 








CHAPTER 23 : A SCHEMA FOR INTERMEDIATE TECHNOLOGY 


                        AND LIFE BASED ON RENEWABLE ENERGY





	Recalling the analysis of the preceding chapter it is difficult to say what the development of the sunny and poor south would have been if it were not dominantly influenced for over two hundred years by the energy resources, intelligence, technology and capital accumulation of the north; if it could have evolved from and through the participation of its own energy resources, its own needs, its own intelligence, its own participation of all vitally involved. We do not know, but perhaps some partial observations and analysis can be useful to further illuminate the problem at hand:





	In the early years of this century in Egypt, almost a hundred years ago, the largest irrigation project was developed based on power of direct and renewable solar thermal energy. [footnote] Just around that time the internal combustion engine using and 	very polluting energy -- finite and nonrenewable accumulation of solar energy of millions of years which in its direct commercial costs was so inexpensive that all projects like the irrigation in Egypt could not succeed, were abandoned or never started. But if these projects could have been continued and led to their own technological progress -- or praxis progression -- by people of the south, the south could have been today a happier world than it is today. 





	The believers in free markets will object that such a development would have been inefficient. But recall, now writing around the time of the Kioto world gatherings on global ecological destruction,  the negative externality of the combustion engine which destroyed the solar irrigation. Perhaps if according to modern treatment of negaive externalities a heavy tax on fossil-fuel energy would have been used, an appropriate and locally detemined solar techynology  might have evelved in the south, together with a whole technological clture, universities etc. Morover, given the natural decentralisation of solar energy, that energy or its using technology could not have been monopolised or bound to vast amounts of capital; and thus with acce3ss to everyone and competition, the capitalist system very likely would not have developed, nor would have the excessive depletion of irreplaceable natural resources serving the gluttony of the profit motive and a world could have developed in the south where moderate consumption, without planned obsolescence would have become the support of true human happines instead of the misery; of excess of the few and the misery of poverty of the majority.





	My case for own selfdetemined energy, technology, intelligence and way of life may not need hypthetical projections over a century, but can also be demonstrated through a realistic example of an integrated sun-based living community. Let me sketch more concretely what a lifestyle based on renewable resources and energy might entail.





	The sketch upon which  the rest of this chapter is based represents a collection of solar and solar-derived technologies and equipment. It is a harmonious and consistent set of technologies, which have not only the necessary energy and resource characteristics required by  a decent and  standard of living, but also have a certain moral and social consistency which could make the solution a lasting and self-reproducing one into an indefinite future.  There is no pretense that my solution is the only or all-needs-covering solution.  It is intended primarily as an illustration of what would be possible in a significant domain of human existence.  Obviously the solution is designed for a relatively hot and high-insolation part of the globe, with some rain, but perhaps 250 days of sun per annum. 





	The solution is a house or a home for one family--a family typically representing three generations with possibly a grandfather and/or grandmother -- the home being  a complete basis of life, not only of dwelling but also work and livelihood.  Of course there are other activities assumed in the community, but our house is at the center of our sketch. We will not elaborate on the other aspects of structure or organisation for fear of depicting a Utopia.





	But th house in a significant sense is not a utopia.  I was not able to build and test it, for lack of resources and lack of interest by affluent Americans, but I have designed and tested all of its parts with one major exception.  That one exception was tested and broadly applied  in  American agriculture, about a hundred years ago, and we will refer to this below.  In the spirit of this book which is intended for the general non-technical audience, whether in economics or appropriate technology engineering, I will give simple explanations of the technical and economic characteristics of the house. For the most part the technologies involved are very simple and very well known.  





	A schema-sketch of the house is shown on the following page. At the top of the sketch is the representation of the house itself. Its  significant component is the pagoda-like roof,  which calls for most of the explanations.
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	First of all, the pagoda-like shape and the fact that the whole house has certain characteristics of a tent, fits culturally very well into  various equatorial and relatively dry parts of our globe.  But the pagoda-shape is really a precise parabolic shape called for by the requirement of concentrating solar radiation into a single point, that is, the focus of the parabola. As shown, it is only one dimension of the roof that is parabolic.  The other dimension is linear, or formed by straight lines. More will be understood about the parabolic shape when we speak about the construction of the roof.





	The next thing to note is that the roof, which normally is paid for by its purpose of covering over the  house, actually represents and serves altogether five functions : 1. roof-type protection; 2. collection of solar energy; 3. collection of water for storage when it rains; 4. reflecting not only all light but also 90 per cent of heat and thus cooling the house; 5.washing the reflective surface when it rains to preserve its maximum reflectiveness. Thus the limited cost of the roof can be spread over  these five purposes. For our typical house the surface would be 16 times 32 feet, or [using our approximate calculations] some 500 square feet or 50 square meters. The space involved is similar to a typical American mobile home, perhaps a little wider than that.





	The longer [and straight] dimension runs exactly from east to west and the shorter parabolic dimension runs exactly from south to north.  As shown in the diagram, the roof is suspended on a metal pipe, painted black, which is the boiler and which is located in the focus of the parabola.  It may be desirable to suspend the roof in its center of gravity, in which case the focus would be above the suspension, but for simplicity we show here the suspension at the focal point. In either case, the roof must be mobile, rotating around its suspension for seasonal tracking, as indicated in the sketch.  The rotation must extend 46 degrees to conform to the 46 degree variation of sun between the two tropics.  If the house were exactly on the equator the annual "pendulation" of the roof would go 23 degrees in each direction, with a perfect horizontal position at equinox on 21 March and 21 September.  The tracking could be done manually or through a simple heat [non-electric] sensor which we  have ready  and which costs only a few dollars.  Actually the seasonal tracking would involve a small daily or weekly adjustment of the position of the roof.





	The walls along the longer dimension of the house can resemble very much a tent cloth or one of the grass-based air-permeable materials often used in hot regions.  The wall is then stretched between the linear edge of the roof and attached solidly to the ground in an appropriate position [or rolled to an appropriate length]. This anchoring not only provides the structural base of the house but also, very importantly, ties the roof-parabola to the ground at all its points on both sides, against possible strong winds. The cost  of the wall can be negligeable because of the possibility of using local and traditional materials and skills. The walls on the two shorter [parabolic] sides of the house can also be traditional, adobe or otherwise, and also their cost, especially their non-local costs will be very low.  Only the delta-like suspension, made of metal or wood beams can cost something, but often can be provided by or from tree-trunks; perhaps trunks of fast-growing leucinias grown using the irrigation and the saving of fuel of the OTS-house.





	The essential cost of the house thus is its parabolic roof and the focal pipe and boiler for collecting solar heat. The pipe, say a 4 inch or 10 cm diameter, 32 foot long with fittings and suspension angle-irons, properly welded by local labor should be obtainable for $200, if wholesale purchases could be made for an entire development. The metal sheets, sixteen standard sheets 4 by 8 foot of ordinary smooth iron surface should be obtainable for $10 each, that is $160. The wooden structure, nine parabolic traces and some two-by-fours holding them together [and thus forming the roof] often are available locally and should not require more than another one hundred dollars.  Labor should be supplied for free by those who would be building the homes for themselves, cooperatively.  In accounting terms the learning-by-doing benefit to the builders could cover the cost or wages involved.





	Thus the HARD cost of the house, thus far, is estimated roughly at 200 plus 160 plus 100, that is 460, or for good measure 500 dollars.  The selfgluing reflective mirror material I have been purchasing from the 3M corporation at retail for about $1 per square foot ; I am sure that in very large quantities on a national or regional level it could be obtained for half that amount. Moreover, we have recently experimented with vacuum-grease adhesive techniques, which appear most promising and which would further reduce the cost of the mirror material to at least a further one half.  Thus we can use as an operating figure 100 dollars for any larger scale development.  This large scale should include the scale of any social pilot project of,say, a community of one thousand houses.  Assuming that on the average a family of 6, all included would be served by one house, our final hard cost per person is about one hundred dollars. In terms of a typical modern atomic power station costing some ten billion dollars, this is equivalent to decent and ecologically sound living conditions for one hundred million people. 





	The ten billion dollar power station produces a maximum of about 8000 times 1000000 kilowat hours, that is 8 billion kilowatt hours of electric energy per annum. The hundred million people supplied with  our solar houses each are covered by about 8 square meters of mirror surface and with maximum 300 solar days and 6.6 solar hours per day, that is 2000 solar hours, we come out with  two thousand times hundred million, that is two hundred billion square meter hours of solar energy.  A good rule of thumb is that one square meter of reflected solar energy yields about one half KW of thermal application energy, such as cooking, baking or even refrigeration .  That is, if all the house roofs were used for thermal application, the rough output of the two hundred billion would be one hundred billion kilowatt hours per annum. 





	From thermal to mechanical power the transformation in small low-pressure applications is about two per cent. [Here significant gains might be expected, but in the low pressure and low temperature applications which are consistent with the one-dimensional parabola of the OTS-house, which are perfectly safe given the materials used, the 2% figure is the best estimate].  Thus if used entirely for mechanical or electrical power the output corresponding to the outlay of one atomic power station is two billion kilowatt hours, or one quarter of the atomic station.  BUT!!! there is no fuel requirement; no Chernobyl danger; no ecological destruction and  in addition habitat for 100 million people and a material base of livelihood and potentially happy life for free.





	Thus far we have spoken about the shelter and power output for the 100 million, using the dollar resources of one atomic power station. But what to do with the power? As a working hypothesis let us say that one quarter  of the aggregate capacity is used for heating, cooking, baking, and refrigeration, that is 25 billion effective kilowatts; and  three quarters for mechanical and electricity applications, that is 1.5 billion kilowatts of effective mechanical or electrical power.  Dividing  the first figure by hundred million and multiplying it by six, or the average household size, we come out with one thousand five hundred kilowatts per house-household, or about 4 and half kilowatts per day.  Considering that it takes about one tenth of a kilowatt to bring to boil a half gallon of basic hot water, available to the house in abundance at about 120 degrees F. [produced in abundance by the condensation stage of the mechanical power generation], there should be plenty of useful thermal energy for the houshold, with plenty left over for production of ice or refrigeration. Especially with the abundant hot water from condensation just noted, the thermal resources assumed are quite sufficient. Also it is not difficult to supplement these by extremely inexpensive  solar appliances, like the beekeeper type oven, for cooking, baking and even refrigeration, etc.





	This being said, we can turn to the mechanical side of the problem. As indicated in the diagram, many activities of the household, and some of them for lucrative purposes such as spinning, weaving, washing laundry and so on can be supported by the mechanical sources of power.  The three most important ones are closely related to survival activities such as pumping (primarily for irrigation), electricity generation and ploughing. Ploughing is the only solar-energy-based activity which I have not tested personally, but it is a well known historical fact that around the turn of the century in  this country stationary steam engines were used, using cable-driven ploughs, in turning the earth of midwestern fields.





	Mechanical energy, because of the very low  efficiency of some 2 % from thermal to mechanical, that is ten watts  or ONE PER CENT per square meter of reflective roof [as compared to the about 35 % efficiency of atomic power stations from heat to power], is like rare spices in our solar house or community. And because this is intended to be only a sketch, let us concentrate on the three major survival activities, water pumping, electricity generation and ploughing. We can also assume that on the day of ploughing or irrigation the entire resources of the roof capacity can be used for the purpose, with minimal or postponed use of other types.





	We can then ask for example how much ploughing could be done in one day, or how long would it take to turn the surface of two hectares or five acres used in an intensive family agriculture.  The one per cent applied to, say  seven hours of prime solar energy, for a roof of 50 square meters would yield about three and half kilowatt hours of mechanical energy, or some five horsepower hours, for a day of full sun. Those are modest amounts indeed, but they are consistent, let us recall, with energy possibilities of a family forever, without any costs of fuel,  without ever depleting the energy resources, and without polluting in any manner whatsoever the environment.





	While they are modest, they are reasonable and appropriate. For example, it would be possible to light at night five 60 watt bulbs, or fifteen if using twenty times more durable neon light bulbs for three hours every night, and still have two and half kilowatt hours left over for sewing, weaving, woodworking or other commercial activities.  Even  television, recorded music or radio could be included provided that the household  could afford them through its outside commerce activities [-- and as far as I am concerned, if better tv programs could be made available! ]





	In terms of ploughing, perhaps the most energy-consuming activity, assuming a horizontal thrust [or pull] of 220 pounds, one acre could be ploughed in about one day, and the two-hectar intensive farm could be ploughed in five days.  Figures of comparable orders of magnitude could be found for harvesting if appropriate low output harvesters could be developed.  The great advantage of the solar ploughing is that it diminishes the use of bullocks and permits use of greater proportions of the family land for growing of food.





	Last but not least of our three main activities is pumping . In this area  I have developed pumps which can use the hydraulic principle and go directly from steam to pumping, and have received a U.S. patent. But whether one uses that method or an application of the steam engine as shown in the diagram, the relevant estimate here is for pumping from a  depth of 30 feet or ten meters, or equivalent lifting from a river or irrigation canal.  The 3.5 kw hours available correspond to about 700 mm of rainfall on an annual basis over the assumed area of two hectares or five acres. Again, this is not an excessive amount, but if it can be supplemented by water collected into inexpensive cisterns tested and developed  by many, and the direct rainfall while it lasts,  this may establish the basis for viable agriculture and decent existence for the family.





	A few more words in concluding about the technologies. The workhorse of all the mechanical applications is a very simple steam engine.   This engine uses about one foot of a 4 to 6 inch diameter metal pipe with smooth interior as a cylinder; valves and drive shafts made of ordinary iron pipe and plumbing parts, piston made of pieces of old truck tube, mounted between two metal washers; a flywheel from a cable spool with bricks mounted on it for greater weight and two one-inch ballbearings which can come from an old truck and which can be found (from my own experience) for around a dollar each in flea markets of any large city in the developing world, be it Calcutta, Nairobi, Manilla or Lima.  The cost of materials, including the frame made of four inch or six inch U-channel [i.e. a metal bar with a profile exactly like the bracket used to enclose this note], again, with appropriate fittings can be anywhere between ten and fifty dollars, depending on the degree of former use and obsolescence of parts, with the fifty dollars approaching the cost of materials based on new parts.





	The labor again can be at first imputed to the cost of learning to build the steam engine.  Once some people become experienced in the construction, they will also become capable to repair the engine for themselves or others, and perhaps start a family shop or a worker cooperative for that purpose.





	Not to bore the reader with much more technical description, let me say that we have constructed and tested cookers, baking ovens, refrigerators, washing machines, many different pumps, grain grinders etc. all reliable and of the same general type of simplicity and relatively low cost as the technologies that have been discussed here. Moreover, the workhorse steam engine, which can be produced with tools no more complicated than an electric or even a hand drill, can be applied to dozens of mechanical cottage production processes.  This can be done either directly as shown in our diagram, or using electricity accumulated in a set of car-type batteries, through a generating system also taken from  automobile parts, used or new.





�





�





�





�





�PAGE  �167�








�PAGE  �167�














