ABUNDANT

A HANDBOOK OF CHRIST-CENTERED
SUSTAINABLE LIVING
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APPROPRIATE TECHNOLOGY
What is Appropriate Technology?

Appropriate Technology is a way to solve problems on the
mission field using methods and materials that are:

Available

Affordable

Acceptable
Jack Dody has been developing Appropriate Technology for
more than thirty years. He has trained missionaries serving in
more than thirty-five countries. He and his wife live in an off-thegrid home that employs many of the Appropriate Technologies
which he shares with his students. The writings and training
manuals developed by Jack are available on-line at no charge at
christianhomesteaders.org.
Due to variability of local conditions, materials, skills, site and so forth, the author can
assume no responsibility for personal injury, property damage, or loss from actions
inspired by information in this workbook. You are responsible for consulting with
experts, engineers and code enforcement people whenever prudent.
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ABUNDACULTURE*
*Co-Operating with God’s Designs for Abundance

FOUR PRINCIPLES OF SOLAR ARK:
1. On-site Energy Production (Solar Electric and Firewood) use passive
solar designs
2. On-site Water Collection and Water Conservation
(Rainwater Catchment, Gray Water Systems)
3. On-site Food Production (Life Support / Greenhouse Module)
4. On-site Waste Recycling and Disposal
(Composing Toilet, Blackwater Systems)
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How to get Appropriate Technology help
when you're on the field:
1. Download The Noah Project manual and read it
carefully. The manual is available on our website
at no charge. The manual is a PDF file. You will
need Adobe Reader.
Go to chhstianhomesteaders.org
Go to Articles
Go to Noah Project Manual
Download
2. If you or your friends need more help, contact us
for free consultation:
jack@christianhomesteaders.org
marilou@elpasotel.net
You can phone us at 719 - 360 - 3075.
Write to: Jack Dody
Box 26
Rush, Colorado 80833
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Synergy

is important in the design and

operation of The Solar Ark, For our purposes, synergy
is how all systems of your home work together. For
example, if you catch water from your roof you can use
a small, inexpensive pump to have a pressurized water
system. If you use gray water for your trees and garden
you will need a smaller, less expensive cistern and a
simpler, less expensive black water disposal system. If
you use a sawdust composting toilet you will not need
water to flush your toilet. You will also be able to use
your compost to fertilize your trees for firewood and
food. If you carefully design your Solar Ark it can be
smaller and less expensive. If the structure is smaller, a
less expensive, a photovoltaic system can provide all
your electrical needs. If your Solar Ark is carefully
designed using proven passive solar principles, less
electricity and firewood will be needed for comfort.
Before you build, think of how all systems will
function synergistically.
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The Solar Ark...
On-site energy production...
(solar electric and firewood)
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PARTS OF A SIMPLE SOLAR SYSTEM
Photovoltaic panels - Often called solar panels. Turns sunlight
into electricity.
Charge controller-An electronic box that controls the charging of
batteries.
Battery bank - One or more batteries used to store power from
photovoltaic panels or any other power source.
Generator - A fuel-powered engine attached to a generator used
to produce electricity.
Converter - An electronic box that changes 120 volt alternating
current to 12 volt direct current, which can charge the
battery bank.
Voltmeter - A meter used to monitor the voltage of the battery
bank.
Inverter- An electronic box that changes 12 volt direct current to
120 volt alternating current.
Safety disconnect - A device that allows the user to break the
connection between the battery bank and the appliances
using electricity.
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The Photovoltaic Panel
What it does
Turns sunlight into electricity
What it costs
About $4-$5 per watt (as of 2007)
Advantages
Easy to wire
Expandable. Panels can be added as needs and budgets allow
Panels last for decades as they have no moving parts. (Panels on
satellites launched in the 1960's are still functional.)
Disadvantages
Expensive. Cost per watt is much higher than grid electricity.

The Charge Controller
What it does
Controls the charging of the battery bank. Without the controller, the
batteries could be overcharged and destroyed. Some controllers protect
the batteries against being discharged too deeply.
What it costs
$60 - $100's Depending on the size of the system controlled.
New Information (2004)
The new MPPT (Maximum Power Point Tracking) controllers can boost
available current from photovoltaic panels by as much as 30%. This is a
tremendous boost in efficiency. Cost up to 30% more than standard
controllers.
General Information
Some controllers can double as voltage meters.
Some controllers have a switch that will allow batteries to be equalized
[see batteries].
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The Battery Bank
What it does
The battery bank stores power for later use.
What it costs
Six-volt Trojan golf cart batteries are the most popular for small systems at
$75 each. There are many types of batteries, varying greatly in price.
General Information
Batteries are very heavy. Remember this when you make your purchase.
You may end up with a monster you cannot move.
Recommendation
I recommend the Trojan 6-volt golf cart batteries for the following reasons:
1. They are affordable at about $75 each.
2. They are available just about everywhere.
3. They weigh about 65 pounds. This is a manageable weight for most
people.
4. They are dependable and easy to maintain.

Safety Alert
When they are being charged or discharged, most batteries
create explosive hydrogen gas. Batteries need to be
contained in an airtight box built of 3/4-inch plywood that is
vented to the outside with a 2-inch PVC pipe.
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How to Keep Batteries Alive for Years and Years
(Credit for much of this list goes to Windy Dankoff of Dankoff Solar Products, Inc. 2003.
I added several items. Jack)

Note: Don't let the length of this list scare you. I spend about one minute a day
on my batteries. About every six months I do a thorough check of the
battery bank. It's easy!
Though most consider lead-acid batteries the weak link in renewable energy
systems, today's renewable energy batteries are better than ever, and so are the
devices that regulate and protect them. Battery failures are rarely the fault of the
batteries themselves! Follow these guidelines to avoid the vast majority of all
battery problems.
1. Size the battery bank and PV array properly. The battery bank should have a
five day load capacity at a minimum. The PV array, should produce (on
average) 30% more energy than the load requires. (This is a best case
scenario. You may not be able to afford such a perfect system. Jack)
2. Buy high-quality batteries selected for your needs. You get what you pay for!
Good deep-cycle batteries can be expected to last for 5 to 15 years, and
sometimes more. Cheap batteries can give you trouble in half that time.
3. Connect the two main cables to opposite corners of the battery bank and
maintain symmetry in wire size and lengths. This will help to distribute
current evenly through the bank.
4. Arrange batteries to maintain even temperature distribution throughout the
bank. Avoid uneven exposure to heat sources. Leave at least ½-inch of air
space around each battery to promote even cooling.
5. Prevent corrosion. Once corrosion gets hold, it is hard to stop. The good
news—it is easy to prevent! Apply a non-hardening sealant to all of the metal
parts of the terminals BEFORE ASSEMBLY. A product called NO-CO NCP2
battery corrosive preventative works well. Vaseline or bearing grease will also
work.
6. Moderate the temperature. Batteries lose approximately 25% of their
capacity at 30 degrees Fahrenheit, compared to a baseline of 77 degrees
Fahrenheit. At higher temperatures they deteriorate faster.
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7. Install the batteries over a floor drain, or in a space without a floor, so that
they can be rinsed with water easily. Washing the battery tops about twice a
year will remove accumulated moisture (acid spatter) and dust. (I couldn't
put my batteries in an area with a drain. I wash them off with a damp paper
towel.)
8. Avoid multiple parallel strings.
9. Use a charge controller, power center or battery charger with temperature
compensation. Better yet, place the batteries in a room that is temperature
regulated, i.e. heated, insulated, shaded and ventilated.
10. Use an inverter or charge controller with a low-voltage disconnect or get a
separate one. Discharging a battery to exhaustion will cause immediate,
irreversible loss of capacity and life expectancy.
11. Equalize lead acid batteries once a month. Equalizing means bringing the
batteries to a boil at about 15.5 volts for a few hours. This helps remove
sulphate from the battery cells. Some charge controllers automatically
equalize the battery bank, Other controllers have an equalization switch.
Sealed batteries are not equalized.
12. Install a System Monitor, at least a digital voltmeter. My digital voltmeter cost
$3.00. Would you drive a car with no dashboard? Metering is not just bells
and whistles.
13. Add distilled water as needed. Most batteries require additional water every 6
to 12 months.
14. Avoid sealed marine batteries in solar applications. They can disintegrate
and/or explode. ("Solar Power 101 : Batteries", Backwoods Home Magazine,
May/June 2004)
16. Do not replace one battery at a time. Remove bad batteries and have a
smaller battery bank until the entire bank can be replaced.
17. Get a hydrometer. It costs about $10. An hydrometer allows you to test each
cell in your batteries. If a battery has bad cells it should be removed from the
battery bank.
18. Put one teaspoon of Epson salts in each cell of new lead acid batteries.
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19. This is the most important aspect of battery care! Check the voltage of
the battery bank daily. The best time to check the battery bank is early
in the morning before the sun hits the panels and before any energy is
used. Your goal is not to go below 80% of full charge, or 12.46 volts.
The batteries will last much longer if only the top 20% is used.

% of Charge

Voltage

Specific Gravity

100
90

12.70
12.58

1.265
1.249

80

12.46

1.233

70
60
50
40
30
20
10
0

12.36
12.28
12.20
12.12
12.04
11.98
11.94
11.90

1.218
1.204
1.190
1.176
1.162
1.148
1.134
1.120

These readings are correct at 75o Fahrenheit.
Back Home Magazine, issue 56, p. 14

Batteries are the heart of your power system. They may demand your
attention occasionally, but your relationship with them need not be a
struggle. With proper installation, a little understanding, and some simple
maintenance, your batteries will live long and healthy lives.
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The Generator
What it does
Creates electricity using a fuel-driven engine attached to a generator.
What it costs
Depending on size, from a few hundred to several thousand dollars.
Advantages
Adds great flexibility to a small photovoltaic system. The photovoltaic
system can be smaller and less expensive with the addition of a
generator.
Can be used to power tools during the construction of the homestead.
Can be used to charge the battery bank during cloudy weather.
Disadvantages
Fuel must be purchased and stored. Gasoline must be rotated regularly;
it will last only a few months.
Noisy and stinky.
Must be carefully maintained.
Notes
Smaller gas-powered generators typically run at 3600 RPMS.
Larger diesel generators typically run at 1800 RPMS.
Good quality diesel generators can be run constantly and can last for
years.
Small, gas-powered generators can be used intermittently - that is, a few
hours at a time.
Sizing the generator
A generator that is too large will not work at capacity and will not last.
A generator that is too small will shut down under too great a load and will
wear out prematurely.
Suggestion: If you need a small generator most of the time, buy a small
generator and rent a larger one when you need it.
Safety alert
Generators create carbon monoxide and must not be used indoors.
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The Generator…continued
Operating Tips
1) To extend the life of a new unit do the following: Run the new unit
for one hour, then drain the oil and replace with new oil. This will
remove any metal shavings created during manufacturing. You
may further extend engine life by using synthetic oil. If you use
synthetic oil continue to change the oil at intervals suggested by
the manufacturer.
2) When you start the generator give it a few moments to "smooth
out" before sending power to your charger or appliances. Spikes
and dips in voltage can occur when the generator is first started.
3) Keep the generator tuned up and running smoothly. A poorly
running generator can damage your charger and appliances.
4) Disconnect charger or appliances from the generator before you
shut it down. Don't allow the generator to run out of gas while it is
connected to a charger or appliances.
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The Converter/Charger
What it does
Changes 115-120 volt alternating current to 12 volt direct current,
which can be used to charge the battery bank.
What it costs
Depending on size from $100 to several hundred dollars.
General information
A converter is coupled with a generator. The converter must be sized
according to the size of the battery bank. The generator must be sized
according to the size of the converter.
EXAMPLE: You calculate that a thirty amp converter will be
large enough to charge your battery bank. A 3500
watt generator will be needed to power the thirty
amp converter.

The Voltmeter
What it does
Meters the voltage of the battery bank.
What it costs
For a digital unit, approximately $10 - $100. An analog unit with bouncing
arrows is worthless.
Why it is important
For long battery life, just the top 20% of the battery should be used. In
order to determine the battery's stage of charge, a voltmeter is used.
The voltmeter should be checked daily, in the morning, before the sun
hits the photovoltaic panels and before the batteries are discharged by
use.
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The Inverter
What it does
Changes 12 or 24 or 48 volt DC to 120 volt AC. Some inverters also double
as battery chargers.
What it cost
Depending on size and quality, $100 to several $1000.
Why it is important
The inverter allows the use of standard AC products. Smaller wire can be
used when using AC as opposed to DC.
Important information
Certain AC products will not work with inverter power, i.e., certain printers,
certain computers, some stereo gear, some battery chargers for power
tools, ceiling fans, etc. Call manufacturers with questions before you
purchase or ask others who live off-the-grid.
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WIRING AND SAFETY
FOR A 12-VOLT SYSTEM
Most of the following information is from Low-Voltage Wiring by Tom Moates,
Back Home Magazine, Sept./Oct. 2003, pp.20-23.
Why have a 12-volt system?
A. Cost. It is much less expensive. Inverters can cost thousands of dollars.
B. Simplicity. With a few components, your system is complete.
C. Efficiency. A 12-volt system is more efficient. For example, a single
light bulb using AC pulled from an inverter can draw at least twice the
battery current as a DC bulb drawing directly from the batteries.
Wire for 12-Volt
1. The wire shall be much larger to accommodate direct current.

12-Volt DC Wire Table (2% voltage drop)
(one-way distances in feet)
ampswatts
@ 12 volts
1
12
2
4
6
8
10

15
20

25
30
40

#14

#12

#10

#8

#6

34

52
26
13
9
6
5
3
2

82

135

41

67
34
22
17
13

213
106
53

24
48

17
7

72

6

96

4
3

120
180
240
300
360
480

2

21
13

11
9
5

4
3
2

9
6
5

#4

#2

173
86
56

270

26
21
14
11

22
17

27

9

13
11
8

22
18
13

36

4

7

3

5

17

1/0

2/0

135
90

217
144

270

43

67

34

54
36

109
87
58
43
34
29

135
108
72
54
43
36

91
68
55
46

22

27

34

180

3/0

228
171
137

2.

All junction and receptacle boxes shall be metal - not plastic - for better
fire protection. Think about the sparks that fly when you "jump" your
battery.

3.

Wire connections shall be soldered and treated to prevent corrosion.
Note: There are two types of solder typically available - one for electric
and one for plumbing. Use electrical, rosin-core
solder.

4.

Stranded wire rather than a solid conductor wire shall be used if
possible. Stranded wire is more efficient for DC.

5.

Screw-type terminals on switches and receptacles are okay for landing
low-voltage wires if using solid wire. A clamp-type connector or a
soldered fork or ring terminal shall be used for stranded wire.
Note: Use a battery corrosive preventative on every terminal and
connection. A product called NO-CO NCP2 works well. Vaseline or
bearing grease will work.

6. Do not use standard AC switches and receptacles for a 12-volt system.
A. Switches designed for AC will not last and could be a fire hazard.
B. If you plug a 120-volt AC appliance into a standard receptacle wired
for 12-volt DC, you will ruin your appliance.
C. Use a 20-amp, 250-volt receptacle. The receptacle pattern design
should be different from a standard 120-volt AC receptacle so that it
is physically impossible to ruin AC appliances.
7. Breakers or fuses.
You can use standard automobile fuses. The Square D brand QO
series breakers are a favorite for DC.
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LOW-COST EXPANDABLE GENERATOR
SYSTEM WITH BATTERY STORAGE
Phase One
© Jack Dody

Voltmeter $15.00

Heavy
Gauge Wire
(see wire
chart)
$30.00

Metal Receptacle and
Switch Boxes with
soldered connections
$75.00

Lights, appliances, etc.

Prices as of 12-05

Total Cost Phase One ~ $1070.00
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LOW-COST EXPANDABLE GENERATOR
SYSTEM WITH BATTERY STORAGE
Phase Two © Jack Dody

Prices as of 12-05
Total Cost Phase Two ~ $605.00
Total Cost Phase One + Two ~ $1675.00
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SUCCESS WITH SOLAR
Here are some tips to maximize your solar system:
1. Avoid phantom loads (clocks, remote controls, etc.) These appliances
are always drawing power, 24 hours a day!
2. Use another source of power (propane or kerosene) for refrigeration.
Sunfrost DC refrigerators and freezers that operate on solar electricity
are excellent, but expensive. You may want to consider a root cellar or
other forms of preserving foods.
3. Use L.E.D. or florescent lighting.
4. Put lights close to work areas. Where a fixture is placed will determine
how effective the lighting is.

5. Use smaller fans, placed close to your body or 12-volt ceiling fans,
(120-volt ceiling fans don't work well with inverters.)
6. Use the smallest pump that will do the job.
7. Use direct current whenever possible.
8. Take good care of your batteries. Check them every day. Use only the
top 20% of the batteries' power.
9. Adjust your panels at least twice a year to maximize power output.
Panels should be perpendicular to the noonday sun.
10. Portable radios and clocks work well with AAA, AA, C and D batteries.
Powering these appliances with small batteries helps keep your
electric system simpler and smaller.
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Typical Wattage Requirements
for Common Appliances
Use the manufacturer's specs if possible, but be careful of nameplate ratings that are
the highest possible electrical draw for that appliance. Beware of appliances that have a
"standby" mode and are really "on" 24 hours a day.

DESCRIPTIONS _____________WATTS
Kitchen Appliances
Refrigeration:
4-yr. old 22 cu. ft. auto
defrost (approx. run time
7-9 hours per day) ................. 500
New 22 cu. ft. auto defrost
(approx. run time
7-8 hours per day) ................. 200
12 cu. ft. Sun Frost refrigerator
(approx. run time 6-9 hours
per day) ................................... 58
4-yr.-old standard freezer
(approx. run time 7-8 hours
per day) ................................. 350
Blender ....................................... 350
Can opener (electric) .................. 100
Coffee grinder ............................. 100
Coffeemaker ...................... 850-1200
Deep fat fryer ............................ 1380
Dishwasher: cool dry .................. 700
Dishwasher: hot dry .................. 1450
Egg cooker.................................. 500
Exhaust Hood ............................. 144
Food Dehydrator ......................... 600
Food processor ........................ ...400
Food waste disposer ................... 420
Fruit Juicer .................................. 100
Frying pan ................................ 1170
Grill, sandwich .......................... 1050
Hot plate ................................... 1250
Microwave (.5 cu. ft.) .................. 900
Microwave (.8 to 1.5 cu. ft.)....... 1500
Mixer ........................................... 120
Range, large burner .................. 2100
Range, small burner ................. 1250
Roaster ..................................... 1345

DESCRIPTIONS_____________ WATTS
Toaster (2-slice) .........................1200
Trash compactor ........................1500
Waffle iron .................................1080

Water Pumping
AC Jet Pump (1/2 hp)
300 gal. per hour,
20" well depth, 30 psi ............. 750
AC Submersible Pump
(1/2 hp), 40-foot well depth,
30 psi ................................... 1000
DC pump for house pressure
system (typical use is
1-2 hours per day) ................... 60
DC submersible pump
(typical use is 6 hours per day) 50

Shop
AC grinder, 1/2 hp ......................1080
AC table saw, 10" .....................1800
Hand drill, 1/2" ............................ 600
Hand drill, 3/8" ........................... 400
Lathe (12 inch)........................... 660
Router........................................ 720
Sander (orbital) .......................... 300
Saw, band ..................................660
Saw, circular .............................1080
Saw, saber ................................ 288
Saw, table ................................. 950
Worm drive 71/4" saw ...............1800
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DESCRIPTIONS _____________ WATTS
General Household
Air conditioner, 1 ton or 10,000 BT/hr.
............................................................. 1500
Air conditioner, window ............. 1300
Alarm/security system ..................... 6
Clock radio ...................................... 5

DESCRIPTIONS_____________ WATTS
Hygiene
Hair curler .................................... 750
Hairdryer.................................... 1500
Shaver, electric.............................. 15
Sunlamp ...................................... 290
Toothbrush, electric, charging stand ...... 6
Waterpik ........................................ 90
Whirlpool bath ............................. 750

Clock, electric ..............................4
Clothes dryer, electric ...... 4800-5750
Clothes dryer, gas ....................... 500
Clothes washer, horizontal axis .. 250
Clothes washer, vertical axis ...... 900
Dehumidifier.............................. ..240
Electric blanket .................... 170-400
Electrostatic cleaner ..................... 60
Fan, attic ............................ .........375
Fan, circulating ............................. 85
Fan, furnace 1/4 hp .................... 600
Fan, furnace 1/3 hp ................ ....700
Fan, furnace 1/2 hp .................... 875
Fan, roll about ............................ 205
Fan, window.. ............................. 190
Floor polisher ............................ 315
Garage door opener, 1/4 hp ....... 550
Germicidal lamp .......................... .20
Heat lamp (infrared) .................. 250
Heat pump .............................. 9600
Heater, radiant..... .................... 1300
Heating pad ................................. 60
Humidifier ..................................... 70
Iron (electric) ............................ 1200
Light bulb, incandescent .... (on bulb)
Light bulb, typical fluorescent
light (60W equivalent) ............. 15
Oil burner or stoker ................... 260
Sewing machine .......................... 75
Vacuum cleaner, average .......... 900
Vacuum, central ....................... 1500
Water heater, quick recovery ... 4500
Water heater, standard ............ 3000
Waterbed heater ........................ 300

Entertainment/Telephone
CB (receiving) ............................... 10
Guitar amp. (Jimi Hendrix volume)...
8500
Guitar amplifier (avg. volume) ....... 40
Laser disk/CD player..................... 30
Piano, electric ............................... 30
Radio ............................................ 80
Satellite system, 12-ft dish/VCR.... 30
Stereo home theater, AC ............ 500
Stereo, AC (avg. volume).............. 55
Stereo, DC (avg. volume) ............. 15
Telephone, cellular (on standby) ..... 5
Telephone, cordless (on standby)... 5
TV, 12-inch black & white ............. 16
TV, 19-inch color........................... 80
TV, 27-inch color......................... 170
Video games (excluding TV)......... 20

Office/Den
Adding machine .............................. 8
Computer, desktop ....................... 55
Computer, laptop .......................... 25
Fax machine, plain paper
printing .................................... 50
standby ..................................... 5
Monitor, 15-inch LCD display ....... 35
Monitor, 17-inch color ................ 100
Pencil sharpener, electric ............. 60
Printer, dot matrix....................... 200
Printer, laser .............................. 900
Typewriter, electric ..................... 200
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Recommended reading
Earthships I, II, III
The Evolution of an Independent Home, Paul Jeffrey Fowler, Fowler
Enterprises, 264 Bashan Hill Road, P.O. Box 253, Worthington, MA
01098-0253. This book shows how you can start small and build over
time. The advice is real and practical.
Backwoods Home Magazine I BackHome Magazine I Countryside
Magazine These three publications will provide many examples of
working energy systems. Most of the systems are owner-built.
HomePower Magazine, www.homepower.com Excellent examples of both
small and large homemade power systems.
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LEARN MORE ABOUT SOLAR POWER
(This is a resource list from Mother Earth News, A Guide to
Homes, Summer 2003, p. 26.)
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Designing Your Solar Ark
Review: Four Traits of the Solar Ark
1. On-site energy production.
2. On-site water collection and water conservation.
3. On-site food production.
4. On-site waste recycling and disposal.

A Solar Ark can be built in any location, in any climate.
How you build your Ark depends upon:
1. Available materials
2. Climate considerations
3. Budget considerations
4. Cultural considerations
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Designing Your Solar Ark
from Malcolm Wells – the father of Earth-Sheltered Design
A list of 15 properties of an excellent building.
1. Create pure air.
2. Create pure water.
3. Store rainwater.
4. Produce its own food.
5. Create rich soil.
6. Use solar energy.
7. Store solar energy.
8. Create silence.
9. Consume its own wastes.
10. Maintain itself.
11. Match nature’s pace.
12. Provide wildlife habitat.
13. Provide human habitat.
14. Moderate climate and weather.
15. Be beautiful.
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Designing Your Solar Ark
from ―The New Ecological Home‖
by Daniel D. Chiras

Keys to Successful Passive Solar
Design
1. Choose a site with unobstructed solar
access.
2. For optimal solar gain, orient your
house so that its long axis lies on an
east-west axis.
3. Concentrate windows on the south
side of the house.
4. Include overhangs, especially on the
south side of the house.
5. For maximum comfort, include an
adequate amount of thermal mass in
your design.
6. All solar design relies on energy
efficiency.
7. Protect insulation from moisture.
8. Design your house so that most, if not
all, of the rooms are heated directly by
incoming sunlight.
9. Create sun-free zones in your home.
10. Install an efficient, properly sized,
environmentally responsible back-up
heating system.
28

Summary of
Principles of
Sustainable Design
and Construction
(by Daniel D. Chiras)

Build small.
Make homes
efficient.
Use recycled or
recyclable materials.
Recycle and
compost all waste.
Build recycling
centers in homes
Use renewable
resources, especially
energy.
Promote
environmental
restoration.
Create safe, healthy
living spaces
Make homes easy to
operate, service, and
maintain.
Design homes to be
accessible.
Make homes
affordable.
Make homes
durable.
Build community.

BASIC COMPONENTS OF SUCCESSFUL
PASSIVE SOLAR CONSTRUCTION
1.
2.
3.

WINDOWS
INSULATION
THERMAL MASS

Note: A well-designed passive solar home will be comfortable all year long
in any climate.

WINDOWS
Sizing - Windows should cover an area equal to 17-22% of the square
footage of the home.
Placement - Most windows should be on the sunny side. Minimize
windows on the cold side. Placing bathrooms, bedrooms, closets,
storage areas and garages on the cold side helps minimize
windows and acts as a thermal
Window Allocations in
block.

Direct-Gain Systems

Construction - Use double-paned
windows. Frames should be
constructed of wood or vinyl to
prevent convection. Insulated,
moveable window coverings can
be effective in cold climates.
Eaves - Sunny side windows should be
shaded by eaves to prevent
summer sun from overheating
living spaces. On the sundown
side of the structure, shades,
shutters and curtains can prevent
overheating.
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(from ―The New Ecological Home‖
by Daniel D. Chiras)

South-facing glass – 7 to 12%*
North-facing glass – no more
than 4%
East-facing glass – no more
than 4%
West-facing glass – no more
than 2%
*percentages are based on total
square footage of a home. Window
space is glass area (total window
space minus frame).

INSULATION...THE KEY TO COMFORT
WHAT IS INSULATION?
Insulation is any material that resists the transfer of heat or cold. This resistance is
represented by the letter "R". The R-value provides information about the
effectiveness of insulating materials. The higher the R-value, the greater the
resistance and insulating capability. Usually, insulation traps air in cells. It is the
dead air that slows the movement of heat and cold. The smaller the air cells are,
the better. Because insulation is mostly air it is often very light-weight.

HOW TO HAVE SUCCESS WITH INSULATION
1. Use enough insulation to be effective in winter and in summer. If you are
using non-standard types of insulation, use more. You may have to increase
the thickness of walls to provide enough space for adequate insulation.
Example: Walls could be 12 inches thick instead of 4 or 6.
2. Insulation must be used in a fire-safe way. Keep insulation behind lowcombustion materials like drywall or plaster. Be careful when running wire
near combustible materials. Consider wire encased in metal conduit. Always
be ready for fire with extinguishers and alarms.
3. Keep insulation dry. Learn when and how to use moisture barriers.

Vapor barriers are helpful in nearly any home. They prevent moisture from penetrating the wall and thus
help keep insulation dry. Even a tiny amount of moisture in insulation dramatically reduces its R-value. In
warm climates, moisture barriers are typically installed just beneath the exterior sheathing (a). In cold
climates, moisture barriers are usually installed beneath the drywall (b). [source: David Smith in “The New
Ecological Home” by Daniel D. Chiras]
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4. Insulate carefully. Fill every void. Use caulking where needed. Eliminate
leaks and cracks. Plan for settling. If you use a loose-fill type of insulation in
walls it will probably settle. Let it. Push it down, then fill the void created
with a springy type of insulation like fiberglass or plastic bags. Fill the void
as tightly as possible to allow for future settling.
5. Provide adequate ventilation in your living space. This will help eliminate
condensation problems.
6. Use the cleanest, driest materials available. Use organic pest deterrents like
borax, diatomaceous earth, etc.
7. Take steps to deal with conductivity. Conductivity is the transfer of heat or
cold through solid materials like studs and window frames. Styrofoam
sheathing is one way to deal with conductivity.
8. Combine lots of insulation with lots of mass to create a comfortable living
space.

Sources: Superinsulated Design and Construction by Lenchek-Mattock-Raabe, © 1987
Van Nostrand Reinhold Co., Inc.
Solar Living Meredith Corp., © 1983 Better Homes and Gardens Books
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FIND THE R-VALUES OF YOUR ZONE
Zone

Ceilings directly
below roof or
unheated attic
Fossil Fuel

Exterior
walls

Floors above
unheated
basement or
crawl spaces

Walls of
heated
crawl
spaces

Electric Heat

Insulation R-value standards.
This chart lists minimum acceptable standards for insulation. Since a large part of the
cost of insulation is labor, exceeding the standards does not appreciably increase costs.
As you plan your insulation strategy, keep in mind that houses with electric-resistance
heating systems require about 25 percent more insulation in the attic. In addition, most
houses have walls built with 3½ -inch studs, so the amount of insulation you can add is
limited unless you want to install rigid panels on the exterior of the house. Insulating
floors over an unheated basement beyond the thickness of the joists is usually not worth
the extra effort. Similarly, insulting heated crawl spaces beyond R-19 is not cost
effective.

Jack’s Note: I would suggest adding 10 points to the R-values listed
above. The figures presented assume traditional heat sources –
not solar or wood heat.
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TRADITIONAL TYPES OF INSULATION
NOTE: R-values notated per inch

FIBERGLASS...R-value 2.9 - 3.7... Positive features: Good availability. Inexpensive.
New types do not irritate skin. Fire resistant. Negative features: Old type irritates skin
and lungs during installation.
STYROFOAM...R-value 3.7 -4.0... Positive features: Lightweight. Rigid. Can be
buried. Excellent for outside perimeter insulation. Can be used under roofing. Negative
features: Creates poisonous gas if burned.
ROCK WOOL,.. R-value 2.9 - 3.7... Positive features: Inexpensive. Fire resistant.
Negative features: irritates skin and lungs during installation.
CELLULOSE(SHREDDED PAPER)... R-value 3.1 - 3.7... Positive features: Easy to
blow in. Non-irritating. Non-flammable. Uses recycled paper. Negative features: Flame
retardant (borax) can corrode metal. Absorbs moisture. May settle.
VERMICULITE AND PERLITE... R-value 2.1 -2.7... Positive features: Fire resistant.
Negative features: Low R-value. May settle. Expensive in some areas.
POLYURETHANE AND ICYNENE... R-value 5.8-6.2... Positive features: Expands to
fill voids. Moisture resistant, High R-value. Negative features: Expensive. Requires
professional installation. Gives off toxic fumes when burning.
POLYISOCYANURATE BOARD... R-value 5.9 - 7.0... Positive features: High R-value.
Rigid board, can be foil-faced. Negative features: Expensive. Gives off toxic fumes
when burning.
REFLECTIVE INSULATION... R-Value N/A…usually made with shiny aluminum foil.
Positive features: Keeps the sun’s heat from entering the living space. Helps keep a
living space cool in very sunny areas. Negative features: Expensive. Must be
installed very carefully.
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NON-TRADITIONAL TYPES OF INSULATION
NOTE: Non-traditional insulation is often flammable. Care must be taken to lessen fire
danger. Pests and vermin could also pose problems unless materials are very
clean and very dry. Organic pest controls may be necessary.
COTTON...R-value 2.9 - 3.7... Positive features: Non-irritating. More dense than
fiberglass, i.e. better sound proofing. Treated for fire resistance. Negative features: New
product. Not readily available. Expensive.
STRAW… R-value approximately 35 for a standard bale... Positive features: Available.
Easy to use. Negative features: Must be very dry. Must be covered with adobe or
plaster to protect it from fire and animals. Loose straw is sometimes mixed with salt and
placed in walls and ceilings. The salt discourages insects and vermin.
WOOL… R-value 5.5...Positive features: High R-value. Fire resistant. Will not settle.
Negative features: Not available in all areas.
LEAVES... R-value N/A... Positive features: Available. Inexpensive. Negative features:
Must be protected from vermin and fire. Must be very dry.
SAWDUST... R-value N/A... Positive features: Good sound proofing. Negative features:
Must be very dry. Must be protected from vermin and fire. May settle.
CARDBOARD...R-value N/A...Positive features: Available. Inexpensive. Can be used
as sheathing to cut down on conduction. Negative features: Flammable. Must be
protected from fire, vermin and moisture.
RAGS...R-value N/A... Positive features: Inexpensive. Available. Negative features:
Rags must be clean and dry. Must be protected from fire and vermin. Synthetic rags
less likely to rot or attract vermin.
DIRT...R-value low... Positive features: Universally available. Will not burn. Negative
features: Must be very dry. Because of its poor R-value, must have thick walls to be
effective. Heavy.
WOOD...R-value low...Positive features: Available in many areas. Wood buildings are
attractive. Negative features: Expensive. Because of poor R-value wails must be
thicker. (Consider cordwood building.) Must be protected from fire, insects and
moisture.
PLASTIC BAGS AND WRAPPINGS...R-value 3 - 4... Positive features. Inexpensive.
Available. Will not settle. Not effected by moisture. Negative features: Must be protected
from fire. Creates toxic fumes while burning. Must be clean.
ASHES…R-value N/A…Positive features: Will not burn. Can be used to insulate heat
sources such as fireplaces, woodstoves, cookstoves and chimneys. Negative features:
Must be carefully screened to remove any burnable charcoal. Must be kept dry.
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THERMAL MASS
What It Is
Thermal mass is any material that can be used to moderate temperatures
in a passive solar structure.

Types of Thermal Mass
Water provides excellent thermal mass. Use two to four gallons of water
per square foot of glass.

Types of Thermal Mass
Dense materials such as concrete, stone, brick and block will moderate
temperatures. Use two cubic feet of these materials for each square foot of
glass.
Note: Without thermal mass, a passive solar home can become
uncomfortably hot during the day and uncomfortably cold at night.
Note: Thermal mass must be combined with insulation to be
effective.
Concrete, stone, brick and block are popular materials in many countries.
Without insulation, these materials often create living structures that are
too hot in the summer (particularly at night) and too cold in the winter.
Once these high mass materials are cold all the way through, they stay
cold. When they are hot to the core, they will radiate heat all night long.
Note: Earth-Coupling is another technique for moderating temperatures.
An example of earth-coupling is a basement wall. The earth
against the wall moderates temperatures in the basement.
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Calculations for Passive Solar Dwellings

NOTE: These calculations are rough guidelines. As you live in
your home you will be able to fine-tune your passive solar
dwelling by adding or subtracting glass or mass.

1. Calculate the square footage (L x W) of the home.
2. To calculate how much glass you should have multiply
the square footage of the home times 17-22%.
In colder climates use the higher percentages.
3. Calculate the square footage of all your glass. Measure
just the glass, not the window frames.
4. If you use water for thermal mass, use 2 to 4 gallons per
square foot of glass.
5. If you use concrete, stone, brick, etc. for mass, use 2
cubic feet for each square foot of glass.
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DESIGN CONSIDERATIONS
Answer the following questions:
1.

What is the average rainfall on the building site?
Does the rain fall in just one month? ...two? ...year round?

2.

How many days will the sun shine on your site?

3.

Will trees block the sunshine from your Ark?

4.

What are the wind conditions?

5.

What type of vegetation is on your site?
trees...grass...cacti, etc.

6.

What materials are available?

7.

What materials are used in the construction of local houses?

8.

How are local houses designed?

9.

What type of soil is on your building site?
rocky...sandy…heavy clay...loam...sandy loam

10.

What is your elevation above sea level?

11.

Is your land flat? ...steeply sloped? ...both?

12.

How much money do you have for your Solar Ark?

13.

How much does local labor cost?

14.

Is there anyone in the neighborhood who has a good reputation
building houses?

15.

How far will you have to go for materials?

16.

Do you have a vehicle that can carry your materials?

17.

Do you have the tools needed to build your Ark? Are any tools
available in your community?

18.

Do you own or rent your property?

19.

Should your Ark be moveable?
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KEEPING COOL!
Comfort in Hot Climates
(A cool missionary is a happy missionary!)

BUILDING DESIGNS FOR HOT CLIMATES
1.

Buildings on stilts to maximize air movement. (Particularly suitable
for wet climates.)

2.

Superinsulated buildings such as strawbale structures.

3.

Earth-coupled buildings such as Earthships and bermed structures.

4.

High-mass buildings such rammed-earth structures, concrete
construction and cob construction.

5.

Combinations of the above options.
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MAXIMIZING AIR MOVEMENT
Maximum air movement = maximum cooling.
Place fans as close as is safe to your body. The closer you place the
fan to your body, the greater will be its cooling effect. Place the fan so
that it will not dry out your eyes, nose and throat, making you
susceptible to sinus infections. By placing the fan close to your body
you may be comfortable with a small fan that will use less electricity.
Design your living space so that the air will be moving at maximum
velocity over your bed.
To maximize air flow through windows reduce the size of the inlet to
half of the outlet area. Also, place the exhaust window high on the
leeward side of the building and the intake window low on the
windward side. See illustration below.
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SOLAR COLLECTOR - BIOMASS
HEATER WITH ROCK STORAGE
Origins:
The Solar Collector - Biomass Heater w/ Rock Storage (SCBH) is a
refinement of several ideas including the Trombe Wall and James
Kachadorian's Solar Slab. The addition of a wood stove makes the
SCBH an excellent choice for areas with heavy winter cloud cover.

Operation:
The SCBH operates much like a Trombe Wall. When the rays of the sun
pass through the glazing and strike the absorption plate, hot air is
created. As the hot air rises, cool air is drawn into the hot air chamber.
Using a fan to increase air movement in the SCBH may or may not be a
good idea. Fans can move air too quickly to allow heat exchange. Using
a fan in the living space may be useful to distribute heat. The concrete
blocks in the bottom of the SCBH are spaced an inch apart so that warm
air can rise through the bin of rocks. If more heat is needed the wood
stove can be fired. The stove operates more efficiently because its heat
is stored in the rocks. The stove operates more cleanly because it is
allowed to burn "hot" with lots of air, which creates more complete
combustion. The stove should seldom be dampened. Because the stove
access is outside, the mess of wood burning is eliminated. On very cold
nights the insulated covers must be placed over the glazing to prevent
loss of heat and cold drafts. The covers should be in place on warm
days to prevent heating. If the insulated access door to the wood stove
is opened and the door of the stove is opened, cool, night air can lower
the temperatures in the rock bin to provide cooling.

Vents:
When the vents are open the natural convection in the living space will
allow the rock storage to be heated. Cool air will be taken from the floor
of the living space. Warm air will enter the living space through the top
vents. Like the Solar Slab the temperatures of the rock storage will be
just a few degrees above the comfort zone.

41

Modifications:
If there are not enough sunny days where the SCBH is to be built, the
solar collector can be eliminated.
A hot water tank can be placed in the rock storage bin for winter
operation. Care must be taken to prevent freezing.

Calculations:
NOTE: These are rough calculations. Using passive solar is an art.
Some adjustments may be necessary.
The size of the SCBH is calculated in the following way:
1. Calculate the square footage of the structure to be heated.
2. Multiply the square footage of the home by 17% to 22%. This is the
square footage of the glazing required. [In warmer climates use 17%
to 18%. In cooler climates use 20% or 22%.]
3. To find the amount of rock required, multiply the number of square
feet of glazing by 2.25. The resulting figure is the number of cubic
feet of rock required.
4. CALCULATING VENT SIZE: Multiply the square footage of the
glazing by 3%. The resulting figure is the total square footage of the
vents on the wall of the SCBH that adjoins the living space. The vent
area should be distributed evenly between upper and lower vents.
There will also be the same number and size of vents in the
absorption plate. The vents should not be directly in line with one
another, either horizontally or vertically. More effective airflow is
created by the uneven spacing of the vents.

Notes:
1. Glazing should be of tempered glass or fiberglass, which will
withstand higher temperatures than standard glass. The frame which
holds the glass should be wood or metal. Vinyl is not a good choice.
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VENT PIPES
Use clay or PVC pipe.
Pipe must be smooth, not corrugated.
Pipe must drain to inside or outside. It must hold no standing water that
would encourage the growth of mold.
Pipe must be screened on both ends to prevent vermin from making their
homes in the pipe.
Pipe is buried at depths which remain constant in temperature. Depth will
vary with locale, usually 3 to 7 feet. If it is not practical to bury the pipe
deeply, the pipe will still function when buried less deeply. Some efficiency
will be lost.
One square foot opening of pipe for every 100 square feet of living space is
minimal. Twice that amount is optimum.
Vent pipes must be coupled with fans, windows or solar chimneys to create
air flow. It is important that the air moves slowly through the pipe. If the air
moves too quickly through the vent pipe, the efficiency of temperature
transfer will be reduced.

HOW IT WORKS
in warm weather, air from outside is cooled as it passes through the pipe,
helping cool the living space. In cold weather, air is warmed as it passes
through the pipe, providing preheated fresh air.

EXAMPLES:
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VENT PIPES FOR A LEVEL
BUILDING SITE

Living
Space

Vent Pipe(s) [at least ¼‖ drop per foot]

Vent
House

Notes:
Vent house has an open bottom lined with six inches of
gravel.
Vent house is screened to provide maximum air movement
and to prevent the invasion of insects or vermin.
Vent house should be seven to ten meters from the living
space.
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SHADE
It is hard to overestimate the positive effect of shade in keeping your dwelling
cool. Unfortunately, it may be a scarce commodity where you live. It may also
interfere with your photovoltaic panels if you are making your own electricity.
Here are some solutions:
1. Plant some trees - today.
2. Spend time laying out your homestead. Watch the path of the sun. Watch
shadows. Consider using trees for a windbreak if applicable. If you are
collecting rainwater from your roof, make sure your dwelling is far enough
from trees so that the roof is not contaminated with leaves or bird
droppings.
3. If you have PV panels, consider mounting them on a pole away from your
dwelling. (Not too far, resistance in wire will cause voltage to drop.) PV
panels may be more secure from theft when mounted on your roof.
4. Consider using a tarp like a tent fly to create shade over your dwelling. Be
sure fly is large enough to shade all sides of the living structure. An
inexpensive silver, poly tarp will reflect lots of heat. A more expensive sun
screen cloth will allow air to pass through and will allow some view. The
fly should not cover PV panels or solar heaters.
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SMALL IS BEAUTIFUL !
MAXIMIZING THE SPACE THAT YOU HAVE...
Simplify, simplify, simplify...before you go any further, figure out what
you really need in your space. Get rid of everything else. No matter
what tricks you use to maximize space, if you pack it with too much junk,
it will be cramped and cluttered. Consider building a shed for your
seldom used stuff that you just can’t part with. Think priorities. How do
you want to use your space? Do you work at home? Do you entertain?
Are you an avid reader with a need for a big, soft chair? Think
necessities. Decide which things are essential, which would be great to
have, which you can live without if necessary.
Colors can add space...use light colors, cool colors (light blues and
greens, buttery yellows). Use tone-on-tone color techniques. Paint
furniture and recover with cloth that matches the room's colors. Avoid
wallpaper borders and darkly painted moldings in small rooms; they tend
to outline the room's dimensions and can make your space seem
smaller. Painting moldings and trim a slightly lighter color than the walls
can make the room loftier and more spacious.
Eliminate obstructions...the farther you can see into and through a
space, the larger it will seem. Arrange furnishings to open up areas of
floor. Avoid blocking views to windows and doors. Consider open plans
with fewer walls. Low benches, ottomans and armless chairs are good
choices.
Bring in more light...banish room darkening shadows by uncovering
windows and adding more light fixtures. (L.E.D. lighting will not use very
much homemade electricity). Consider cove lighting, up-lights, rope
lights, bookshelf lights, etc. Consider skylight, light tubes, clerestory
windows and glass blocks.
Use mirrors...mirrors can add sparkle and dimension to any room. Use
mirrors for table tops. When you hang mirrors on a wall, make sure
they will reflect something you want to see.
Use glass and Lucite...furniture made of these materials will add seethrough style.
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Use sheer fabrics...for window treatments and tablecloths. Let light
shine through while adding softness. Avoid heavy, fancy window
treatments that cut out light and make the room feel fussy.
Use larger pieces and accessories...reduce visual clutter by using
fewer pieces. Lots of small pieces can make a room look cluttered.
Clutter takes up space, lots of space.
Use plain upholstery...cover sofas and chairs with plain cloth rather
than vibrant prints. Neutral tones in lighter colors will make the room
feel larger.
Use closed storage...to cut down on clutter.
Use smooth surfaces...avoid sharp corners. Round edges of walls and
furniture. Use sleek handles, or no handles at all, on furniture and
cabinet doors. Avoid gross, bold textures.
Create visual lines...use floor patterns that extend the path of the eye.
Let windows take the eye outside. Create a smooth inside to outside
transition with plants and ground coverings.
Use one type of wood...for trim and furnishings. Use just a few design
materials and colors.
Use simple floor coverings...with monochromatic tones. Wall-to-wall
coverings are better than area rugs that break up a room's space. Low
pile carpets provide less obtrusive textures. Tile laid on the diagonal
fools the eye and makes space appear larger.
Think multi-function...a cedar chest (or other chest) which can be used
as storage can also be a coffee table. A kitchen table can also be a
desk. A chest of drawers can hold office supplies, linens, CDs or even
stereo components.
Use built-in storage...built-ins can be squeezed into any nook or
cranny. They often take less floor space than regular furniture.
Think vertical...the most underused space in any room is the two or
three feet below the ceiling. Instead of a three or four foot tall bookcase,
think about a seven foot one. Mount shelves high up on walls, over
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windows and doors, or above kitchen cabinets.
Think about scale…every piece of furniture, every fence, every door
and window should be of an appropriate size for your living space.
Be creative with sleeping space...consider lofts, futons, pull-out
couches and day beds. Go visit some newer college dorm rooms where
beds are often placed above study/eating spaces.
Pare down on clothing...pick two coordinating colors of basics (for
instance, navy and tan). Try to have no more than two each of these:
pants; jackets; sweaters; skirts; dresses; and two pairs of shoes.
Make outside part of your living space…let your eye be led outside by
windows and floor coverings. Let dominant outside colors and designs
be used inside to create a transitions. Use decks and balconies.
Use various ceiling heights…to ―open‖ a room.
Use folding doors…or sliding doors and panels and pocket doors.

All of the ideas above were taken from numerous sources. Below is a
reading list:
Big Ideas for Small Spaces by Christine Brun-Abdeinour
Compact Living by Jane Graining
Designing for Small Homes by Dylan Landis and Donna Warner
House Beautiful by the editors of ―House Beautiful‖
Living in Small Spaces by Lorrie Mack
One Space Living by Cynthia Inions
Spaces for Living by Liz Bauwens and Alexandria Campbell
Studio Apartments: Big Ideas for Small Spaces by James Grayson
Trulove and Il Kim
Blueprint Small – Creative Ways to Live with Less by Michelle Kodis,
Gibbs Smith Publisher, © 2003.
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A-House ~ Floor Plan

Scale ½‖ = 1’

1. Fantastic vent/fan
2. Bed (39‖ wide) storage below
3. 36‖ counter (above bed ~ space allowed for feet)
4. Ridgeline
5. Stovetop with cover
6. Sink with cover
7. Closet
8. 30‖ table/desk ~ storage below
9. Battery storage ~ on floor under desk
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A-House ~ E. Elevation

Scale ½‖ = 1’

1. Vent / Fan
2. Window
Notes:
- Uses standard 4’ x 8’ sheathing
- Shape gives sense of openness
- Can be combined with Life Support Module for shower/toilet and
woodstove
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Arch House

Scale ¼‖ = 1’

1. Composting Toilet
2. Bath Sink
3. Shower Area
4. Table – Desk – Drawers
5. Fireplace
6. Kitchen Sink
7. Closet
8. Area used when bed is down
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The Arch House

© 2002 Jack Dody
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The Arch House
Interior Details

West Wall Interior
East Wall Interior

1. Wood burning Stove
2. Sink
3. Closet
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The Arch House
Roof Construction Details

1. Build the arch. Use re-bar, PVC, bamboo, etc. The arch components
are 20’ long.
2. Set arch in concrete.
3. Create roof quilt. Use three silver, poly tarts. Silver tarps will last
longer in the sun’s ultraviolet light than other colors. It also reflects
heat. Infill the roof quilt with at least 12‖ of insulative material.
Tarp #1 – seamless, without holes
Tarp #2

Detail of Roof Quilt -

Insulative Material
Tarp #3
Poly ties to bind tarp #2 & 3

Note: You will need a very large needle to tie tarps together.
4. Tarp #1 is the last to be installed. It must overlap the rain gutters so
that all rain is captured.
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The Loft House ~ Floor Plan

1.
2.
3.
4.
5.
6.
7.

12‖ Walls
Ladder to Loft
Composting Toilet
Bath Sink
Shower Area
Roof Ridge Line
Wood Stove with metal
cover to extend

8.
9.
10.
11.
12.
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Double Sink
Shelf Area
Table Area
Closet – floor to ceiling
Storage – floor to ceiling

The Loft House ~ Elevation
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BUILD
WITH
OLD
TIRES
These illustrations come from The Tire House Book by Ed Paschich
and Paula Hendricks. This book is an excellent, simplified overview of
building with tires. It includes information on the time-saving technique
of cutting out the top rim of each tire for easier compacting.
The Tire House Book, Sunstone Press, Box 2321, Santa Fe, NM
87504-2321 © 1995, 505-988-4418
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BUILDING THE STRAW BALES

A cooperative project of the Development Center for Appropriate Technology and
Out on Bale, with help from Tucson architect Bill Ford, has created a design for a
temporary emergency shelter for victims of homelessness or disasters. The city of
Tucson will issue permits to construct this straw-bale shelter, which can be
inexpensively built, especially when using salvaged and donated materials. For
further information, contact David Eisenberg of the Development Center for
Appropriate Technology (see appendix).

This illustration is from an excellent book, The Straw Bale House, from
Chelsea Green Publishing, © 1994, p. 236.
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RECOMMENDED READING
The Passive Solar Energy Book, Edward Mazria. Rodale Press, 1979.
This is a must for anyone designing a passive solar structure. It is
a compilation of hundreds of basic passive solar design ideas, with
photographs.
Earthships I, II, III, Michael Reynolds. Solar Survival Press, Taos, NM,
1990. Another must. Michael lived out in the desert of New Mexico
and put in 25 years of practical research. His work has provided a
cornerstone for sustainable living design.
Solar Spaces, Darryl J. Strickier. Van Nostrand Reinhold Co., Inc.,
1983. This book gives good examples of working solar
greenhouse-type structures. Lots of good ideas for retrofitting
an existing conventional house.
The Owner-Built Home, Ken Kern. Charles Scribner's Sons, 1975. This
is a must for any serious builder. Kern has interesting layout ideas
and simplified charts that will help any builder create a safe, sturdy
dwelling.
The Have-More Plan, Ed and Carolyn Robinson. Great book about the
rationale of homesteading. Fascinating because it was written in
the '40's.
Solar Houses for a Cold Climate, Dean Carriere and Fraser Day.
Charles Scribner's Sons, 1980. Good photos of solar installations.
Introduction to Permaculture, Bill Mollison and Reny Mia Slay. Tagari
Publications, P.O. Box 1, Tyalgum NSW2484 Australia, 1991.
Thought-provoking presentation on how all natural systems are
intertwined. Good practical ideas on design and building. Reader
must take into consideration that the authors are socialists, leaning
toward pantheism.
The Passive Solar House, James Kachadorian. Chelsea Green
Publishing. Box 428, White River Junction, Vermont 05001. 1997.
Good primer for passive solar basics. Of particular interest is the
author's Solar Slab concept for heat storage.
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Solar Living Source Book, John Schaeffer. New Society Publishers
Limited, Box 189, Gabriola Island, BC VOR 1X0 Canada, world
wide web newsociety.com, 2005, Available at
www.Realgoods.com. 1.800.919.2400. If you are going to make
your own electricity or have your own water and waste
systems, this catalogue / tome is the most important
sourcebook you can own. The practical information is the
result of building more off-grid electrical, water, and waste
systems than any other organization on the planet. Please
note that Real Goods is owned and operated by earth
worshippers, many of whom will consider you, as a Christian,
the enemy of the environment
The New Ecological Home, Daniel D. Chiras, 2004, Chelsea Green
Publishing Co., White River Junction, Vermont.

MAGAZINES
There are three periodicals that I read cover-to-cover. They present
practical, often inexpensive solutions for the homesteader. For the
most part, all three publications are written by people living the
homestead life.
"Countryside" P.O. Box 6017, Duluth, MN 55806-6017 .1-800-5515691, 8-4 Central time
"Back Home" P.O. Box 70, Hendersonville, NC 28793 1-800-992-2546
"Backwoods Home" P.O. Box 712, Gold Beach, OR 97444 1-800-8352418
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The Solar Ark...

On-site water collection and water
conservation...
(water catchment and gray water
systems)
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A GRAVITY WATER SYSTEM

1.
2.
3.
4.
5.
6.
7.
8.
9.

Photovoltaic Panel – sized to run pump
On/Off Switch for Pump
Pump
Faucets – etc.
Small Holding Tank
Optional Waterfall (overflow)
Filter
Water Catchment
Large Holding Tank

HOW IT WORKS: When the sun shines, the pump is activated.
Water moves from the large tank to the small tank, which is higher than
any water outlet. The small tank overflows through a waterfall (optional)
and a filter on its way back to the large tank. Dollar savings result form
the reduced size of solar panel and pump.
No storage batteries are required.
© 2002 Jack Dody
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Water System Diagram
(Dody residence)

1. Roof
2. Filter
3. Cistern
4. Pump
5. Kitchen sink and washing machine
6. Bathroom sinks
7. Tub or shower
8. Kitchen drywell
9. Planter
10. Gray water for plants
11. Planter overflow
12. Planter drywell
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SYNERGY
If you need less water, you
need to store less water.
If you need to store less
water, your holding tank
can be much
smaller, simpler
and less expensive.
WATER SAVING IDEAS...
... Use handiwipes for hand cleaning and work surface cleaning.
(You can make your own handiwipes.)
... Use waterless hand sanitizer.
... Take "Marine" showers.
... Build a gray water system.
... Use mulch in the garden.
... Use containers for gardening.
... Use drip systems for irrigation.
... Use a tippy-tap.
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A WATER CATCHMENT SYSTEM
Unless you have a good spring or a year-round creek flowing across your
property, catching rainwater is often the simplest and least expensive way
to secure the water that you need.
Advantages
A very clean source of water. Rainwater contains fewer minerals than
water that has leached through soil.
Usually less expensive than a well.
Disadvantages
Your water supply is affected by drought.
You must ingest minerals to replace those typically found in well water.

Synergy
A deep well requires a large electric pump, which requires a
large solar array with lots of batteries.
A catchwater system requires a small pump (or no pump at
all), which works well with a very small solar array and a few
batteries (or no batteries at all).

Roofing Materials for Water Catchment Systems
1.
2.
3.
4.
5.

Unpainted galvanized metal
Painted metal roofing with lead-free baked enamel
EPDM (rubber) roofing
Slate, tile, or concrete
Untreated wood

Note: If your roof is covered by tree limbs, leaves and bird droppings
can contaminate your water.
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Roofing Materials (con't)
Safety Alert: Make sure no lead is used in paint or
solder that is used to make gutters.
Safety Alert: Make sure any containers used for
rainwater were not used previously for toxic
materials.

Using Sheathing as Part of Your Catchment System

1. Use black 6 mil. or heavier polyethylene sheathing.
2. Put the catchment area away from trees.
3. Hold the sheathing in place with stones, bricks, concrete blocks, etc.
(Don't use old tires; they make breeding places for mosquitoes).
4. Fence off the catchment area.
(Not shown: A buried holding tank to store the water that falls on
the sheathing)
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Building a Holding Tank for Water Catchment
Note: Water weighs about 8 pounds per gallon. Your floor must be able to
support the weight of your holding tank.
1. Build a box frame with 2 x 4's on 12 inch centers. The box shall be 24"
wide and 36" high and as long as is needed and/or practical. The box
shall have a removable lid.

Water Storage Container
1. Fill pipe
2. Filter
3. 2x4 Frame
4. 7/16 OSB board
5. Lid
6. Overflow
7. 6 mil poly liner (doubled)

2. Cover the 2x4 frame with 1/2 inch to 3/4 inch O.S.B. board or plywood.
3. Glue and screw the OSB or plywood to the 2 x 4 frame,
4. Check the box for any sharp objects or rough areas that could puncture
or tear the poly liner.
5. Line the box with on continuous piece of black 6 mil. polyethylene
sheathing. Black is less affected by ultraviolet light and lasts longer than
clear. Use two thicknesses for safety. This sheathing is often called
Visqueen and is sold in hardware stores and garden shops.
**Consider FDA approved, food quality sheathing.
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Note: 6 mil. polyethylene is usually available in 10 foot widths.
A 10 foot section will fit nicely into the 2' x 3' box you have built.
Note: During manufacture, 6 mil. sheathing can develop small holes. Lay
out the sheathing for the holding tank and check it carefully before
lining the holding tank.
6. Fill the holding tank very slowly the first time and check it for leaks.
7. Build an overflow for the holding tank. If you have a 3 inch pipe filling
the tank, you need two 3 inch pipes for the overflow.
A. Place the pipe through the wall of the tank at the highest point
possible.
B. Stretch the sheathing around the overflow pipe.
C. Use a stainless steel clamp to secure the sheathing.
D. Cut out the sheathing that is stretched over the overflow pipe.

Drain
1. Pipe.
2. Poly liner.
3. Stainless steel clamp.

Note: The top of the holding tank is the standard height of a kitchen
cabinet. It makes an excellent work surface or plant shelf.
Note: Having the holding tank in your living space is a great way to
moderate air temperatures.
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Maintaining the Holding Tank
1. The water coming directly from your roof should be clean enough for
bathing and washing dishes. It must be purified for drinking.
2. Over time, sediment will develop on the bottom of the holding tank.
Unless it is very deep, this sediment layer can be ignored. If too much
sediment collects in the tank, it can be cleaned out carefully to avoid
tearing the liner. (Jack's Note: After three years in a very dusty area,
less than an inch of sediment has collected.)
3. Occasionally, the water in the holding tank will develop a musty odor.
This occurs because of the bacteria in the tank. A small amount of
chlorine bleach will eliminate the problem. An inexpensive swimming
pool test kit will allow you to test for bacteria.
4. Always keep the holding tank covered and not exposed to sunlight.
Sunlight will encourage algae growth.
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ANOTHER TYPE OF HOLDING TANK –
THE BURIED HOLDING TANK
Note: The buried holding tank works well when combined with a
sheathing catchment system.
Advantage
Since it is buried, it does not take up space in a building.
Disadvantages
Since it is buried, it is difficult to maintain.
Since it is not in the living space, it will not help moderate living space
temperatures.
Note: In non-freezing climates where digging is too difficult, the tank may be
placed on the surface and then covered with soil. It must be covered to
prevent solar disintegration of the black poly.

Buried Holding Tank

1. Dig a pit a bit
wider than the diameter of the tires
to be used. Line the pit with old
carpet etc. to protect the poly liner.
Place two layers of poly liner in the
pit. Place tires in the pit. Tires will be
wrapped like a Tootsie Roll.
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2. Wrap the tires completely
with poly, Make sure the
seam is at the top

3. Twist the ends of the
poly

4. Pull the twisted ends up and
over the top of the tires.
Carefully install
vent/fill/access/overflow.

5. Cover the top of the wrapped
tires with carpet to protect the
liner. Bury the tank and compact
carefully. Mark the location
of the buried tank.
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CONSTRUCTING THE
BURIED HOLDING TANK
Materials Needed:
-

Old tires
Old cardboard, plastic sheathing, tarps, carpet, etc.
PVC pipe and fittings
6 mil., black, polyethylene sheathing, 10 feet wide

How to Construct a Buried Holding Tank
1. Dig a trench just a bit wider than the diameter of the tires being used.
x

Locate the tank a safe distance from the living structure. Think ahead.
What will happen if it leaks?
Note: In cold climates, the tank may need to be six feet deep to
prevent freezing.
Note: In areas that are difficult to dig, the tank can set on the surface. It
must be completely covered with soil to protect the poly liner
from ultraviolet rays.

82

2. Once the trench is dug, it shall be lined with two continuous layers of 6
mil black polyethylene sheathing. Be careful not to tear or puncture the
liner.
3. The tires shall be placed into the lined trench carefully, so as not to
puncture the poly sheathing.
4. The tires placed on each end of the trench shall have sheet metal
placed over the wheel hole. This will keep dirt from filling in the tires.
Another method uses tires placed horizontally at each end of the
trench. The horizontal tires must be filled with compacted soil.
5. The sheathing shall be carefully wrapped about the tires to create a
tank that will hold water. (see diagrams)
6. The vent/fill/access/overflow pipe shall be put in place from the top of
the tires through a carefully made slit.
7. The plastic sheathing shall be covered from the top with old cardboard
or sheathing or carpet or an old tarp, etc. This will protect the sheathing
when the tires are carefully buried.
8. Bury the tank. Compact the soil gently. Leave a mound over the tank it will settle over time.
9. Place markers or a fence around your buried tank so that it will not be
driven over. You can walk over it with no problems.

Note: One of the most inert objects on the planet is an old tire. Tests have
not yet been done to see how the water would be tainted in a buried
holding tank constructed with old tires. The water will certainly be
acceptable for watering plants. What type of purification is
necessary to make the water potable is a question that needs to be
answered.
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Extracting Water from the Buried Holding Tank
A hand pump, a submersible electric pump powered by a solar
panel or a gas-powered trash pump will remove water from the
buried holding tank. Tank access is through the
vent/fill/access/overflow. Choose your method of extraction and
make sure it will work before you bury the holding tank.

Constructing the Vent / Fill / Access / Overflow
3‖ Drain Pipe

Vent

Water In
Double Sanitary Tee

Overflow to
water plants

Buried Holding
Tank
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CALCULATING WATER NEEDS AND
AVAILABILITY
One inch of rain on one square foot of
catchment surface will yield .623 gallons.
Note: Allows for 1/3 of water being wasted due to leakage, roof washing,
and evaporation. Based on recommendation of Harry L. Garver,
Safe Water for the Farm, F.B. 1978, 1948.

Important Questions to Consider About Water
Catchment
1. What is the average rainfall in your area?
2. Does the rain come in a very short period of time, or does it rain
throughout the year?
3. What is the size of your catchment area?
4. How much water do you use daily?
5. How large a holding tank is needed?
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Calculating the Size of the Holding Tank
One cubic foot of water is approximately 7.5 gallons.
To calculate the volume of a square or rectangular box:
multiply width x height x length = cubic feet.

Cubic feet x 7.5 equals the number of gallons that can be contained in a
square or rectangular box.
It is often necessary to measure the holding tank in inches. One cubic foot
contains 1728 cubic inches.

A Practice Problem
You have a home that is 16' x 20'. You also have an area in a field beside
your home that is covered with black 6 mil. sheathing. It is 20' x 50'. It rains
12 inches annually in your area, usually in just two consecutive months. The
rest of the year is very dry.
Discover the following:
How many gallons of water will fall on your roof and sheathing in an
average year?
How large a holding tank will you need?
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PURIFYING YOUR WATER
If you use a catchment system and maintain it properly, your water
should be clean enough for bathing, cooking, cleaning, and watering
plants.

Drinking water must be purified.
Techniques for Water Purification
1. Chemicals - chlorine
2. lonization
3. Distillation
4. Filtration
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Basic Bleach Method
For emergency treating of water of unknown quality, use any household bleach
containing sodium hypochlorite (5.25% solution) without
soap additives or phosphates. By using common
Caution:
household bleach as a chemical treatment method, large
Be sure sodium
amounts of safe drinking water can be provided quite
hypochlorite is
inexpensively.
the only active
ingredient in
Follow these simple instructions:
bleach when
• Add bleach to water in container
used for water
• Thoroughly mix bleach in water by stirring briskly
treatment.
• Let mixture stand for at least 30 minutes
Note: Conditions requiring longer exposure to the chlorine are cold water
and heavy turbidity. The colder the water and the airier the water, the
longer the time required for the chlorine to kill contaminants. Chemicals do
not purify water; they merely render the water potable by neutralizing some
of the toxic animal and plant life in the water.

Basic Bleach Water Treatment Method
Water Quantity
1 quart
½ gallon
1 gallon
5 gallons
120 gallons

Water Condition

5.25% Sodium
Hypochlorite

clear
cloudy
clear
cloudy
clear
cloudy
clear
cloudy
clear
cloudy

2 drops
4 drops
4 drops
8 drops
8 drops
16 drops
½ teaspoon
1 teaspoon
2 ounces
4 ounces

Mixture should still have a distinct chlorine taste or smell after waiting
period. If chlorine smell is not detected, add same dose of the
solution to the water and let mixture stand for an additional 15-20
minutes.
From Making the Best of Basics by James Talmage Stevens, Gold Leaf Press,
©1997.
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CERAMIC FILTERS
The Katadyn Drip Filter
With no moving parts to break down, superior
filtration, and a phenomenal filter life, there is
simply no safer choice for potentially pathogencontaminated water. There are no better filters
than Katadyn for removing bacteria, parasites,
and cysts. Three 0.2-micron ceramic filters
process one gallon per hour. Clean filters by
brushing the surface. Ideal for remote homes,
RV, camp site, and home emergency use.
Food-grade plastic canisters stack to 11" Dia.x
25" H. Weighs 10 Ib. One-year manufacturer's
warranty, Switzerland.
42-842 Katadyn Drip Filter $289
42-843 Replacement Filter (needs 3) $75 ea

Ceramic filters are simple to use and they require no
electricity. Always have extra ceramic candles (the filter
part) on hand. Ceramic filters are pricey, but will work for
years if properly maintained. If the water to be filtered is
muddy, it should be sent through a sand filter before it is
sent through the ceramic filter. Muddy water will clog the
ceramic candles very quickly. The illustration is from Real
Goods. Other brand names you may want to consider are
Berkey and Doulghton.
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CAWST BioSand Filter
Construction Concrete
Cost

A bag of cement and 3 feet of PVC pipe - $10 -20.

Effectiveness Removes 98% of contaminants
Capacity

1 liter per minute

Producer

Center for Affordable Water and Sanitation Technology

Web address

www.CAWST.org

Advantages

Low costs. No power required. Low maintenance.

Note: You must have training and concrete forms to build this filter.
Contact EQUIP for more information.
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Solar Disinfection - SODIS
Materials needed: Clear plastic pop bottles, 1 or 1½ liters
Polyethylene Terephthalate (PET) bottles are preferred.
PVC can have harmful additions.
Solar cooker (optional)
Sand Filter (optional)
Oven thermometer (optional)
WAPI – An excellent addition to the SODIS system is a
Water Pasteurization Indicator (WAPI). The reusable,
durable WAPI is a simple device containing a special
soy wax that helps users determine when water has
reached pasteurization temperatures. In 2005 the
WAPI could be purchased for $6 from solarcookers.org.
Procedure:

1. Fill bottle half way with clear water. Use a sand filter
to pre-treat muddy water.
2. Shake vigorously.
3. Fill to the top.
4. Expose to direct sunlight for at least 6 hours (2 days
in cloudy weather), or until the water reaches 55° C
(135° F).

How it works:

Sunlight helps kill micro-organisms as UV-A radiation is
directly absorbed by organic material. Sunlight radiation
also produces highly reactive forms of oxygen which kill
micro-organisms. Heat kills some micro-organisms.

To improve efficiency:
1. Fill bottles completely.
2. Put black paint with no lead from top to bottom on half
of the outer surface of the bottle. Lay the bottle
horizontally with the blackened side downward.
3. Place bottles on a reflective surface such as aluminum
foil.
4. Replace scratched bottles.
Sources:

First presented by Professor Aftim Acra, UNICEF, 1984.
Tested by the Swiss Federal Institute of Environmental
Science and Technology (EAWAG) and the Department
of Water and Sanitation in Developing Countries
(SANDEC).
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Recommended Reading
Cottage Water Systems, Max Burns. Cottage Life Books, 1993
The Home Water Supply, Stu Campbell. Garden Way Publications,
1983
Making the Best of Basics, James Talmage Stevens. Gold Leaf
Press, 1997.
Handmade Hot Water Systems, Art Sussman and Richard Frazier.
Garcia River Press, P.O. Box 527, Point Arena, CA 95468,
1998
Mother Earth News, "The Secrets of Low Tech Plumbing," John
Vivian. June/July, 1995, p. 34.
"Rainwater Harvesting" Texas Water Development Board, P. O. Box
13231, 1700 N. Congress Avenue, Austin, TX 78711-3231.
(512) 463-7847, Fax (512) 478-2053.
Build Your Own Solar Water Heater, Stu Campbell. Garden Way
Publishing, 1978.
Rain Catcher, Stephen Derynck, Mother Earth News, Feb,/March
2004.
Harvest the Rain, Environmental Building News, Mother Earth News,
Aug./Sept. 2003.
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A Solar Ark Conserves All Water Used...

A GRAY WATER SYSTEM
Words to Know:
Gray Water — Water that has been used that is not
contaminated with urine, feces or harsh chemicals.
Black Water — Water that has been used that is contaminated
with urine, feces, or harsh chemicals.
Gray Water System — A system that facilitates using gray water
for trees and plants.
Drywell — A covered pit that allows gray or black water to drain
into the soil where it is filtered and purified.
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SYNERGY AND GRAY
WATER
If you use water more than once you
will need less water. If you need less
water you will need a smaller holding
tank. If you use less water you will
need a smaller dry well, surface
mound or septic system. Less water
requires a smaller pump. A smaller
pump requires a smaller and less
expensive electrical system.
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Guidelines for an Effective Gray Water System
(Much of the following information comes from an article by
Claire Anderson in Mother Earth News, August/September 2004,
pp. 100-106.)
1.

Do not save gray water in a tank. It will become black water as
bacteria multiplies.

2.

Do not use kitchen sink water that is contaminated with food particles
which attract insects and animals. This water should go to a drywell.

3.

Do not use water that has been used to wash diapers; it is
contaminated with feces. It should go directly to a drywell.

4.

Do not over-water plants and trees. Make sure you have adequate
space and drainage for the amount of gray water you produce.

5.

Use fresh water about 50% of the time to help wash away salts that
can build up and damage plants.

6.

Acid-loving plants do not like gray water.

7.

Do not let gray water stand in pools. Catchment basins must be large
enough to absorb all the water sent to them.
How to size catchment basins
kitchen sink .................... 5 to 15 gallons per person per day
bathroom sink ................ 1 to 5 gallons per person per day
top-loading washer ........ 30-50 gallons per load
front-loading washer ...... 10 gallons per load
bathtub .......................... 25-40 gallons per bath
(from Create an Oasis with Gray Water)

8.

Do not plant edible root crops in gray water.

9.

Be careful not to splash gray water on edible plants.

10. Wash all edible plants with soap or iodine.
11. Do not use perforated pipe - it clogs.
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GRAY WATER SYSTEM
Wash
Sink

Rinse
Sink

Bath
Sink

TUB/SHOWER
WASHER

Wash Water
contaminated
with Clorox or
diapers is
sent to
Black Water
Disposal
System

Wash Water not contaminated
with Clorox or diapers is sent to
Gray Water Disposal System

55
Gal.
Drum

Garden Hose

(Drywell or
Surface Mound)
BLACK WATER
DISPOSAL

Hose can be directed
to trees, to bottomless
containers, mulched
beds, gardens, lawns,
or to Black Water
Disposal.

Notes:
1. 55 gallon drum is NOT a holding tank. The drum contains large volumes
of water from washers and bath tubs only long enough to drain. If gray
water is not needed for vegetation, water is diverted to a drywell or surface
mound.
2. Wash water can be directed to black water or gray water disposal by
moving drain hose.
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SIMPLE, EFFECTIVE GRAY WATER STRATEGIES
Ideas for Bottomless. Vented Containers

Ground Level

upsidedown
Bucket

Drain
Pipe from
House

Bottom is open

Ground Level

Drain
Pipe from
House

upsidedown
Garbage
Can

Bottom is open

Note: These containers can be placed at the base of trees as a water
source.
Note: The size of the container is determined by the water source. The
container should be large enough to hold slightly more water than will
usually be sent to the container.
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Ideas for Bottomless Box Container

composite decking trim
½‖ x 12‖ Removable Top

vent

2‖ x 6‖ composite decking material

Box can be buried or sit on the surface of the ground.

Note: Plants can be placed around the perimeter of the box.
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Double Kitchen Sink Arrangement

Clorox and
harsh
chemicals can
be used in the
wash sink 

Wash
Sink

Rinse
Sink

to black-water
drywell or
surface mound

to water trees & plants

Ideas for a Mulched Bed System

 Soil
…at least
5 inches

No
more
than
15
inches

 Mulch

1o slope

Drain to
Drywell
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The Drain-to-Mulch Basin option is a simple system that’s built off existing
plumbing and ensures a high level of treatment.
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Cleaning Products That Can Be Used
in Gray Water Systems
A person learns to be very careful about what types of chemicals and
cleansers he puts down the drain. You cannot put anything in the water
that kills bacteria. Even mouthwash can cause problems. Here is a list of
products that work well with a gray water system. The list is from Saving
Water in the Home and Garden, [see Recommended Reading]

Biocompatible Household Products:
Hand Soap
Bon Ami Cleaning Cake (Faultless Starch / Bon Ami Co.)
Caswell-Massey Pure Castile Soap (Caswell-Massey Co.)
Kirk's Hardwater Castile Soap (Proctor & Gamble)
Ivory Soap (Proctor & Gamble)
Natural Glycerin Hand Soap (Williams-Sonoma)
White King Natural Soap (White King Co.)
Laundry Detergent and Starch
Ivory Snow Flakes (Proctor & Gamble)
Faultless Starch (Faultless Starch / Bon Ami Co.)
Cleanser
Bon Ami Kitchen and Bath Cleanser (Faultless Starch / Bon Ami Co.)
Granny's Old-Fashioned Cleanser (Granny's Old Fashioned Products)
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More Cleaning Solutions for Gray Water Systems
Here are laundry detergent choices:
1. Alfa Kleen (detergent)
2. Bold (detergent)
3. Ecover
4. ERA Plus
5. Oasis (800-225-2855 / www.bio-pac.com)
6. Shaklee
7. Yes
8. Enviro Rite Laundry Detergent (888-350-8551 / www.envirorite.com)

Note: Because they are used in such small amounts, most liquid bath
products, shampoos and dish soaps pose little harm to plants
irrigated with gray water.
(Mother Earth News, August/September 2004, p. 104)
Note: Avoid Clorox - it kills good bacteria as well as bad.
Note: Avoid mouthwash or anything antiseptic.
Note: Avoid anti-bacterial soaps.
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Recommended Reading
Know Your Graywater, David Del Porto and Carol Steinfeld. Center for
Ecological Pollution Prevention, P.O. Box 1330, Concord, MA
01742, 1999.
Running Dry, Addkison and Sellick. Stein and Day Publishing, 1983.
The Composting Toilet System Book, "What About Graywater?",

pp. 182,223.
Saving Water in the Home and Garden, Jonathan Erickson. Tab Books,
McGray-Hill, 1993.
Earthship Ill, p. 58-66.
Mother Earth News, "Tap Into Water Savings", Claire Anderson.
August/September 2004, pp. 100-106.
Art Ludwig, www.oasisdesign.net
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The Solar Ark

On-site food production…
(Life-support/greenhouse
module)
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SYNERGY
The more food you grow,
the less food you buy.
The more food you grow,
the less food that needs
refrigeration.
The less refrigeration needed,
the less power needed.
The less power needed,
the smaller the energy system.
Home grown food needs no
transportation –
no transportation, less expense.
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EVERY HOMESTEAD NEEDS A
LIFE SUPPORT MODULE (LSM)
Primary Functions of the LSM
1. Indoor space for growing food.
2. Space protected from bad weather, insects and animals.

Secondary Functions of the LSM
1. Save garden water.
2. Captures solar heat that can be transferred to your living space.
3. Provides space for water storage.
4. Can serve as a shower and toilet space.

Designs for the LSM
Design depends upon climate
In tropical climates, all functions of the LSM can be housed in a simple
greenhouse.
In climates that experience freezing temperatures, a year-round
greenhouse is required for the LSM.
A solar-powered electric fence can protect a greenhouse from large
animals.
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LIFE SUPPORT MODULE - NOTES
1. 12-inch Super-Insulated Walls – possibly of OSB – using super-I
studs and beams. Walls painted – possibly with epoxy paint to
prevent moisture damage.
2. 1-inch air space to allow circulation of air.

*3. Rain Water Storage Cabinets – 3-feet high x 2-feet wide.

Lined with

6 mil. plastic. Cabinets painted black for heat absorption.
4. Drinking Water Storage – Container made of a material that will not
contaminate water. Container protected from sunlight to prevent
algae growth.
5. Sand Filter – for dinking water purification.
6. Wood Stove – Provides frost protection for plants. Also used for
cooking and heating water for bathing. Burnable refuse disposed of
here.
7. Roof Ridge Line – If pitched roof is used. Roof of fiberglass or
tempered glass.
8. Gravel Floor – Space can also be used for bathing.
9. Double Glazing – Used glass or corrugated fiberglass.
10. Sheet Metal Heat Shield.
11. Rain gutters.
Caution: Floor must be built to withstand the weight of water (8 pounds
per gallon).

* Top of water storage cabinets used for plants in containers.
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LIFE SUPPORT MODULE – FLOOR PLAN

scale 1/2 = 1

NOTES:
1
2
3
4
5
6

12-inch super-insulated Walls
Air Space – 1 inch
Water Storage
Drinking Water Storage
Sand Filter
Wood Stove

7
8
9
10
11

108

Roof Ridge Line
Gravel Floor
Double Glazing
Heat Shield
Rain Gutters

LIFE SUPPORT MODULE – FLOOR PLAN
An LSM for Cold Climates
(This plan comes from Mike Oehler, the guru of inexpensive, earthsheltered and underground housing. Check out his article called ―Earthsheltered Greenhouse‖ in Mother Earth News, Feb./March 2004, p. 82.)
N

S
glazing

Shoring &
Polyethylene

Topsoil Grow Bed
Walking Platform
Cold
Sink

Cross Section of Earth-sheltered Greenhouse
Note: The cold sink allows the coldest air to move away from plants.
Note: Water stored in the greenhouse helps moderate temperatures
and makes water handy for the garden.
Note: Placing your compost pile in the greenhouse will increase the
efficiency of the pile and moderate greenhouse temperatures.
Note: By using double-layering methods, i.e. covering plants with two
layers of cloth, you can grow many vegetables year-round in very
cold climates.
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LIFE SUPPORT MODULE
An LSM for Warmer Climates
(This plan comes from Countryside Magazine, vol. 85, no. 5, pp. 60-62.
I recommend Countryside Magazine. If you can only afford one
subscription, make it Countryside!)

The garden:

Build a Greenhouse for Under $100
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All that’s needed to
complete this
greenhouse is a
door and the
plastic covering.

Materials List:
Item
Quantity
Description
1 .................... 16 .............. ¾-inch PVC pipe, schedule 80, 10 feet long
2 .................... 6 ................ ¾-inch PVC crosses, schedule 80
3 .................... 2 ................ ¾-inch PVC tees, schedule 80
4 .................... 32 .............. ¾-inch galvanized electrical metallic tubing (EMT) straps
5 .................... 2 ................ 2‖ x 6‖ x14’ treated #2 pine boards
6 .................... 2 ................ 2‖ x 6‖ x 12’ treated # 2 pine boards
7 .................... 4 ................ 2‖ x 4‖ x 7’ treated #2 pine board
8 .................... 4 ................ 2‖ x 6‖ x 6’ treated #2 pine boards
9 .................... 4 ................ 4‖ x 4‖ x 2’ treated #2 pine boards
10 .................. 2 ................ 2‖ x 4‖ x 3’ treated #2 pine boards
11 .................. 2 ................ 1‖ x 4‖ x 12’ treated #2 pine boards (to be cut for door parts)
12 .................. 1 ................ Set of door hinges
13 .................. 1 ................ Sheet of clear plastic, 24’ x 20’ , 4 mil.
14 .................. 1 ................ Can of PVC cleaner
15 .................. 1 ................ Can of PVC cement
16 .................. 1 ............... ½‖ x 10’ galvanized electrical metallic tubing (EMT)
17 .................. .................. Miscellaneous nails, screws, and staples
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PVC ribs laid out and
ready to assemble

The PVC ribs
are attached
to the base
boards

Note: Any lightweight structure, such as this greenhouse, may need to
be protected from large animals with a solar-electric fence.
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Maximizing Your LSM Food Production
1. Always compost and use your compost for gardening.
2. Use ―square foot gardening‖ methods to maximize food
production.
A. Use vertical space
B. Plant weekly
C. Use companion planting
3. Use containers for gardening. Containers allow great
control of water and space.
4. Eat as much food as possible fresh from he garden. Avoid
food preservation whenever possible.
5. Grow food year round.
A. Use double-covering methods in cold climates
B. Use water stored in the LSM to moderate temperatures
C. Use a heat source if absolutely necessary

113

The Solar Ark...
On-site waste recycling and
disposal
(composting toilet, blackwater
systems)
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KINDS OF WASTE
1. Black Waste - feces and urine
Disposal method - a sawdust composting toilet
2. Black Water - water contaminated with feces and/or urine
Disposal methods - drywell or surface mound
3. Gray Water - Water that has been used but not contaminated
with feces or urine
Disposal method: a drywell or surface mound or used for watering
plants and trees.
4. Trash - paper, metal, plastic, etc.
Disposal method: whatever is practical and socially acceptable
A. Burning
B. Burial
C. Pick-up
D. Recycling
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BUILDING A SAWDUST TOILET
Note: If sawdust is not available, dry leaves or forest ground cover will
work. Peat moss is acceptable. Even newspaper cut into confetti will
work.

Materials list
4 or 5 5-gallon plastic buckets of exactly the same height
plywood or 1-inch dimensional lumber
nails and/or glue
knobs or handles
hinges (optional)
toilet seat (optional)
vent fan (optional)

Tools
hammer
saw
hole saw
square
pencil or pen
tape measure

Sawdust Toilet Plans
Your situation will dictate how you design your sawdust toilet. Here are ideas
to consider:
1. To make efficient use of the toilet, store clean sawdust very close to the
toilet.
Note: To load your sawdust bin, use a plastic bag; this won't make a
dusty mess.
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2. A smooth surface, painted with oil-base paint is easy to clean.
Note: Paint will yellow in the presence of the ammonia in urine.
3. The only time odor will be a problem is during and immediately after
defecation. A small vent fan can solve this problem.
4. Buckets can spring leaks. I suggest placing the bucket in a larger plastic
container for safety. Both are easily washed.
5. A toilet seat is a wonderful luxury. Avoid seats made of pressed sawdust
or wood. The moisture from the toilet will ruin anything but a plastic seat.
6. Design a fly-proof cover for the composting toilet. Black flies are not
generally a problem, but fruit flies can be a nuisance.

Using the Sawdust Toilet
1. Toilet paper will compost quickly. Avoid colors. Dyes may affect plants.
2. When defecating, turn on your vent fan. It needs to run only a few
moments. If you do not have a vent fan, a scented candle can be helpful.
3. Cover feces with about 3 or 4 cups of sawdust. Use the same amount for
urine. Contents of bucket shall always be moist, but not wet. If the
contents become wet, add more sawdust.
4. My wife and I empty our 5-gallon bucket about once a week. Clean
buckets are kept outside, but in the shade, (The sun will ruin buckets in
less than a year.) The dirty bucket is washed with laundry soap (no
bleach) and water. It is left outside to dry and air out. A clean bucket is
placed in the toilet enclosure and lined with about 3 or 4 inches of
sawdust.
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OUR COMPOSTING TOILET
When people visit our home they are usually fascinated by the solar
panels and the windcharger. They comment favorably about the
indoor garden and they enjoy the sunlight. If anything causes our
visitors to do a double-take it is our composting toilet. I have learned
that people in most parts of the world are very sensitive about
bathroom habits. There can be great resistance to any change in the
bathroom. Therefore, much time was spent designing our composting
toilet. Here are the criteria we developed for our waste management
system:
1)

The system shall be safe to operate. It shall not present
unreasonable health hazards.

2)

The system shall not contaminate soil or water.

3)

The system shall be aesthetically pleasing, visually attractive with
no objectionable odors.

4)

The system shall be easily constructed by anyone with basic
carpentry skills.

5)

The system shall be inexpensive.

6)

The system shall be easily maintained.

7)

The system shall conserve water.

8)

Excrement shall be rendered odorless and safe for use as fertilizer.

9)

The system shall handle waste on-site. Waste shall not be
transported to a distant area.
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Composting Toilet

1. Covering material
2. Toilet seat.
3. Five gallon bucket
4. Plastic container.

We built our toilet for less than $100. The components of the toilet
were only about $35, but I paid a cabinet builder to help me. The toilet
consists of a box with three compartments: a center compartment that
holds a five-gallon plastic bucket and a storage compartment for
sawdust and leaves on each side of the bucket. I put a plastic storage
container under the bucket in case it springs a leak.
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A Solar Ark recycles wastes...

Composting: One of God's Recycling Systems
How to Compost
1. Build enclosure(s).
2. Monitor moisture, oxygen, nitrogen (heat) and carbon.
3. Let time and microbes do their work.
4. Use compost to improve soil.
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Building A Composting Enclosure
1. Choose a sunny site, out of the wind, that won't be flooded.
2. Build a three-sided enclosure that is about four feet wide, four feet
deep and four feet high. Use old pallets, concrete blocks, scraps of
lumber, woven-wire fencing, etc. Make sure that plenty of air can
pass through the walls of the bins. It's good to have two or three
bins so that one bin can be out of service and "cooking" at anytime.
3. A three-sided bin is easy to fill and to turn. When the bin is full, the
fourth side can be put in place to keep out animals and insects.
4. If rain makes the pile too wet, it can be covered with a tarp or straw.
5. If animals are disturbing the compost, put a fence around it.

...an Easier Way to Build A Compost Enclosure
1. Turn the soil in a six foot by six foot piece of ground.
2. Place layers of material to be composted on the earth. If needed,
moisten the material to be composted.
3. Cover the pile with a piece of black plastic sheathing held in place
with bricks or rocks.
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EXAMPLES OF COMPOSTING ENCLOSURES
Below: Several types of yard waste composters in which end-product
from composting toilet systems can be further composted. (Graphics:
New Hampshire Governor's Recycling Program)

from Composting Toilet Systems, by David Del Porto and Carol Steinfeid,
Chelsea Green Publishing, copyright 1999.
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Starting the Compost Pile
1. Place six to eight inches of dry, carbon material (hay, straw,
sawdust, dry leaves, etc.) on the bottom of the compost pile. This
material will absorb excess moisture.
2. Put materials to be composted on the pile in 2 to 4 inch layers.
3. Add water to each layer if necessary.

Maintaining the Compost Pile
1. Monitor moisture. The compost pile should be as moist as a damp
sponge that has been squeezed as dry as possible. If the pile
becomes too wet, add dry carbon material like sawdust, dry leaves,
straw, hay, etc.
2. Monitor oxygen. If the pile becomes too wet or too compacted it
will be starved for oxygen. If the compost pile has a foul odor, it is
not properly oxygenated. Turn the pile with a fork or a shovel. If it
is too wet, add carbon material. It is good to turn the pile about
once a week. Turning also distributes microbes throughout
the pile.
3. Monitor nitrogen (heat). A properly functioning compost pile will
reach temperatures of 130 -165 degrees Fahrenheit. This heat
kills pathogens that are harmful to humans, if the pile is not becoming warm, add nitrogen (cured manure, clover, pea plants, ammonium nitrate, ammonium sulfate, high-nitrogen fertilizer without
pesticide, or grass clippings. Follow instructions in "Things to
Compost".) If the compost pile becomes smelly and it is not too
wet, there is too much nitrogen. Add carbon material to balance
the nitrogen. In very cold weather the pile will go dormant. It will
function again when temperatures rise.
4. Monitor carbon. Carbon helps maintain the pile's balance. If the
pile is too wet, too compacted or too smelly - add carbon,
5. Cover anything that will attract insects or animals with straw, hay
or sawdust.
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Things to Compost:
1. The contents of composting toilets
2. Autumn leaves from deciduous trees
3. Dead annuals and perennials
4. Pruned twigs cut short (less than a pencil in diameter or
shredded)
5. Workshop sawdust or shavings (Because they are woody, add
extra nitrogen.)
6. Lawn clippings (Must be carefully mixed into pile to avoid
clumping. Use sparingly.)
7. Vacuum cleaner dust
8. Leguminous plants of the pea family that add nitrogen to the soil
and compost: clover, pea vines, etc.
9. Vegetable leftovers from kitchen: coffee grounds, tea leaves, pasta
and bread, eggshells
10. Finely-shredded brown paper bags, cardboard, and newspapers
(No slick or colored papers)
11. Lake plants or seaweed
12. Hay or straw
13. Old manure from rabbits, goats, cows, poultry, pigs, sheep and
horses (Use about a 2 inch layer as often as needed to raise
nitrogen levels.)
14. Cornstalks and tomato vines
15. Ammonium nitrate, ammonium sulfate, or an inexpensive highnitrogen lawn fertilizer without pesticide (Sprinkle the pile with 1/3
to 1/2 cup of fertilizer per 25 square feet of surface area.)
16. Hair—mix it thoroughly to avoid clumping.
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Things Not to Compost
1. Oak, holly, or conifer leaves (These are acidic and more resistant
to decay.)
2. Toxic plants: eucalyptus, poison oak, poison sumac, black walnut
3. Plants with thorns
4. Wood byproducts from lumber treated with wood preservative
chemicals
5. Aggressive weeds such as bermuda which sprout runners and
roots
6. Bones, meat, grease, and other animal products
7. Any manure from dogs, cats or other carnivorous animals
(Pathogens from carnivores can be difficult to kill and can cause
illness in humans.)
8. Clorox, anti-bacterial soaps or toxic cleaning products
9. Any plants, plant parts or soils that show signs of disease, pests,
or any undesirable webby mycelia of soil fungi
10. Ashes—save them to sprinkle directly on plants that need more
alkalinity.
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Recommended Reading
(Note: All composting information came from the following sources.
I rearranged and edited the information, often using the original
authors' words. Jack)
Hints for the Vegetable Gardener-A to Z, R. Sanders, Garden Way
Publishing, 1976.
For Good Compost Every Time, Tom R. Kovach, Backwoods Home
Magazine, Sept./Oct. 1998. P.21
Compost the Quickie Way, Lynn Gordon Stetser, Jr., Backwoods
Home Magazine, p.16.
The Budget Gardener, Maureen Gilmer, Penguin Books, 1996, p.34.
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A Solar Ark Recycles Wastes...

BLACK WATER DISPOSAL
(Black Water is water that is contaminated with urine, feces or harsh
chemicals.)
Black water can be safely disposed of in a dry well, surface mound or
septic system.

SOIL PERCOLATION TEST FOR BLACK WATER DISPOSAL
Note: Before you decide on an appropriate disposal system for black water,
you must know how effectively your soil filters water. A percolation test
provides this information.
1. There shall be one test hole for every 1200 square feet of absorption
area. (Note: For most Solar Arks, one test hole will be adequate. A
Solar Ark should generate little waste water.)
2. The test hole shall be at least 50 feet from any water source. Avoid flood
plains.
3. The test hole shall be at least 6 feet deep.
NOTE: For a surface mound, the test hole is only 14 inches deep.
4. The test hole shall be 6 inches in diameter, or as close thereto as
possible. (A standard post-hole digger will create a properly-sized hole.)
5. On the night before the percolation test, fill the test hole with 14 inches
of water.
6. On the day of the test, the test hole shall be refilled with at least 14
inches of water. When the water drops to 6 inches, begin to measure
the time it takes for those last 6 inches of water to be absorbed.
A percolation rate of between 5 and 60 minutes per inch is desired. It
should take 30 minutes to 6 hours for the water to be absorbed.
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Idea for the Soil Perc. Test Hole

1. Locate black water disposal at least 50 feet from any water source.
2. Dig a hole 4 feet deep and as small as is practical with pick and shovel.
3. Dig two feet more with a post-hole digger.
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(Note: If your perc. test is acceptable, consider building a drywell.)

Possible Perc. Test Problems

Problem #1 - The soil is too rocky to dig.

Problem #2 - The soil has too much clay and the water cannot percolate
through it. (It takes more than 6 hours for the test hole to
empty.)

Problem #3 - The test hole fills with ground water.

Problem #4 - The water empties out of the test hole too quickly. (It takes
less than 30 minutes for the hole to empty.)

To solve these problems, build a surface mound.
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Solutions for a Bad Perc. Test...
Principles for Building a Surface Mound
1. Locate the mound at least 50 feet from any water source. Avoid flood plains,
2. Locate the mound away from trees.
3. Create a void or open space that is capable of holding slightly more than the
amount of water that typically will be sent to the mound.
Example: You are building a mound for your washing machine.
You want to be able to dispose of the waste water from
two loads of laundry, about 70 gallons. The void under
the mound must be able to hold at least 70 gallons.
4. Always create a vent so that water can enter the void.
5. Cover the void so that it cannot be filled with soil. Use old carpet,
corrugated galvanized sheet metal, cardboard, cloth, blankets,
plastic sheathing, etc.
6. Use enough sandy soil on the mound to absorb all the moisture of
of the mound. If the soil of the mound becomes wet, add more soil
to the mound or send less water to the mound.
7. Build a fence around the mound to restrict children and/or animals.
8. Plant flowers with non-invasive root systems on the mound.
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Black Water Mound Idea #1

VENT

1. Place concrete blocks on the ground to create a void.
2. Extend the drain pipe to the center of the blocks.
3. Create a vent.
4. Cover the blocks with corrugated galvanized sheet metal,
old carpet, cloth, cardboard, blankets, plastic sheathing, etc.
so that soil cannot fill in voids.
5. Cover the blocks with sandy soil.
6. Put a fence around the mound.
7. Plant flowers!
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Black Water Mound Idea #2

VENT

1. Place a plastic 55 gallon drum, split lengthwise, on the ground to
create a void. Substitute an old bathtub, stock tank, sink, etc.
2. Extend a drain pipe to the center of the void. Place a splash block
at the end of the drain pipe.
3. Create a vent.
4. Cover the 55 gallon drum, bath tub, stock tank, sink, etc. with sandy
soil.
5. Put a fence around the mound.
6. Plant flowers!
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Black Water Mound Idea #3

1. Use old tire(s) to create a void.
2. Extend a drain pipe to the center of the void. Place a splash block
at the end of the drain pipe.
3. Create a vent.
4. Use galvanized, corrugated sheet metal, old carpet, plastic sheathing,
etc. to cover the tires and keep soil out of the void.
5. Cover the galvanized, corrugated sheet metal, old carpet, plastic
sheathing, etc. and tires with sandy soil.
6. Put a fence around the mound.
7. Plant flowers!
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Black Water Mound Idea #4

1. Use rocks of uniform size (at least fist size) to create a void.
2. Extend a drain pipe to the center of the pile of rocks.
3. Create a vent.
4. Cover the pile of rocks with old carpet, cloth, cardboard, blankets,
plastic sheathing, etc. so that soil cannot fill the void.
5. Cover the pile with sandy soil.
6. Put a fence around the mound.
7. Plant flowers!
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Constructing the Dry Well
(If your perc. test is acceptable, you may choose to build a dry well.)
What it is: A covered pit that will allow water to seep into the earth,
thus filtering and purifying it.
Materials needed:
Old tires
Old cardboard, plastic sheathing, carpet, etc.
PVC pipe and fittings

How to construct a dry well:
1. In an area away from trees, dig a pit just a bit wider than the
diameter of the tires being used.

2. The pit should be deep enough to allow water to drain to the pit
at the rate of 1/4 inch per foot.
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Plumber's trick: To lay your pipe at 1/4-inch per foot fall, do the following. At
one end of a 4-foot level, tape a 1-inch high block, like this:
1‖ block

When the level is laid on the pipe and the bubble indicates level, your pipe
is falling at 1/4-inch per foot:

3. Size the pit to hold at least twice as much water as will be
sent to the pit at any given time. Example: You are building
a dry well for the water from your washing machine. You
typically wash two loads at a time, creating about 70 gallons
of waste water. Your dry well should be large enough to contain
at least 140 gallons.
4. Place the tires in the pit. [See dry well illustration.]
5. The horizontal tires on each end of the pit should be filled
with compacted soil. Make sure the horizontal tires at the
end of the pit where the pipe enters are well-compacted.
If they settle, the pipe will be broken.
6. Create a vent.
7. Carefully cover all of the tires with sheathing, old cardboard,
or an old piece of carpet. Make sure the covering goes all the
way to the bottom of the pit on all sides of the tires. [Dry well
illustration #9] This covering keeps the soil from filling the
void created by the tires.
8. Cover the tires and sheathing in the pit with soil. Compact
the soil gently. Leave a mound over the tank. It will settle
over time.
9. Place markers or a fence around the dry well so that it will
not be driven over. You can walk over it with no problems.
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Drywell

Note: Drywell must be
constructed away from trees.
Roots will clog the drywell.

1. Source of wastewater.
2. Tires compacted with soil
(vertical tires are not filled
with soil)

End view

3. Vent pipe.
4. ―T‖ section.
5. Vent pipe.
6. ―T‖ section.
7. Tire.
8. Soil.
9. Old carpet, etc.

.
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