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Our  Super  Simple  Home  Electric System Including Transport Freighter Runs On 60 Watts.
ABSTRACT: From what are arguably the most self-reliant home lifesupport systems for 16 years in Australia run entirely on Renewables, Sustainables and Conservables - all 150++ of them, sans animals as yet - we shall detail our remarkably simple yet ingeniously cost-effective solar electrics + interfacing + performance using only two "42W" amorphous units + 12V appliances. Such latter items proved vastly cheaper and more efficient than their 240V counterparts. Peripheral devices like switches, fuse holders, control panel, cables, terminals and batteries cost zero or a few cents using neat tricks! What follows can equally be applied to wind, water, wave, steam, methane... power.

Curiously, simple things are harder to invent or optimise - often requiring 3-5 approaches for every problem - than complex gadgets which perform the same task. What we wanted as Energy Missionaries was a system that can be assembled in minutes with few tools or skills, yet last decades. On our Queensland Island we now laugh at storms, strikes, power cuts and cost. The truck battery system can supply power for days in cloud cover while still charging a little. Collectively we have had to title this entire field Sustainable Home Engineering, perhaps the human side of science and technology that allows us to easily live comfortably on $30/week providing I acquire, invent, redesign, make, plant or rearrange all relevant subsystems. There are far too many MOTORS in any household. This need we have radically reduced.

See WINDMILL DESIGN later this Chapter.

INTRODUCTION - OOPS: Recent years at least since 1990s saw awesome millions of folk in such as New York, Auckland, Sydney, Melbourne, Chicago, Brisbane cities... near immobilized because of a ridiculous dependency on centralised utilities. Barely anyone knew renewables! Auckland CBD suffered weeks of power loss with Brisbane and Melbourne brownout-blanketed. New York plus 50million Americans went dark as did Chicago often - both from "gridlock" congestion having no foreseeable end, but few folk turned to the likes of solar or storage power to run dirt-cheap 12volt appliances like car fans, 8watt fluoro lamps, small B&W TV, radio, mobile-phones or bikes (motorised?), or solar water/space heating etc. Some New Zealanders bought pricey ephemeral motorgens. Lucky Chicago shortly expects to be 20% renewables run! Millennia-ancient Solar/Wind isn't "alternative" energy; that dubious honour belongs to chemical or nuclear.

Sydney with toxic water crisis had ignored small rain tanks, or sterilising on smokeless wood BBQs; choosing instead to gas-boil drinking water, thus depriving Melbourne when it's ludicrous monopoly gas source erupted, a city equally ignorant of waste wood!! It is hard to appreciate the lack of vision, preparedness, backups or fail-safeness. More monster silly problems: Fires decimate houses lacking roof-tanks... China, by copycatting the west, sacrifices its trees and hence land to the gods of flooded rivers. American houses, not conforming to building codes apart from some micro-few simple designs, continue to pulverise in a blow, millions rendered homeless and now living - where? Or algae-green French and Australian rivers. Or farms producing more salt and desert than crops (due to grand tree/land scalping) - far from net energy profit. Or ignorants readily burning off every delicate native (or other) edible plant instead of survival-planting multi-use food trees all over - count how many from Sydney to Melbourne!
Typical home solar electric systems, especially American, mount a plethora of expensive panels at colossal cost over a big roof area, whilst frequently trying to justify the outlay by home grid-connecting for minuscule returns. Moreover, renewable power industry worldwide is driving headlong in attempting to generate as much renewable energy or more as was formerly nuclear or fossil-derived. There is little attempt to conserve especially by factories for whose products there is little need, as we demonstrate.

An insidious renewables deception is to isolate studying the Renewables Source technology - solar, wind, tide, bio or hydro... - from its Applications as if these two are totally unrelated entities, instead of being an inextricably integrated mutually reliant whole. This classical but far from unique case applied to Sydney University's superb solar pipe designers never considering end-use, which if they had (eg. steam making), I'm informed some time ago, would have led to an entirely different development path.

Hence I wish to here concentrate on home Applications as the obvious means to help configure the energy Source, because if solar power is to be minimised, a complete solar system cannot be separated from defining the appliances. Many alternative technology design articles are too vague to be useful. We want to help by becoming completely item-specific. It's very easy to come up in the world of 240V appliances, but seems harder to climb down to using all 12V units which were carefully selected or designed for maximum power economies, besides being harmless to one's health and virtually fire-safe. Apart from a few fluoro bulbs, only trivial repairs have been needed in 16 years! Some time ago, a fair size detachment of the Queensland branch of ANZSES spent an enlightening day at our Open House.

Home actually needs only a single 42W panel. Another under-used second-hand panel doubles for remote garden watering and to trike-battery charge. Now what to avoid:

Electric power sans grid-connect, cables, trackers, inverters, transformers, maximisers, rotators or standby powerhouse: Renewable Energy World, March-April '04, a free quality 6/year UK Journal, emphasises that these grid system items all have cost, low-efficiency (cables, electronics, transformers, grid), instability, unreliability, sabotage, maximum power point tracking, ephemeral (often 2.5 to 5 times shorter life than major items), un-maintainability or replacement problems, plus potential "gridlock". American Grid-connect renewable projects are shown to be losing feasibility, noting also that ever more colossal polluting powerhouses are needed for backup, whilst wind blows best where grids are absent. Therefore, free of base-charge preference goes to local or private systems just 15% bigger to avoid need for extra 15% power given by maximisers etc. Further in this same journal, if the so-called Hydrogen Economy where to provide for vehicle-powered hydrogen from renewables (whether in a fuel-cell or combustion engine), about 4 times more wind turbines or solar panels would be needed to provide identical range than if those mills charged a similar-vehicle battery directly via cable - and at half the hydrogen bowser cost! So FORGET Hydrogen & grid-connect, unless near-free like Iceland's! Similar warnings were Physics-published in my 1979 book Eco-Logistics.

To invert 12V or 24V into 110/240V for reasonable power needed by typical inefficient mains appliances costs the earth, often 16% as much as the panels, or about the cost of batteries involved. A 24V system would do nothing special for us. Only heavy power tools could demand a small motor generator for a few seconds; though welding can use a special backup battery set.

Maximisers increase power going into the battery by only about 10% to 15%. These are avoided either by reducing one's needs or by increasing the panel or blade area by that same %. We avoid a tracker that would move panels to follow the sun by manually moving them thrice daily. That takes but seconds and is only required during a period of heavy power demand, like starting the fridge initially for 2 days.

You'll need a cheap 6amp Battery Regulator to avoid overcharging.

WHY SOLAR ELECTRIC ENERGY? Wind here proved capricious and commercially lots costlier per watt W, (see Renewables trade catalogs) albeit much cheaper if the mill is homemade. Water? No rivers on this island. Tidal fall too small. Methane, wood heated steam, woodgas or alcohol too labour intensive. 

Solar electric power with no moving parts was the logical choice in 1985 at $7/W. Already prices are plunging, so prepare to haggle heavily. When we compare the all-up wholesale $cost/W of solar versus fossil (to which must be included the grid, land cost, decommissioning, water rights, interest on loans, studies and meetings, roadways, insurance, transport, pollution cleanup...), we find insignificant differences.

BATTERY COST: Taking into account all that researchers write about batteries, we have a little to add. Truck batteries for us from the tip were free. Of course, if you can't afford a panel and have to drive to work daily, then (as we did for months) park the wagon on your hill (or have a standby battery) and run a cable from its battery to home appliances. A portable battery can be carted to the swamp for pumping or for remote tool use. Good battery condition dictates that normal wet lead cells be slightly OVERCHARGED to gassiness and physically shaken every few weeks - even a brief heavy discharge (as in a starter motor) can help, unless a deep cycle type. Alkaline cells conversely need an occasional complete slow discharge - say via a lamp. The dry lead battery needs none of these, though it can be side-mounted.

Batteries with a dead cell are useable because most appliances run on 10V or less. But try to short out the dead cell with a metal strap (dig away the top plastic) or poke a big stainless screw into the plates via the top cap if you wish to short or connect to them - water rinse the container first. Alternatively, hacksaw through the entire rotten cell, or across 2 adjacent cells to isolate a good cell's terminals. Good cells can thus be connected from 2 dud batteries to make 12V.

Battery charge is indicated by a Hydrometer (we have a little cheapie) or better still by voltage after standing unconnected or under slow charge for 2 hours; but not capacity because most cell material could be eaten up and you'd never know it. Through usage you will soon know if each cell stands full amp-hours of charge. If you don't have distilled water when needed, use rain collected in a clean bucket. Many cells are sludge-shorted and hence restored by saving the acid to refill before washing out. Batrolyte etc is claimed to preserve and restore dead cells.

If affordable - and it is certainly worth the vastly longer life, greater capacity and superior capability - we can't praise dry lead Genesis/Odyssey units enough, particularly the 46AH trike battery. With a little hollow drilling into plastic, middle terminals are accessible.
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Fig 1. SOLA 1 Power distribution board to which heavy copper buss appliances are clipped. Power reduction is via a jug element clip. The solar panel has its series diode shorted.

POWER DISTRIBUTION BOARD:  As in Fig1 this couldn't be simpler. It consists of some bits on a plank including: a 10A fuse mounted in a junk holder, an old master switch, one jug or radiator element and three 10cm lengths of very thick bare copper cable (buss) to act as a hitching post for all the appliance crocodile or paper clips.

We could have chosen special polarised plugs or cigar lighter sockets - though we often use standard household plugs (there being no 240V to confuse) - but what could be a cheaper, more portable connector or versatile switch than an alligator or paper clip (which also helps current measurements)? Then you can take tools, lights etc anywhere there's a battery away from home, especially at seminars! To turn off an appliance, remove its + clip from the buss and attach it to the top of the board out of the way - true BackYard sophisticated Tech. About 3m heavy wire connects interior SOLA 1 to the outside battery under charge via a 10A current meter which seldom shows >4 amps, usually 2-3. We also have convenience switches, as on the bed lamp, TV combo and fan.

If full 12V is wanted on any appliance, clip between A- and C+. But TV and lamps etc will work at lower voltages to save power and to dim, at least until the TV loses 'hold'. So clip such items between A- and B+, setting the jug element clip as far from the right as you need. Ideally, a cheap 'chopper' voltage divider is required to save more power at 3-5 amps, possibly a 555-based unit if not creating too much hash radio/TV noise.

I must emphasise the use of very short thick cables in order to avoid any wasteful voltage drop along the wires, as they carry heavy current. Our 2metre wire (4m in total), terminals and panel screw connector still drops 1/2 V. We're working to improve this.

Caution: Stick a big strip of red tape next to each '+' terminal, around each wire or clip and tie a knot in the "+" wires. Keep a wire brush to scrub corroded terminals. Thinly Grease, Vaseline or Lanogard terminals, clips, plugs and connectors all over after fine-sanding, including small 1.5V battery appliance terminals, holders, batteries, switches, bulbs...

Solarex X100 GT panel:  We purchased a so-called 42 Watt polycrystalline unit (not an efficient version) - usual price about $7/Watt = $294, actually representing about 25 years of power for one pension/dole cheque in 1985! I got 25% discount on the early panel by sounding very official academically plus an impressive University letterhead. The price drops sometimes if government subsidised or tax-free, albeit these subsidies are uncivilised re home setup panels! Shop around wholesalers, bargain heavily and watch the tax angle. Don't get ripped off by paying several $s/W too much. Most folk pay several $s daily for electricity. That represents some month's panel payoff period, albeit using low-power 12v appliances performing the same service close to your work area, as opposed to 240volt appliances across the room (eg. fan, TV, light...).

Especially analyse the panel sales data and graphs to ascertain whether you are getting the right power. At flat (low) battery voltage, panel current is large and vice versa. Somewhere in between, the product of battery V x solar panel A derived from the graph should equal the quoted panel W, in our case 42W. Depending on efficiency, these solar panels should give a maximum of about 100 Watts per square-metre panel area into a battery, the same as a good wind generator per square-meter of swept blade area at 30 km/h windspeed.

As delivered, panels have a diode only to prevent night back-current flow. The voltage drop wasted across this diode is always about 3/4V. To save that power, short-circuit the diode; though don't worry, as the night current from the battery is only .018A. Open circuit voltage is 17.86V and short circuit current usually 2.5-4A without the panel diode, providing the panel is directly facing bright sunshine. Sometimes bright circling clouds help, as would a concentrator if panels are kept cool underneath. These characteristics are perfect to start and run useful car/truck windscreen wiper motors for laundry, garden pump, sewing machine... alone, sans battery backup.

Charging during dull days can be 1/2 to 1 amp. It's nice if the panel is portable enough to take elsewhere, for example to gradually charge a distant stalled truck battery.

PANEL ROTATING AND TRACKING:  Though Fig 2 illustrates the very workable original setup, our panel is now mounted on a gorgeous turnable triangulated aluminium girder system - see Fig. 3 - which can, as when needing maximum fridge power before initial ice-making, easily be rotated manually in hour-angle or declination about thrice daily. Panel cooling is assured and access for dust cleaning or for swinging under the veranda roof during a hailstorm/hurricane is easily accomplished. Accurate tracking is not needed as these amorphous panels, unlike the round-shaped pure crystal units, are not too sensitive to sun angle for good output amps. To avoid long term corrosion, panel frames or bolts needs be aluminium or stainless.

Observing that in summer, the sun rises and sets somewhat south of east and west, the ideal tree-shadeless place to mount such a sun-following edifice is on an upper veranda corner post which itself points north. Note that if L = latitude (27.7deg. here near Brisbane), then in order to face the sun at local midwinter noon, panel-angle to horizontal = L+23.47deg. (= 51.17 for us). Equivalent midsummer angle = L-23.47deg. (= 4.23deg. for us).

APPLIANCES: It may not be for everyone, but there's something immensely satisfying about purchasing say the fan. First look up not whitegoods but offbeat suppliers parts catalogs (caravan, truck, car, boat, and consumer magazines), taking in all the amps data, learning what performance means. Then visit preferably wholesale suppliers armed with a digital multimeter (reading to 10A DC) and a 12V-car battery in order to check possible wild claims in the shop.

There's far too much markup added to alternative tech products from Renewable energy specialty houses to make them worth it. In fact if one were to buy all 12V appliances from such, only being a millionaire would justify becoming self-reliant! Same could largely be said of health foods, though British prices were substantially lower.
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Fig 2. Simple electric sola panel mounting enables panel position to be moved

every few hours to face the sun for any monthly tilt. Keep panels cool underneath and weed-free.




Fig.3 The failsafe manually traversed 3-panel-capabel aluminium/stainless frame able to rotate around a N-facing upper veranda corner post to easily reach SE, SW summer sun angles, or summer/winter height. Except for heavy power needs, the unit simply stays N-facing.

Soon you will have reviewed all known and some unknown specifications, the required inputs and outputs, plus guarantees. At home, as an example, fan mounting and electrical connection decisions will be taken, including the need to slow fan speed. Mastering these typical steps and simple skills will soon make one a knowledgeable Sustainable Home Engineer, thus saving a fortune in professional help.

Our list of surprisingly cheap 12 V low-current appliances from diverse sources (sadly most made in Asia if not home made), include: B&W TV + cassette + FM/AM radio, VCR, 4x8W fluorescent lights, car fan, communications + fax + CB and/or mobile radio, mosquito and cockroach zapper, shaver, flashgun, medium drill and attachments (jig, circular saw, sander and kitchen items like mixers), 1/4 amp refrigerator, 30W soldering iron, vacuum cleaner, tiny submersible (bilge) pump for house water + garden pump, laptop computer with interface and battery-powered printer/scanner, home-made bed warmer, jug element to boil thermos water, starter-motor blender, air-bubble washing machine, tools, instruments, games and toys.

What 12V appliances lose in 'range' over 240V units, they make up if such as the TV, radio, fan and lights are all adjacent to you, so that for instance the angle at the eye for a small close TV is identical to that of a big TV across the room.

All items operating on less than 12V (computer system, mobile, shaver, pocket TV, second radio-cassette…) needed a simple electronic device called VOLTAP which consists of a diode string as described later. The following details our recommended 12V appliances. We've had so much pride and joy in developing a budget range - both to beat the system with free power for 20+ years per panel and also to make life really comfortable.

WASHING MACHINE:  The preferred washing machine may turn out to be a rust-free rotating cubic wash container at 45deg angle driven by already-mentioned windscreen wiper motor, like a mini concrete mixer. Currently we reverse a small car vacuum cleaner to make it blow down some 1/2" plastic pipe into a standard garbage can containing laundry + water. Stir and check that water depth isn't too deep for plenty of bubbles. However, the simpler method involves standing with slow treading motion in a bowl of laundry under the shower of solar-heated water. Or driving to work with laundry in an esky of warm water. Both blower and wiper motor (0.9A) can run indefinitely from a panel without discharging the battery.

VACUUM CLEANER:  There are two automobile cleaners: one from the dump draws 1.8 amps, the other monster with attachments draws a whopping 7.8 amps and what a racket. Both can act as air pumps on pipe reversal. Attaching a stick handle to the nozzle or even backpacking the lot avoids charlady's knee.

FLUORO LAMPS:  You can buy 12V, 20W fluoro lamps though we settled on 8W units from auto parts dealer. These are much brighter than the same wattage incandescent lamps. There is no need to worry about mains flicker - at their high frequency there's none. Don't get lamps with translucent covers as they waste light. It's more light-efficient to place aluminium foil reflectors behind the tube. The life of these units is about 6000 hours and they can be arranged to run dimmer on reduced voltage. When they die, simply solder in a new $3 tube.

Fig. 4 shows Frugalamp to consist of a roving 8W, 12V fluoro with a switch strapped to the end of a 2 meter, 60deg stick poked into a counterbalancing pot so as to lean over table, stove, sink, or workbench close to where needed. Fruit is grown in the pot if not used for tools or book storage.

We discovered one odd factor with our fluoro lamps. When we measured the lamp amps the total was 0.23A in one case, and 0.41A for the other, which certainly doesn't equal 8W (2.76W and 4.92W) - possibly the multimeter could not follow high chopped current peaks. Nevertheless there is plenty of brightness after minutes 'warm-up'.

Of two flashlights one is solar-charged, the other device - like WW2 paratroopers carried - a tiny Hong Kong hand-generator torch from camping shops; but if you want its bulb to last years, only squeeze at the absolute slowest rate to see OK.
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Fig. 4 Frugalamp consists of a movable 8W, 12V fluoro standard floor lamp set to close viewing.

Fig. 5 Car Fan in summer uses the winter Bedwarmer variable power resistor to control fan speed.

OSCILLATING CAR FAN AND BEDWARMER:  Ludicrous ceiling fans are highly inefficient (despite world attempts to improve them) and serve to mainly bring useless hot ceiling air downwards, besides blowing papers around! Another automobile product, the cheap cage-encased blade fan, draws less than 1A or 10W, which usually gives far too much gale when most effectively blowing around our legs for real summer chilliness. We mounted it on a block of wood and haven't had to electrically isolate fan or lamps from TV nor AM radio because of interference, although this may be a problem - cured by a filter or having separate batteries for both systems.

Slow fans can be useful for displacing hot stove-heated air off winter ceilings back into the room if placed up there, for aiding evaporative coolers, cooling wet T-shirts in a swelter, helping start or superheat wood stoves, defrosting, demisting and could help the fridge condenser, or even cool a Coolgardie evaporative cooled meat safe.

Fig. 5 depicts the simple car fan being speed-controlled by a series 25ohm variable power resistor mounted in a large MILO can. This canned resistor is actually the winter BEDWARMER. Silent zephyr speed is delicious bedside on those hopelessly sweaty nights. !Careful not to set the resistance too low - try a mechanical stop!

All night real hot bed warming takes about 2 hours of 42W solar battery recharging next day.

BUG KILLER:  Some electronics shops sell a remarkably cheap effective 12V mozzie zapper with an effective range of 30 metres. It works 12V. Close up the house at 5pm and turn on the zapper for 30minutes (or longer if other lights are on). The result is no flying bugs (not as effective on mosquitoes), no chemicals and no smoke. A broad art brush cleans exterminated remains. Zapper current is only 1/4A=3W. There is no point in placing the zapper near a window or door else an army of bugs awaits your next opening. Inventor's Award-winning electric cockroach zappers are available, albeit too pricey and some claim not always effective.

TV/RADIO/CASSETTE: I don't know what our fine 5" B&W TV cost. Quoted power requirements are 10W although the multimeter showed 0.417A at 12.7V, which = 5W. Via the clip-tapped jug element power saver (better if a variable duty-cycle chopped supply), the TV can work as low as 10V, 0.34A, or 3.4W. This compares favourably with our Casio pocket TV. The rotatable antenna consisted of a split twin cable tacked onto a rotatable garden stake wooden cross of usual 1/4 wave antenna length. For poor TV reception areas, plug 2 antennas (inside + outside) via a Y-plug into the TV antenna socket, setting each best direction separately. The cassette is indispensable in saving radio programs, whilst some 240V VCRs may require a small inverter - if lacking a 12V version.

African villager's greatest cost of living is radio batteries! Our AM/FM/SW radio is now: 12V, windup/solar, driven from small solar battery charger via a cable to avoid changing batteries, or that big spring-windup (sadly unreliable plastic ratchet) generator unit the output of which can also drive a pocket TV = windup TV!

TOOLS, TOYS AND INSTRUMENTS: There are plenty of better and faster portable battery drills having many standard attachments like paint and rust stripper using flaying wire or wire brush (whilst wearing goggles and mask) than this our first high-torque, reversible albeit slow British LVM 12V, 6A drill - see Fig, 6 - for about $90 at marine supply stores. All the usual Black & Decker attachments apply plus a drill stand. Sanding is easy. Cake and paint mixing is delightful with a bent wire attachment. The 12V soldering iron uses 2.27A or 27W and a 4.5V or 6V shaver would draw only 0.06A from Voltap, as later.

PUMPS:  The tiny cheap submersible LVM bilge pump Fig. 7 is most impressive in raising swamp water for shower, laundry and garden about seven metres to a 20gallon tank in a tree or for in-house use and sola heater. Pity the heavy 5Acurrent because all such often-on items - including laundry motor - should draw much less than 2.5A that the 42W panel can put out (eg 1.5A would be OK). We place a fine wire mosquito mesh filter around the whole pump and immerse it completely. The output is through a 1/2" hose, or coupled to a 3/4" hose for much better flow rate. Our cooking, washing and drinking water is from rain tanks. For this purpose, the LVM bilge pump is on a hosepipe from the ground floor tank, and its outlet pipe in line with a tiny check valve to stop second floor runback leads to the sink etc. Tapless, a sink switch controls the pump.

But an indispensable garden positive displacement pump (Pat's Pipe Pump Canoeworld.com), rotated by a windscreen wiper powered from a 42W solar panel, consists of a garden reel wound with about 40meters of hose, Archimedes-screw fashion, to drip feed dozens of garden hose jets.

TRANSPORT: We regularly need my 1995 dual homemade electronic controlled trike Carcycle, the miracle 46AH Odyssey car battery of which is entirely charged from a home-based 42W panel as there is still no onboard solar panel. But the trike requires no license, insurance or registration and has no upper/lower age limit, providing the motor is less than 200W (about 1/4HP) and pedals are available. Without using the 3-speed pedal assist, speed can average about 25km/h on the flat with the help of 7-speed Sachs hub gears.



      


Fig. 6 Slow but plenty of torque, reversible 12V drill operates typical attachments for years.

Fig. 7 A cheap bilge pump having good lift and flow rate, albeit heavy 5A current, provides domestic tank water at the flick of a switch rather than over-complex faucet devices.

The vehicle freewheels easily. Carcycle is allowed free on trains or ferries, can carry huge long loads, has a big trolley attachment and often features in Professional International scientific conferences. It scored the top Clean Air Award out of 90 contenders.

MISCELLANEOUS - COFFEE BOILER, BLENDER: A 240V electric jug element converts to a 12V coffee mug boiler by stripping off all but 1.2ohm total of its original nichrome wire element, and connecting with very thick short cable on heavy clips to the main 12V battery. 100 watts is thus available - preferable in a thermos - for a quick hot drink, but turn off when a thermometer shows about 75OC to save battery AHs.

Our favourite blender is a hand-turned unit, the gear bushings of which regrettable need too frequent packing with cross-linked polymer plastic strips cut from a drink bottle. For real homogenising grunt the small-car starter-motor coupled to a covered blade on its shaft runs for seconds at a time to pulverise 2litres of fruit etc. Cables must be real solid and only inches to the main battery. A starter switch as a hand button is fixed atop the vertical unit which itself is conveniently mounted. Quite a wild machine is an unloaded starter.

This report is basically solar and 12V oriented, though the solar water heater, consisting of my prize-winning irrigation pipe design, cost only $50 and our fruit drier is black-painted uncovered galvo. Solarising home is another paper.

SUPPLYING SUB 12V APPLIANCES AND VOLTAP: What an uncoordinated mob of sub-voltages is needed around the house: 9, 8.2, 6, 4.5, 3, 2, 1.5...! Earlier was mentioned a homemade device for supplying up to several amps for different appliances simultaneously at voltages less than 12V. Fig. 8 shows Voltap's simplicity in which components cost only $3. Many low-voltage motors (for example the 4.5V shaver) won't start or run merely via a resistor. Voltap gives the needed low impedance drive via a string of 9 diode voltage drops, each about 3/4V. Sub 12V appliances like printer etc are insensitive to supplied voltage variations within Voltap's poor ability to control when one or more gadgets suddenly draws a large current.

With Voltap connected to the SOLA 1 Power Board as above, or to the 12V truck battery directly via a short thick cable, check required voltages before and after connecting all appliances. Clip items to the next higher voltage if too low. During Voltap use, don't be charging or heavily discharging the battery else all output voltages will vary considerably. Also disconnect Voltap after use as it draws some current.

If you need more stable output voltages, set the diode series resistor to allow more diode current flow. For good voltage stability against battery volts and load variations, power Voltap through an emitter-follower whose base is set with a pot from 12V to provide 10V for Voltap. I'm aiming to replace inefficient diodes and resistors with highly efficient variable duty-cycle 555 choppers.

Small chargeable cells (in shavers, radios, power tools, pocket computer...) can be topped up via a correct resistor from the 12V battery. Occasionally completely discharge each cell! Before crossing the Pacific by sail in 1965, I measured the current drawn from non-chargeable batteries with radio on, then connected a resistor to furnish this current + some extra from the 12V boat battery to these radio batteries only when in use. Radio cells act as a voltage regulator. Setup lasted years, never failed!

A small Dick Smith unit solar chargers several AA to D cells. As with so many items we had to redesign it by adding a 2m cable with various plugs attached in order to power a variety of small and pocket appliances that were away from sunshine, rather than continually changing over cells. Appliances included: Walkman, cassette, pocket TV, dinky sewing machine, flashgun, torches, shaver, pocket fan, instruments... Nut these can still use battery changeover.
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Fig. 8 VOLTAP simultaneously drives many appliances having different voltage/current requirements via low impedance power diodes from the main 12V solar-charged battery. * Turn Off for best economy; On when such as printer requires better voltage regulation as its current demand changes.

Fig. 9 Big 12V home-made top-loading fridge kit placed in the breezy cool under house has so much foam insulation that its average current is a trifling 1/4A!

12V REFRIGERATOR IS HOME ASSEMBLED AROUND A TRASHCAN: Very low power 12V fridges? The short answer is there evidently aren't any except this. An esky-style unit with lid-mounted compressor and needing much more surrounding foam is probably most acceptable. Others have a great need for redesign. As a fridge expert, I should rate as modest, because the previous I had was a $15 unit on Malibu beach USA during1964 - and it was old then! 

FRIDGE ALTERNATIVES: Food preserving can be traced to thousands of years BC, right through the multinational Iron Ages. You'd often be healthier without a refrigerator and few foods need it apart from dairy produce and meat; certainly not honey, jam, eggs, margarine, bread (keep in airtight bag), fruit, veges or drink... Store greens in a jar of water or in the original soil ball, seal carrots in a plastic bag under the house shade, tomatoes on the shelf, root crops in peat or sand; smoke, solardry or pickle meat, fish, etc. Solardry fruit and veges if not stored on shelves in a cool cellar, or some meters down a hole with a thick shaded insulated cover, possibly having a small vertical tube leading up to capture sinking cooler night air. Most fruits store perfect condition for years in nothing but water we found - no cooking, mashing, sugar or yeast but needing a good metal pressure lid - due to partial weak fermentation also giving pressure CO2. Half-cut fruit, potatoes and berries etc store well under water. Water, drinks and food etc are cooled in an improved 2-stage waterbag or water-evaporative Coolgardie safe hung in breezy shade (best if low humidity).

Other preserving alternatives include: salt, sugar, honey, gases such as SO2, CO2, freeze drying, canning, vacuum (our near-sugarless jams), spices, enormous pressure (deep under sea like butter), radiation, electron beams, chemicals (wetting such as ammonium nitrate & recycle by solar drying), excluding fresh air, fermenting, sprouting, bacteria (yoghurt), cheese, cooking and traditional preserving, cool river, muddy dam, alcohol, storing live stock 'on the hoof'... Store winter ice for summer.


For cooler climates, place food outdoors in a windblown, shaded, even partly buried, preferably top-loading (or esky) fridge during winter. Come summer, leave the lid open a crack nightly and closed daily - with a full load of food or water mass within. The fridge will probably never turn on, rather than continuously on fighting typical kitchen swelter. Trivial disadvantage is going outside.

FRIDGE DRIVERS: So you still need a fridge? My book Eco-Logistics described several cooling phenomena, mostly power-thirsty compared to the mechanical compressor variety. That is, unless you have excess heat sources (kero, solar, wood gas, fireplace, waste heat…). However, mechanical compressor power can be derived from any good shaft rotation such as a water wheel, electric engine and wind, even exercise bike pedalling... Meantime let's stick with the most feasible, a 12V very low-power electric compressor fridge. Some pointers:

*
Top loading saves losing your cool.

*
At least a handspan of polyurethane foam insulation is required all round the fridge including top and bottom - unless on side/top-mounted coils or compressor.

*
Put fridges in a breezy, shady, cool, partly buried spot under the house. Alternatively cut a long broad floor slot behind the usual kitchen fridge to allow convected air to more effectively cool coils. Otherwise a tiny fan helps with condenser coil efficiency (and saves battery current). Clean coils regularly!

*
A communal fridge is cheaper to run compared to one unit per family.

*
4oC is plenty cool enough, though on hot days try 9oC. Use thermometer.

*
Don't put warm food in the fridge. Rapidly withdraw exactly the quantity of food (eg. cheese) that you need. A wide thermos can keep picnic food or meat from market cold/hot. 

*
A 12 volt mechanism fridge and electronics was by far the most expensive of all our appliances; though foam insulation costs much less than extra otherwise needed solar panels or batteries.

COOLBOX DESIGN:  There isn't one commercial camping style fridge I can find with more than about one inch of insulation. This is ludicrous if we are to radically reduce the high current consumed by most 12V fridge motors and so save buying more solar panels + batteries. The best insulation is polyurethane rigid foam, which comes in tins A+B which should be well heated to 40oC before mixing - a trick of the trade. A 35litre plastic trashcan having 35cm diameter with a lid that mates neatly upside down is a good small family fridge size.

My extensive Math Algorithm computer design Library (MAL) differential equation solver told us that to be effective there must be about 20cm or a handspan of foam surrounding a so-called 'square' cylinder (diameter = height) including lid. An ideal spherical shape was too tricky so we settled on the available trashcan. These dimensions infer 1/3cubic metres of foam. Also 4square metres of surface to paint possibly with water-based goo to look nice - inside and out.

Friend Mike set the can and the 75cm (= 20+20+35) diameter sheet metal mould inverted, likewise the lid. Fig. 9 shows layout. Hopefully, you can find a slower reacting foam mix than our stuff (see Insulation in Yellow Pages). Preferably experiment on tiny bits of warm A+B. We used 4 litres of each. Some experts mix A+B in a plastic bag, but hurry if you do as you only have seconds before foaming! The top should be cut later. Leave a top slot for the compressor pipes and thermostat. All goofs can be filled with crumpled slabs of foam before painting. Cheap foam alternatives: scrounge foam bits and stuff into a 75cm diameter container around the trash can.


COMPRESSOR UNIT: Solid-state Peltier-Effect coolers are cheaper than mechanical compressors, though 3-5 times less efficient for the same power and thus useless. So we chose the reliable Danish Danfoss kit with it's brushless sealed motor system, clever electronic control and high temperature thermostat able to adjust from +11oC to below freezing. Terminals are provided for the thermostat, alarm, on-light and fan, though we didn't need a fan. Electronics is safe and battery-protecting. Instructions are clear in nine languages!

Average current? Most small 12V fridge motors consume about 5A. With clever shape, insulation, placement, ventilation, thermostat, usage and design, our motor is ON about 5% of the day, or 1/4A average after an initial 1-2day cool down. This can be confirmed by connecting an electro-mechanical moving hands clock across 2 diodes (to give 1.5V) to the respective terminal just mentioned via a resistor, after first setting the hands of the clock to 12 noon at some known time. Note that in 24 hours the clock-time equals ON duration - proving that theory was spot on. To be conservative, these economy tests were done at 30oC ambient with Queensland sun shining on the fridge and on the condenser coils by day and the thermostat set at an unnecessarily low 2oC (normally around 4oC or more). 

A FEW HINTS:

*
Bargain to fever pitch and you could save over $100 on these.

*
If there's a big distance between the solar panel and the fridge, still put the battery next to the fridge and connect with very thick cable and large terminals not clips, in order to avoid electronic sensing cutout.

*
After switch-on, wait to 30 seconds before unit autostarts. The thermostat can be set for freeze or deep freeze (at higher average current).

*
If possible, only for initial 1-2 day ice-starting, use an old battery with but 5 good cells to give 10V because the electronics only allows turn-on when voltage > 11.5V and turns off when < 10.5V, hence quits at night. To no avail I tried to get Danfoss to comply by using different presets for 12V instead of our interim 10V.

*
Wrap a plastic strip with Velcro round the lid crack if sealing is poor.

COOLER CONCLUSION:  That cool juice and those icy apples were a real treat! Luckily we can still run the whole household on a single 42W panel and one small truck battery. This system should last a lifetime - only 16 years so far! As an Energy Missionary, by presenting this paper to illustrate our successful, comfortable and economical in-use sustainable Solar and Disaster Survival electric power system, I have tried covering tricky physics groundwork to make life vastly easier for those who realistically seek to emulate through making, fixing and adapting their own home electric lifesupport system. An efficient island-hopping solar/sail/propeller boat is on the horizon, as is a strange ultralight wing flying in the 1930s with about 1/2 usual wingspan!! We are happy to welcome anyone to confirm how it's done at our Open House, to provide a how-to text or design monographs, and to help individuals, students or groups starting private projects or cottage industries along these simple reliable product lines. One could simply say that no house is sustainable on renewables to a high degree unless most of the above are in use.

_________________________________________________________________________________________
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We all most urgently need a vastly more resource & energy-civilised society. To this end I present over a third century of our successfully used rules of thumb to ease relative novitiates gently and confidently into justifiably establishing their own little home wind systems for planet-saving pleasure and cost-saving profit including experience, type & site choice, installation plus well-tried hints, tips and gadgets - several empirical and seldom if ever seen in extensive literature. Regrettably, there is no space to cover the array of remarkable mill types and configurations, many of which should NOW be re-evaluated as in References below, most of which contain more vital references.

Priority here includes reducing all mill types to a simplified common standard related to that of solar panels and water mills; optimum "Half Revs" power coupling; specifying a mill's mid operating range from local weather charts; windmill boats; over-price, over-complexity and non-repairability of remote power electronics still justified by academic institutions, et al; heavy price markup for trivia equates to public turnoff for renewables; economies of scale erroneously favor giant grid-based systems whereas home-based power generation is more economic; foresight predictions. I wind up commenting on renewables designers not living an appropriate lifestyle in order to truly test all integrative aspects of their potentially planet-saving projects.

1. INTRODUCTION:  Before explorer Nansen set up his 1894 windmill generator near the North pole, a whole rich history of wind power preceded him. 2000 BC Chinese and Japanese had windmills. 17th century BC saw Babylonian emperor Hammurabi plan to use windmills for an ambitious irrigation scheme. Vertical axis mills were a well-recognised craft of Persia in the 5th-10th centuries AD. Wind power was only introduced to Northern Europe in the 12th century and mills had spread all over that continent by the 15th century. Wailes describes two remarkable vertical enclosed-rotor grinding mills: 1788 Battersea in London had a 42.7m high, 8.2m diameter, 6-stone linseed mill. But it proved too expensive to keep the adjustable external wooden stator slats operational. Similarly in 1790, Captain Stephen Hooper designed a mill 14.6m high with blades 8.5m in diameter. It sat atop a two-storey Margate building driving five pairs of stones for 35 years, until damaged by a severe gale and removed.

In the 1930s, America had more than a million wind/electric machines, many charging electric vehicles. Bell Tele had thousands of 2watt mills like mini Battersea machines across the country powering remote phones prior to solar. The Windcharger Company, one of 300 manufacturing windmills throughout the world at that time, was reported to turn out more than a thousand daily. Now there are vastly fewer major manufacturers albeit escalating into megawatt units, plus plenty of first and third world interest.

During the war motoring from Sydney to Melbourne with my navy captain father, I was ecstatic from electric mills powering every few farms - regretfully no more. Renewables have been a personal lifesupport, from initiating the Sydney University Eco-Tech Workshop (early 1970s) which, with masses of students, helped establish the lived-in solar/wind-powered campus Autonomous House (also sadly deleted years later), to conducting extensive early windpower workshops; to publishing wind research, to assisting setup friend's home mills on windy Cornish cliffs, from whence one could see across to a nearby storm-tossed island where usually staid Trinity Lighthouses were experimenting with a Dunlite mill as well as other converters like solar and wave power. 2001 installed global wind power of 23,300Mw is enough for Denmark, Finland, Norway and Sweden's domestic needs!

2. MILL SPEC EVALUATION:  For any linear (well-behaved, non-feathering) wind machine having swept area A m2 at windspeed V km/h, I chose to normalise the output power W watts into P watts/m2 at 30km/h (18.6miles/h; recall speed of light=186,000m/sec!), because at this windspeed a well designed classical mill (like classical ERDA or ELEKTRO) could deliver a true P = 100watts/m2 to battery storage - similar output as a l0% efficient solar cell in brilliant sunshine, and not unrelated to water propellers at 3km/h working in media about 1000 times more dense.

P air = W (30/V)3/A
(1)

The ideal BETZ model has: P air = .00789629 A V3
(2)

This has a water power analog: P water = W (3/V)3/A.
(3)

with ideal BETZ model:   P water = 6.15253 A V3
(4)

Only under special circumstances can the Betz model predicted power be exceeded (possibly suction venturi). If wind is say 1/2 shielded as opposed to also striking the returning blade as in Savonius, count area as A/2. Some wind machines such as the Aegean may not operate with a full wardrobe of canvas sails at 30k/h, though the formula should accurately carry it down to such 'normalised' speed. Other windmills (Flettner rotating rotors) could have poor performance from large non-power-producing centre hubs. Note that for similar power, the swept volume of a horizontal mill around its pivot differs little from the contained volume of a vertical mill.

Table I, which includes rotor, gear, battery and generator losses, is an attempt at persuading windmill experimenters and manufacturers to standardise as (1) and take more care in producing accurate power and all-up cost/watt ratings, to match and improve blades, gears, energy storage and generators. I am amazed at how difficult it was to obtain or gather this data and having got it, how low efficiency and high cost/watt are many accepted machines.

The last 2 entries using (3) above refer to (a) the Swedish government's propeller under a 6.5m head, and (b) colleague Peter Musgrove's (UK, see his below-tabled variable geometry windmill) ocean or stream current-immersed Darrieus study. The optimum Betz mathematical models (2), (4) above are also tabled. Savonius announces results of his totally submerged water machine, but he does tend to exaggerate both wind and hydro measurements. Indian Government officials had informed me that the former big ELEKTRO WVG5 was the most economical commercial mill, even than larger units. Its three blades advantaged two blade models.

3. EXCESS POWER:  Excess electric power can obviously be used for making hydrogen (not economical), heating up a calcium oxide, iron, carbon... thermal battery for cooking, or to drive a Stirling engine, for space or water heating, for absorption refrigeration heat storage, and to charge a battery moped. A good storage heater consisted of electric heater coils buried in a drum of sand or in an uninsulated hot water system, sometimes a hot oil storage cooker.

Mechanical power can also be tapped off and used for: laundry and algae stirring, ship propulsion as appropriate, heat pump, a saw and tools, freezer, a Kleinschmidt compression salt water still to give 73-liters fresh water per kwh shaft power, reverse osmosis water purifier, a milker, Joule liquid stir heating (sticky is smaller), looms or milling...

Windmill and water wheel mechanical power can in fact be transmitted over large distances (1km) using an oscillating counterbalanced wire tied at intervals to hinged sticks - very efficient. Promising machines for home-use included: American wind turbine with spoked rim drive - Sweeney or Aegean (Cretan) sailmill - hybrid Darrieus mills (variable geometry, self-starting, non-zero attack angle models and sail types) - flap valve sail cloth 2-3 blade Savonius mills - various low technology arrangements of rotor/stator vertical air turbines - 3 vertical mills let into 3 semicircular alcoves spaced 120o round perimeter of a cylindrical house which near doubles encircling wind speeds and shields returning slats.

4. SMEATON'S 1700s OPTIMISED COUPLING: Smeaton, though seldom respected, in studying how to optimise load and gearing for maximum power transfer from waterwheels, tidal mills, horse whims and windmills... concluded that if the unloaded revs/min or speed is N then load and/or gearing should be adjusted until the working revs is N/2. A little analogous to maximum power transfer in an electrical circuit. My general modelling for testing of many machine types - especially as motors/generators or IC engines of many varieties derived from basic electro/mechanical equations - usefully supports Smeaton's work for energy conversion devices. Also provable was that maximum efficiency could not equate to maximum power conditions.

5. SYSTEM LOSSES: A 2-4 blade, horizontal axis airfoil, 1-2kw windmill has a power-matched (as previous paragraph) rotor efficiency of about 70%, gears 95% (high ratio gears near 91%, levers and linkages about 98%), permanent magnet alternator 85-95%, battery 80%, cables + all relevant power electronics about 90%. Ignoring rotor efficiency, the total remainder system efficiency obtained by multiplying the above is 58-65%.

Professor Horner Stewart of Caltech claimed that blades twice as wide as conventional types and with lower tip speed decrease the drag and increase the efficiency by about 10 per cent. Such blades would also improve the starting torque. Also see for blade tip winglets idea.

6. SITE CHOICE MID RANGE DESIGN: By thumb rule, the annual energy output estimate of modern Smeaton-matched wind turbines=.068587V3A kwh. Adequate sites have at least 16km/h average windspeed on at least 2-3 days/week. Lowest useful windspeed to start most mills =10km/h. Most useful typical range =20-40km/h.

If you know the average windspeed at your site over the ENTIRE year, design the centre range of your mill windspeed to be TWICE that average windspeed - an observation I noted empirically to be remarkably accurate in studying Goldings books and charts.

If one is pretty certain of the prevailing wind direction, then a fixed venturi-shrouded mill can usefully be roof-mounted (can be noisy). Only straight sections need be employed in the venturi. My rule of thumb studies also generally showed that in a windmill intensive 'farm', the maximum power obtainable from correctly spaced mills is about 10watts/m2 of terrain area.

7. WIND VELOCITY WITH TOWER HEIGHT: The following fit Wind velocity with height h (in metres) above unobstructed ground:

Vh = V10 (.2337 + .656 log10(h + 4.75)),
(5)

where V10 = windspeed at 10m height. This formula worked both ways, as it will also yield V at less than 10m. In an open field at a height of 10m, there is 20-50% better windspeed than at ground level. To take advantage of this fact, mount the mill hub at least 10m high, or 5m above trees or buildings within 160m all around. Tower legs or concrete were usually 1.5m. Underground. 'Tannalith' or 'cresol' preserved wooden spar or tree masts, with aluminium paint an excellent wood primer.

8. GALE PROTECTION: Against winds as high as 220km/h mills needs be protected. Not including tower thrusts, such winds produce considerable axial force F against a conventional high speed horizontal mill of swept area A m2 at windspeed V km/h, where:

F = 0.00928AV2 kg.
(6)

For a small area A =1m2 and V = 80 km/h, F = 60kg. This formula is also useful for evaluating the thrust on windmills for powered boats. Other mill types will have a different pressure response.

Some mills (special vertical axis air turbines like Savonius) and alternators (permanent magnet) are more inherently safe from overspeeding. Ideally, charging should continue through gales and hurricanes by swinging the mill partially out of wind, rather than the indignity of applying an overspeed brake. However, these systems were operated by a manual or automatic springy (to absorb shock) tail fin turning or lifting device - the latter possibly having a trim tab on the leading edge of a rotatable fin.

Finally, for abnormal wind conditions it often pays to install small blades and tail fin with a large generator. Or by the conventional switching in of increasing resistive (heating?) loads across the generator circuit as wind speeds increase beyond gale strength. This increase in dynamic loading kept blade speeds within safe limits. See EXCESS POWER section above.

9. SEA WIND ENERGY: Currently mills are proliferating in shallow offshore European sites. Before current megawatt off-shore wind farms, I backed veteran Prof.William E.Heronemus' proposal for large wind generators fastened to stable, floating deep keel ballasted vertical cylinders and free to turn around their anchorage as the wind changes, or spill their wind by keeling over like a monohull yacht. Besides, steadier sea air gives far less mill stress.

Natural gas wells in the Mexican Gulf, North Sea and Bass Straits are usually economically acceptable if they give 3 x 104 'standard' cubic metres (1.06 x 106 ft3) of gas daily. A cubic metre of gas yields about 3.72 x 107 Joules of energy. If this gas is converted to consumer electrical energy at 25% engine efficiency, it yields about 3mwatt of continuous electric power. 

For this same power, an efficient single rotor windmill (ERDA style) giving 100w/m2 at 30km/h windspeed would need to be 91m in diameter in a 50km/h continuous wind - compared with the 53.3m diameter Smith Putnam machine. Alternatively 3 wind mills, one metre smaller than Smith Putnam would give the same output.

Power could be brought inshore from floating offshore wind modules as compressed air, hydraulic, hydrogen from electrolysed seawater, heated solids or liquids, pumped water or electricity. Site prospecting for such a venture would be negligible; the costs, a fraction of those of an oilrig; pollution, none; lifetime, about 20-30 repairable years similar to a gas rig. Surely, Australia, Norway, Britain and America... are backing the wrong (oil) animal.

10. GRID-CONNECT PRIVATE MILLS:  Then there's this grid-connect "green power" business via mountainously expensive, largely long-term unreliable and unmaintainable non-standard electronics. Problems continue: (a) Gross polluting powerhouses must still proliferate. (b) Much more cost wind/solar is needed than the mere 90 watts necessary for our entire home appliances + electric trike - storage for which we use the mighty little Hawker Odyssey battery (easily recycled years later). Besides, 12/24V appliances are both vastly cheaper and lower power than equivalent 240V units on dodgy inverters. For instance, my 41 litre 12v refrigerator surrounded by 10cms foam and mounted in cool breezy shade under the house is on for a mere hour in 20, drawing an average of only 1/4 amp continuously. (c) Grid inversion still involves selling ridiculously low, buying high, plus often increased base charges. For what? Yet the big relevant journals and institutions like Murdoch University, for reasons unbeknownst to this author, still advocate grid-connection almost exclusively.

Leaflets of a professional and publishing group GENI, taking Buckminster Fuller as their prophet, proposes even greater extremes of a total global grid system for everyone to tap into. My sabotage and cost/complexity-conscious mind boggles.

11. SCALE ECONOMIES V HOME GENERATION: The U.S. Environmental Research and Development Admin ERDA devoted $17-21 million to wind energy in 1977 - but its 1.5mw monster cost $7 million, is 60.1m diameter to power only 500 homes at a cost of $4.7/watt, far in excess of the cost of power from home windmills; showing that private backyard wind generators are economic. Now many countries are aiming for sustention of their power from renewables.

Economies of scale (energy to cost) did not always operate with wind power, because a 200watt basic Wincharger was about $400 or $2/watt. However this cost would probably have increased to $3-$6/watt after including installation, cables, batteries, tower, concrete, control panel, regulator and inverter costs, making the whole system quite cost ridiculous - unless we change our 'power lifestyle' and mill designs radically. Currently in catalogs, commercial home mills appear to cost considerably more per watt than solar. Unsurprising conclusion: wind-power is cheaper to make-it-yourself on a small community scale!

Where are the limits of economy of scale passed? A good example is the short-lived 1.25mw (plenty over that capacity now), 53m diameter Smith-Putnam windmill, built at Grandpa's Knob, Rutland, Vermont in 1941. This gridless gentle giant would still have cost over $1 per watt in quantity, hinting that the limits of economy had been passed. The American Pacific Gas and Electric Company proposed paying half a million dollars for a half-megawatt windmill/generator in Mendocino, California. Gridless energy is also $1 per watt compared with 75 cents per watt for cadmium sulphide solar cells, $7-10 per watt for silicon PV (mis-estimated as retail price) and $2 per watt for a coal-steam plant and fuel system. We will treat the unfairness of these latter two anon.

12. CAREFUL COST COMPARISON: Table II, III gave daily kwh consumption per fairly frugal household matched to former Elektro (Swiss) DC windmill where W = 600watt. The tradeoff appears to optimise when families downgrade their 'energy lifestyle' which then meant such as sharing one wind generator as well as one freezer, drill, washer, pump, TV etc. They could wait for a windy day before doing laundry - like millers of old waited before grinding corn - and/or run off previously charged batteries. For best advantage to save power, turn off some heavy-duty appliances (or use load-shedding circuits) while others are on. Low power TV, fans and lights are all used closeup where needed.

2.1-kwh/day in TABLE II is equivalent to K = 2.625kwh/day with an 80% battery efficiency, or 958.125kwh/year, which at £0.02/unit was worth £19.16 annually.

But mill's W = 600w average = 14.4kwh/day = 5256kwh/year, thus capable of providing for 14.4/2.625 = 5.48 houses. Elektro could produce this energy in 22km/h winds, about British average on such a site. The cost breakdown for such a low voltage DC system was roughly as in TABLE III.

If a windmill (or any non-labour-intensive renewable) powers for an average H hours/day (24hours?) with all-up mill cost = C, and equivalent mains cost/kwh = c, then:

Payoff time T = C/(365 HW c) = (C/W) * 1000 / (365 H c) years,
(7)

which is largely dependent on the cost/watt factor = C/W.
(8)

Number of customers / mill = H W / 1000 K.
(9)

Thus Elektro cost/watt = 1.73 £/watt.

Mill Payoff time T≈9.89 years plus repairs, but effectively less due to inflation.

Compare this with former large AC 4000-6000watt windmills which evidently gave about £l/watt. Such systems could, with the above K, provide about 45 homes with a quoted 8year pay off (less with inflation). My experience is that total costs have ignored: approvals, contractual agreements, environmental impact statements, surveying, inspection, access roads, insurance, massive maintenance and spares, fancy electronics and local grid connection, land rental and base charges, loan financing, transport, a fair provision of the above £240 worth of batteries to each household (total £10,800), and future decommissioning... The promotion of grid-connected or large shared mills over individual home group mills is hard to justify relative to backyard job creation.

13. EMBEDDED ENERGY - EMERGY: Depending on wind regimen, an economically built mill will reproduce the inherent energy used for its manufacture in 1-4years. Musgrove advised us that efficient windmills give 1.09kw/ton of steel including tower and mount; with SALTER duck wave machines yielding only .077kw/ton. Because 38.7gigajoules are needed to produce the ton of steel, energy payback time for conventional wind and wave machines is 1.1years and 16years respectively - unless they make wave machines from concrete/fibreglass/rocks. Earlier solar electric panels only gave over their 20year life about 4 times the energy used in their manufacture. Does that not represent a 5year payback?

14. MAINS POWER COST: In 1995 I received an impressive Australian government power document. Whoever engineered it is curiously and naively out of touch with the expected rapid drop of PV prices. To quote the Forward: "With the completion of the fourth unit of Stanwell in 1996, electricity supply capacity will have been increased since 1989 by 1400Mw at a cost of $1.6billion". This represents a wholesale cost of $1.14 per watt, evidently ignoring:

Land and access costs - massive capital infrastructure expenditure on mines, roads, fuel supply and pipelines - transport and freight of all types - labour - rates and taxes - safety, redundancy and backup - colossal cooling water supply - power dispatch management - process control - electric distribution and vast grid systems - almost unimaginable smog, water pollution and solid waste disposal or storage; together with on-going costs of studies, politics, maintenance, administration, overhead, advertising, marketing and sales, billing, loan financing, bad debts and defaulting and usually-over-looked eventual decommissioning. Acid rain and belching pollutants from such power plants has demolished immense areas of Europe, America (despite the use of electrostatic precipitators) and India, all of which has a giant national cost factor attached.

A more realistic overall systems capital estimate would at least treble the wholesale fossil fuel electric cost to $3.4/w and most certainly more by the 2006 Ministry target dates. Curiously, futures cost estimates of the Policy Statement actually decrease this figure radically! How could that happen?

Now for the last 17 years, all my home 12volt appliances - including fridge, bed warmer, TV, computer and printer, blender, pump, tools, lights, vacuum cleaner etc, and now our pedal-assist electric trike - have been powered entirely by 1 to 2 so-called 42w solar panels retailing then at $7.5/w, or about $3.8/w wholesale (to equate with the above inclusions for calculating mains powerhouse costs). Thus a dole cheque in 1985 scored us 20+ years of sweet, reliable, unpolluting solar electricity (discounting the panel manufacturing process). But, according to the American Department of Energy I interviewed in the 1970s, solar electric panels should long ago have bottomed at less than $1/watt! Current solar prices appear irresponsibly and artificially high entirely due to the business greed of enormous energy cartels that, because of long-term contracts, must desperately fight potential low solar prices.

15. ENERGY STORAGE: Certainly the usual but cheaper and physically larger longlife recyclable lead acid storage battery would wholesale for about $20 in quantity (or about $100 for vastly better new Hawker units) to last over 10 years. Yet none even claim a $1 trade-in! For decades there have been several established schemes capable of far greater kwh/kg of energy storage/weight, more reliable or cheaper than lead batteries (many batteries can be home-made), including cells like bromine, titanium, vanadium or simple DIY units, "super flywheels" which appeared in Scientific American years ago, high temperature resistance-heated thermal storage (requiring a simple heat engine/generator to recover electricity) and typical large scale pumped hydro power.

So today who needs mains fossil power for its near identical renewables price per watt plus ongoing escalating charges and unreliability - as we witnessed in 1999 Auckland?

16. OVER COMPLEX COSTLY SYSTEMS: As hinted in this paper, most all-technical "solutions" tend to be the most costly, inefficient, ephemeral, inappropriate and polluting. The reason can partly be traced both to these being the first and only solutions attempted, and that grants, profits, university facilities and peer acceptance (as frequently reported to me at The '99 Renewable Energy Congress) are only handed down to "high tech" engineering - instead of to such as our budget Sustainable Home Engineering.

Placing total dependency on remote or otherwise upmarket power electronics - such as inverters, wind/solar trackers, exotic control panels, regulators, or maximisers etc - means that on frequent failure they bite. Phone the supplier: "sorry that engineer left, but we have the latest model"; "can't get more parts"; "those departments closed just after we met"; "OK, bring it back to Oodnadatta any time!"; "sorry wrong #" ... The answer is simply:  get a mill with 10% bigger blades because mechanicals, tiny Dick Smith regulators, standard small inverters for such as computer use and single-transistor/relay electrics are easily fixed or replaced from posted parts, even by beginners.

If the stranglehold of the monopolies is to be nipped in the bud, our home wind designs must be socially acceptable and not keyed into a high technology, high production energy/material rat race - most commercial mills are rejectably more expensive than a car.

As often media-revealed, outback and most all unconverted folk see a totally off-putting and outpricing "alternatives" image from renewables catalogs. Thus compare my $40 hosereel solar pump run from a 42w panel to the similar performance unit costing $1000s with 10 times our solar (or wind) power input as displayed at the same Congress. It had a colossal tracker, maximiser, motor, air compressor + motor, long pneumatics, heavy gale-proof mountings plus fine engineered pump. Where's the Value Physics? Contrasted to near all commercially overpriced renewables, our award-winning solar water heater cost a trifling $50 for 4.57x0.127m aluminium irrigation pipe. Do buyers still feel they get value only by paying BIG?

17. GOVT. INCENTIVES 'FUEL'S PARADISE': To avoid governments getting locked into needless, costly and ultimately embarrassing lossy power contracts in competition to renewables, colleagues have proposed simply GIVING everyone a set of 4 electric solar panels or home mill, a big 24 volt truck battery, a set of change-over instructions with help plus a list of recommended low-voltage appliances sources (including how to recycle all 240 volt appliances). Multi-cultural low-power job-creation and export potential would be tremendously beneficial, compared to polluting inefficient mains power (though can be to 70% efficiency with combined gas and steam cycles, more still with co-generated heat, if easily distributed).

Since most domestic power is wasted heating water - especially in Queensland with perfect sunshine - residents should get a handsome rates rebate for installing solar/wind heaters in old houses along with a statutory necessity on all new houses, as for years in Florida. Naturally the new government grants on such systems will assist (pathetically not for individuals buying materials to make their own), albeit not nearly the bait of an equivalent rates rebate. Try to find a Dutch, Finnish, Danish, Norwegian... home without solar water heating!

Thus far, assuming the Policy ideals in above quoted government documents to supply hughely cheaper and more available power, there's absolutely no incentive to save or switch to alternatives, nor any hope to avoid greenhouse emissions. At least smokers have high costs as dissuasion.

We on the Bay Islands live on pain of being thrown out of our homes by a self-professed "green" shire council for non-payment of iniquitous irrelevant ENERGEX electric supplier levies, even though I have never been so connected nor to several other services and utilities. Where is the power-saving incentive, so opposite to that becoming essential in Europe?

18. PAY EXTRA FOR GREEN POWER MAINS: In several Australian shires, customers can now "choose" to pay extra for "green power" - which surely they've been getting cheap for decades from Snowy River or other hydro works. Who can tell they are on renewables? Seems it's a bit ripoff as colleagues inform me that European households pay LESS for 'alternatives', leaving heavy fossil-power industries to subsidise renewables.

Note also how massive industries reported regularly in a plethora of journals - most of whose factory products we here eschew anyway - keep awarding themselves Commendations for saving as little as 5% lighting energy. Let me know when they save 95% Total energy and greenhouse emissions! Furthermore, none of these publications I've reviewed ever deal with the small home, independently researched renewable energy projects successes.

19. MINING RENEWABLES OR FOSSILS: Shouldn't we, at least in Australia, be keeping our mined coal to make steel into the indefinite future, our bauxite to make aluminium, our zinc to galvanise home water systems as dam water rapidly depletes, our copper for appliances, our silver for photography and later electronics, our lead for batteries, our trees (preferably multi-use food varieties) for wildlife + O2 + vital uses, and other resources to make "essential" chemicals or materials rather than shipping the lot overseas for ephemeral profits, only to be stuck with shame of having to buy it all back after 20 years as mines/wells deplete?

20. HOME WIND TRUTHS: Now let us look at a few home truths, hints, tips and gadgets about wind power not normally mentioned in reviews.

20.1 Location:  The Biodynamic Research and Development (BRAD) Community I visited in Wales early 1970s was unfortunate for resources because it had no no wood worth burning, little if any water except during floods, no winter sun behind a mountain, no wind in that valley and manure from only a handful of cows for most of the year. Usually, however in cooler climates the wind in winter (2/3 to 3/4 of all wind energy) complements the summer sun as an alternative energy source. Some places just cannot take advantage of renewable power. 200m down the road would have been fine!

20.2 Public approval:  Will councils and government allow us lo have unsafe, untaxed, ugly, unlicensed windmills and batteries? Will the oil companies and utilities with their monumental decades contracts investments in power lines, nuclear and other power houses, oil and refinery systems, solar cells, magma developments, distribution networks, unions and building codes, calmly ignore the threat of alternative power? If the government were smart energy-wise, they would expand and invest in alternative energy producers. Well, as a mooted example, bagasse has been quoted as renewable bio-power, but who calculates fertiliser energy or soil depletion into the equation, without animals to restore some balance?

20.3 Neighbors and Safety: Much of this and other sections were gleaned from experience on Cornish cliff-hanging turbines at Porthtowan. Mills should not be much more unattractive than a string of roof-top TV antennas nor should their rotation (especially from metal blades) cause rapid ghosting of neighbor's TV sets from blade copper leading edges - a cause of the prime time cut-off of one Dutch mill. Windmill-interrupted sunlight entering a neighbour's lounge can cause irritation, if not epileptic fits in special cases. Dogs agitate enough to bark endlessly from blade supersonics.

Safety is seldom stressed in mill design. A 2.7kg blade of a 3m diameter horizontal axis mill in a 64km/h blast, yields centrifugal force of almost 12 tons! So there must be protection against flyaway debris, gale-blown objects, lightning, ice, snow, noise, resonances and weaknesses, especially if the mill is roof-mounted - but roof mills can be noisy. However, a blade adrift loses most of its energy from violent fluttering before ever it can do much ground-based damage. Windmills should also be checked for vibrations and fatigue - a floppy vane like a swim flipper helps, as mentioned above. Some (usually upmarket) insurance companies will include 3rd Party windmill risk with house insurance for "free".

Thus the choice of design, size and mounting are severely limited. Evidently sail cloth mills, ionic frame (when developed), Darrieus-type, slow turning (usually more material weight) and enclosed-rotor air turbines would score on above points, if not cost.

20.4  Lightning:  Insulate the earthed lightning wire from mast guy wires and from cables to the house. Then join it to a pipe set in moist ground. A separate lightening slip ring on horizontal axis mills will be required if you don't want lightning current to weld swivel bearings.

20.5  Starting:  Starting the windmill turning at low windspeeds is easier with three-blade airfoil rigs than with two-blade mills and there is less choppy action around the mast; although two blade units with weights at 90o to the blades or with variable pitch weight arms gain four-blade stability. A 5o angle of attack at the tip of the blade also assists starting. Wortmann airfoils equate to low speed starting.

Automatic unloading devices are often needed on permanent magnet alternators to overcome their higher starting torques and so aid starting. These, including a speed clutch or an electrical disconnect switch for low speeds, could help other mill types.

Electrical tinkerers should be able to copy our slow-speed battery charging device where at half generator voltage a relay (less voltage drop than transistors) with hysteresis connects the generator across one half of the battery bank for say 10 minutes, and across the other half for the alternative 10 minutes. At slower speeds still, charging of a quarter of the bank could proceed in sequence every 10 minutes. Resetting to the full charge rate would be automatic when wind picks up.

 Apart from all-electronic optimises or maximisers, other devices to gain more efficiency from the windmill at low starting speeds included rapidly switched capacitors, an automatically varied transformer, blade pitch control, blade tip winglets, slotted and segmented sections and tuned load circuits.

20.6  Vertical windmills:  Many vertical mills have several advantages over most horizontal mills. They do not require electrical slip rings, generator or gears, brake, feathering gear, wind vanes, long cables or grease points mounted aloft at dizzy inaccessible heights, because the generator is mounted undercover at ground level and connected to the vertical axis blades by a shaft or cord. Balance, vibration and bearing problems are greatly reduced at slow speeds, as are the number of high precision, high stress, exotic components required; although the overall mass of material is generally increased. Vertical mills are more amenable to village technology and I suspect many Savonius and slat mills could be made from cloth, string and sticks. 240v voltage generators for battery voltages could reduce need for gears if not using a large diameter disc generator.

Finally, big horizontal mills cannot respond to those unpredictable gusts so rich in power that most omnidirectional mills accept without wasting considerable time (equals power) hunting for gusty winds.

20.7 Horizontal mill slip rings?: Often a rusty storm-tossed headache needing an emollient, hopefully non-electronic solution. On small units, some folk simply let the cables wind up so many times until a shorter rope finally tightens to prevent further twisting; necessitating eventual unwinding after surprisingly many days. We found that a special spring would allow the millhead perhaps 3 turns to limit; at which point the wind vagaries would as likely unwind the head spring a turn as try to wind up.

In a Fijian cafe many years ago I noticed a small old colonial roof fan bodily rotating endlessly to blow all round the room, yet its cable never twisted. Ah, I figured that could replace sliprings. How? Imagine your hand holds a majorette's baton with windmill blades rotating at the end of the same baton axis. String representing cable tied to the other end indeed never twists!

Another electric mill scheme involved using a watermill reciprocating configuration, at the ground level of which are several sets of my coupled mechanical frequency doubler levers:

 E1 |___Λ__• B1 . Point E1 is immovable. When the

apex A1↑ is pushed down one cycle by the vertical oscillating mill shaft and returned to the position shown, point B1 will have executed 2 cycles & drives A2... Final Bn drives a series of magnets back and forth in front of pick-up coils to give AC power of uncertain rectifiable frequency.

Vertical shafts, pipes, cord or chain rotated by the horizontal mill aloft, provided its torque is balanced by an offset vane, easily and safely powers a ground-mounted vertical generator.

21. WINDMILL BOATS: Plenty of ships from fishing craft to huge freighters are currently sail-assist, or use renewable auxiliary power. Solar/sail combinations have been demonstrated. But during the mid 1920s Anton Flettner's amazing vertical double-rotor schooner Backau used the Magnus effect (similar to Captain Cousteau's) and, stripped of all rigging and lead keel, regularly traded in fierce Atlantic gales with nothing more than a small engine to rotate the 2 rotors, equal in power to 1/20 of that needed to drive a propeller for the same ship speed. Reversing the rotors allowed ship reversal. Rotor area was 10 times less than equivalent sails with much higher pointing capability. Only the depression prevented so propelled, near-completed ocean liners weighing 1000s of tons being more than successfully tested. Savonius and other type sections were used to avoid Flettner's rotor tiny engines.

Superior horizontal windmill-powered water propeller boats, besides the ancient Dutch mill-powered, waterwheel-driven floating fort concept, flourished especially among Germans in the 1930s, soon tapering off. Some were mechanically coupled and able to drive straight into the wind without tacking. Other mills compressed air or charged batteries for an appropriate propeller motor. I suspect that mills should be tall vertical enclosed-stator units to capture every roll-caused change of wind to drive a water turbine directly, storing some power for times of ghosting winds. Whatever happened to this superb engineering - compared to the atrocious 1998 spectacle of modern mast Sydney/Hobart killing seas where it seems no expert sailer ever heard of a sea anchor?

22. SOME FUTURE SHOCK: Here are a few vital prognostications. Magnets built into disc generators of vertical or rimmed mills (as in old air turbines of Bell Telephone, Savonius and the American wind turbine...) will enable gearless low speed charging. A compound of graphite containing antimony pentafluoride was reportedly a cheaper and better electrical conductor than copper, but its thermal conductivity is highly directional.

Another American concept was the proposed gigantic inflatable Tropospheric Conduit by ERDA and NASA and Kaempen Industries, California. It was to be 100m in diameter and 2000m high, cleaning 13 million cubic metres of smoggy air per minute from upward thrusting metastable air which would drive monster horizontal blades at ground level, and give 80million bonus litres of fresh water daily. The 1970s cost of energy from the machine would have been $9.85/watt, dropping eventually to $5.6/watt.

Another old idea involves windmills and waterwheels coupled into a single shaft by means of 'free wheel' ratchets, thus ensuring that one does not drive the other during mismatched gust conditions. These days electronics could be easier, except perhaps for adjacent low-tech area mills.

What happened re the integrated circuit, no moving-parts ionic wind generator I read about in yesteryear news? When completely developed it could be a winner. Perhaps the experiments of a New Zealander had merit. He made excellent vibrating tree windmill pumps and figured that, connected as an oscillating water pump, could yield 1/2kw. Certainly not unsightly.

Presently I am developing the simplest-ever DC brushless non-electronic generator/motor. It is the reverse of a homopolar, unipolar or Faraday disc generator in that a flat disc ceramic magnet (one side north, the other south) rotates in front of many radiating partly shielded wires. Another version is partly based on the majorette's twirling baton mentioned above. Beautifully simple, geometry awkward!

During the early 1930s there appeared photos of 2 different large single-engine planes with extraordinary 1/2-length wings - insignia's 816Y & 11512 for visionaries to look up. I've tried magazine advertising to get model plane enthusiasts interested in researching this aerodynamic phenomenon - to no avail! The principal involving a one-sided slatted venturi seems simple - distributed pitot tube style. The wing top would be slatted albeit not right through, like this cross-section:

wind ->  LLLLLLLLLLL. As wind gushes over the wing, each trough experiences a reduced air pressure - ergo wing or windmill blade lift.

Vortex mills have been well researched and worth considering. Finally, I read in the papers years ago that B.Roberts and C.Fletcher of Sydney University had contemplated sending up tethered unmanned gliders carrying windmill blades to 11,000m where wind power density can exceed 20kw/m2, jet stream windspeeds 54-360km/h. A proposed 40m wingspan glider could pump an average 1mw electric power into electric tethering cables with no unsightliness or pollution. On the expected 1/2 day per month calm, the propellers could be turned by electric power from below, if not by on-board solar. The glider returns to earth should an accident befall and the cable parachutes safely down. 85mw output is evidently a good long-term goal.

23. GETTING PERSONAL: Let me wind up these pages with more than mere philosophical issues involved in the realisation of renewable energy dreams concerning about 150 practical lifesupport items, processes and products for making homes and lifestyles sustentative to a high % - surely the ultimate albeit seldom if ever verbalised, much less realised goal.

There's loads of renewables 'experts' out there, but how many do more than cogitate and pontificate learnedly, who actually LIVE a low impact self/mutually-reliant lifestyle, instead of preaching and passing judgment on how everyone else ought to live? For how can a designer possibly conceive truly appropriate systems in a plush academic office, factory board room, mains-powered home or in gas guzzling vehicles yet actually check whether their projects correctly integrate, are super low cost, ergonomic and user friendly, failsafe and maintainable, whilst having sufficient redundancy and backup in the homestead field?

Renewables researchers, manufacturers and publishers verge on hypocritically continuing to live the same lifestyle and lifesupport systems that they eschew as inferred by their published findings. To become self-reliant through buying their relevant products we'd needs be millionaires!

Renewables researchers and publishers verge on hypocritically continuing to live the same over-plush lifestyle and lifesupport systems that they embrace as inferred by their published findings. Entire societies vainly strive to clone vast currently generated fossil power from renewables - sans any conservation.

Sadly, curiously and conversely, many 1970s British colleague researchers (when I lived many years in Cornwall), writers, ecologists & publishers for such as Ecologist, Undercurrents, Resurgence, Practical Self-Sufficiency, even The Centre for Alt Tech, Wales, now protest the very mills and lifesupport they'd once have died for!!

TABLE I  Comparative normalized performance of wind and water mills.

WIND MILLS                        BLADES    Vert/Horiz
DIAM or AREA
kw
V km/h
P watts normalized

BETZ ideal theoretical model
3
h
1 sq m
.213
30
213.2

  same with 80% eff. battery
3
h
1 sq m
.170
30
170.5

1940 Smith-Putnam
2
h
53.3
1250
48.3
134

ERDA/NASA
2
h
37.5
100
29
100

Sweeney sail mill
3
h
8
7
32
115

Old UK grinding mill
4
h
9.14
3.28
32.2
40.4

Swiss Elektro WV15 G
2
h
3
1.2
37
90.5

Windcharger
2
h
1.83
.168
37
76.8

Aegean (Cretan, by ITDG, UK)
6
h
4
.1
12.6
30

Ampair yacht battery charger
7
h
.66
.008
18.5
10 !

Darrieus (egg beater) NASA
2
v
5
1
25
88

Darrieus variable geometry est.
2
v
2x3
.194
18
90

Bell internal turbine
20
v
3.05x3.05
.74
32.2
64

Flettener proposed, self start
4
h
107
745.7
29
91.8

HYDRO MILLS:





kw normalized
BETZ ideal theoretical model
3

1 sq m
166.12
3
166.12

  same with 80% eff. battery
3

1 sq m
132.89
3
132.89

Swedish propeller


6
7460
40.6
106.4

Darrieus

v
100
10,000
7.2
92

_______________________________________________________________________________________________

TABLE II   Daily kwh consumption per fairly frugal household.

FORMER APPLIANCES

@
kwh

4 fluorescent lamps
25 watts for 8 hours
.8

Black & White television
50 watts for 2 hours
.1

Radio
20 watts for 5 hours
.1

Refrigerator
100 watts for 8 hours
.8

Pump
50 watts for 2 hours
.1

Miscellaneous (drills, kettle, etc.), not space heating

or cooking

.2            Total   2.1 kwh/day.

(However, our present appliances easily function on a '42w' frugal solar-supplied .30 kwh/day, plus another for home-charging the trike & garden pumping).

_____________________________________________________________________________________________

TABLE III  Home windmill traditional system cost breakdown.

 WIND ITEM
    £ 
Comments

 Elektro generator
  700
Good for 5 families in 22 km/h average wind speed

 Panel & rectifier
   70

 mast + labour
    0
Could be phone pole or lopped tree. 

 handbrake
   30
 batteries, 24v+cables
 240
Or junk 385 amp-h batteries with some good cells, almost free.

                        Total   £1040 or $ equivalent.

_____________________________________________________________________________________________

REFERENCES: THE FOLLOWING GIVE INTERESTING BACKGROUND / FOREGROUND: Marks Manual - Energy, Environment & Building by Philip Steadman - The Generation of Electricity by Wind Power (1976) by E.Golding - Electric Engineering page 418 (May 1957) - Earth Garden, ReNew (Australia) & Proc. Renewable Energy Congress, Perth (1999) - ITDG Publications & Undercurrents (UK) - global CADDET = Center for Analysis & Dissemination of Demonstrated Energy Technologies newsletters - VITA & BRACE Institutes & Energy Primer put out by heritage Whole Earth Catalog (USA). Also most all issues of: Wind Energy, Windpower Monthly, Amateur Yacht Research Society... Plus: The New Autonomous House by Brenda & Robert Vale - Eco-Logistics by P.ff.Howden (home-published part '79 PhD thesis) - The English Windmill by R.Wailes... See Australian Wind energy Association. V.Chase, 13 Wind Machines, Popular Science, sept '78.

Renewable Energy World, UK, March-April '04, free quality Journal 6/year: Elisa Wood, Gridlock; describes USA congested grid-connect system + NY & Chicago blackouts; also Chicago Green town; describes other world green towns as well. H.Bjerregaard, Wind on the horizon; losses of power + cost for windfarms, offshore worse. M.Tijmensen & R.van den Broek, Clean power from farm waste. M.Abella & F.Chenlo, Choosing the right inverter for grid-connect PV systems; seems all have cost, inefficient, stability, unreliability, sabotage, maximum power point tracking, ephemeral, unmaintainability, gridlock and necessary backup polluting powerhouse problems. Ulf Bossel, Hydrogen Why its future in a sustainable energy economy will be bleak. Back issues give good field coverage.
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