energy, a burnable gas, fertilizer, and recycled water. Nitrogen will be scarce so any substance containing nitrogen such as sewage, manure, or legumes must not be changed into energy by direct combustion. Soft cellulose biomass can either be digested or burned and gasified. In the Ecomindium the closeness of the sewage and the food consumer to the land is all important. It is to be hoped that Ecomindiums can export food but certainly they can produce a high proportion of their own usage. We must understand that as long as there are people, there will be a desperate need for fertilizer, and the waste from people is one of the things we can count on. Our fertilizer mines will run out, thus causing a famine unless we find sustainable substitutes. Presently large amounts of energy are being expended to build sewers and to treat sewage. Incineration of sewage is one of the monstrous things that is going on that must be stopped. The localized reduction of sewage using digestion techniques will greatly lower these costs. The threat of heavy metals in sewage is greatly reduced if sewage is produced and used locally in a closed cycle.                                                                                                                                                                                                 
                                                           Total Recycling

     
Unless we recycle our raw materials we will run out. Every bit of material must be remanufactured, used for energy, or used in some useful physical way. The recycling of newspaper into toilet paper for example should be done on a fairly small scale if possible. Local usage saves transportation. There also must be an effort to use scrap materials in comanufacturing.

                                          Intensive Agriculture

   
Efficiency in both farms and gardens will have to be improved as the shortages in arable land cut our food and energy production. One of the major activities of the Ecomindium would be to plant trees, perennial food plants, and fruiting shrubs. A large source of scions for grafting and plants for seeds would have to be maintained. The total emphasis would be plants for human food, plants to support food animals, plants for fuel, plants for beautification, and plants for nature. Plant genetics would be a major pursuit. One result would be to obtain such a large group of useful plants that wild animals such as deer, birds, and squirrels would propagate them.

    Intensive gardening is very worthwhile because it shortens the distance that people must travel and transport in order to get an adequate food and fuel supply. This means that high levels of fertilization will be needed near to the Ecomindium. Sewage and wood ashes must be used optimally as fertilizer in a short travel environment.

.

                                                       Device Development

     The devices that will be needed for an Ecomindium include pumps, engines, compressors, turbines, alternators, tanks, and many other things. Increasing life and efficiency will be a constant effort. Device development will be needed to assure a large group of items suitable for comanufacturing and thus secure an income. That should be the highest priority for an active Ecomindium group.

