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   Chapter 12                              Solar Energy

     Solar energy will be extremely expensive as compared to other energy sources. However there is an unlimited amount of power across the US in summer. There will not be enough input from other sources and therefore we must work extremely hard on solar energy. It will be indispensable. The only problem is that the public is unwilling to make the huge investments in solar that are needed, and if we wait too long to make these investments it will be too late. In order to use this energy, we will have to have seasonal industries that take advantage of the huge solar bonanza in summer. However it will have to be necessary to get used to the fact that when the sun doesn't shine, the factory wont work and it might be necessary to go to bed early because there is no electricity. There may be sufficient biomass to get us through the winter. However if we can use solar massively throughout the summer, then we will have more biomass for the winter. Capital costs of solar will be very high because the percentage of time that it is available is so small. A lot of labor will be required but labor will be cheap after oil depletion because no one will have a job.

      The design of solar systems should concentrate on meeting the power needs for an Ecomindium. The information gained can then be used in large power plants or in house sized installations.

                                                                       Insolation

     There are large changes in light intensity from summer to winter and at different locations through the country. The following data is from tables in “The Solar Energy Handbook“, by Kreider and Kreith. All values are average insolation per day in kilowatt hrs/sq meter. On a full tracking surface the total radiation in Albuquerque in summer is 9.9.In winter it is 6.6. For Boston, the values are 6.5 in summer and 3 in winter. From these figures we can infer that it pays to put large solar power facilities in the desert. We can also infer that in summer there is power making capability all across the US.    

                                                                          Mirrors

     Since the area of interception of the sun’s rays determines the total energy received, mirrors that focus are capable of gathering energy just like photovoltaics do and of concentrating this energy into a smaller area. Mirrored focused reflectors are far cheaper than voltaic cells on a square foot basis therefore they are very possibly the key to making solar energy at lower cost. Solar gain by mirrors can be defined by the increase in radiation determined by the ratio of mirror to target area. For example if the mirror is 100 square feet and the target area is one square foot then the beam intensity at the target is said to be 100 suns. Focused mirrors require sun tracking. In the case of trough mirrors usually just the elevation is tracked. Dishes require tracking in both elevation and azimuth. The longevity of mirrors may determine whether mankind survives or not. One of the huge questions is whether we can even find the raw materials to make sufficient numbers of mirrors.

     The parabolic equation that determines focal length and depth of mirrors is r^2=4* f *d where r is the radius of the mirror, f is the focal length, and d is the depth of the mirror. To convert the answer to inches, multiply by 12. At 100ft focus and mirror radius=1 foot, 1=400 * d.  d=.0025 feet or.03 inches. In other words a 2 feet diameter mirror with a focal length of 100 feet would have a depth of .03 inches at center. A 200 feet focal length mirror would have depth of only .015 inches. I believe that you can deform the mirror that much. Furthermore, in large arrays with smaller segments it might not be necessary to curve the mirror much if at all. Long focus mirrors would of course be suited to towers rather than dish mounted targets 

     There are several possible configurations for mirrors. They will all have to face the possibility of windstorms, deterioration due to sun and time, cost, and dirt buildup. It is absolutely crucial that the US government should cause mirrors to become available as low cost mass production units. With good mirrors, small manufacturers could develop many useful items, including building oriented power generation systems.

     One of the crucial questions is how to build mirrors at lowest possible cost. The large metal membranes as used in Solar 1, could be the answer. One now out of date cost estimate for them was about $80 per square meter. This is far lower than the cost of voltaic cells. Of course because of their long focal lengths they primarily suited for power tower energy systems. 

     It should be possible to make dish forms from either fiberglass or steel and then mount mirrored segments to them. It also might be possible to form dishes and then put a reflecting coating covered by glass or plastic on them. The best material for amateurs to experiment with might be the one square foot mirror tiles presently available in stores. However mirrored pie shaped segments made from special glass would be better and could be standardized on and assembled into large arrays in small local factories. One unproven idea would be to drill a center hole in the tile, put a screw through it and use the pressure to deform the tile sufficiently to conform to the mounting dish. It probably would be necessary to use a washer and that would reduce the dish area slightly. This works only for long focus mirrors.             

                                             Solar Space Heating

    Architects have promoted passive solar energy as the simplest method of using solar energy to heat buildings. It usually consists of large south facing window areas with a masonry wall or floor that would store the heat. The problem is however that in winter, at night or in periods of low sun, heavy shutters or shades would be needed to reduce window heat loss. Passive solar is probably most suited to southwestern regions that have a lot of sun. The heat losses may be too great for northern climates. A variation of passive solar is the Trombe wall. This consists of a glass covered, blackened, concrete, or masonry wall on the south side of a building. Air enters through a vent at the bottom, is warmed by the wall, and exits into the building interior. One question is whether the masonry wall could be insulated well enough from the inside to prevent loss in low sun periods. 

      All of the systems for generating power including steam condenser heat and heat from high intensity voltaic cells can be used to heat buildings in winter. There may not be much solar heat in winter but what there is can be used. Mirrors used for heavy summer work could be moved closer to the building in winter and used to heat it. A special variation of solar heating would be to focus a solar beam on a light pipe that would carry both heat and light into the building. Such a system could be used for power generation, lighting, heat, processing sewage, and heating hot water.

     One of the first methods of solar heating was by means of heat exchangers covered by glass enclosures on a sloping roof. Due to maintenance problems these systems have became unpopular. However their energy effectiveness may be better than voltaics. The Ecomindium would furnish more labor for repairs. As energy prices go up, they will become popular again.

                                                           Solar Lighting

    Solar lighting is extremely important because it represents a low-tech way to reduce electricity consumption. Solar heating and lighting can both be implemented by having south facing windows in Ecomindium common work spaces. More complicated schemes would employ light pipes or other means to reduce window area. A mirror focused on a north window could illuminate voltaic cells, provide light, and provide heat all in the same operation. Because of the inconsistency of the sun in the north, solar lighting would work best in high solar areas. 

                                                  Solar Process Heat

      One of the things not generally known is that solar heat alone could save a lot of energy. In heat processes no engine-alternator, or photo voltaics are needed, thus cutting costs. The solar dish would be focused on the work at hand. Around the farm or Ecomindium, a dish could be used for crop drying, biomass pyrolization, processing sewage and manure, making quick lime, making plastics, Pasteurizing various things, melting and smelting of metals, and heating buildings. Biomass pyrolization would be very important if liquid fuels could be made without fossil fuel input. Obviously these processes could be done in an Ecomindium or a desert power plant. A huge operation might even help to make oil from tar sands or from shale. Many of these operations could be combined with power generation. One difficult but important project would use solar energy to make those crucial mirrors.        

                                          Photo Voltaic Cells

       Photo Voltaic cells convert sunlight directly into electrical energy. Improvements are constantly being discovered in the manufacture, cost, and efficiency of solar cells. There are rumors of breakthroughs that might increase cell efficiency from 10% to 30% or others that might reduce the cost per peak watt. However many of these ideas are yet to be proven. In spite of these new ideas, and in spite of optimistic predictions for radical price drops, the price of solar voltaic cells is still around $5 per peak watt. Since the duty cycle of solar never gets to be more than about 30%, photovoltaic cells solar are not close to being competitive with other resources, including biomass and wind. Some analysts even say that it takes more energy to make photo-voltaics than they produce. I don't believe this. The environmentalists concentrate on ordinary solar cells but they probably will not be the system of choice in the long run. If solar voltaics cost $5/peak watt and a square foot puts out about 10 watts, then a square foot costs $50. Mirrors on the other hand, can cost less than $10/sq ft and could possibly go as low as $2. Since the total power available is proportional to the area of the collector, focused mirror collectors are cheaper than voltaics. This reduced cost will justify an elaborate system to turn the energy into electric power. The cost of voltaic cells will have to go down to $2/peak watt before they will be cost competitive. In spite of the cost voltaic cells will continue to be used because they need no advanced technology and because they would be a reliable back up system for charging batteries. 

                                High Intensity Photo Voltaics

     Recently high intensity cells have appeared on the market. They operate at high light levels and therefore can turn focused sunlight into electricity. Since their efficiency may be as high as 30% as compared to 12% for ordinary voltaics and since they use focused mirrors, the square footage of cells needed is much less, and the cost may be far below that ordinary cells. They eliminate the elaborate expansion machines and boilers of steam and Sterling systems. They require cooling, but the temperature of the waste heat may be high enough to heat buildings, heat water, or distill alcohol. If the cooling temperature could be 200 degrees or more then additional electric power could be obtained from a low temperature vapor power loop. Whether high production of these devices at a reasonable cost can be obtained is unknown, but certainly it is a good area for research and experimentation. It is possible that such systems would be more cost effective than steam systems.

                                           Steam Engines and Turbines

     Steam systems are comprised of a high temperature source (traditionally coal), a boiler in which to generate steam pressure from the heat, an expansion engine or turbine, an alternator to generate electricity, and a cooled condenser to restore the steam to a liquid. In a solar system, a mirrored reflector is focused on a boiler to provide the needed high temperature heat input. Highly focused beams giving higher boiler temperatures give greatly increased efficiencies. The cooling of the condenser provides waste heat that can be used to heat buildings in winter. In winter there may be insufficient sun to make much power but the focused heat may still contribute to space heating. One big advantage of steam over high intensity voltaics is that biomass may be able to fuel the same steam system when solar is not available.

                                                    Parabolic Trough Collectors

    Trough collectors are suitable for small power systems but also are a close rival to solar power towers for large systems. Such collectors are focused on only one axis and therefore even with high precision they can’t get the large solar gains that are easily done with dishes. However they are easier to steer and place than are round collectors. In particular, their intrinsic worth is probably greatly enhanced because they can be placed on rooftops. The weight might be a problem but an array of troughs on an Ecomindium roof could produce a lot of power much more efficiently than photo-voltaics. Furthermore even if insufficient heat were available to make power in winter, they still would make some heat for the building. Solar collectors also reduce the temperature on the roof in summer and therefore reduce air conditioning loads. The target for the trough could be either high intensity photo voltaic cells or a boiler for making steam. Trough parabola systems have been operating in California without fanfare for several years now. 

                                              Dish Mounted Collector Systems

      Round parabolic mirror systems are the most efficient way to collect the sun’s rays. However when in use, they must constantly be steered to follow the sun both in azimuth and elevation. The target is moving all day and poses problems in getting the energy out with pipes or wires. Rotary high pressure steam and water joints would appear to be essential for such a system. Heat losses could possibly be severe for piping. The target could be a high intensity voltaic cell, a steam boiler, or a Sterling engine. Removal of heat would be a problem with all of these systems. However high intensity photocells might have lower losses than a steam system. Prototypes of a free piston Sterling engine and linear alternator mounted directly on a dish have been built. Air to air heat exchange gets the heat off the dish, thus eliminating pipes coming from the dish. The free piston engine does not make rotary power; it just goes back and forth. The reciprocating alternator can make electrical power and thus completes the unit. The Stirling engine is a hot gas (helium ?) engine that works at high temperatures. The ones that I have seen have a high enough exhaust temperature that a steam system could use the exhaust heat to make even more power and thus greatly increase efficiency. However there is a big question about the longevity of the Sterling engine because of the high temperature and pressure of piston and cylinder.

                                                          Solar Tower System

     The solar tower system has most of the efficiency of the Dish mounted target system and but is more convenient for larger installations. It was used in the largest solar system ever built. A desert is a good place to locate a solar tower. In this system the collector is mounted on a tower and a field of shallow dish mirrors called heliostats are to the north of it and focus on it. These dishes are extremely shallow because they may have a focal length as much as 200 feet. This shallowness is important in that it may make them easier to manufacture. However the long focus of the dish requires a higher precision. A prototype of a large solar tower system was built in the California desert and was called Solar 1. The heliostats were made with two metal membranes stretched over each face of a round ring. The front membrane is a concave reflecting surface that comprises the mirror. Focusing is accomplished by regulating a slight vacuum between the membranes. There were many heliostats in a field, all focused on one target. The target was either a steam boiler or a salt heat storing system that could be used to heat a boiler. The hot liquid salts were capable of storing enough heat energy to operate the system into the evening. However in a solar tower, almost any kind of target could be used, including some meant to be used for the production of heat rather than electricity. This desert power plant was said to be almost cost effective before bad government and bankruptcy canceled it.

      In the Ecomindium it would be useful to mount the boiler on the roof. 

Any large building could have a boiler mounted on top of it. The dish could sit on the ground or could even be set below ground in order avoid wind problems. An out of control mirror however could easily burn a building down.  Therefore its maximum excursion must be carefully controlled. Steam from the boiler is sent through a steam engine alternator combination to produce mechanical power or electricity. The cooling of the condenser provides waste heat that can be used to heat the building in winter. In winter there may be insufficient sun to make much power but the focused heat may still contribute to space heating. I believe that the solar tower system with a steam engine may be the workhorse of the solar power industry even in building sized systems. One big problem in the solar in the gasification of biomass using a solar tower  would be how to elevate heavy materials so that they would be in the beam. It might be possible to use mirrors or prisms to bring the beam back to earth.

                            Building Oriented Power Production

      For generating electrical power for an Ecomindium, ordinary photo Voltaic cells would certainly be the choice for emergency power. However they would probably not be cost effective enough to make power for the operation of the building. All of the power systems already mentioned could be used. As mentioned before, solar troughs with either a high intensity voltaic cell or a steam boiler target would be very appropriate for roofs. Ordinary photo cells could possibly be improved by mirrors. However the problem here is to avoid too much sun. Cooling the cells would help to keep them from overheating and would make hot water or space heat. Fixed solar targets such as solar power towers have the advantage of a non moving target. This means that both electricity and space heat could be easily piped from the target. One case would be to use a window as a target. A high intensity photo cell and prism to scatter light would make it possible to get heat, light, and electricity from the same beam. Light pipes and a light scattering system would be more effective than windows for heat and light because the large surface area of windows causes considerable heat losses. A solar target on the building roof would be very advantageous because of the short pipes for condenser heat into the building. If control of either elevation or azimuth is lost, high intensity beams for both window and roof installations could cause fires or inflict severe burns on people, The solar tower on a pole would be safer.

      Systems with the target mounted on the dish probably focus the sun’s rays more efficiently than solar towers and would also be considered. However the solar tower has the advantage that the mirrors are shallower, the target is fixed, and it is easier to enlarge a given system. Unless the power tower has serious focusing losses I believe that it will be the system of choice for building energy. 

      In the research oriented Ecomindium all of these systems should be experimented with. A clear difference in price and life must be ascertained. There should be a rotating platform that would provide azimuth rotation for experiment with both tower and dish mounted focusing. Steam engines, solar mirrors, solar air conditioning, a trough system, and a solar tower system should all be under development. All of the ingredients of heating and power systems should be combined in a synergistic manner so that power, heat, and water are always present when needed. Photo voltaic systems should be combined with systems that provide space heating. Solar drying, pyrolization of biomass, and heat pumping of solar collectors must be experimented with. 
                                            Large Power Plants

    Solar power plants will range from medium power plants meant to service Ecomindiums all across the USA, to very large plants that would probably be located in the south or in deserts. The desert will have insolation values almost twice as great as some parts of the USA. The poor efficiency and cost of long power lines makes it useful to use as much power as possible close to the plant. I doubt if the Mojave Desert can be used to directly provide electricity for Maine. The losses would be too great. The solution is to make solar powered factories that manufacture something essential as a first priority. Manufactured commodities can then be shipped out by rail. One way to shave power off peaks is to manufacture intermittently and use the excess power of peaks. This provides a more regulated power level to consumers. Of course during low spots manufacturing must cease or other power must be used. Since no energy will be generated at night or when the sun doesn’t shine, a solar plant should be supplemented with wind and biomass energy wherever possible. Examples Of things that could be manufactured by a large desert plant are quick lime, cement, aluminum, various metals, machining, hydrogen, charcoal, wood tar, nitrogen fertilizer, chemicals, ammonia, methanol, and almost any assembly operation. Although there is no possibility that multitudes of vehicles could be driven by hydrogen generated from desert solar, it still will be important to manufacture hydrogen because it is an essential ingredient in ammonia fertilizer. It also would be useful in making liquid tractor fuels. If located near the ocean, solar and wind could be combined to make electric power, hydrogen, fresh water, and magnesium from seawater in a combined process.

                                Portable Mirror Systems       

       Mirrors mounted on movable platforms could be extremely useful in getting more solar energy. The best example is probably a solar tower. If mirrors were mounted on a platform moving throughout the day in an arc, the angle between sun and target would be reduced and mirror performance would be enhanced. Of course for a solar tower this mirror could operate on a railed track.

       There is also the possibility of a general purpose mirror that could be mounted on a flat bed that could move anywhere. This enhancer could be used for the solar tower, illuminating voltaics, shining through a window for heat, solar absorption refrigeration, drying grain, pyrolizing wood, heating or distilling water, and the list goes on and on.      

                                            Heat Pumping and Solar Energy

     Heat pumping may achieve better than a two to one advantage over a straight furnace for a biomass or fossil fueled engine driving a heat pump compressor. Heat pumping is also useful for summer air conditioning. If we assume that the high temp side of the heat pump is 90 degrees F and the low side is 50 degrees F then the COP (Coefficient of Performance) of the heat pump might reach 10. For winter heating, if we assume a 40% efficiency for conversion from fuel to mechanical energy then the heat pump gain would be .4 times 10+.6=4.6. This is optimistic but shows that gains of 4 might be achievable in comparison to a 100% efficient furnace. An insulated cistern or well might afford heat at a temperature of 50 degrees F in winter. This tactic can also be used in conjunction with the heat pumped solar systems. The heat pump advantage can be boosted if water or other fluids can be heated by solar energy so that they are at 60 degrees or higher temperature. Even from ice at a temperature of 32 degrees, with a heat gain of two to one, solar heat would have an advantage because a huge source of heat energy is available. One example would be to trickle water down a sloping black collector or roof. It would be preferable to cover this with glass. Vapor losses from the water will be reduced if heat pumping of the water is used to keep the trickling water temperature down. On the roof, the water temperature would possibly go from 40 degrees to 60 degrees F. A higher temperature would of course give a better coefficient of performance. The same sloping black roof area could have voltaic cells placed on it. Since the cells are only about 10% efficient there is very little loss of heating energy. Mounting costs and area of any solar installation are a large part of the cost so the double use of space would be important.

     Another example would be to use heat pumping to freeze a very shallow pond that would be useful for ice skating. The pumping temperature would of course be 32 degrees or less but even at that temperature a heat pump efficiency of two to one could be maintained. If ice depth is a small as one inch and the pond bottom is black then the capture percent of solar heat available would be quite high. If mirrored sheets as high as 8 feet were located on the north side of the pond then more heat would be collected and the skaters would be warmer. Since it would be possible to use large areas in this way, a lot of heat would be available. 
    Solar heat for heat pumping could also be captured by an ice room. A metal frame of refrigeration pipes would have water sprayed on it to form the surface of the chamber. A black surface on the north side within the ice structure would use trickling water or more refrigeration piping to collect the heat. The virtue of the system would be that because of the ice enclosure, there would be no convection losses. The ice on both the collector and enclosure frame would be continuously melting and then being refrozen by the refrigerant. Running the ice water through pipes or a cistern underground would increase the heat gained from such a system.  

               Still another way of getting winter heat for space heating would be to heat pump a large cold storage unit. Since such a unit would be essential in an Ecomindium anyhow, the use of two refrigeration systems could be avoided. The heat from the refrigeration unit could be used either for space or hot water heating.

                                         Solar Powered Air Conditioning

     Air conditioning will be a major part of summertime energy use. Keeping Ecomindiums cool will be important. Frozen food lockers will also be important, and could be powered by solar energy in all seasons except winter. In summer this can be done by solar electricity, absorption using lithium bromide and water, absorption using ammonia, and compressors using anyone of several refrigerants. Water as a refrigerant has the advantage that it could be distilled in the same process. Ammonia has the advantage that it could possibly be made from sewage. Butane would be another good refrigerant. Pentane would be good for a fan type compressor. The air conditioning system elements could also be used for winter heating.

                                                                    Waste Heat

      It is very important to use the waste heat available from the condenser or high intensity photocell in every way possible. Obviously, in summer the waste heat must be directed away from buildings. In winter, it must go into buildings to heat them. Some of the things that can be done with waste heat are heating greenhouses, pasteurizing sewage, distilling sewage, heating buildings, drying biofuel, drying grains, absorption refrigeration, or distilling ethanol.

                                                             Storage of Energy

      Since there is no solar energy at night, it is desirable to store enough energy to have lights, air conditioning, and refrigeration in the summer. Wind energy does run at night so wind should supplement solar wherever possible. Nuclear and biomass also are possibilities. However ideally there would be some storage for wind, solar or grid energy for periods of time when there is less power available. With no storage, people might have to sit around in the dark and talk for recreation. Batteries are of course the most convenient storage and any Ecomindium would have at least emergency storage of energy from them. Other possibilities for storage would include heat storing chemicals, ice or dry ice, compression of air, compression of C02, and making of hydrogen. Cold storage could be used for air conditioning, refrigeration, and power production. Ice can be used for storing power because it would increase temperature differential and enable more power to be produced by a vapor Rankine cycle engine. This of course would be very useful for air conditioning or refrigeration. Hydrogen could be made in daytime and changed back to electricity at night with a fuel cell. 

                                            Solar performance

               In the tables below it is startling to see that solar mirrors may be as much as four times as cost efficient as voltaics. The Ecomindium is the best place for developing such a system. It is difficult to compare the cost of high power voltaics if the cost is unknown. All systems benefit if their waste heat can be used.

                               Photo-Voltaic Array

	Data For a Photo Voltaic Array No Mirrors
	
	
	

	
	
	
	
	
	
	
	

	Total Radiation East west axis tilted at 30 degrees
	
	
	

	1 sq meter=10.76 sqft
	Cost is $5000/peak kwhr
	
	

	Solar to electric efficiency is 15%
	Solar is .1 kw/sqft
	

	Running cost is 10% of capital cost
	1 Kwhr=10000 btus
	

	At 10000 btus = 1kwhr, 10 Quads is 1 trillion kwhrs
	
	
	

	Number of hours in year=8760
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Formulas
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Column #1 is raw data from "Solar Engineering Handbook" 
	

	by Kreider and Kreith
	
	
	
	
	

	Col 2 is     Col 1 * 365/10.76
	
	
	
	
	

	Col 3 is     Col 2 /(8760*.1)
	
	
	
	
	

	Col 4 is     Col 3 * 8760
	
	
	
	
	

	Col 5 is    5000*.1/Col 4                 
	
	
	
	

	Col 6 is    10*col 5
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Season
	kwhrs/
	kwhrs/sq 
	duty
	Kwhrs/yr
	cost
	Cap cost/

	
	
	sq meter
	ft/yr
	cycle
	/peak kw
	kwhr
	10 quads

	
	
	/day
	
	
	
	Dollars
	$Trillion

	
	
	
	
	
	
	
	

	column
	
	1
	2
	3
	4
	5
	6

	
	
	
	
	
	
	
	

	Boston
	summer
	5.2
	176.4
	0.20
	1763.9
	0.283
	2.835

	Boston
	winter
	2.5
	84.8
	0.10
	848.0
	0.590
	5.896

	Phoenix
	summer
	7.3
	247.6
	0.28
	2476.3
	0.202
	2.019

	Phoenix
	winter
	5
	169.6
	0.19
	1696.1
	0.295
	2.948

	Average
	
	5
	169.6
	0.19
	1696.1
	0.295
	2.948

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	For average the capital cost is $2.95 trillion
	
	
	
	

	For average the cost/kwhr is $.295
	
	
	
	


                                                     Solar Rankine Cycle

	
	Data for Full Tracking Surface, Solar Rankine cycle
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Data in kwhrs/sq meter/day taken from
	
	
	

	
	"Solar Engineering Handbook" by Kreider and Kreith
	
	

	
	Hours in year are 24 times 365 or 8760 hrs/yr
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	City
	Season
	Kwhrs/sq
	Kwhrs/sq
	Kwhrs/sq
	Duty
	Kwhrs/yr
	

	
	
	Mtr/day
	mtr/year
	Ft/year
	Cycle
	/pk Kw
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Boston
	Summer
	4.2
	1533.00
	142.47
	16.26%
	1424.7
	

	Boston
	Winter
	2.2
	803.00
	74.63
	8.52%
	746.3
	

	Phoenix
	Summer
	8
	2920.00
	271.38
	30.98%
	2713.8
	

	Phoenix
	Winter
	5.3
	1934.50
	179.79
	20.52%
	1797.9
	

	Average
	
	4.925
	1797.63
	167.07
	19.07%
	1670.7
	

	
	
	
	
	
	
	
	

	
	Nominal duty cycle is 15%     Peak insolation is 100 watts/sqft
	

	
	Nominal Solar to Electric Efficiency is 24%
	
	

	
	For 1000 sqft   Mirror cost is $10/sqft
	
	
	

	
	Cost $10,000 mirror, $5000 engine, $2000 boiler
	
	

	
	, $2000 condenser, $3000 misc total $22000
	
	

	
	Assume yearly cost is 10% of capital cost
	
	
	

	
	
	
	
	
	
	
	

	For average insolation of 1670.7 kwhrs/yr/peak kw
	
	
	

	
	
	
	
	
	
	
	

	Collector
	Peak
	Peak
	Kwhrs
	Total
	Cost/
	Cost/10
	

	Sqft
	Solar Kw
	Elect Kw
	/year
	Cost
	Kwhr
	Quads
	

	
	
	
	
	
	
	$ Billion
	

	
	
	
	
	
	
	
	

	1000
	100
	24
	40095.72
	$22,000 
	0.055
	548.7
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Summary; Total cost/10 quads is $540 billion  Cost/kwhr is $.055
	

	This omits cost of upkeep and assumes low cost labor
	
	


