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1. Introduction

This is an exciting time to be involved in solar technology. There is a
renewed and growing interest in applying techniques which have been
around for a long time but have been ignored due to the cheap and easy

access to fossil fuels.

Nuclear power plant accidents and the suppression of the truth about its
dangers have made people wary of giving permission to build new ones.
Coal fired plants along with our love of the automobile and its
dependence on petroleum to run it have created the ecological disaster we

see today.

Each of us shares a deep responsibility for the legacy we leave behind for
future generations. There have been so many wonderful technological
advances which can be applied to making use of the sun's energy to

supply our needs and make life comfortable.

Many still think that if they make the move to solar energy they will have
to endure tremendous discomfort. Once they see how "normal" a solar
house can be the interest level begins to rise. Lots of people have seen
former vice president Al Gore's movie "An Inconvenient Truth" about
global warming but don't really know what to do to begin the changes in
lifestyle needed. Tons of resources are now available to get educated

about what's happening and what you can do.
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Switching over to a more ecologically sound lifestyle should be guilt free.
However, it is sort of like going on a diet. The right diet is usually not
painful but you do have to start. The changes won't happen by

themselves.

Find out all of the ways your home uses and loses energy. What are your
requirements? Finally, what can you do to reduce your energy
consumption? Your energy provider can, most likely, provide you with an
energy audit to show you where you may be wasting it. So go ahead, take

the plunge. Learn more about what you can do. You'll be glad you did.

If there's one thing that has been self evident since the beginning of this
millennium, it is that we cannot depend on utility companies to provide us
with stable prices for our energy needs. It isn't entirely their fault. In a
market based economy, businesses will sell and charge what people are

willing to buy and pay.
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An interest in alternative forms of energy is nothing new. In the United
States people have become accustomed to paying some of the lowest
prices for electricity, natural gas and gasoline, anywhere in the

industrialized world.

It takes man-made or natural disasters every few years to shake us out of
our complacency and realize that we should give serious consideration to
energy that is less dependent on fossil fuels. In 2005 hurricane Katrina
destroyed major petroleum processing plants in Louisiana and Mississippi
and the oil industry immediately took advantage by sending prices of

gasoline soaring and making tens of billions of dollars in profits.

Depending on the kind of relationship that the United States has had with
petroleum producing countries particularly in the Middle East has
determined the price that consumers have paid for everything from

vacation travel to food items.

Petroleum is inextricably intertwined in every part of life in an
industrialized society, from the asphalt in the roads we drive on to the
packaging of the food we eat. In the northern climates a huge amount of
energy is used simply to heat our homes and water. Using solar energy as
an alternative to oil and gas can substantially reduce the amount you pay

to stay warm.

We all know that being in the sun makes us feel warm and good. There
are ways to harness the energy that gives us this warmth reliably. Solar

energy is free and is our only truly renewable resource. You essentially
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have free energy for heating, cooling and electricity for as long as the sun

rises in the east and sets in the west.

There is an initial cost of capturing and converting this energy into a
useable form. There is also a nominal cost of maintaining the equipment.
However, aside from that, once your system is up and running the cost is

recovered over a period of time.

All of us know that the sun's heat can be intense enough to cause
highways to buckle sometimes. People often choose light colored vehicles
in hot climates because darker colors tend to get much hotter. On
extremely hot days we are warned not to leave children or pets in parked
cars in the sun. The temperatures quickly rise to dangerous levels.
Knowledge of these basics allows us to come up with ways to capture this

fabulous heat source and make it work for us.

The principle behind capturing and using solar energy is actually quite
simple. Devices known as solar collectors capture the heat from the solar
radiation. The heat collected is stored in a heat reservoir until it is needed.
This heat is then transferred to the item to be heated either passively,
using natural principles of heat transference, or actively by means of

pumps or fans.

If you are relatively handy with some basic construction techniques you
can build your own solar heating system which can include heating your

house in winter and providing hot water. Of course you can also capture
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solar energy to convert to electricity to run many of the appliances you

have in your home.

It is encouraging to see that more people have become aware of the
harmful effects of carbon emissions produced by industrialized countries
and that they are starting to realize that something has to be done. The
task seems overwhelming but each of us doing our own small bit can

make a huge impact.

We're all in this together.
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2. About Solar Heating Systems

There are many different ways to build a solar heating system. I would
encourage you to do your own research. There is quite a bit of material
available but most of it does not go into details of how and where to
obtain the components needed. They also often fail to mention details

regarding quantitative or qualitative measurements.

Solar heating systems have been around for a long time. They all depend
on some means of capturing the sun's heat and storing it for use at a later
time. Heat always travels from a warmer area to a cooler area. It does this

in three different ways, radiation, conduction and convection. Radiation is
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the movement of heat waves through space from a warmer object to a
cooler one. Heat waves are electromagnetic energy. In conduction, heat
travels through a substance by causing a vibration in the molecules of the
substance through which it is traveling, and in convection heat travels due

to the circulation of heated air.

Warm air rises. As it rises it loses its heat to objects surrounding it. When
it cools it becomes dense and sinks. Passive systems use this principle.
Active systems use mechanical means such as a fan or pump to send the

heat where it is needed.

Different solar heating systems may employ one or more of these
principles to achieve the desired end result. The heat collected can be
used for a variety of purposes including heating your home in colder
climates and heating water for a water heater so that the water heater uses

less energy because it does not have to turn on as often.

A solar panel that we are referring to as a collector, collects heat from the
sun on sunny days all year round and transfers this heat to an underground
insulated heat reservoir filled with rocks. The rocks absorb the transferred
heat and retain it until it is drawn off to pre-heat water for the water heater

and to heat the house in the cold weather.

The collector, as its name suggests, collects the suns energy on sunny
days. This is done by laying a coil of copper pipe in an insulated box and
painting both the inside of the box and the pipe coil with a flat black
paint. A principle of Physics published in 1901 by the physicist Max

10
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Planck, tells us that black objects absorb more heat than lighter colored
objects. We don't need to know all the mathematics behind his publication
in order to take advantage of it. You may be interested to know that
Planck presented his publication five years before Einstein. This is just a
piece of trivia you can file away in case you ever happen to be a
contestant on a TV quiz show. Also, flat black absorbs more than glossy
black since it does not reflect light or heat. The coil of copper pipe is
filled with non-toxic antifreeze (propylene glycol) and pumped through

the system using a circulation pump.

The copper pipe heats the antifreeze flowing through it much the same
way as antifreeze flowing through the engine block in a car. In a car the
heat absorbed by the antifreeze is circulated through the radiator and
cooled by the radiator fan in order to keep the engine cool. In our heating
system the heat collected is sent using the antifreeze as the carrier down
to the reservoir where it is stored for use later. The collector is mounted
on the roof of the house, preferably where it is least subject to shadows

from surrounding buildings or trees.

The pipes exit the collector and are routed through the roof and interior
walls of the house down through the basement and eventually into an
underground pit outside the basement wall that houses a reservoir. The
antifreeze in the pipes is pumped through while the sun is out and heating
the collector. Electronic circuitry is used to control when the pump is

turned on and off.

11
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Collecting all that heat doesn't do us any good if we don't have a way to
store it and use it when we need it most. The word reservoir is most often
used in the context of a system for water storage. This is easy to visualize.
Heat, on the other hand, is electromagnetic energy. You can feel its effect
but it isn't something you can hold in your hands. However, because heat
can be transferred between objects by convection, conduction, or
radiation, we can store it by transferring it to some material with good

absorption and retention properties inside a well insulated space.

All insulating material has its own rate of heat loss. The resistance to heat
loss of a material is referred to as its R value. If you've ever purchased
insulation for your home, you've heard of this. The reservoir we built was
below ground. We did this mainly for aesthetic purposes. We did not
want to have a huge object sitting next to our house above ground. Any

option you choose will have its own set of advantages and disadvantages.

Since we chose to have our reservoir below ground, we had to use
insulating material that would not be ruined, or lose its insulating
properties by moisture. We chose foam board insulation because it is so

easy to work with.

The material we chose to retain the heat collected was 2 inch rock which
is available at landscape supply places. We used our own truck to haul the
rock because we did not want several tons of rock sitting in our backyard
waiting for me to get to it. We happen to own a Ford F-150 pickup truck
with some heavy duty springs and tires. The system required about four

tons of rock so we accomplished this by making four trips to the

12
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landscaping company and getting about a ton at a time. At the yard they
let you load your truck yourself or for a very nominal fee they have a big
front-end loader drop a scoop into your truck bed. It takes forever trying
to shovel in a spade full at a time, not to mention the physical effort. We
just let them load our truck for us. You can also have the rock delivered to
your house by the company if you pay an extra amount for the delivery.
Rock is a great transfer material. You will never need to worry about

leaks, as you might in as system that uses water as the transfer medium.

The rock in the reservoir used to store heat also functions as the heat
exchanger. In order to avoid contamination of the water supply an
isolated coil of pipe is used to draw the stored heat to pre-heat the water
for the water heater. The water from the city supply is first routed through
the pipe coil in the reservoir where it is warmed by the surrounding rock

before going to the inlet of the water heater.

Another isolated coil filled with non-toxic antifreeze is used to draw heat
to warm the house. Keeping the coils isolated from each other is the best

way to prevent the fluids from coming in contact with one another.

Once your system is up and running you will find that the temperature in
the reservoir varies on a daily basis. The changes are from the length of
time that the sun is able to heat the collector and the amount of heat being

drawn off by the water heater and house heater.

If you happen to have a stretch of several days where the sky is overcast,

and the reservoir cools off, it will take time to regain the stored heat.

13
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There is a considerable amount of work involved in putting it all together,

but if you are patient the results are worth the effort.

14
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3. How to Build the Solar Collector

The solar collector is, in effect, a small greenhouse. Sunlight consists of
small electromagnetic waves which can easily pass through transparent
materials such as glass. Opaque objects that are black absorb these waves
and become hot. The heat waves being longer than light waves become
trapped and are unable to escape back out through the glass. This is the
principle behind the solar collector. The solar collector described in this
guide is a flat insulated box covered with two sheets of glass. The glass
sheets are separated by a spacer similar to double glazed windows.
Double-walled acrylic panel is much lighter than glass and easier to
manage. Double-walled acrylic panel is a bit difficult to find and fairly
expensive compared to glass. I used glass because I used to have a glass
shop next door and the owner was discarding a large double-glazed
window that had some minor flaws. However, I highly recommend the
use of double-walled acrylic. I painted the inside of the box a flat black.
The absorber consisted of 3/4 inch, Type L, copper pipe which was also
painted a flat black after assembly. Don't use glossy paint. Flat black paint
absorbs heat much better than glossy paint.

The entire collector along with the copper pipe and glass cover can be
quite heavy depending on its size. | recommend building a few smaller
collectors connected together rather than one large one. The reason for
this is that after construction the collector has to be hoisted up onto your
roof and that can be tricky and possibly dangerous if the collector is

heavy and you do not have one or more people to help you.
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Outside Box

How many collector panels do you need? After reading this guide you can
decide for yourself. Since every house has different heating needs you can

add additional collectors as necessary.
Materials you will need:

1" by 6" pine boards

2" by 4" lumber

1/4" plywood

2" Pink high-density Styrofoam insulation
1" galvanized all-purpose screws

1 1/2 galvanized all-purpose screws

3" galvanized all-purpose screws

1" brads

Construction adhesive such as Liquid Nails
PL300 foam board adhesive

3/4" Type L copper pipe

3/4" 90 degree copper elbows

3/4" copper saddle clamps

Silver solder

Lead-Free Tinning flux
Tools you will need:

Power circular saw

16
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Table saw

Miter box

Finish quality saw blade
Power drill

Set of drill bits
Screwdriver bits

1 inch hole saw
Caulking gun
Measuring tape

Sharpie fine-tip black permanent marker
Sharp pointed pencil
Copper pipe cutter
Propane torch
Carpenter's square
Hand saw

Caulking gun

Construct the outside box using 1 inch by 6 inch lumber and 1 1/4 inch
plywood. The external dimensions are 30 inches by 48 inches. 1 by 6
lumber when purchased at a lumber yard is actually 3/4 inch by 5 1/2
inches. With the 1/4 inch plywood attached the height of the box will be
roughly 5 3/4 inches. The construction adhesive comes in tubes which
should be the same size as the caulking gun. A caulking gun is

indispensable when applying adhesive over large areas.

Cut two lengths of 1 by 6 board 48 inches long. Cut another two lengths
of 1 by 6 board 28 1/2 inches long. Apply a small amount of construction

17
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adhesive to the ends of the 28 1/2 inch boards. Butt the 48 inch long
pieces against the ends of the 28 1/2 inch pieces and screw together using
the 1 1/2 inch all-purpose screws. Check the box for square with a
carpenter's square. Double check by measuring the box diagonally. Both
diagonals should be equal. If you measured correctly, the 1 by 6 frame

should be 48 inches long and 30 inches wide.

Cut a piece of 1/4 inch plywood 30 inches wide and 48 inches long. If you
bought a full 4 foot by 8 foot sheet of plywood you won't need to measure
the 48 inches. Just measure 30 inches along the length of the plywood and
cut it using your circular saw. A good quality saw blade will ensure a
cleaner cut. Apply adhesive to the edges of the box frame. Lay the
plywood on the frame making sure that the edges meet. Screw the
plywood down using the 1 inch all-purpose screws. The screws should be

approximately 6 inches apart.

Adding Insulation

Styrofoam insulation comes as white or pink and in a few different
thicknesses. The pink insulation is denser and cuts cleaner than the white
variety. Purchase the insulation in 4 foot by 8 foot sheets. For this part of
your project one sheet of 2 inch thick foam will be sufficient. You can cut
the insulation with a hand saw. Alternatively, you can carefully measure
and mark both sides with a fine tipped marker then score both sides with a
utility knife. The foam easily breaks along the score lines. Use whichever

method you prefer.
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Cut one piece of insulation measuring 46 1/2 inches by 28 1/2 inches. Cut
two pieces measuring 46 1/2 inches by 3 1/2 inches. Cut two more pieces
measuring 24 1/2 inches by 3 1/2 inches. Apply PL300 foam adhesive to
the inside of the box constructed in the last section. Lay the 46 1/2 inch
by 28 1/2 inch piece of foam at the bottom of the box. Apply foam
adhesive around the perimeter of this foam piece and insert the remaining
foam pieces. Press down firmly all around so that the foam bonds with the

wood frame as well as the other foam pieces.

Constructing the Inside Box

A box that fits inside the foam insulation has to be constructed next. This
is the box that will hold the absorber made with copper pipes. The walls
are made of 2 by 4 lumber and the bottom is made of 1/4 inch plywood.

Cut two 42 1/2 inch lengths of 2 by 4 lumber and another two 28 1/2 inch
lengths. Using a table saw cut a dado in each of the pieces 3/4 inches
wide and 3/4 inches deep. This is easily done by some careful setting of
the table saw. Set the fence 3/4 inches from the saw blade and set the
blade height to 3/4 inches. Two passes on each piece will give you the
correct dadoes. Use a miter box saw to miter both ends of all four pieces
at a 45 degree angle. Join the pieces to make a frame as shown using

construction adhesive and 3 inch all-purpose galvanized screws.
Cut a piece of /4 inch plywood measuring 42 1/2 inches by 28 1/2 inches.

Attach it to the frame on the opposite side from the dadoes using

construction adhesive and 1 inch galvanized all-purpose screws. Apply

19
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PL300 foam board adhesive to the inside of the foam box constructed in
the last step and insert the inside box just constructed applying firm

pressure so that good adhesion is obtained.

Cut four strips of 1/4 inch plywood 3 1/2 inches wide. Cut two of these
strips 48 inches long and two 30 inches long. Apply construction adhesive
to the top edges of the outside and inside box and apply the plywood

strips securing them with 1 inch brads.

After the adhesive has had time to set, paint the inside of the box with flat
black paint. Paint the outside any color you like. Paint is necessary to
protect the wooden box from weather. Remember that it is going to be
outside for many years in all kinds of weather. I took the extra precaution
to clad the top and sides of the box with aluminum flashing. Aluminum
flashing comes in rolls of varying width. I purchased a roll that was 1 foot
wide and long enough to cover the entire perimeter of the panel. I used
3/4" wire nails to hold the flashing in place. Apply a bead of silicone
caulk under the edges of the aluminum before nailing it down to prevent

any moisture from creeping underneath.

Assembling the Absorber Pipes

We are referring to this part of the assembly as the absorber pipes. These
pipes will absorb the solar energy that enters our solar collector box in the

form of heat. Copper pipes that are part of the plumbing in most homes
use type M copper pipes. We will use type L copper pipes throughout our

20
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project. Type L pipes have a thicker wall than type M. Type L copper

pipe costs more than type M but is worth the extra cost.

This part of the project involves making many solder joints. Soldering
copper pipe is not difficult but does require a bit of practice to ensure that

your joints will not leak.

CAUTION: DO NOT attempt this unless you are sure of your technique.
If you do not have absolutely perfect copper joins throughout, you run the
risk of leaking. Antifreeze in the form of Propylene Glycol, is used in this
project. The kind of antifreeze used in cars is highly toxic due to additives
used to prevent corrosion of the engine block. Do not use automotive
antifreeze. Propylene Glycol is actually non-toxic used in products like
hand lotion. We will use non-toxic Propylene Glycol available from
plumbing supply stores. Caution is also necessary when using a propane
torch. Carelessness could cause you to burn down your house. Once
again, if you are unsure of your abilities, find someone who can do it for

you.

How to Use a Propane Torch

Propane torch kits are available at most hardware stores. One such kit
includes a small propane tank, a combination valve and nozzle, and a
striker. The kit may also include flux and solder. Check the flux and
solder to make sure it is silver solder and lead-free tinning flux. If not, get
it separately. You'll find it in the same area of the hardware store.

Propane Torch
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Assemble the torch according to the instructions in the kit. Open the valve
slightly and use the striker to ignite the propane. Opening the valve too
much will blow the flame away. When the torch lights, open the valve

until the flame is large enough to heat the area you will work on.

Hold the torch as close to upright as possible while you are working. If
the tank is tilted too much the liquid propane will flow into the valve,
blocking it so the flame goes out. If this is not possible you can get a kit
that has a rubber hose extension that fits on the propane tank. This allows
you to set the propane tank down so it is upright while you are free to

move the hose for a more convenient angle.

If the area to be heated is close to wood or other flammable material
cover the area with a flame retarding shield, also available at the hardware
store. Make a habit of shutting off the torch every time you set it down.
The flame is nearly invisible and can cause severe damage if placed near

something that can catch fire.

Sweating a Copper Joint

The process of soldering a copper fitting to a copper pipe is called
sweating. The process is simple but requires a bit of practice to get it right
every time. Scour the end of the copper pipe with fine sandpaper or emery
cloth. Next scour the inner surface of the fitting to be attached to the pipe
with a wire brush. Once the two surfaces are clean, do not touch them

with your fingers. Oil from your fingerprint will weaken the join. Apply a
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thin coating of flux to both surfaces with a small utility brush and slide

the fitting onto the end of the copper pipe.

Heat the area with the propane torch until it is hot enough to melt the
solder. Do not use the torch to melt the solder. When the join being
soldered is hot enough, solder will melt on contact and flow evenly. If the
solder does not melt, remove it and heat the arca some more. When
properly heated the flux will draw the molten solder into the fitting and
seal the join. Continue feeding the solder until a bead appears around the

rim and just starts to drip. Allow the join to cool before handling the pipe.

Let's get back to assembling the absorber pipes. Cut one each of the
following lengths of 3/4 inch copper pipe using a pipe cutter.

Group 1: 24", 22", 20", 18", 16", 14", 12", 10", 8", 6", 4", 2",
Group 2: 38", 36", 34", 32", 30", 28", 26", 24", 22", 20", 18", 16", 11".

Start with the inside loop using the 16" and 18" pipes from group 2 and
the 2" and 4" pipes from group 1. Join the 16" pipe to the 2" pipe with a
3A" elbow, then join the 18" pipe to the other end of the 2" pipe with a
3A" elbow. Join the 4" pipe to the other end of the 18" pipe. Continue
joining the group 2 and group 1 pipes with copper elbows. The last pipe
joined should be the 24" pipe. Solder a 3/4" threaded male adapter to the
24" pipe.

23
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Solder one street elbow and one regular elbow to the innermost 16" pipe
so that you are able to connect the remaining 11" pipe parallel to the

outermost 24" pipe. Solder a 3A" threaded male adapter to the 11" pipe.

Place the entire assembly inside the collector panel box and using a 1 1/2"
hole saw cut holes in the box to match the positions of the 2 pipe ends.

This is where the pipes will exit the box.

Cover the threads of the male adapters with masking tape and paint the
entire assembly with flat black paint. When the paint is dry, attach the
assembly to the box using the 3/4" saddle clamps.

Attaching the External Pipes

We now need to connect a short length of pipe to each of the ends that
should be close to the holes you cut in the box. Cut 2 lengths of pipe long
enough so that they protrude outside the box at least 9" when inserted in
the hole to meet the ends with the male pipe connectors. Solder 3/4"
female pipe adapters to one end of each of these two pipes and a 3/4"
union connector to the other end. Make sure that it is the end with the
male thread. It will make it easier later on when you join this assembly to
the rest of the system. Apply a thin layer of Teflon pipe thread compound
to the threads of the female adapters. Using a pipe wrench or a pair of
channel-lock pliers thread the pipes onto the ends of the assembly in the

box and tighten them.
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This entire assembly will be set aside until we are ready to install it on the
roof. Use insulating spray foam to fill the gap between the hole in the box
and the pipe protruding through. Cover the entire box with plastic tarp to

protect the assembly and set it aside somewhere out of the way.
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4. How to Build the Heat Reservoir

You have surely figured out by now that there is considerable manual
labor involved in the construction of your solar heating system. You will
have to find some way to keep yourself entertained during the next phase
of construction. It involves digging the pit and unless you have several

friends helping you it is going to take a while.

First You Dig

Choose a convenient spot next to your basement wall. Your house does
not have to have a basement. The spot you choose should be such that you
have clear access to it from inside the house where it will not interfere
with anything else. The reason for this is that several pipes will be coming
through the wall later and the pumps, thermometers and controllers will
be mounted against the interior of the basement or any other wall you
choose. Another consideration is the amount of space on the outside of
the basement wall. You need to have a 6 foot by 6 foot area right against
the wall to dig. Make sure that it is not located where you need to have
people traffic. If you anticipate that it could be a hazard, protect the
perimeter with highly visible plastic fencing or other means so that no one
will fall in by accident. You will be digging a hole 6 feet deep and the
chance of someone falling in becomes highly likely unless you mark the

area well. Read the rest of this chapter before you proceed.

Before You Dig
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Before you dig, you should also call your local utility companies and have
them mark the area for underground cables, and water and gas pipes. In
my city there is only one number to call for marking both water and gas
lines. The electric lines are above ground so I did not have to worry about
them. In some cases electric lines may be buried underground so you
must make sure you know where they are. The utility companies usually
provide this service free of charge because of the great danger that you
may accidentally hit a buried electric cable or a gas line. This is extremely

important. Do not take short cuts.

Find a convenient location for piling up or otherwise distributing the dirt
that will come out of the pit that you dig. You'll be surprised at the

amount of space the loose soil takes up.

Lots of Digging

Once you have determined where the buried cables and gas lines are, you
can decide where you plan to have your heat reservoir. Unless you have
people helping you, this part is the most time consuming. Digging with a
spade will take longer but is better than using machinery because you will
be able to have straighter sides to your pit without disturbing the earth
around your site. Your goal is to dig a pit that measures 6 feet x 6 feet

square horizontally and 6 feet deep vertically.
In order to keep the sides and edges from crumbling as you step in and

out of the area, construct a frame with 2" x 8" lumber that is 8 feet long. If

the ground is soft around the area protect the side from which you will be
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coming in and out the most with a 3/4" thick sheet of plywood. A piece
about 2 feet by 4 feet will usually be sufficient. Use a larger piece if you
find it necessary. You will, most likely, be moving the soil that you
remove from the pit, with a wheelbarrow. A wheelbarrow full of soil is
quite heavy and can leave a rut in the ground as you go back and forth. If
this is the case and you don't want to have to fill in the rut later, cover the
path over which you will be wheeling your wheelbarrow with lengths of 2

foot wide plywood sheet.

As you dig deeper, check the sides of the pit with a plumb bob or level to
make sure that the walls are vertical. If you run into rocks embedded in
the earth, work around them if possible. If they are too large you will

have to find some way to remove them in order to proceed.

Hold Back the Dirt

If your soil is sandy and loose, you may need to set up some boards to
prevent the walls from crumbling into your pit. Even if you soil is firm
you will need to make sure that the walls do not crumble as you dig. Use
plywood boards to hold the dirt back until you have reached a depth of 6
feet. If you have rainy days during the digging process you will have to
set up a temporary canopy using a 12 foot by 16 foot plastic tarp to keep

the area dry. It is not fun if your pit fills up with rain water.

Provide Ample Drainage
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Speaking of rain, I found that I ran into an especially rainy season. Even
though I had my pit covered the rain saturated the ground to the point that
water started to seep in through the walls. I decided that a trench around
the perimeter of the floor of the pit would be essential. You would be well
advised to do the same. Dig a trench measuring about 1 foot deep and 1
foot wide. Fill the trench with 2 inch rock. Choose hard rock like granite
or river rock rather than limestone which can crumble over time. You can
get rock at a variety of places like a gardening store, a hardware store or a
store that sells landscaping supplies. You will have to check the prices to
find which is the most economical. Landscaping stores usually supply
rock in bulk rather than in bags. If you have a pickup truck, this may be
the cheapest way to get your rock. Eventually you are going to need

almost 4 tons, so do a bit of calling around to get the best price.

After you have filled the trench with rock cover the sides of the pit with
landscape fabric. Landscape fabric is available at your local hardware
store or gardening supply store. Get the heaviest kind available, it will last
longer. Also get a bag of landscape fabric spikes. These are plastic spikes
about 6 inches long designed to keep landscape fabric in place. Use the
spikes to hold the landscape fabric against the walls of your pit. It will
keep dirt from washing into the pit during a rainy spell.

Construct the Floor and Walls
You are now ready to construct the floor and walls of the reservoir. For

this you will need treated lumber that is able to withstand wetness and

rotting. Use lumber that has not been treated with arsenic. This type of
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treated lumber is always clearly marked with a tag stamped as ACQ and
does cost more but is environmentally sound. Sometimes the Q is printed
on the tag looking like the number 2 (like this - Q). ACQ lumber comes in
different grades as shown below. Be sure to buy the kind that is able to

withstand contact with fresh water.

* Above Ground (.25)
* Ground Contact (.40)
* Fresh Water Contact (.40)

Construct a frame with the lumber. It will rest inside the pit. The outside
dimensions should be 5 1/2 feet in every direction. A drawing of the
frame design is shown for your reference. The frame needs only three
walls. The fourth side is the outside of the basement wall. After
constructing the frame you will attach 1/2 inch thick cement board on the

three sides and the base with cement board screws every 8 inches.

The next step is similar to taping sheetrock with joint compound. Use 3
inch wide fiber tape and a compound meant for sealing joints in cement
board. Not sure what fiber tape is? Check with an employee in the
Building Materials department of your local hardware store. The
compound for sealing joints in cement boards comes as a dry powder in
bags and has to be mixed with water according to the instructions on the
bag. Use a mason's trowel to apply the mixture to the seams. Smooth it
out with a 10 inch wide joint compound blade sometimes called a joint
knife. There are other tools in this department that you should consider

purchasing since they will make your job easier, like a corner tool which
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is particularly useful for seams at right angles to each other and a square
trowel used for smoothing out large flat areas. Repair any holes in your
basement wall with mortar mix to prevent any possible water. Give the
entire assembly at least 24 hours to dry properly. You may need more

time if the weather is damp.

After the enclosure is dry, you will need to reinforce the space between
the cement board and the dirt. Get lengths of 1/2 inch steel rebar. Cut 18
lengths 5 feet each and 27 lengths 18 inches each. Using wire meant for
tying rebar, tie 2 of the 5 foot lengths to 3 of the 18 inch lengths. Tie the
remaining lengths the same way. You will have 9 such assemblies, 3 for
each of the sides of the enclosure next to the dirt. You do not need any for
the remaining side against the basement wall. Drop these assemblies, 3
per side, evenly spaced, into the space between the dirt and the cement
board enclosure. They should stay up without any additional support.
Next, get about 30 bags of concrete mix. You may need more depending
on your situation. Mix about 2 bags at a time with just enough water to
malce a stiff mixture that is still fluid enough to pour into the space
between the cement board enclosure and the dirt. Mix and pour the
concrete until it is level with the top of the cement board. The poured
cement and rebar will give sufficient strength to hold the dirt around the

enclosure from shifting. Give it about 2 or 3 days to harden properly.

Insulate the Floor and Walls

When the cement board joints and basement wall are dry and hard, it is

time to add insulation. There is a great likelihood of the inside of the
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reservoir getting wet during excessively rainy weather. For this reason it
is a good idea to use foam board insulation instead of fiberglass.
Fiberglass is a wonderful insulator when dry, but useless when wet. Foam
board offers excellent moisture resistance so it won't lose any insulating
power, even after long-term exposure to wet soil and ponding water. Its
rugged construction readily withstands the pressure of backfilling and

resists the effects of acids and other decaying elements in the soil.

Foam board insulation comes in various sizes. There is white foam board
which looks just like the styrofoam that is used for packing stereo
equipment. Then there is the pink kind made by Owens Corning. The
pink one has a higher R value than the white one. Get the pink kind. For
this project you will need several boards measuring 4 feet by 8 feet and 2
inches thick. These boards sometimes come pre-scored for use in
basements between studs that are 16 inches apart. These usually cost
more than un-scored boards. Get the kind that's cheaper in your area. The

2 inch thick boards have an R value of 10.

R-value is the measure of resistance to heat flow. Insulation materials
have tiny pockets of trapped air. These pockets resist the transfer of heat
through material. The ability of insulation to slow the transfer of heat is
measured in R-values. The higher the R-value, the better the insulation

material's ability to resist the flow of heat through it.
Since heat rises and the soil temperature below the frost line remains

relatively constant we are more concerned with heat loss closer to the

surface of the ground. Consequently you need to use only 2 inches of
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insulation on the floor of the pit. Use 4 inches for the walls, (two boards
doubled up) and eventually we'll make a cover using 3 boards giving us a
total thickness of 6 inches. Working with the insulation is easy. Measure
and cut the pieces on a large flat surface using an ordinary utility knife. If
you mark and score both sides of the board, you will find that it breaks
along the scored line quite easily and cleanly. Use foam board adhesive
such as PL300 to bond the edges and the boards to each other. Foam
board adhesive is specially designed not to eat into the foam when
applied. Buy the correct adhesive in tubes and a caulking gun to match.

At my hardware store these items are available in the Paint department.

After cutting the foam boards, attach the bottom to the cement board floor
with foam board adhesive. Next attach the walls. Since the walls use 2
layers of insulation, attach the second layer to the first using the foam
board adhesive. Finally, run a bead of adhesive along the corners to make
a good seal. The adhesive develops a skin within a few minutes but does

not dry properly for at least 24 hours.

Install a Sump Pump

I learned the hard way that in spite of having a drainage ditch around the
perimeter of my pit, I still needed a way to remove the water that seeped
in through the soil during the unusually rainy weather at the time I built
my reservoir. Consequently, I highly recommend installing a sump pump.
The pump you get needs to be small enough to slide into a PVC pipe 8 to
10 inches in diameter. The one I found was a Flotec®, 1/4 HP pump

designed for surfaces that collect water such as basements, rooftops,

33



4. How to Build the Heat Reservoir

window wells or any shallow flooded area. It is small enough to fit inside
an 8-inch diameter PVC pipe and has sufficient pumping power to
remove water deeper than 3/16 inch. It includes a 15 foot power cord and

automatic on/off capability.

The 8 inch PVC pipe usually comes in 10 foot lengths. Sometimes the
hardware store will also have pre-cut pieces 5 feet long. In this case get a

5 foot length.

Additionally, get a 10 foot length of PVC pipe 1 inch in diameter and the
fittings needed to connect it to the output of the pump. The Flotec® pump
I used, has a garden hose type female thread. The fittings to connect this

to a 1 inch pipe are readily available.

With a 1/2 drill bit, drill 8 holes, evenly spaced around the 8 inch PVC
pipe about an inch from one end. Then, using a hacksaw cut the pipe so
that you have semicircular notches at the end of the pipe. This end will
rest on the bottom of the reservoir in one corner. The semicircular notches
will allow any water accumulation to flow to the inside of the pipe. The

pump will detect any water deeper than 3/16 inch.
At the corner where you install the 8 inch PVC pipe drill a half inch hole
with a concrete drill bit so that it is approximately below the sump pump.

This will allow any remaining water to drain into the soil.

Hold the 8 inch PVC pipe vertically in place using 3/4 inch metal strap
available in the plumbing department. Cut a length of strap long enough
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to go around the PVC pipe and attach the ends to the walls of the
enclosure using 6 inch concrete screws. The screws have to be long
enough to go through 4 inches of insulation and into the cement board. If
the concrete you poured behind the cement board is too hard for the
screw, you may need to use a concrete bit to drill a pilot hole first. Make

sure the power cord from the pump comes over the top of the 8 inch PVC

pipe.
Construct the Rock Enclosure

Now it's time to make the steel enclosure that will hold the rock for the
reservoir. A number of materials will work as storage media in home,
farm or small business solar heating systems; but only three are generally
recommended at this time: rock, water (or water / antifreeze mixtures) or
a phase-change chemical substance called Glauber's salt. These are the
materials that most consistently meet the criteria for selecting a storage
medium: namely, the ability (1) to deliver heat to its application points at
a desirable temperature, and (2) to do it cheaply, based not so much on
cost of the material as on cost of the total system and its maintenance. I

did not choose Glauber's salt due to its cost and availability.

Water as a storage material has the advantages of being inexpensive and
readily available, of having excellent heat transfer characteristics, and of
being compatible with existing hot water systems. Its major drawbacks
include difficulties with system corrosion and leakage, and more

expensive construction costs.
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As a storage material, rocks are cheap and readily available, have good
heat transfer characteristics with air (the transfer medium) at low
velocities, and act as their own heat exchanger. Main disadvantages are
their high volume-per-BTU-stored ratio compared to water and phase-
change materials (which means a bigger heat storage area), and
difficulties with water condensation and microbial activity. If the dew
point of the air coming into the storage is higher than the rock
temperature, the moisture in the air condenses on the rocks. Moisture and

heat in the rock bed can lead to microbial growth.

Rock storage is the most reliable of the three storage systems because of
its simplicity. Once the system is installed, maintenance is minimal and

few things can decrease the performance of the storage.

Air solar collectors are usually used with rock storage devices. Since air
collectors are cheaper and more maintenance-free than liquid collectors, a
system using rock storage and air solar collectors seems the most logical
for residential heating. However, other circumstances, such as the
availability of cheap materials, limited collector or storage space, or
incompatibility with the existing heating system, may dictate the use of a
water or phase-change material storage device. Remember, however, that
the ultimate deciding factor should be the initial and maintenance costs of

the system.
Although size of rock selected will be determined primarily upon cost, in

general, the larger the size the better for storage purposes. The main

reason is that it takes less power to force the heat transfer air through
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large stones than through small ones. Rocks less than an inch in diameter
are too small; whereas ones more than 4-6 inches in diameter are too

large, because of insufficient heat transfer surface area.

If gathering your own rock for storage, look for roundish field stones in
the 2- to 4-inch diameter range. But don't be overly concerned about size;
settle for a 2-inch septic gravel if you'd have to pay a premium for larger
rock. If available, old house brick is a good storage material when stacked

to permit air flow.

More important than rock size is uniformity of size. If there is too much
variation, the smaller stones will fill in the voids between the larger
stones, thus increasing the air blower power requirement. Also, avoid
those types of rock that tend to scale and flake, such as limestone. The
resulting "dust" is picked up by the heat transfer air and becomes a

problem to remove if you install an air circulating fan.

If you plan to blow air through the rock bed, it's necessary to know the
amount of power needed. In general, the faster the air flow and/or the
smaller the rock size, the greater the power requirement. I have not shown
it in this design but if you choose to force the air flow you should
consider a solar powered fan to avoid using more energy than you are
trying to save by building your solar heating system. In the design here
convection due to the difference in temperature at the top of the reservoir
versus the bottom will cause sufficient air flow through the spaces
between the rocks. Over a period of time the temperature will equalize to

a large extent. There will constantly be a slight shift in temperature as
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heat is drawn off by the water preheater, but for the most part the

temperature will remain relatively stable.

Landscaping supply companies will usually deliver the rock for an
additional charge. If you happen to own a pickup truck capable of hauling
one ton at a time or more and don't mind the extra work you can haul the
rock yourself, although you should calculate to decide which option is

cheaper for you.

The Steel Frame

A steel enclosure is needed to contain the rock. You should construct this
above ground where you have plenty of space to move around. The
enclosure is constructed so that there is a few inches of space on the
outside to allow air flow much the same as a convection oven. In a
convection oven the part that holds the racks has a space all around it. The
burner below heats the air which then flows around the chamber to allow
it to be uniformly heated. The bottom of the reservoir will have a coil of
3/44 inch copper tube through which a mixture of propylene glycol and
water that has been heated by the solar collector, will flow. The air in
contact with this tube will be heated, and, because heat rises, the hot air
will flow upwards through the spaces between the rocks heating them up.
Once the air reaches the top it flows around the outside of the steel
enclosure down to the bottom where it passes through vents at the bottom
which allow it to come in contact with the hot copper coil and the process

repeats itself. As the air circulates in this manner, it heats the rocks. The
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rocks retain the absorbed heat until it is drawn off to heat water or your

house.

The frame for the enclosure is made using steel angles. The best place to
buy steel is from your local steel yard. I find that the pre-cut pieces sold
in hardware stores winds up being quite expensive. The steel at the steel
yard usually comes in 20 foot lengths. They will often cut it in half at no
charge if you buy the whole length. Steel is sold by weight not by length.
This is why it is usually cheaper to buy it at a steel yard. You can buy
aluminum and other metals there as well. You will need a metal chop saw
to cut your steel. If you don't have one, you should buy one. They are not
very expensive and you will be able to cut your steel more accurately than

the steel yard.

For the frame you will need:

11/2"x11/2" x 1/8" - 4 pieces 4' 6" each
1"x 1" x 1/8" - 16 pieces 4' 8" each
3/4" x 3/4" x 1/8" - 12 pieces 4' 8" each

Construct the frame using the above pieces. The 4 pieces of 1 1/2" x 1
1/2" x 1/8" will form the four corners of the enclosure. The 16 pieces of
1" x 1" x 1/8" provide support around the four sides. The 3/4" x 3/4" x
1/8" pieces are used at the bottom to form a vent. Keep the spacing
between these pieces no more than 3/4" from the bottom of one to the top
of the other to prevent rocks from falling through the spaces. You can

decide for yourself whether to weld the frame or use nuts and bolts like I
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did. If you have welding equipment, you may prefer to weld the pieces.

Either way, you need to make sure that the joints are strong.

Attach a Sheet Metal Exterior

Once the frame is assembled, sheet metal is attached to create the steel
enclosure. Use 22 gauge galvanized sheet steel. This is sufficient to
withstand the outward pressure from the rocks when filled. 22 gauge
galvanized steel is 0.0336 inches in thickness. You can use thicker steel
sheet if you want but the weight becomes difficult to manage unless you
have enough helpers when you are ready to drop the enclosure in the pit.
Using thicker steel also means it will cost more since steel is sold by

weight.

The dimensions for each piece of sheet metal are determined by the
dimensions of your frame. Attach the sheet steel so that it is flush with the
top of the frame. This will leave 6" at the bottom for venting. The vents
are formed by the 3/4" x 3/4" angle steel spaced 3/4" apart at the bottom
of the frame. When filled, the rocks will not spill out from between the
spaces but will let air flow through.

When your steel enclosure is assembled you will need help to get it into
the pit. Have two helpers inside the pit to guide and support the frame as
it is lowered. You will need at least two more helpers to carry the frame
over to the pit and lower it in. Position the frame against the basement
wall so that the two adjacent sides have an equal amount of space

between the frame and the insulation.
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Construct the Heating Coils

We are now ready to construct the heating coils. This is relatively easy.
You can find 60' coils of 3/4" copper pipe at your hardware store. Large
hardware stores which have a separate plumbing department will usually

have such items.

Type L Soft Copper Tubing

Copper piping is durable and comes in a variety of grades. Type M is the
most basic grade and meets minimum building codes. It is thin-walled
tubing and is marked for identification with red lettering. Type L is about
twice as strong as type M and is a good choice for upgrading plumbing
systems. It is marked with blue lettering. Type K is even stronger and is
intended mainly for commercial use. It is marked with orange lettering.
Soft copper tubing is sold in a coil and bends easily. It's well suited for
use in tight spaces and in situations involving awkward bends, and it

requires fewer joints.

Because soft copper tubing is sold in coils, it is the ideal choice for our
purposes. Make sure you double check and get type L. Type M will be
easily crushed under the weight of the rock which will be piled on top of
it.

Regardless of grade, all copper pipe accepts the same fittings. Copper

fittings may include tees, male threaded adapters, female threaded
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adapters, couplings, 45-degree offsets and 90-degree elbows. Depending

on your situation you will some or all of these fittings.

Once again you are cautioned that sweating copper joints properly takes
practice and care. Improper use of the propane torch can cause fires and
great personal injury. If you are unsure, get help or practice in a safe

environment until you are confident.

Soldering the Pipes and Fittings

You will be assembling three pairs of coils. It is most convenient if you
place one coil on a flat surface like a cement slab and lay the second coil
so that the inner end of the coil below is opposite the inner end of the coil
on top. In this configuration the outer ends of the coils will be on opposite
sides of the assembly and much easier to manage for connecting to the
pipes that will be connected to them for entry into the basement wall

which will be done a bit later.

Use a 3/4" copper coupler to join the inner ends of the two coils. You may
find that you have to trim off a small section of the end which may not be
perfectly round due to damage in shipping. In this case you will not be
able to get the coupling onto the end of the pipe. After trimming the end
with a tubing cutter, make sure that you check by dry-fitting the ends.
Sand the ends with emery cloth, fine sandpaper or a wire brush designed
for this purpose. Also clean the inside of the fitting. Apply tinning flux
designed for lead-free solder. Push the two ends of the pipes so that they
meet inside the fitting. Heat the pipe ends with the propane torch until the
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solder melts when you touch the pipe with it. It should flow freely around

the joint. Remove the torch and wipe off any drips with a damp rag.

Assemble the other two pairs of coils in the same manner. Put these

assemblies aside for now. You will need them a bit later.

Electronic Controls for Your System

In order to control the heating system some method is needed for turning
the pumps that circulate the antifreeze on and off. The system works by
collecting solar heat in the collector panel. The pipes in the collector
panel are filled with a mixture of non-toxic propylene glycol and water.
This mixture is circulated through copper tubes down into the copper
heating coil located in the bottom of the heat reservoir pit. Circulating
pumps installed inline with the copper tubes are used to circulate the
antifreeze mixture. The pumps will be installed inside the basement for
maintenance and accessability. To prevent the pumps from running when
the temperature of the collector panel drops at night to a temperature that
is lower than the temperature in the reservoir pit, we have to install a
controller that senses the temperature difference and turns the pump off.
A sun detector circuit can also be added to remove power from the system
after sundown and before sunrise. Having a sun detector in addition to the

Differential Thermostat will take care of times during the day when

Monitoring the Temperature
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The temperature should be monitored at various points to give you an
idea of how well your system is working. You can do this using some
relatively inexpensive electronic temperature displays. These units have a
remote probe attached to wires connected to the display. You will need
four of these remote thermometers for this project. One probe will be
located in the collector panel on the roof and the other three will be

located on the copper pipe coils in the reservoir pit.

Through the Basement Wall

Blocks used to build basement walls come in different sizes depending on
when the house was built. The blocks used in my basement wall measure
24" x 9" x 12". The 12" dimension is the thickness of the wall. Depending
on the condition of the basement wall, it may take a considerable amount
of work to remove a block. Since the length of the block I removed was
24" it gave me sufficient room to pass 6 copper pipes and a 1/2" electrical

conduit evenly spaced through this opening.

Take Out a Block

Use a cold concrete chisel and a 3 pound hammer to chisel out a block
from the basement wall. Before you start, use the carpenter's adage
"Measure twice cut once". You don't want to make a mistake here. If you
are unsure of whether the block(s) you are planning to remove are
structurally critical to the rest of your house, you should get expert advice
from an architect or construction engineer. You may need to install steel

jack posts temporarily inside your basement until you can replace the
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block(s) you remove with a steel insert. Jack posts are available in most
major hardware stores like Home Depot. They come in different lengths
and are usually adjustable for height. You should measure the height of
your basement from the floor to the joists to determine what size you need
to purchase. Install the jack posts according to the manufacturer's

recommendation.

Replace the Block With a Steel Support

Every precaution must be taken to prevent losing the structural integrity
of your basement wall. Remember, your entire house is resting on it and
weakening one spot may be detrimental to the rest of the support
structure. If you installed steel jack posts in the previous step, leave them

in place at this time.

Measure the dimensions of the opening you created in your basement wall
very precisely. Your measurements should not be off by more than 1/16".
Using these dimensions, have your steel yard build you a steel insert
using 3/8" steel plate. They can sometimes do it while you wait. The plate
steel should be measured and cut on one of their industrial shears. These
facilities usually have a welding shop as well. Once the four pieces of
plate steel are cut the welding shop can weld them together for you. There
is no need to have the weld run the entire length of the joins. Three or
four good tacks with a TIG or MIG welder are sufficient. Make sure that
the person doing the welding checks to make sure that each corner is
square. The entire assembly will weigh quite a bit so, unless you are used

to lifting more than 40 pounds, get someone to assist you.
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This assembly should be placed in the space where the block(s) was/were
removed and should fit snugly. If there is any need to use a hammer to get
the assembly in place, make sure to use a wood block so that the hammer
does not damage it. Once in place, you can remove the steel jack posts

supporting your basement ceiling.

Depending on the thickness of your basement wall, cut a sufficient
number of pieces of the same foam insulation which was used to insulate
the reservoir pit, to insert in the steel frame you just installed. Mark each
piece using the plywood boards with the holes for the copper pipes and
electrical conduit and drill holes through the foam. It is much easier to do

this before inserting the foam in the steel frame so that all the holes line

up properly.
The Interface Between the Outside and Inside

Cut two pieces of 1/2" thick plywood measuring 30" x 15". Mark these
pieces and drill holes. Two holes at the ends will allow you to pass 3/8"
threaded rods to hold the pieces of plywood firmly against the outside and
inside of the basement wall. The other holes will allow the copper pipes
and electric conduit to be passed through. It is best to measure the marks
for these holes and drill them carefully. It becomes very difficult to line
them up if you don't. You may have to alter the hole placement to suit
your situation if your blocks are of a different size. Give yourself at least

4" between each copper pipe. If your basement wall is 12" thick, cut the
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copper pipes to a length of 20". This way when you have to solder fittings

at each end you won't burn the plywood.

Install the Pipes and Electrical Conduit

Cut six pieces of 3/4" Type L copper pipe long enough to extend through
the basement wall, plywood boards and protrude about 3 inches on either
side. My basement wall is 12" thick so I cut my pipes 20" long to extend
beyond the plywood on the inside and outside of the wall. Cut a piece of
3/4" electrical conduit to the same length as the copper pipes you just cut.
Send the copper pipes and the electrical conduit through the holes in the
plywood and the foam insulation. You may need to play with the
alignment of the holes in the plywood and foam insulation to feed the
pipes through the wall. You can make the job a bit easier by marking the
foam and pre-drilling before inserting it inside the steel support. The
copper pipes and electrical conduit will be secured to the plywood
backing both on the inside and outside of the basement wall, and make up
the interface between the reservoir and the plumbing which will run

through the basement and up to the solar collector on the roof.

Filling the Rock Enclosure

It is time now to fill the rock enclosure. This will be done in a few stages
rather than all at once since the heating coil has to be located towards the
bottom. Next will be the coil that will transfer heat to assist in heating the
house and thirdly will be the coil that connects to the water heater to

preheat the water coming in from the city water supply.
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Choosing the Rock

I recommend using river rock measuring between 2 to 4 inches. This will

allow adequate air flow to heat the reservoir uniformly.
The First Stage

Start by putting in enough rock to come above the level of the vents in the
steel enclosure. Level this out so that the surface of this layer is as
uniform as possible. Once you are satisfied with the leveling of the rocks,
place a piece of expanded steel measuring 48" x 48" over it. You can get
expanded steel at the steel yard. It usually comes in 4 ft. x 8 ft. sheets and
in a few different sizes of hole spacings. You can get the sheets cut at the
steel yard. Choose sheets where the spaces are small enough to prevent
the rocks from falling through. Purchase 3 sheets and have them cut in
half so you will have 6 pieces all together. One sheet will go below each
copper pipe coil and one above it. The expanded steel will allow air to
pass through while protecting the copper coils from getting punctured by
any sharp rocks. It will also equalize the pressure on the coil to prevent it
from being crushed by the weight of the rest of the rocks that will be

poured on top.
The Heating Coll

The first of the three copper coil assemblies can now be laid in the

reservoir on top of the expanded steel mesh. Center the coil in the
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enclosure and solder extensions using lengths of straight copper pipe to
reach up to the basement wall. Next using a combination of copper
fittings and lengths of copper pipe connect the coil to the pipes going
through the basement wall. Be careful not to burn the plywood backing
when soldering the copper fittings. Mark the plywood to indicate that the

pipes are connected to the heating coil.

Using a 1" hose clamp attach a thermometer and differential thermostat
probe that you made earlier to the center of the coil and bring the wires
towards the basement wall. Use nylon cable ties to attach the wires along
the pipes running vertically up against the basement wall and thread the
ends through the electrical conduit into the basement. You can find cable
ties in the electrical department of hardware stores. Attach identifying
tags to the wires so you know where they are coming from. Also identify
the wires so you know which pair is for the thermostat and which is for
the thermometer. Cover the pipe coil with another 4ft x 4ft square of

expanded steel.

The Second Stage and Coil

Now you can fill more rock over the expanded steel mesh until the
enclosure is full to about halfway up. Once again, level out the rocks
carefully and lay down another sheet of expanded steel. Place another
copper pipe coil assembly and as before using a combination of fittings
and straight copper pipe connect the ends of this coil to two pipes going
through the basement wall. This coil will absorb heat which will be used

to heat the house.
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Use a 1" hose clamp to attach a thermometer probe to the center of this
coil. Mark the wire with an identifying tag before sending it through the
electrical conduit into the basement. As before tie the wire to the vertical
copper pipe with nylon cable ties to prevent it from flopping around.

Cover the pipe coil with a 4ft x 4ft square of expanded steel.

Fill more rocks over the previous coil until the enclosure is about 3/4 full.
As before, level out the rocks, lay down a sheet of expanded steel and
place the third coil of copper pipe. Connect the ends of the coil with
lengths of straight copper pipe and fittings to the two remaining copper
pipes going through the basement wall. Attach a thermometer probe to the
center of the coil. Tag the wires of the probe to identify them and pass
them through the electrical conduit making sure to first secure the wire
against a vertical copper pipe. Cover the pipe coil with a sheet of

expanded steel as before.

The Third Stage and Coil

The third stage is for pre-heating water coming from the city supply
before it goes to your water heater. The idea here is to have the water
heater not work so hard. If you get lots of bright sunny days you may
develop enough heat in your reservoir that the water heater may not come
on except on rare occasions. Since the copper coil is 120 feet long and

3/4" in diameter, it holds approximately 234 gallons of water.
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Depending on the rate at which hot water is drawn from your water
heater, and the temperature of your reservoir, the water entering your
water heater will be warm and your water heater will not come on as

often as before.

Finish Filling the Rock Enclosure

The rock enclosure can now be filled with enough rock so that the level of
rock is a few inches below the top of the enclosure. Pass an electrical cord
through the conduit which has an in-line socket on the end. This will
allow you to connect the power cord for the sump pump. This cord can
simply lie on the surface of the rock. This completes the filling of the

reservoir.

Insulating and Covering up the Reservoir

Finally the top of the reservoir should be covered with sufficient
insulation so that almost none of the heat may escape. | recommend using
3 layers of 2" thick foam insulation. This will give a combined R value of
30. Measure the dimensions of your reservoir wall to wall. Measure from
the outside edge of the foam wall on one side to the outside edge of the
foam wall on the opposite side. Reduce this dimension by about a 1/2".
This will be the dimension you will use for the foam cover. Cut the pieces
and stack them in an overlapping manner to cover the top without any
gaps. You will need to cut a hole for the PVC pipe coming vertically out
of the sump pump. Do a dry fit to make sure your pieces fit properly.
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When you are satisfied, glue all the pieces for the cover together using

foam adhesive such as PL300.

Purchase insulation tape measuring 1/8" thick and 2" wide in a roll long
enough to go around the perimeter of your reservoir twice. This tape is
similar to the kind used to seal leaky windows and doors in winter. Get
the kind that has an adhesive backing. This tape needs to be attached to
the top edge of the foam wall. This will fill any gaps due to uneven
surfaces where you cut the foam board to form the wall. If your wall is
excessively uneven try to get 1/4" thick insulation tape. The adhesive
holding the foam cover should be properly set in about 24 hours. Make 4
holes in the foam cover and thread 1/4" rope through them. Tie 1/2"
dowels about 4" long on either side of the cover. This will enable you,
with the help of an assistant to place the cover over your reservoir. It will

also be useful if you ever need to remove the cover for maintenance.

Next, measure the reservoir from the outside edges of the concrete wall
that surrounds the foam insulation. Construct a wooden frame to support a
deck-like structure which will be the final cover for your reservoir. Build
it so it will be sturdy enough for people to walk over without hurting

anything in the reservoir. This completes the construction of the reservoir.
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5. Mounting the Collector

In order to mount the collector panel on your roof you will need a rack to
support it. The rack in turn must be secured to the roof so that it will
remain attached in very strong winds. There are some factors regarding
the rack which must be considered. We will try to keep this project as
simple as possible. Obviously, this means that some sacrifices will have

to be made in terms of maximum solar gain.

The first decision I made regarding the mounting of the panel was
whether to make it fixed or moveable. What does that have to do with
anything, you ask. Well, you don't need me to tell you that the sun rises in
the east and sets in the west. What this means in terms of solar collection
is that for maximum performance the panel should always be
perpendicular to the rays of the sun. Not only does the panel need to be
oriented towards the sun as it moves across the sky daily, it also needs to
change its orientation with the seasons. The sun is at its highest during the
summer solstice around the 21st of June and at its lowest during the
winter solstice around the 21st of December. The only way the panel can
be oriented perpendicular to the sun's rays at all times is to move it by
means of some form of electronically controlled motorization. While this
1s not impossible, it is fairly difficult to construct, and is beyond the scope

of this guide.

So what's a do-it-yourselfer to do? Unless you have a strong aptitude for
electronics and mechanical design you'll want to stick with the simpler

option here.
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A basic understanding of the geometrical relationship between the earth
and the sun is necessary here. Imagine a carousel and pretend that the sun
is at the center of the carousel and that the horses are the planets. Every
time one of these "planets" goes around once, is the same as the earth
going once around the sun. The earth takes approximately 365 days to go
around the sun once. While the earth is revolving around the sun, it is also
rotating thus causing day and night. The imaginary line around which the
earth rotates is its axis. If the axis were perfectly perpendicular to an
imaginary line drawn from the center of the sun to the center of the earth,
all of our days and nights would be the same number of hours all year
round. However, this is not the case. The axis of the earth, instead of
being perfectly perpendicular to that imaginary line drawn from the center
of the sun to the center of the earth, is tilted at an angle of approximately
23.5°. This gives us the changing seasons, and also the reason we see the
sun higher in the sky during summer and lower in the sky during winter.
Of course, this is only true for people living in the northern hemisphere.
For people living in the southern hemisphere the tilt of the earth's axis
causes them to experience winter when the northern hemisphere is
experiencing summer and vice versa. In the southern hemisphere, the sun
appears lowest in the sky during the same period that the sun appears

highest in the sky in the northern hemisphere.

To help people like us make some calculations for projects such as this
one, geographers have come up with some imaginary lines circling the
surface of the earth known as latitude lines. The equator is the latitude

line above which we call the northern hemisphere and below which we
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call the southern hemisphere. The latitude lines are measured in degrees
starting at the equator which is considered 0°, and the North Pole which is
considered 90°. If you consult a world atlas you will be able to find the
latitude of the place where you live. Latitude lines for the southern
hemisphere also start with 0° at the equator and increase to 90° at the

South Pole.

This basic information helps us to choose the angle for our solar collector.
If we were to choose the same angle as the latitude of our location we
would have a panel perfectly perpendicular to the sun's rays on the day of
the spring and fall equinox. On these two days, supposing that both days
were completely cloudless, the solar panel would absorb the most solar
radiation. The radiation absorbed on all other days would be less due to
the sun's rays striking the panel less directly. The 2 days when the suns
rays would strike the solar panel least directly would be the days of the
summer and winter solstice. While it sounds like a good idea to orient the
solar collector so that its angle is the same as the latitude, it is a better
idea to choose an angle that takes advantage of the sun's angle during the

colder months. It is during this period that more heat is needed.

The calculation to obtain this angle is as follows:

A commonly used mathematical symbol for an unknown angle is the
Greek letter © (theta). Without going into all the trigonometric

calculations, the optimum angle ® (opt) measured from the horizontal for

the latitude at your location, represented by L is
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O (opt) =90° - (L + 16.58°)
For latitudes in the southern hemisphere ® (opt) is calculated as
® (opt) =90° - (L - 16.58°)

This angle represents only the angle from the local horizontal to a line
perpendicular to the surface of the collector. The collector should also be
pointed towards the south if you live in the northern hemisphere, or north
if you live in the southern hemisphere. You should know that the
magnetic north and south are slightly different from the geographic north
and south. The best way to determine the geographic south (if you live in
the northern hemisphere) is to place a straight stick in the ground,
perfectly vertically and to trace the shadow it casts at exactly 12:00 noon.
This shadow points to the geographic north. The opposite direction is
south. If you live in the southern hemisphere a vertical stick in the ground

will cast a shadow pointing due south at noon.

Installing the Rack on Your Roof

Once you buy or make your rack you should be able to mount it on your
roof. It is recommended to use 1/4" x 2" lag screws. If you have multiple
layers of shingles on your roof you will need to adjust the length of the
lag screws accordingly If the lag screws do not penetrate the roof boards
beyond the shingles you run the very real danger of having your entire

installation coming off the roof.
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Set up a couple of extension ladders so that the tops of the ladders are
about a foot above the edge of the roof. If the pitch of the roof is too steep
to allow a good foothold, use a roofing ladder. Tie a rope securely to the
rack and with the help of an assistant on the ground, pull the rack up
along the extension ladders onto the roof until you have it in the proper
position. The "proper position" will depend on your unique situation and
should be the place where you get the most sun for the longest period
each day. Hold the rack in position temporarily with a couple of 16 penny
nails through the holes you drilled for the lag screws. Pre-drill pilot holes

where the lag screws will go and install the lag screws.
Working Safely on the Roof

It is extremely important to follow some safety precautions while working
on the roof. Working on a sloping surface means that you have to balance
yourself along with your tools and supplies while managing the parts of
your rack and panel. It can be very frustrating, not to mention quite
dangerous, when tools inadvertently slip out of your hands and slide
down the sloping roof possibly hitting someone standing on the ground
below. Using ladder hooks to hold an extension ladder or using a roofing
ladder will help to climb up and down the slope of the roof safely. Ladder
hooks and roofing ladders have a curve at the top end which allows you to
hook them over the peak of the roof to prevent the ladders from sliding
down. Use a wooden board under the ends of the hooks will spread the

weight and prevent damage to shingles.
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In addition to the ladders you should use adjustable metal brackets
designed to make a level platform for tools and supplies. The bracket is
held on the roof with ordinary nails. Be sure to wear rubber-soled shoes
with a good grip to keep from slipping and damaging the shingles. Use
cordless power tools to avoid tripping over electric extension cords. Do

not work on the roof in rainy weather.
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6. How to Install the Collector Panel

It is now time to install the collector panel on the rack which was
previously mounted on the roof. Be sure to observe proper safety
procedures. The panel is bulky and heavy and you can undergo severe
personal injury if you are not careful. In addition, if you do not have a
secure grip on the rope being used to pull up the panel, it may fall and

become badly damaged, or worse, hurt someone on the ground below.

You may come up with your own way of hoisting the panel onto the roof
and onto the rack. However you do it depends, in part, on your individual
situation. Keep safety in the forefront whatever you do. In my case, I
installed a pair of hand operated winches on the peak of my roof and
pulled up the panel by turning the crank a few turns alternately while my
neighbor observed from the ground below to let me know if the panel was
coming up without tipping to one side or the other. Once the bottom edge
of the panel cleared the lower lip of the rack it was safe to remove the
ropes and seat the panel properly in the rack. I found that it helps
considerably to use a couple of extension ladders as runners along which
to pull the panel. This method allows a fair amount of the weight of the
panel to be supported by the ladders while pulling the panel up.

Securing the Panel on the Rack

Drill holes for some #10 x 1" galvanized sheet metal screws no more than
6" apart along the top and bottom supports of the rack and screw the panel
in place. The weight of the panel and the screws through the rack into the
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walls of the panel will be sufficient to hold it even in a very strong wind if
you have secured the rack as described previously. The panel on my roof

has withstood wind gusts of up to 40 m.p.h.

Attach the Thermometer and Differential Thermostat Probes

After securing the panel on the rack, attach a thermometer and the
differential thermostat probe for the panel to the copper pipe with a metal
hose clamp. Drill a 1/4" hole through the side of the panel and thread the
wires from the probes through the hole to the outside of the panel. Use a

plastic project box to make a junction box for the wires from the panel.

You will be installing the glass cover next so this would be a good time to
make sure that the inlet and outlet pipes exit the panel properly and in a
manner that allows you to make the necessary connections to the pipes
coming up through your roof. Double-check everything and then check it

once more.

Installing the Glass Cover

Once the thermometer and thermostat probes have been attached and the
wires threaded through the side of the panel to the outside you can pull up
the glass or acrylic cover in the same way as you pulled up the panel. Be
sure to protect the surfaces of the glass to prevent it from getting
scratched or damaged in any way while you are pulling it up. One way to
do this is to tape strips of cardboard on the side of the glass which will

ride up the ladders you are using as rails. The glass should be placed in
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the recess formed by the dadoes of the panel walls. Use silicone caulk to
seal the edges around the glass to prevent any moisture from getting in. A
word of caution, before you seal the glass in place make sure that you
have completed everything that requires you to get inside the panel. Once

you have sealed it, it will be extremely difficult to remove the glass for

any purpose.
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7. Installing the Rest of the Plumbing

Installation of the rest of the plumbing depends on your individual home
structure so the information provided here is general in nature. After
reading this, if you feel that it is beyond your capability and outside your
comfort zone, you should get professional help. As I have mentioned

several times already, safety is a primary consideration.
Connect the Pipes

The attendants at most hardware stores are able to help you find what you
need for your situation. The system may seem complex when you look at
all the pieces involved but the principle is quite simple. The part that does
most of the work is a closed loop consisting of two coils of copper pipe;
one in the panel on the roof and the other at the bottom of the reservoir.
These two coils are simply connected to each other with a pump installed

to keep the liquid in the pipe circulating.

Your next job is to determine the best path to the roof so that the pipes
from the bottom of the reservoir can be connected to the collector. My
house is a single story house with an unfinished attic. One of the walls on
the inside runs approximately down the middle of the house and has some
vent pipes running through it. Vent pipes are part of the drain system and
allow gases that build up to escape. These are steel pipes that protrude
through the top of the roof and are around 2" in diameter. Exterior walls
of houses are usually filled with insulation so you should not attempt to

pass any plumbing through them. However, inside walls of houses are
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often hollow so that plumbing pipes and electrical wires can be passed
through. It is through such a wall that you can pass the copper pipes for
your heating system. If necessary, you may need to find someone
knowledgeable to help you determine how to tackle this part. If you find
that there is no convenient way to pass the pipes from the basement to the
roof, you can run them outside the house. In such a case you should
provide sufficient insulation so that the heat collected isn't lost due to
exposure to the elements. Pipe insulation of varying thickness can be
special-ordered through professional plumbing supply stores. These stores
often sell to the public as well. It usually comes in 6 foot lengths and may
or may not be split along the length. You may have to use a knife to cut
along the length of the insulation to get it onto the pipe but you should

tape the insulation once it is on the pipe so that heat cannot escape.

Running the Lines through the Roof

Assuming that you are able to find a path for your pipes through an inner
wall in your house you now need to pass the pipe through the roof. If your
attic is unfinished the task becomes relatively easy. If your attic is
finished, get expert advice regarding the options available to you. You
may find that your best option is to run the pipes outside the house and

simply provide sufficient insulation around them.

If your attic is unfinished, find a spot between the rafters that is closest to
where you want the pipes to emerge onto the surface of the roof so that
they can be connected to the pipes from the solar collector panels. You

can find the spot by making a pilot hole with a 1/4" drill bit from the
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surface of the roof and checking where it comes through the attic. Making
sure to work between the rafters, use either a saber saw or a 4 1/2" hole
saw to cut a circular opening through the roof. Cut an 18" length of 4"
diameter PVC pipe and pass it through the hole in the roof so that it is
vertical. Place flashing intended for pipes protruding from the roof, over
the PVC pipe so that the boot of the flashing is centered on the PVC pipe.
Push the upper half of the flashing up under the roof shingles. Remove
any interfering nails with a pry bar. Fasten the lower half of the flashing
over the shingles with roofing cement. If your flashing comes with a
separate boot collar, slide it over the PVC pipe so that it fits snugly over
the boot. If the collar is integral to the flashing just make sure that it is
centered along with the flashing around the PVC pipe.

After running the copper pipes through the PVC pipe, fill the space in the
PVC pipe with expanding foam sealant. Expanding foam sealant comes in
pressurized 12 oz. cans available at many hardware stores. Be extremely
careful when handling this product. Wear a mask that covers your nose
and mouth so that you do not breathe it in. At the point where your copper
pipe enters the collector panel, install a T fitting and connect a length of
copper pipe and attach a coin-vent bleeder valve to allow air to escape
when charging the system with antifreeze. The bleeder valve should be

the highest point in the system.
A circulation pump is needed in the system to circulate the antifreeze so

that the heat collected by the collector panel can be transferred to the

reservoir.
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In a horizontal section of your pipe, connect an air eliminator. After the
system is filled, purged and vented at high points, the air scoop will
automatically separate any remaining air from the water pumped through
it. The air is then automatically vented to the atmosphere. Note the arrow
showing the direction of flow. The top has a tapped connection for

installing an air vent.

The air vent I used was a Honeywell Braukmann model EA122A. There
is an instruction sheet inside the package that details how to use this
device. The air vent is opened by turning the valve body
counterclockwise. This exposes the EA122A to the system. The antifreeze
and air can then enter the vent chamber by opening the vent seat. The red
vent cap allows air to pass through the open vent. As the air is released
through the vent cap, antifreeze replaces the air in the vent chamber and a
float inside rises. This closes the vent seat. When additional air enters the
vent chamber, the operation repeats. The vent can be closed by turning
the body clockwise isolating the unit from the system and allowing

service if necessary.
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Earlier a junction box was installed on the collector panel for wires from
the thermometer and thermistor probes. Using the same path that you
used to bring pipes from the basement up to the top of the roof, thread 4-
conductor bell wire from the basement up to the collector panel and
connect the wires to the junction box. If you drill a hole in the junction
box to pass the wires, make it facing downwards and seal the hole with
silicone caulk when you are done to prevent moisture from getting in. Use
wire that has multicolored insulation so as to be able to differentiate the
wires connected to the thermometer probe from the wires connected to the
thermistor probe. This kind of wire is readily available at many hardware

stores.
Wiring the Controllers

Earlier a sheet of plywood was installed inside the basement wall to
attach the pipes and wires coming through. I used a 2 foot by 4 foot piece
of plywood 3/4" thick. It gave me enough space to clamp the pipes to
support the pump and all the other devices. I mounted the thermometer
displays on an 8" by 8" piece of 1/4" thick piece of plywood and attached
it to the plywood on the wall

Having thermometer probes connected to various points in your system

gives you a good idea of how well your system is working.
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The differential thermostat and sun detector may be added next. Having
the sun detector is a good idea particularly since the whole point of
building this project is to save energy. It would not make sense to have
the pumps running on a cloudy day or after sundown since you would be

taking heat from the reservoir and radiating it out to the atmosphere.

Be careful when wiring the differential thermostat and sun detector since
one side of the relays on both of these will be connected to 110 volts AC
and you can get electrocuted if you are careless. Connect the other side of
the relay on the sun detector to the power transformer and relay for the
differential thermostat. Take care to insulate and cover wire junctions that

carry high voltage to protect yourself as well as the electronic circuits.

The Sun Detector has a transformer that requires 110 volts AC household
current to operate. Also connect the hot wire of your household AC to the
relay switch on the sun detector and the Differential Thermostat. The
other side of the relay switch should be connected to one side of the
transformer on the Differential Thermostat. The other side of the
transformer on the Differential Thermostat is connected to the neutral side
of the AC supply. Connect the hot wire of the 110 volt AC household
current to one side of the relay switch of the Differential Thermostat. The
other side of the switch of the Differential Thermostat is connected to the
black/hot wire of the circulation pump. The white wire on the pump
should be connected to the neutral side of your 110 volt household AC
supply. In addition, a ground wire should be connected to the body of the

pump as indicated by the manufacturer. Check and recheck your wiring.
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You could destroy your controller circuits due to incorrect wiring. You

could also electrocute yourself.

Wiring the Pumps

The controller circuits should be wired to the pump that circulates
antifreeze from the collector panel on the roof to the bottommost pipe coil
in the reservoir and back again. The pump comes with a complete set of

instructions showing the proper wiring connections.

The second pump in the system is connected to the middle pipe coil and
will circulate the antifreeze for heating your house. The wiring should be
connected through a high voltage thermostat so that the pump runs only
when the temperature in the area you are trying to heat falls below the

temperature set on your thermostat.

Charging the System with Antifreeze

Your next job is to fill the system with antifreeze. Get non-toxic
propylene glycol. You can get this in five-gallon buckets at plumbing
supply places. I have even seen one-gallon jugs at hardware stores. It is
used by owners of cabins in the northern states in the winter to keep pipes

from freezing.
Use a five-gallon bucket filled with a 50-50 mixture of propylene glycol

and water, much the same as you would mix antifreeze for your car. See

the mixture recommendations on the bucket you purchase in case you

68



8. Connecting Other Things LY

need to modify the propylene glycol to water ratio. Use clear plastic

tubing so you can see what's happening.

The pump I used was a small one made by an Oklahoma company called
Proven Pumps. The pump itself is a model they call a Pony Pump model
360. It is capable of moving up to 300 gallons per hour and can lift liquids
from 7 feet below to 40 feet high. Fill the inlet tube using a small jug with
a spout with the antifreeze mixture until you see it come through the
outlet side of the pump. Put your thumb over the end of the tube and
immerse it into the bucket of antifreeze mixture. The antifreeze mixture
should start flowing when you start the pump. It may take a few tries to
get a steady flow going. Once you have a steady flow air bubbles should
start coming out of the other tube. If you seem to be having trouble, check
to make sure that all the valves in your system are open except for the
gate valve between the two boiler drain valves. It may also help to turn on

your circulating pump.

When the system is full the antifreeze mixture will start flowing through
the tube not connected to the pump and you should not see any more air
bubbles. During this process you will probably need a helper to keep the
bucket filled so that you don't have to keep stopping the pump to refill.
My system took about 10 gallons of the antifreeze mixture. When no
more air bubbles are visible, shut off both boiler drain valves and shut off
the pumps. Open the gate valve between the boiler drain valves and your
system should be ready to go. Up at the highest point of your piping on

the roof you should have provided a bleeder valve. Check it to make sure
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that there is no air trapped which will prevent the circulation pump from

circulating the antifreeze mixture.
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Your heating system should now be ready to operate. Inspect each section
carefully to make sure everything is in order and that there are no leaks
anywhere. Insulate all the pipes with the pipe insulation indicated in an
earlier chapter, especially the pipes running up through an uninsulated
attic and above the roof to the collector panel. Make sure that the slits that
run the length of the insulation face downwards in any horizontal runs. If
your pipe insulation did not come with an adhesive coating along the
split, tape it up well using duct tape. Do everything you can to prevent

heat loss.

On a sunny day your temperature readout for your collector panel will be
quite high. I have been able to register over 200° F on sunny days during
the summer when there are many more hours of sunlight than in the
winter. Due to the huge volume of rocks that need to be heated, it will
take many days for the temperature to stabilize so don't get discouraged

by your initial temperature readings.

I have a budget plan with my gas company in order to have a predictable
bill each month. In the summer months I accumulate a credit since the
furnace remains off so less gas is used and in the winter when more gas is
used the credit is applied to my bill. The budget amount is evaluated
every year and adjusted according to my useage. Last month my budget
amount was reduced to almost half my normal budget amount. Now

granted, we had a pretty mild fall, but considering that the budget is
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adjusted for useage over an entire year, the only thing I can attribute the

drastic reduction is to the addition of my solar heating system.

It is my hope that you will build your own heating system and enjoy the
process and the results just as much as I have enjoyed building mine and

sharing my experience with you.
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