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The Energy-efficient Home

Warming a window. Insulated fabric, opened

to reveal its four distinct layers, can reduce the
heat loss through a window by as much as 80

per cent. Easily cut with scissors, the special cloth
can be faced with a decorative cover fabric to
make attractive shades (pages 19-21), which can
be raised handily with nylon cords, sew-on

cord rings and, if necessary, a small pulley.

Keeping a home warm in winter, cool in summer and supplied with
hot water around the clock in all seasons costs a lot of money. In
recent years, the prices of electricity, natural gas and fuel oil for
home heating and cooling have skyrocketed. Energy consumers to-
day are worrying not only about inroads on the family budget but
also about the continued availability of gas and oil—at any price.
In response to these problems, scientists and technologists have
redoubled their efforts to find new sources of energy and to make
present sources more economical. News reports continually trumpet
breakthroughs and near-breakthroughs. While many people are con-
fident that science and industry can assure cheap, dependable ener-
gy sources for the future, more and more homeowners are seeking

individual solutions to the so-called energy crisis and, in many in-

stances, are increasing the values of their homes at the same time.

For some homeowners, the solutions involve new uses for old and
neglected resources. Individuals are fashioning backyard generators
that harness wind or water, and they are adding economical wood-
burning furnaces to their home heating systems (Chapter 3). Not
only do these adaptations substitute cheaper—or free—energy
sources for more costly ones, they provide a flexibility that could
save the day should standard fuels suddenly become unavailable.

Other homeowners are taking fuller advantage of the greatest of
all energy sources—sunlight. Although the earth receives only one
two-billionth of the sun’s energy, just a quarter hour of sunshine
equals all of the energy consumed by humans from all other sources
in an entire year. This bounty, trapped in rooftop collectors or glazed,
wall-mounted panels, can be readily applied to space and water
heating, and it may someday be a major source of electricity.

For most people, however, a wise, personal energy policy starts
with putting what they already have to the best use. Any house can
be made more comfortable in summer by taking advantage of cool
breezes, and the addition of an inexpensive device made of wood
and plastic, called a solar chimney, can circulate air throughout a
house even on still days (pages 72-15). In winter, shades and shutters
that provide effective thermal barriers at windows, air locks that keep
cold breezes out of doors and thick walls that contain massive
amounts of insulation can cut heating costs dramatically.

In fact the spectrum of choices facing today’s energy consumer is
sometimes bewildering. Winnowing out the right answer to your
energy needs will require patience and perseverance. And first, be-
fore examining any of the options, you must undertake a gimlet-eyed
appraisal of your present energy supply and the efficiency with

which you use it (overleaf). ;



Exploring Your Options for Energy Savings

Reduced to its simplest economic terms,
the energy you use to run household ap-
pliances and to maintain a comfortable
climate in your home is a commodity.
Whether it comes in the form of gallons
of fuel oil, kilowatt-hours of electricity or
cubic feet of gas, you buy energy from a
utility or fuel company—and probably
pay a lot for it.

There are two basic ways to reduce the
amount of energy you buy. The first is to
employ conservation measures. The sec-
ond is to harness an alternative source.
To discover the ways you can best ap-
proach these goals, take stock of your
needs and the potential of the resources
available. For example, if you have a large
family and spend a high percentage of
your energy dollars on hot water, your
highest priority may be finding a way to
save on water heating. If you live in the
sunny Southwest, a solar water heating
system could cut your fuel bills dramati-
cally; if your home is in a cloudier cli-
mate, a heat-pump water heater might be
a more practical solution.

The first step in making such decisions
is to conduct an energy audit of your
house. Begin by analyzing your fuel and
utility bills, as explained in the box oppo-
site, to determine how much energy you
are using and what you are using it for.
Most consumers spend more than half
their energy dollars heating or cooling
their homes. Many are paying in large
part for wasted energy—wintertime heat
that escapes through poorly insulated
walls and out cracks around doors and
windows, or summertime air condition-
ing that compensates for outside heat
creeping in via the same pathways.

To determine whether your heating or
cooling bills are excessive for your area,
give your house an efficiency rating by
means of the formula outlined in the box.
To do the arithmetic, you will need to
convert your present heating energy re-
quirements into BTUs and to find out
your area’s annual number of heating-
degree days (HDDs)—a measurement
used by weather experts to define the
severity of a given climate.

A BTU—for British Thermal Unit—is a
standard measurement of heat energy.
One BTU is the amount of heat needed
to raise the temperature of 1 pound of
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water 1° F. A gallon of fuel oil produces
140,000 BTUs; a kilowatt-hour of electric-
ity 3,400 BTUs; and 100 cubic feet (1 CCF
or therm) of gas 100,000 BTUs.
Heating-degree days are calculated by
subtracting the average temperature for
each day from a base temperature of 65°.
For example, a day with an average tem-
perature of 31° is rated at 34 HDDs.
Annual HDD totals range from 1,500 in
regions along the Gulf of Mexico to
10,000 along the U.S.-Canadian border.
To find the HDD figure for your area, ask
your local utility company. Many utili-
ties also calculate cooling-degree days
(CDDs), the difference between 65° and

- the average outdoor temperature. Annual

CDD totals range from approximately 200
in the Northwest to more than 3,000 in
the Southwest.

The result of your efficiency calcula-
tions will be the number of BTUs your
house consumes, per square foot, per
heating- or cooling-degree day, in order
to maintain a comfortable temperature.

If you come up with a poor to average
rating, examine the house to see how
energy is going to waste. Although you
can do this on your own, you may want
to get advice from your local utility com-
pany or an energy audit firm.

To help consumers find ways to con-
serve energy, federal law requires utilities
either to perform walk-through house in-
spections for a minimal fee or to provide
explanatory literature that will enable
homeowners to conduct inspections.

You or the utility auditor should check
the condition of the caulking and weath-
er stripping around doors and windows,
examine the heating and cooling systems
to see if they are at peak efficiency, and
rate the insulating ability of your walls,
roof and windows in terms of R value.

R value is a measurement of a building
material’s ability to slow the passage of
heat: the higher the R value, the more
effective the insulation. The wall insula-
tion in most well-built contemporary
homes ranges from R-11 to R-19 and ceil-

ing insulation from R-19 to R-38, depend-

ing on the climate. If your house is inad-
equately insulated for your area, your
utility company can advise you on how
much additional insulation you will need
in order to bring it up to standard.

If the results of your energy audit indi-

cate that your home is operating at peak
efficiency, you can start to consider some
of the modifications—or retrofits, as they
are called—described on the following
pages. The effectiveness and practical
value of any energy retrofit depends on a
combination of several—in some cases,
all—of the following factors.
O CLIMATE. The climate of a region, as
rated in heating- or cooling-degree days,
gives an indication of how practical cer-
tain conservation measures might be. For
example, a house located in an area with
a high number of heating-degree days
will save money with super weather-
proofing measures such as triple-glazed
windows (page 18) or extra-thick insula-
tion (pages 26-31). Homes in warmer cli-
mates—with a high number of cooling-
degree days—will benefit more from a
ventilating system, such as the solar
chimney (pages 10-15), that will cut the
load on an air conditioner.

The direction of prevailing winter
winds in your region may tell you which
walls need insulation or which windows
need extra glazing. Your weather bureau
can provide data on wind direction.

O HOUSE SIZE AND SHAPE. The total
square footage of a house—or a room—
often dictates the size of equipment such
as solar collectors. The dimensions and
shapes of outside walls determine where
(or if) you can mount certain solar de-
vices such as thermosiphoning air panels
(pages 48-57). To take the measurements,
sketch rough floor plans of the rooms,
draw elevations of exterior walls, and
note down all the dimensions.

O SOLAR ORIENTATION. In the Northern
Hemisphere, the sun moves across the
southern sky. During winter it moves in a
much lower arc than in summer, so sun-
light striking the south wall of a house in
December may be blocked by roof eaves
in July. To get the full benefit of its
warming rays, solar collecting devices
must be mounted to face within 20° of
true south—the more directly, the better.
The sun lies true south at noon.

True south, also called due south, dif-
fers from the magnetic south shown on
compasses because of an anomaly that is
known as the magnetic deviation. The
discrepancy between true and magnetic



south varies from one area to another,
but any local fand surveyor can tell you
what it is at your site. To locate true
south on your own property, either check
a survey map for your house lot or take a
compass reading to find magnetic south,
then compensate by the amount of the
magnetic deviation in your locale.

O LATITUDE. The distance of an area from
the equator is expressed in degrees of
latitude—a figure available in any atlas.
To catch noon sunlight face-on, solar col-
lectors are usually mounted tilting at an
angle equal to or within 10° of the lati-
tude in which they are located.

O INSOLATION. Insolation is the amount
of sunlight your area receives. It is ex-
pressed in terms of BTUs per square foot
orin langleys. A langley equals 3.69 BTUs.
Insolation is a critical factor in calculating
the potential output of solar devices and,
along with the dimensions of the house,
is one of the statistics used in determin-

ing how many square feet of collector
surface you need. High rates of insolation
will also indicate the need for heavy
summertime window shading. Some util-
ity companies and weather services re-
cord local insolation data. If you cannot
get the information, write or call the Na-
tional Climatic Center, Federal Building,
Asheville, North Carolina, 28801.

O POTENTIAL OUTPUT. Some energy de-
vices, such as heat pumps and wood fur-
naces, are rated according to how many
BTUs per hour they are capable of pro-
ducing—information that the manufac-
turer or dealer can furnish. To estimate
how well a proposed installation will
handle your needs, weigh its BTU output
against your BTU requirements, as fig-
ured in the energy audit. Solar collectors
are rated according to how many BTUs
they can deliver per square foot of glaz-
ing area during daylight hours. A solar-
equipment distributor may have perfor-

mance statistics for sample climates to
help you size your collector.
O COST EFFECTIVENESS. The cost effective-
ness of a retrofit is calculated by making
an estimate of its payback period—the
time it will take for the installation to pay
for itself. For example, a $600 heating de-
vice that can handle 10 per cent of a
home’s space-heating needs will trim
$100 a year from a $1,000 annual oil heat-
ing bill. 1t will pay back its costs in six
years. (When figuring costs of a retrofit,
check to see if it qualifies for tax credits,
which will help defray its expense.)
Not all retrofits can be counted on for
quick payback periods. But favorable
payback is only one reward for installing
energy retrofits. An installation that re-
sults in noticeable savings can add to the
resale value of the home. For many own-
ers, there is a value that cannot be mea-
sured in dollars and cents: the personal
satisfaction of conserving energy.

Scrutinizing Your Costs

Begin an energy audit by obtaining rec-
ords of the monthly bills for the past
three years from all the utility or fuel
companies from whom you buy energy.
The records should list the number of
units of fuel charged to the house and
the total price per billing period. Do all
of the calculations in terms of units of
fuel. You can later convert the figures to
dollars by multiplying by the unit price.

To find out how much energy your
water heater uses, subtract the ground-
water temperature from the hot-water
temperature. Multiply that figure times
20 (the gallons of hot water a typical
person uses each day) and that by 8.33
(the number of pounds in a gallon).
Then multiply the result'by the number
of people in your household and by 30
to get the total number of BTUs re-
quired for water heating each month.
For gas or oil water heaters, factor in an
efficiency rating by dividing the total by
.75 if the heater is less than 10 years old
or by .5 if it is more than 10 years old.
Convert the BTUs to units of fuel.

To isolate air-conditioning and heat-
ing fuel consumption, first calculate
your home’s base load—the more or
less fixed monthly energy needs of

lights, appliances and water heater.
Then subtract the base load from a
month’s total utility bill.

To find the base load for an all-
electric house without air conditioning,
average the bills for June, July and Au-
gust by adding up the kilowatt-hours
consumed and dividing by three. For an
all-electric house that has air condition-
ing, determine the base load by finding
two months in a year when the house
was neither heated nor cooled; typical-
ly, electricity use is lowest during May
and September. Average the kilowatt-
hours used in these two months and
subtract the result from your winter
bills to isolate the heating needs. To
determine a month’s air-conditioning
costs, subtract the base load from a
summer month’s electricity bill.

For a house with an oil furnace and
water heater, but electric appliances
and air conditioning, average the sum-
mer oil bills to get the base load for oil
and subtract the result from the winter
bills to get heating consumption. To
calculate air-conditioning needs, sub-
tract the average winter electricity use
from the summer months’ bills.

For a house that burns natural gas for

heating, hot water and major appli-
ances, average the summer months’ gas
bills to find the base load for gas usage,
and subtract it from the winter gas bills
to isolate your heating needs.

After you have figured the amount of
fuel you use to heat or cool your house,
determine whether your consumption
is excessive. First, convert the units of
fuel bought each month into BTUs:
Multiply kilowatt-hours by 3,400; gal-
lons of oil by 140,000; and therms or
CCF (100 cubic feet) of gas by 100,000.

Next, divide the BTU total by your
local heating or cooling degree-day rat-
ing for that year. Convert this- number
to a square-footage basis by dividing it
by the living area of your house, and
you get a rating of the house’s heating
or cooling efficiency. For heating, a rat-
ing up to 10 is excellent; from 11 to 20,
average; more than 20, poor. For cool-
ing, a rating up to 3 is excellent; 3 to 6,
average; more than 6, poor.

Thus, a 2,000-square-foot house that
used 1,400 therms of gas per year with
an HDD rating of 5,500 HDDs would be
rated at 12.7, in the average range (1,400
x 100,000 = 140,000,000 + 5,500 =
25,455 = 2,000 = 12.7).




Cooling the House Grandma’s Way

Before the advent of electric air condi-
tioners, homeowners used an array of
simple tactics to beat the heat. They
pulled the shades on the sunny side of a
house (but left the upper sash of double-
hung windows open), then opened both
the shades and windows on the shady
side, and turned on fans that stirred cool-
ing breezes.

These battlers of the heat had an in-
stinctive appreciation of at least three
complex coolifig processes. In the jargon
of today’s energy pioneers—whose inter-
est in oldtime cooling methods has been
sparked by the quest for lower utility
bills—the processes would be identified
as preventing solar gain (pulling the
shades), facilitating personal evaporative
cooling (letting breezes cool your sweat-
dampened skin), and utilizing thermo-
siphoning and active ventilation to aug-
ment air flow (lowering upper window
sashes, providing vents in the attic and
turning on fans).

Of these processes, only thermosi-
phoning is difficult to understand.

Thermosiphoning is based on the prin-
ciple that heat rises. If windows near the
ceiling of a room—or vents near the top
of the house~are open, the rising hot air
will waft outside. As this air leaves the
house, it will be replaced by cooler air
sucked into open windows on the shady
side of the house or crawl-space vents
near the cool ground. To take fullest ad-
vantage of thermosiphoning, open the
lower sashes of windows on the cool side
of a room about 25 per cent less than the
upper sashes of the windows on the
warm side. The restricted passage on
the cool side creates a natural pressure
that actually pulls the air in faster, in-
creasing evaporative cooling.

On a smaller scale, at individual win-
dows, thermosiphoning sometimes has a
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negative effect that must be avoided. Be-
tween loose-fitting draperies and the in-
side of a window is a space that collects
hot air on sunny days. When this air rises,
it pulls cooler air up under the fabric,
creating a convective current that circu-
lates the hot air into the room. A valence
of fabric or wood installed across the top
of the window will reduce this flow.

On a scale larger than the treatment
of individual windows, thermosiphoning
can be used to encourage air flow
throughout an entire house. Gable and
soffit vents have long been used to flush
unwanted heat out of attics, and glazed
cupolas—especially popular atop homes
in New England—provide a similar si-
phoning service for the highest living
space of a house. Today many homeown-
ers are duplicating the effect of the cupo-
la with a plywood and plastic shaft,
called a solar chimney.

In a solar chimney, sunrays heat the air
through glazed southern and western
faces; the heated air rises quickly out of
the chimney top, pulling heated air out
of the house in its wake. A wind-driven
turbine, capping the chimney at the top,
can further increase the air flow when
the wind is blowing. As the heated air
exits from the top of the house, cooler air
is pulled in through floor registers from
the basement or crawl space, and
through windows opened to shaded
porches or gardens.

For maximum efficiency, solar chim-
neys should be positioned on an unshad-
ed expanse of roof that receives full mid-
day and afternoon sun. Choose a portion
of the roof offering a straight descent
through the attic to aroom below, free of
intervening beams, heating ducts or elec-
trical cables. If necessary, remove a sec-
tion of attic flooring to make an inspec-
tion before proceeding.

For the body of the chimney, you will
need standard, construction-grade, 2-by-
4 studs and %-inch exterior plywood. You
can use the same plywood to fashion
sliding doors-for the ceiling below, which
are used to close off the opening in cool-
er weather. Transparent, fiber-reinforced
plastic panels % inch thick, sold under
the trade name Fiberglas, are used to
glaze two sides of the upper portion of
the chimney. A standard 16-inch wind-
turbine vent is set atop the chimney. All
of these materials are available at large
building-supply stores.

The turbine requires a square chimney
cap, however, which is not standard.
Take the turbine to a sheet-metal worker
to have a cap built to the dimensions of
your chimney—15% inches square for
houses that have rafters or roof trusses
spaced 16 inches apart, 23% inches
square for roofs based on 24-inch spac-
ing. The cap should have a down-turned
lip around its perimeter and an upturned
collar at its center to accommodate the
turbine. To prevent water from leaking
through the joints of the chimney, you
also will need lengths of aluminum flash-
ing, 4, 8 and 18 inches wide.

Silicone caulking and asphalt roofing
cement finish the job outside, sealing all
the rooftop seams. To seal the inside, you
need two lengths of U-shaped aluminum
channel, each 1% inches wide and twice
the length of the ceiling opening below
the chimney (page 75, Step 1). Also buy
rigid foam insulation, 1 inch thick, to glue
to the back of the sliding doors.

As with any building project, check
with your local building department be-
fore you begin work; in many communi-
ties, local building or architectural codes
strictly regulate the design and position
of rooftop additions. In addition, you
may have to obtain a building permit.


















Window Treatments That Save Energy

Windows are notorious energy wasters.
In summer they allow sunlight into a
house, overheating it and driving up air-
conditioning costs. In winter they let pre-
cious heat escape, sending fuel bills soar-
ing. Some 25 to 30 per cent. of a typical
home’s heat goes out the window during
cold months; in older houses, with
loose-fitting windows, the loss can ex-
ceed 50 per cent.

Windows act as heat passageways be-
cause glass is a very poor insulator. Most
windows have an insulation rating, or
R value (pages 8-9), of less than 1.

Fortunately, keeping outside heat from
coming in through a window is easy, be-
cause much of it enters in the form of
sunlight. You need only cover the win-
dow glass or direct the sunlight away
from it. A variety of conventional shades,
blinds, shutters, and awnings all effec-
tively block out the sun. A louvered over-
hang, like the one on page 18, built with
preservative-treated wood, will bounce
heat-producing rays away from the glass
while still allowing some indirect light to
filter through.

Controlling heat loss through windows
is more difficult, in part because heat not
only exits through the glass but leaks
out through cracks around the frame.
Caulking and weather-stripping window
frames will dramatically reduce the out-
flow of heat. But the most effective solu-
tion is to insulate the windows them-
selves with permanent or seasonal layers
of glazing, and then cover them on cold

nights with insulated shades or shutters.

No glazing material is in itself a good
insulator, but a window’s R value can be
doubled by adding a second layer of
glazing, which creates an insulating
pocket of trapped air. The insulation can
be increased by another third, to almost
R-3, by adding a third layer of glazing.

One of the simplest and most com-
monly used methods of adding glazing is
to install exterior storm windows fitted
with single or double panes of glass or

16

rigid plastic. A less expensive but equally
effective technique is to fashion interior
windows of rigid plastic or plastic film.
The plastic is either mounted on frames
(available in kits) or secured directly to
the window casing with screws or tape.

A third technique for increasing layers
of window glass is to replace individual
panes with sealed, double-glazed panes,
% inch thick. If the window sashes can-
not be altered or reconstructed to ac-
commodate the thicker panes, the entire
window can be replaced by a prefabricat-
ed unit with double or triple glazing.

When adding multiple glazing, keep in
mind that the south windows of a house
serve as solar collectors in cold weather,
transmitting warming, energy-conserving
sunshine into the home. A second layer
of glazing added to these windows
should be one of the high-transmittance
materials listed in the chart opposite. Or-
dinary window glass is transparent, but it
has a shiny, reflective surface that allows
sunlight to bounce off. The somewhat
duller-looking high-transmittance mate-
rials absorb most of the sun’s rays, allow-
ing more heat to pass through.

Usually it is not worthwhile to triple-
glaze south windows. Whatever material
is used, a third layer will reduce the pas-
sage of light, and the subsequent loss of
solar heat in cold climates may actually
offset the heat-containing value of the
added insulation.

To reduce heat loss further, windows
may be blocked out completely at night,
using a variety of opaque insulating
materials. Lightweight fabric insulation,
available at many fabric and shade stores,
can raise the insulating value of a single-
glazed window to R-6. On a multi-glazed
window, the extra insulation can raise
the total R value close to that of the
surrounding walls.

The insulation, which comes in large,
blanket-like sheets, generally consists of
two layers of dense polyester fiber—simi-
lar to the material used to fill bedroom

quilts and outdoor clothing—sandwich-
ing a plastic-film vapor barrier. The insu-
lation is faced with moisture-resistant
fabric; some brands also include a heat-
reflective metallic shield. Covered with
decorative drapery fabric, the thick insu-
lating material can be fashioned into a
variety of heat-saving window coverings;
the accordion-pleated Roman shade on
pages 19-21 is one example.

Flexible magnetic strips backed with
adhesive—available at many hardware
and fabric stores—are attached to the
edges of the shade. Pressed against a
steel window frame-or against match-
ing magnetic or steel strips mounted.on a
wooden frame~the magnets. seal the
window against leaks.

Interior shutters of rigid foam insula-
tion are an inexpensive alternative to
bulky fabric window coverings. Pop-in
shutters (page 22) of ordinary styrene
foam board—similar to the material used
for inexpensive picnic coolers—have an
R value of 4 to 5 per inch of thickness.
Even better are shutters made from
urethane foam or foil-sided polyisocyan-
urate foam—rated at R-8 per inch and
used to insulate exterior walls under such
trade names as Thermax and R Max.

Pop-in shutters have several draw-
backs: They must be removed and stored
during the daylight hours; they tend to
shrink or warp with age; and unless coat-
ed with fire-retardant paint, they may
burn or give off toxic fumes when ex-
posed to flame. Hinged bifold shutters
(pages 22-23), faced with flame-resistant
fabric or a thin skin of wood or plastic,
take longer to construct; but once in-
stalled, they are sturdier, less hazardous
and far more convenient.

Dozens of other window treatments
are available in kit or manufactured form.
Those pictured on pages 24-25 are a
representative sampling of ingenious
space-age products that can transform
energy-wasting windows into energy-
conserving home accessories.



The Basic Glazing Materials

Material Common trade Form Characteristics
names
Window glass Rigid single sheets %'’ to %6’ thick; double- Most durable and readily available glazing mate-
strength (%'’) is standard and can be cut to any rial. Heavier and requires stronger framing than
size or shape. Hermetically sealed, double-wall plastics.
sheets %6’ thick are available in standard window
sizes. Both types are available in clear, tinted,
frosted or reflective sheets.
Low-iron glass Sunadex Rigid single sheets %"’ thick, or double-wall Reduced iron content and nonreflective surface
Solakleer sheets 76’’ thick; precut in most standard window  increase light transmittance, making it the best
Heliolite sizes. glass for storm windows.
Acrylic Plexiglas Rigid single sheets %’ to %'’ thick, double-wall Excellent light transmittance, durability and light
Lucite sheets %’ thick; cut by dealers to size from weight make it a gopod—but expensive—~glazing
Acrylite 4'-by-8' panels. material. Semitransparent, double-wall sheets
Exolite are used for privacy in large windows. Scratches
easily.
Polycarbonate Tuffak Rigid single sheets %’ to % thick, double-wail ‘More resistant to impact and high temperature
Lexan sheets %'’ to %'’ thick; similar to acrylic and cut than acrylic, but transmits less light. Discolors
in the same manner. with age. Semitransparent, double-wall sheets
are virtually indestructible, thus useful for home
security.
Fiberglass- Filon Flexible sheets in flat, corrugated or shiplap con- Translucent but not transparent. Strong, light
reinforced polyester Sun-Lite figurations, .025" to .060" thick, in widths to 60"  and inexpensive.
(FRP) Crystalite and lengths to 507; also available in more rigid
Glasteel multiple-layer sheets.
Acrylic-polyester Flexigard Two-ply film 7 mils thick, in rolls 4’ wide, 20" to Translucent; combines acrylic durability with poly-
laminate 150’ long. : ester flexibility. Should be installed with acrylic
side facing out.
Polyester Mylar Film 1 to 7 mils thick, in rolls 26 to 60/ wide, Inexpensive, high-transmittance material for inte-
Llumar 50’ to 300 long. Available in a variety of tints or rior use when treated with ultraviolet stabilizers;
Sun Gain coated with metallic, reflective surfaces. untreated film deteriorates quickly. Tears and
Heat Mirror wrinkles easily.
Polyethylene Film, usually manufactured in the thicknesses of 4  Least expensive, but degrades rapidly and melts

or 6 mils; available in rolls 10’ to 42’ wide, up to
150’ long.

in moderate heat. Adequate for temporary use.

Choosing a glazing. This chart lists, by both
generic and common trade names, the glazings
best suited for insulating windows—from tradi-
tional glass to film as thin as a plastic sandwich
bag. All of the glazing materials are either
transparent or transiucent, and many of them are

available in a variety of tints or with decorative
finishes and coatings. All of the rigid materials are
available in what is known as double-wall form:
prefabricated double-glazed sheets, with two lay-
ers that are connected and held parallel by

sealed edges or interior connectors.
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A Storage System for Solar Heat

An indoor thermal storage system can re-
duce winter heating bills by trapping
sunlight as it enters your house and stor-
ing the heat from the sunlight until it is
needed. The principle behind thermal
storage is simple: A solid substance or a
container of liquid placed beside a win-
dow in direct sunlight absorbs heat from
the sun’s rays. When the air surrounding
the heat-storing mass becomes cooler
than the surface of the substance or of its
container, the material ‘begins to release
the stored heat.

Putting the principle of thermal storage
into practice is also simple, provided that
several conditions are met. Thermal stor-
age systems work best in rooms that have
their windows facing south. The more
windows the better; as a general rule, the
glazed surface area should equal at least
10 per cent of the floor space in the
room. Such rooms are prone to overheat-
ing as the sharply angled rays of winter

Determining Storage Needs

Calculating quantities of thermal mass. To
use the chart at right, first total the square feet of
floor space in the room or area to be heated;
then total the square feet of south-facing glass in
the same room or area. In the left-hand col-
umn of the chart find the description that best de-
fines the type of insulation in your house. Read
over to the next column and choose the tempera-
ture closest to the average January-February

" temperature in your region. Find the conversion
factor directly to the right of the temperature
and multiply the floor-space figure by this number.

If the result of your multiplication is greater than
the south-facing-glass figure, thermal storage
will not work efficiently in the planned area. if the
result of the multiplication is iess than the
south-facing-glass figure, multiply the difference
by the thermal-mass base quantity for the stor-
age material you plan to use. The final figure will
tell you how much thermal mass to add for op-
timum heat storage in your house.
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sunlight pour through the windows dur-
ing the day; it is this tendency to over-
heat that makes the room a good candi-
date for a thermal storage system. The
added mass near the windows absorbs
the extra heat before the room has a
chance to become too hot; the stored
heat is not released until it is needed—
after the sun goes down.

You can perform an easy test to deter-
mine whether added thermal mass in a
room or section of your house will store
and radiate enough BTUs of heat to help
cut heating bills. Ona sunny winter day,
pull back drapes and blinds to uncover
all the windows in the room, then place a
thermometer in the center of the area. If,
between 10 a.m. and 2 p.m., the tempera-
ture in the room .reaches 90° or higher,
thermal storage will work efficiently and
cut heating costs.

Masonry, concrete, water and a lique-
fied chemical compound called phase-

change material (PCM) are all used to
provide the mass required-for thermal
storage. Some of these materials are more
practical for new construction than for a
solar retrofit.

Masonry and concrete, for example,
are generally installed as part of the floor
area adjacent to windows or as columns
partially blocking windows; these materi-
als are most efficiently utilized when
they are incorporated in the design of a
room. Certain water and PCM containers
are made to be built into the structure of
a wall; these are also easier to install dur-
ing rather than after construction.

The water and PCM containers illus-
trated on these pages are designed for
use as part of a solar retrofit. The cylindri-
cal tanks (opposite, below) are made of
fiberglass and are available in 12- or 18-
inch diameters, in heights of up to 10
feet. They hold up to 132 gallons of wa-

‘ter. You can add dye to the water to

House insulation

Average January- )
February temperature Conversion factor

Standard: 312"’ fiberglass batts or equivalent 20°F. 115
in 4" walls; 6 fiberglass batts or equivalent
in ceilings; double-pane glass; weather- 30°F. .105
stripped windows and doors.

40°F. .90
Heavy: 6’ fiberglass batts or equivalent in 20°F 92
6 walls; 9" fiberglass batts or equivalent in ' ’
ceilings; 3%" batts in floors or 1 styrene or
urethane insulation in basement; triple-pane 30°F. .84
glass or double-pane glass with night insu-
lation; weather-stripped windows and doors.

40°F. 72
Super: 6’ fiberglass batts or equivalent in
6" walls; 1" styrene or urethane insulative 20°F. 83
wall sheathing (sub-siding); 12" fiberglass
batts or equivalent in ceilings; 6’ batts in
floors or 2" styrene or urethane perimeter 30°F. .75
insulation in basement; triple-pane glass
or double-pane glass with night insulation;
weather-stripped windows and doors. 40°F, 64

‘mal-mass
r: 7. gal.
e-change
.- Brick: 5 sq. ft.”
-Concrete slab: 4:






















Harnessing the Heat of the Sun

Solar building materials. Sturdy aluminum The slim, black solar collector panels fast becoming a familiar sight in
bars, which can be cut fo size with a circular saw,  communities across the country are not a novelty born of present-
are assembled like the pieces of a picture frame . L. .

to hold a ribbed acrylic panel. The transparent, day fuel shortages. Americans began economizing with solar collect-
double-skinned panel transmits light as well as ing devices before the turn of the century. A simple solar water
glass does, but the acrylic is far tougher, making .. .

it an excellent glazing material for solar collectors. heater similar to the‘batcl') heater on page 89 wag patented in 1891. It
A flexible silicone-coated gasket fitted into featured four galvanized-iron water tanks, painted black and mount-

the frame allows the panel to expand and contract o jnside an insulated pine box with a glass cover. By 1900, the
without leaking when the temperature changes. . . .
Climax, as it was called, crowned thousands of American roofs. But
its popularity did not last: The advent of cheap natural gas made
solar water heaters passé by the 1930s.

The designers of the Climax were not the first to learn that a space
enclosed with transparent glass would trap the heat of the sun.
Centuries earlier, the ‘comfort-seeking Romans who basked in
steamy, glass-walled bathhouses were utilizing the main principle of
solar collection: the greenhouse effect.

Sunlight is made up of very short wavelengths of electromagnetic
energy, a characteristic that permits it to pass easily through transpar-
ent materials such as glass. If the light then strikes a dense, opaque
substance, it is absorbed and turned to heat. But the heat waves,
being longer than light waves, cannot readily pass back through the
transparent material. Thus, a transparent enclosure becomes a heat
trap. The modern, flat plate solar collector works exactly that way: In
effect, it is a small greenhouse.

Solar collectors are at the heart of each of the solar heating devices
on the following pages. Active solar systems employ mechanical
means such as a fan or pump to move the collected heat to where it
is needed. Others, called passive systems, rely on the natural princi-
ples of heat transference to do the job.

Heat always attempts to flow from a warm area to a colder one.
The three methods by which it moves are radiation, conduction and
convection. Radiation is the movement of heat waves across space;
anything warmer than its surroundings radiates heat to the objects
around it. Conduction is the movement of heat through a substance
by molecular vibration. The solid masonry Trombe wall shown on
page 41, warmed on the outside by the sun, conducts heat through
itself to the cooler house interior and radiates it into the room.

Convection.is the natural circulation of heated air. When the air is
warmed it expands, grows lighter and rises. As it loses heat to its
surroundings, it grows denser and sinks. The air heated in a wall-
mounted thermosiphoning air panel (page 49) travels by convection.
[t rises and escapes through an upper vent into the house, where it
gives up its heat, falls toward the floor, and exits the house through a

lower vent, completing a circular current of air. 39



The rombe Wall—A Solar Heater Made of Masonry

The Trombe wall—named after its inven-
tor, French architect Felix Trombe—con-
verts a solid masonry wall into a passive
solar collector that can provide about
half of the required heat for the living:
space it adjoins. Mounted on a wood
frame 3 inches out from the house wall,
transparent panels of glass, fiberglass or
plastic trap solar radiation in a narrow
hot-air sandwich. The sun’s rays heat the
masonry; the sun-baked brick, concrete
or stone then warms the room inside.
When vents are cut in the house wall,
convective airflow augments the radiant
heat by circulating drafts of heated air
through the vents directly into the house.

The principle is simple, but not every
wall can become a Trombe wall: Certain
conditions must be met before you con-
sider this type of solar retrofit. The wall
must be unshaded during the winter and
shaded—either by trees or by an awn-
ing—in summer, and it must face within
20° of true south. It must be solid mason-
ry—brick, concrete, stone or adobe—at
least 8 inches thick, with no insulation
behind it and no internal air pockets.
Such pockets, often left during construc-
tion to provide thermal insulation or to
prevent moisture build-up within the
wall, prevent the masonry from storing
and radiating heat efficiently. Check your
building blueprints for evidence of air
pockets or, if the blueprints are not avail-
able, tap the wall over its entire surface
for telltale sounds of hollowness.

Finally, check the condition of the
wall’s outer surface. The masonry must
withstand temperatures that can range
from 140 to 180° F., so be sure to replace
broken bricks or stones and repair crum-
bling mortar joints.

Before building a Trombe wall, you
should also check with the local building
inspector and with any zoning commis-
sion or architectural review board that
may exist in your community. The ma-
sonry surface of a Trombe wall is often’
painted black for maximum absorption
and retention of heat. The wall works
well enough without the paint, howev-
er—which is fortunate because in some
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communities the black fagade, coupled
with its cover of transparent panels, may
be considered unsightly and, for this rea-
son, undesirable or even prohibited.

Once these preliminary requirements
have been met, you are ready to plan the
design of the wall. Trombe wall panels
come in a standard 4-by-8-foot size and
are available from solar-equipment deal-
ers. Plastic and fiberglass panels are gen-
erally more popular than glass because
they are light and easy to work with.
They come with rubber gaskets at the top
and bottom; be sure to remove the bot-
tom gaskets before you begin the instal-
lation. Glass panels, though heavy and
fragile, are also a possibility; all types
of panels have double walls for maxi-
mum heat retention.

You can buy all of the necessary fram-
ing materials for the panels from the
same source; they come in plastic, alumi-
num or wood, along with the appropriate
gaskets, depending on the type of panel.
To save money, you can buy pressure-
treated lumber and cut the framing
pieces yourself, as shown opposite, and
substitute a black rubber called neoprene
for the preformed gaskets; it comes in
strips and rolls from hardware stores.

For optimum efficiency, the area of the
wall should equal approximately one
third the floor area of the room the wall
is expected to heat. But in planning the
wall, take the size of the panels into con-
sideration. It is usually easier to adjust
the dimensions of the wall than to cut
numerous glass or plastic sheets to odd
sizes. Ideally, the only time you should
cut panels is when you plan to frame
around a window, either to provide a fire
exit or to avoid interfering with a view, as
in the case of the right-hand window
shown opposite.

A Trombe wall can be designed to
function with or without vents, depend-
ing on the time of day when heat is most
desired. An unvented wall, heating by ra-
diant heat alone, begins its heating cycle
late in the day and continues to provide
heat into the night. A vented wall, heat-
ing by convection as well as radiation,

begins its heating cycle earlier in the
day—as soon as the sun warms the air
trapped under the glazing.

The openings for a vented Trombe wall
should always be installed in pairs, in
vertical alignment, one just above floor
level, the other below ceiling level. The
size and number of vents is determined
by the size of the Trombe wall they will
service. The combined area of the vents
should be approximately equal to 1.5 per
cent of the total Trombe wall area.

To calculate the size of the vents, first
calculate 1.5 per cent of the total area;
then divide this figure into an even num-
ber of vents. Each vent should be about
three times as wide as it is high; no vent
should exceed 20 inches in width. If the
Trombe wall will cover a double-hung
window, you can use the upper portion
of the window for a top vent, as shown
opposite, and adjust the size of the other
vents accordingly.

The installation of a Trombe wall is a
fairly simple job, but one that requires
painstaking measurements. An error of
even as much as % inch in the placement
of a framing piece can make it impossible
to complete the installation, since glass
and plastic panels are quite difficult to
trim accurately.

At the same time, the framing must
allow for slight expansion and contrac-
tion of the panels caused by changes in
temperature—requirements that will be
specified by the panel manufacturer. The
measurements given in the Trombe wall
instructions on the following pages are
for acrylic panels set into a wood frame.
If you install a different framing system or
another type of panel (pages 48-57 and
64-77), refer to the installation instruc-
tions that accompany these materials for
the correct measurements.

For this installation, you will need only
a few basic tools—a circular saw for cut-
ting the wood framing and plastic panels;
a hammer drill, which can be rented from
a tool-rental store, if you will be cutting
vents in the masonry; and a socket
wrench for fastening expansion bolts to
the masonry wall.
























Warming a Room with a Glass-faced Box

A thermosiphoning air panel, commonly
called a TAP, is a single-room space heat-
er that uses convection to waft warm air
into a room. A TAP draws cool air near
the floor of the room into the bottom of
a glass-faced box. There, the air is
warmed by a metal absorber plate that
itself is heated by the sun; the air then
circulates back into the room. On a sun-
ny day, the air inside a TAP reaches tem-
peratures of between 90° and 120° F. Un-
like a Trombe wall (page 40), however, a
TAP has no storage capacity for nighttime
heating. Vents must be closed at night to
keep cold air out of the house.

Because a TAP can heat only a single
room and function only while the sun is
out, it is best situated on a room that is
used during the day. This may be a child’s
playroom, a study or a family room. The
TAP’s peak production will be between
the hours of 10 a.m. and 3 p.m.

The TAP design shown opposite can be
retrofitted onto a wood-frame house.
Like a Trombe wall, it must be installed
on a wall that faces within 20° of true
south (pages 8-9) and has exposure to the
sun unobstructed by buildings or trees.
Depending upon the amount of such
wall space available, the TAP can be con-
structed one, two, or three panels wide;
the example opposite is a double panel.
In all cases, the TAP surface area should
be no more than one third the floor area
of the room you plan to heat.

The panels can be mounted on a first-
or second-story wall. One variation on
the installation shown here is to build 8-
foot-high panels that draw cool air from
aroom downstairs and vent warm air just
above the floor on the second story.

All of the materials used to build a TAP
are readily available at lumberyards and
building-supply outlets. As on a Trombe
wall, it is the size of the glazing material
used on the face of the TAP that deter-
mines the dimensions of the panels. Al-
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though you can use plastic materials
made for solar glazing, many experts pre-
fer the double-glazed panes sold as re-
placement glass for sliding patio doors.
Since the edges of such panes are-her-
metically sealed, they cannot be trimmed
to size; rather, the frames of the panels
are built to fit around the glass.

To keep the heat that a TAP collects
from being absorbed by the wall of the
house, the panels are backed by sheets of
Y%-inch-thick foil-faced sheathing made
of rigid laminated cardboard. This kind of
sheathing is sold in several grades; you
will need the most rigid grade.

The absorber plate can be made from
corrugated aluminum of the type used
for roofs and siding. It is sold in sheets of
various lengths and widths, so you
should order pieces close in size to the
glass panels. Cut the sheets to the length
you need by trimming across the ribs
with tin snips; to cut along the ribs, score
the cutting line with a utility knife and
then bend the metal repeatedly until it
breaks. A carbide-tipped blade in a circu-
lar saw will make the cuts in either direc-
tion. Wear eye and ear protectors when
you work with a saw.

After the absorber panels have been
trimmed to size, use a solution of tri-
sodium phosphate and warm water to
wash off the greasy film that coats the
aluminum. Rinse the panels, then paint
the sides that will face the sun with a flat
black heat-resistant paint.

The perimeter frame for the TAP panels
can be made with any 2-by-4 lumber. But
the stops inside the frame that brace the
absorber plates and glass are subject to
very high heat. Avoid pine in making
those pieces—the fumes that pine emits
when it gets hot can fog the glass face of
the TAP, making it less efficient. Fir and
spruce are good alternatives.

The lumber depicted in the drawings
that follow is %-inch stock. The 1-inch

actual thickness of such stock provides
adequate surface area along its edges for
seating the glass and aluminum securely.
Five 8-foot-long %-by-6-inch boards can
be rip-cut to provide all the stops you
need for a double-panel TAP. These in-
clude eight 1%-inch-wide absorber stops;
six 2%-inch-wide glazing stops for the
sides, top and bottom of the TAP; a cen-
ter glazing strip 2% inches wide; and a
1%-inch-wide center mullion. If you have
a table saw, you can make these rip cuts
yourself; otherwise, have the cuts made
for you at the lumberyard. You will also
need a supply of 1-by-3s and 1-by-6s for
battens that hold the glass in place on
the face of the TAP and for trim around
the vent openings inside the house.

Among the other materials that you
will need is lightweight .020-inch alumi-
num flashing, both for weatherproofing
the top of the TAP frame and for fabricat-
ing vent sleeves that ease the flow of air
through the panels. For the vent opening
inside the house, buy a sheet of the plas-
tic eggcrate grating used to cover ceiling
light fixtures. And for the lower vents,
buy sheets of 2-mil polyethylene to serve
as back-draft dampers when the air in the
panel cools. For installing the glass, buy
100 feet of butyl glazing tape % inch wide
by %z inch thick and four neoprene set-
ting blocks % inch thick, % inch wide and
2 inches long. And finally, buy rubber
filler strips to seal off the tops and bot-
toms of the absorber plates. These are
available where you purchase the corru-
gated aluminum.

Although a TAP is a valuable supple-
ment to your winter heating plant, you
will need to shut it down during the
warm months by shading it. On some
houses, a wide roof overhang may shade
the TAP in summer, when the angle of
the sun’s rays is high. If there is no ade-
quate overhang, you may have to install
an awning or rig up a tarpaulin.’






























Distributing Solar Heat throughout the House

Passive thermosiphoning solar systems,
which rely on the natural circulation that
occurs as warm air rises and cool air
moves in to replace it, are ideal for heat-
ing areas adjoining a south-facing wall
(pages 48-57). But if the rooms that need
heat are on the north end of the house,
an active solar heating system, such as
the one described at right, provides an
economical and versatile solution.

Although active and passive collectors
are similar in appearance, the two sys-
tems differ in several important aspects.
The active system, instead of thermosi-
phoning air from the bottom to the top
of the collector, uses a blower to pull air
horizontally across the collector panels.
To heat the large quantities of air in an
active system, a larger collector surface
area is required: The minimum recom-
mended size is approximately 100 square
feet, the maximum 200 square feet. Be-
yond 200 square feet, so much heat is
generated that a special storage system is
necessary to conserve it (box, page 63).
Finally, active systems use a network of
ducts to route heated air through the
house and return cold air to the collector
for reheating.

An active system offers several advan-
tages over a passive one. A collector
mounted on a south-facing bedroom
wall, for example, can channel daytime
solar heat to a living room or kitchen at
the northern end of the house. If the
southern house wall is obstructed, the
collector can be installed on a south-
facing garage or porch and ductwork ex-
tended to the living space. ‘And unlike
passive systems, active systems can be
fully automated, with thermostats that
turn the system on when heat is needed
and shut it down when collector tem-
peratures drop below the useful range.

The materials and techniques neces-
sary to build the collector are similar to
those used for the thermosiphoning air
panel illustrated on pages 48-57. The col-
lector is glazed with standard 34-by-76-
inch panels of double-insulated glass.
Because the characteristics of glazing
panels frequently differ, depending on
the type of glass and edging used, be sure
to follow the manufacturer’s recommen-
dations on providing adequate support
and allowing room for expansion and
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contraction as the glass heats and cools.

The heat absorber is made from sheets
of black-painted corrugated aluminum,
and the wall and stud spaces directly be-
hind the collector are protected from
heat and moisture with foil-faced sheath-
ing of rigid cardboard. The collector is
fastened to the south-facing wall with
angle brackets at the top and with wood
blocking underneath.

The only major design difference is the
active system’s manifolds—two vertical
air passages at either end of the collector.
The manifolds are created by removing
the sheathing and insulation from the
stud spaces at the collector’s extreme
right and left. An intake duct connected
to one manifold: supplies cool air to the
entire collector; a single exhaust duct
draws the heated air from the manifold at
the opposite end. The construction also
differs slightly in the size of the lumber
used: A larger frame is used to support
the weight of the additional glass in the
giant collector and to provide slightly
wider air spaces on both sides of the
corrugated heat absorber.

The fan that circulates the air is critical
to the efficient operation of an active
system. The quietest and most effective
fans are centrifugal blowers, also known
as squirrel-cage fans because of the cylin-
drical arrangement of their blades. Blow-
ers are sized and rated according to two
criteria: the amount of air they move, in
cubic feet per minute (cfm); and the re-
sistance to air flow, or static pressure
(sp), of the system in which they are
used. Static pressure is primarily deter-
mined by the depth of the air space be-
hind the absorber plates. The static pres-
sure of the system shown at right is
approximately 0.5 inch—a measurement
‘obtained on a special air-pressure gauge
used by solar engineers. The necessary
cfm rating of a blower is calculated by
multiplying the square footage of the
collector by 2.5. Thus, a 100-square-foot
collector designed like the one at right
requires a fan rated at 250 cfm and 0.5 sp,
that is, one capable of delivering 250 cu-
bic feet of air per minute at a static pres-
sure of half an inch.

The ductwork must be matched to the
air-handling ability of the blower. The
dealer who supplies the fan will be able

to advise you on the appropriate size of
the ducts. They should be run in the most
direct possible route from the collector
to the room that needs heat. In houses
built on slabs, ducts can be run through
living areas at floor or ceiling height, then
boxed in with wood frames covered with
paneling or wallboard. In houses with
basements, ducts may be brought out of
the collector into the adjoining room,
then turned down through the floor into
the basement, where they can be hung
along ceiling joists. Any ducts that pass
through unheated space must be insulat-
ed; wrap them in fiberglass batts with the
foil facing outward, or purchase factory-
insulated ductwork.

The brain of the air-handling system is
a differential thermostat, a special 120-
volt monitoring device capable of mea-
suring and comparing temperatures at
two remote locations. The thermostat
body is mounted on a wall near the
blower and wired to the blower motor
and to the house current as shown on
page 62. Low-voltage sensors are in-
stalled at the collector’s hot-air outlet
and in the solar-heated living space, and
connected to the thermostat body with
bell wire. When the collector tempera-
ture rises above the room temperature by
a preselected number of degrees—16° F.
is a common setting for active systems—
the thermostat turns the fan on. When
the collector cools to a predetermined
temperature, the thermostat shuts the fan
off, permitting the collector to reheat or
to remain off overnight.

When its fan shuts off, an active system
will operate like a passive, thermosiphon-
ing one unless the ducts are blocked in
some fashion. During hot, sunny days su-
perfluous warm air from the collector
will be thermosiphoned into the living
space, overheating it. At night or on cold,
cloudy days, the thermosiphoning will
work in reverse: Cold air in the collector
will drop down to the low, return duct
and flow into the living space, while
warmed air from that room flows out of
the higher supply duct to the collector,
where it is chilled. This solar backfiring
can be readily thwarted by one-way air
valves, called backflow dampers (page
57), or by air registers and grates that
open and close manually.


















The Sun Space: A Solar Collector You Can Live In

A hybrid of the traditional sun porch and
the solar collector, a sun space combines
the best features of both. As a porch, it
provides new living space; as a collector,
it works like a greenhouse, trapping solar
heat within its transparent walls and roof
and storing it in the thermal mass of its
insulated masonry floor. The temperature
inside a sun space can reach 85° F. or
more on a sunny winter day—even when
the temperature out of doors is well be-
low the freezing mark. The warmed air,
pulled into the house by a through-the-
wall fan (page 67), can significantly re-
duce heating bills.

A sun space is most effective in areas
with mild climates—those rated below
3,500 heating-degree days (pages 8-9)—
but the structure may be modified to suit
the harsher weather conditions of other
regions. In climates with 3,500 to 5,500
heating-degree days, only part of the roof
should be glazed; the upper half should
be insulated to help retain as much of
the heat of the sun-warmed air as possi-
ble. In even colder climates, where more
heat would be lost through large areas of
glazing than gained through sunlight, the
sun space will collect and retain heat
most effectively if only the south wall of
the structure is glazed.

A sun space must be carefully oriented
to take full advantage of the sun's
warmth. It should be attached, if possi-
ble, to the house wall that faces most
directly toward true south (pages 8-9).
The orientation may range up to 45° east
or west of south, but a variation of less
than 15° is ideal.

To prevent prevailing winter winds
from robbing a sun space of heat—and to
ward off the hot afternoon sun during
the summer—the west side wall is fre-
guently closed in, as shown in the exam-
ple opposite. If the south wall faces more
than 15° east of true south, the opposite
arrangement is sometimes advantageous:
The east wall is insulated and the west
wall is glazed.

Any unglazed section of a sun space is
constructed like a conventional exterior
wall, with 2-by-4 studs sheathed in ply-
wood and covered with siding that
matches the house. The comparatively
weaker glazed walls are mounted on a
sturdy post-and-beam frame of 4-by-4
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cedar, redwood or pressure-treated lum-
ber. All of the wooden framing pieces
should be treated generously with a
wood-preservative stain if you want a
natural finish; if the structure is to be
painted, use exterior trim paint.

A sun space must be shallow so that
sunlight can penetrate its full depth. The
side walls should be no more than half as
long as the south wall, and the dimen-
sions are further governed by the layout
of the walls and doors. The most eco-
nomical and readily available glazing ma-
terial for the walls is the type of replace-
ment panel sold for sliding glass doors.
These panels come in standard sizes; the
design shown here uses panels of 46 by
76 inches. The length of the south wall
is determined by the number of panels
that are used.

The length of the side walls, one of
which contains a sliding glass door to
provide access to the outside, is based on
the width of the particular door unit that
you have chosen. Because doorframe
sizes vary slightly, be sure to measure the
door you will actually use before laying
out the sun space.

The size and slope of the roof are
determined largely by the position of
the existing second-story windows. The
roof must meet the house wall below
these windows, preferably at an angle
between 30° and 40°. The steeper the
pitch, the more sunlight the roof will
capture in winter when the sun’s arc is
low in the sky.

The roof is the most vulnerable part of
a sun space. It must admit sunlight, yet
resist hailstorms and melting snow with-
out breaking or leaking. Double-wall, %-
inch-thick sheets of acrylic, available
from suppliers of energy-conservation
products or from greenhouse companies,
offer virtually the same light transmission
and insulating qualities as double-glazed
glass panels, yet are far tougher. They are
also lighter, making them safer and easier
to install. The material comes in a stan-
dard 47%-inch width to fit across rafters
spaced 48 inches on center. It can be
trimmed to the proper length with a
circular saw.

Because acrylic expands and contracts
inresponse to temperature changes more
than glass does, the panels are installed

in a special aluminum frame (page 74)
fitted with silicone-coated gaskets that
form a tight yet flexible seal against
water leakage.

To keep heat from escaping, a sun
space must be airtight. As you build it,
bevel the joints and plane the framing
members so that they fit snugly. Stuff
fiberglass insulation into all spaces be-
hind trim boards or .blocking. Use sili-
cone caulk to seal joints, taking extra care
where the sun-space frame meets the
house wall and along the top edges of
horizontal trim—areas that are especially
vulnerable to leaks.

The concrete-slab floor of a sun space
is a crucial part of its design. To retain the
warmth it absorbs from sunlight, the
floor is insulated with 2-inch styrene
foam boards laid around the foundation
walls. For additional thermal mass, you
can place containers of water in the sun
space, making sure that they are posi-
tioned where direct sunlight will strike
them; like the floor, the containers col-
lect heat during the day and radiate it at
night. Designers of solar heating systems
generally recommend 3 to 5 gallons of
water for every square foot of glazing on
the south wall.

To further increase the light-absorbing
gualities of the sun space, the floor and
rear wall should be painted a dark color,
or the floor may be covered with dark
flagstone, slate or quarry tile.

During winter nights, a sun space will
lose heat quickly through its extensive
glazing. Insulated fabric shades (pages
19-21) or pop-in shutter panels (page 22)
wedged between the posts and rafters
at night can be used to conserve some
of this heat.

Window shades can be used to block
the sun during the summer, and summer
shading of the roof is essential to prevent
overheating. Nature’s shades are another
alternative for warm months: Deciduous
trees, a row of giant sunflowers or an
overhanging trellis of vines will cool the
sun space in summer, then die back in
winter to allow sunlight through when
it is wanted.

Local building codes vary: Your area
may require different construction details
from those shown here. Have your plans
approved before starting.










































Giving Your Water Heater a Sun-powered Start

A solar water-heating system saves ener-
gy and reduces bilis by cutting the work
load of a conventional water heater, thus
slowing its fuel consumption.

In warm climates, such systems can
supply virtually all of a household’s hot-
water needs during daylight hours. How-
ever, in most instances they work primar-
ily as preheaters. _

Solar collector panels trap the sun’s
heat, which is then transferred to a solar
storage tank. City or well-supplied do-
‘mestic watér passes through the tank and
is warmed by the stored heat. The
warmed water is then drawn into a con-
ventional water heater, which finishes
the job, further raising the temperature.
An electrical control panel regulates the
temperature and the flow of water be-
tween the panels and the solar tank.

There are two basic designs for solar
water heaters. In what is known as an
open-loop system—the batch heater pic-
‘tured on pages 88-93 is an example—the
domestic water supply flows outdoors
into a combination solar collector and
tank for preheating, then back into the
tank of the conventional water heater.
Although open-loop systems are effi-
cient—the water is heated directly by the
sun, and no energy is ost through heat
transfer—the water in them may freeze in
cold weather, so they must be drained
and shut down during cold months.

The more elaborate closed-loop system
(opposite) offers year-round use because
the domestic water supply never leaves
the house; it is warmed by heat trans-
ferred from a second, separate liquid—
usually plain water or a mixture of water,
antifreeze and anticorrosion chemicals—
that circulates in a closed loop between
the outdoor collectors and the solar tank.
Some closed-loop systems are designed
with a drain-back feature, which returns
the liquid to the solar tank when the
pump is off or when the temperature
outside drops below 36° F.

Any solar water-heating system will
save some energy. You can make a rough
estimation of the cost efficiency of a pro-
posed solar system by following the steps
outlined in the box opposite. To obtain
all of the information you will need to
make the calculations, contact your util-
ity company to find out the average tem-
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perature of your community water supply
and ask your local weather service for
the average annual number of BTUs of
solar energy per square foot in your geo-
graphical area.

You will also have to consult a solar-
equipment manufacturer or supplier to
get a preliminary estimate of the number
of collectors. you will need—most do-
mestic water systems use between two
and four. You will also need to know the
square footage of the collectors and their
ASHRAE efficiency rating—a standard in-
dustry evaluation of collector capacity set
by the American Society of Heating, Re-
frigeration and Air-Conditioning Engi-
neers. The rating—expressed in BTUs—is
an average of the amount of hot water an
individual collector is capable of produc-
ing at various outside temperatures.

In addition to computing cost efficien-
cy, you must study your house to deter-
mine whether it can easily accommodate
a solar water-heating system. To work ef-
ficiently, the collectors—which generally
are installed on a roof for better exposure
to the sun—must face within 10° of true
south and be positioned nearly perpen-
dicular to the sun’s rays.

The wooden mounting racks shown on
page 80 are designed so that collectors
can be fixed at the correct angle on virtu-
ally any slope.

The location of the existing water-
heater tank is an additional factor to con-
sider when planning an installation. The
new solar tank should be located beside
the existing water tank, and both should
be placed as close as possible to the col-
lectors to minimize the heat loss that is
inevitable with long runs of pipe.

If pipes must pass through one or
more stories, try to route most of them
vertically and keep horizontal runs short.
Vertical pipes usually can be threaded
through interior partition walls or closets.
Running horizontal lines usually entails
removing part of the ceiling and cutting
holes through joists.

Solar tanks, collectors and control pan-
els designed specifically for domestic

water-heating systems are all standard’

components available through solar-
equipment dealers. Collectors vary in size
and design. The interior tubes that circu-
late the heating solution through the col-

lector are made of copper, plastic or
galvanized steel; copper isthe most com-
mon and the most durable material. The
glazed portions of the panels are made of
glass or plastic.

The number of panels you will need
for your system will be determined pri-
marily by the hot-water requirements of
your household, taking into consider-
ation the climate and the latitude where
you live and the orientation of your roof.
Using calculations similar to those made
to compute cost efficiency, a solar-
equipment dealer should be able to pin
down your needs accurately.

All of the additional equipment for the
installation is available at plumbing and
home-improvement stores. The' wooden
support racks for the collectors. are con-
structed of 2-by-4, 2-by-2 and 1-by-4
lumber. The plastic spacers used in fas-
tening the racks to the rafters are made
from Y-inch-thick polyurethane—~com-
monly available in sheet form—cut into
2-inch squares with a circular saw.

For the plumbing system, purchase
Type K copper tubing, following the
solar-equipment manufacturer’s recom-
mendations to determine the pipe size.
You will need enough 90° elbows to run
the pipes between the tanks and the col-
lectors, enough pipe strapping to anchor
the pipes to a flat surface every 6 feet,
and the valves and fittings described op-
posite. Buy a standard 1/20-horsepower
pump for a system with one or two col-
lector panels; for a system with three or
more panels or for a two-story house, use
a 1/12-horsepower pump.

Buy split-type pipe jackets of fiber-
glass, elastomer, urethane or isocyanu-
rate to insulate the pipes once they are
installed. For outdoor runs use plastic or
metal jackets as well, to protect the insu-
lation from moisture and ultraviolet light.
Finally, buy a neoprene boot and collar
to cover the opening where the pipes
pass through the roof and butyl rubber
caulking to seal the seam.

Connecting solar components into an
existing hot-water system is a straightfor-
ward plumbing job that requires standard
tools and techniques {page 83). For in-
door joints use 50/50 (the ratio of tin to
lead) solder; for outdoor joints use
stronger 95/5 solder.






























The Batch Collector: A Simple Solar Water Heater

A solar batch heater is basically just a
detour built into the plumbing of the
house water-heating system. Cold water
headed for the conventional water heater
inside the house is routed out through an
exterior wall, into a solar collector tank
that reclines on a small concrete slab be-
side the house, and then back through
the wall to the water heater. During this
jogin its journey, the water is warmed by
thermal energy trapped in the solar col-
lector, reducing the amount of work the
indoor tank has to do.

Because of its size and shape, the tank-
style batch collector absorbs heat less ef-
ficiently than the narrow network of
thin-walled tubes in the flatplate panel-
type collectors of the closed-loop system
shown on pages 78-87. And since the
batch heater works as part of an open-
loop system, where domestic tap water
travels directly through the solar collec-
tor outside the house, there is a danger
that the water may freeze in cold weath-
er. In almost any climate, however, a
batch heater works efficiently for enough
of the year to substantially cut the cost of
water-heating fuel bills; during the cold-
est months you can simply shut down
and drain the system and rely on the
existing water heater.

The batch heater is far simpler to build
than a closed-loop system, because the

collector generally stands on the ground |

rather than on the roof. And it is a rela-
tively inexpensive system, because you
can make the collector yourself and in-
stall it with fewer plumbing fixtures and
less copper tubing.

The main component of the system—
the solar tank—is made of galvanized
steel and generally holds 30 to 4Q gallons
of water. You can buy a tank designed
especially for use as a batch collector
from a plumbing-equipment dealer, but
often a discarded water-heater tank will
serve just as well; it needs only a few
simple plumbing alterations to accom-
modate a cold-water inlet that may be
located either on the side of the tank
near the bottom or on the bottom end, as
shown opposite.

If you find a used tank at a junk or
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scrap-metal dealer, you will have to cut
away the outer sheet-metal housing and
check the inner tank to be sure there are
no cracks, holes, split seams or rusted
spots; check for leaks by blocking all but
one of the tank openings and filling the
tank with water. Then clean the tank
thoroughly. First, sand rough spots on the
surface with medium-grit sandpaper, and
then wash the entire tank with soap and
water; use denatured alcohol on grease
spots that soap will not remove. Finally,
cap off all but the inlet and outlet open-
ings on the tank.

To turn the tank into a solar collector,
you must increase its capacity for heat
absorption by darkening its surface. You
can paint the tank with an exterior flat
black paint or apply a highly absorptive
and nonreflective black coating made
of nickel chromium; the latter comes in
rolls with an adhesive backing that makes
it quick and easy to apply. The cylindrical
surface of the tank shown on the oppo-
site page is covered with such an adhe-
sive coating; the top and bottom of the
tank—difficult to fit exactly—are painted
black. The paint is available from any
paint dealer, and the rolls of adhesive
tank coating can be bought from solar-
equipment dealers.

A thin plastic film called Mylar, alumi-
nized to make it reflective, is used to
cover the walls of the wood cradle that
supports the tank, further increasing its
heat absorption. Other types of plastic
film are used to make the three layers of
glazing that cover the collector and trap
the sun’s rays inside the tank compart-
ment. The two inner layers of glazing are
made from a Teflon film 1 mil thick or, if
Teflon film is unavailable, from any of
the clear plastic films sold in rolls in hard-
ware stores. The single exterior layer is
made of a 7-mil acrylic-polyester lami-
nate called Flexigard but any of the rigid
plastics listed in the chart on page 17 are
suitable, as is tempered glass.

The framework that supports the solar
tank and its various reflective and trans-
parent surfaces is made from pressure-
treated 2-by-4s and 2-by-2s along with
several sheets of ¥-inch hardboard and

%-inch exterior-grade plywood. Insula-
tion is provided by 3%-inch-thick glass-
fiber batts with plastic or aluminum
vapor barriers. The glazed panels are an-
chored on top of the frame with silicone
caulk and wood screws; the edges of the
panels are protected from moisture by
strips of aluminum flashing.

The plumbing system consists of Type
K ¥%-inch copper tubing with T fittings
and 90° elbows; three gate valves; a boil-
er drain valve; a vacuum breaker and a
pressure-relief valve. The interior hot-
water line is insulated with split foam
jackets, all exterior lines with foam and
plastic jackets (page 87). The openings in
the house wall for the cold- and hot-
water lines are caulked with butyl rubber
compound. All of this equipment is avail-
able at a plumbing-supply store, but be-
fore you buy it, plan the location of the
collector so that you can determine how
much copper tubing to purchase.

It is best to build the collector as close
as possible to the inside water heater, in
orderto reduce the heat loss that is inevi-
table when water must travel through
long pipe runs. But like any solar collec-
tor, the batch heater must face within 10°
of true south to work effectively (pages
8-9). A south-facing wall is the logical
location, but if you must choose a wall
that faces in another direction in order to
keep the collector close to the existing
water heater, position the collector far
enough from the house wall so that it
can face south and remain unshaded for
most of the day.

In calculating the correct angle of incli-
nation for the tank, use the instructions
on page 80, Step 1. Plan to set the tank
tilted on end as shown opposite, rather
than on its side. This creates a more dis-
tinct separation between the cold water
entering at the bottom of the tank and
the heated water leaving at the top, al-
lowing the system to work better.

The construction of the batch heater
requires basic carpentry skills and the
plumbing techniques illustrated on page
83. You must also pour a small concrete
slab to support the weight—up to 500
pounds~of the water-filled solar tank.



























A Diversity of Energy Sources

A fast and efficient heater. No bigger than a
desk telephone, this energy-saving device heats
water as it flows instead of in a large, heat-

losing storage tank. Known as an on-demand
heater, the device uses sophisticated electron-

ic controls and a high-efficiency heating element,
housed in the cylindrical chamber at left, to

raise water temperatures as much as 90° F. Add-

ed to a water line near a sink, shower or dish-
washer, the heater is then wired to an electrical
circuit—a connection that can be made with

a screwdriver (page 110).

“In this world, nothing is certain but death and taxes,” quipped Ben
Franklin nearly two centuries ago. Now—particularly around the first
of any winter month—homeowners are prone to add high utility bills
to Franklin’s twain. But while the Grim Reaper and the revenuer will
always have their due, several methods of reducing—and in some
circumstances eliminating—budget-busting utility bills are available
to homeowners today.

Many of the devices gaining popularity, including wood-burning
furnaces and heat pumps, warm the air of a house. Others, such as
tankless water heaters and penny-pinching timers that carefully ra-
tion power to a conventional water heater, save money yet assure
warm showers and clean clothes. Still others—photovoltaic cells,
wind machines, and water turbines—produce free electricity, al-
though they are costly to install initially.

The devices that heat air or water are frequently used in conjunc-
tion with solar collector systems, either increasing the effectiveness
of the collectors or serving as backups for long sunless periods. A
heat pump, for example, can be wired to turn on only when the solar
heating system fails to keep a house at a comfortable temperature.
Similarly, an on-demand water heater, which heats water as it is used
rather than by the tankful, can give a final warming to water for, say,
automatic dishwashing should the solar system leave the water too
tepid to dissolve away grease.

Heating devices can also be interconnected with conventional
utility-powered systems, not so much to back up a cheaper heat
source but to be backed up themselves by more expensive utility
power. Wood-burning and coal-burning furnaces, for example, pro-
vide reliable, economical heat; but they require regular attention. As
long as the furnace is kept stoked, there is no necessity for utility
power. If the fire dies, however, then gas, oil or electric heat must be
ready to take over.

Linking unconventional and conventional energy sources is a pos-
sibility for home electricity as well. For those with resources—finan-
cial and natural—a windmill, water turbine or solar electric panels
can produce electricity to handle domestic needs. On days when the
wind dies or the stream dries up, an interconnection with the public
utility or a bank of storage batteries is needed to take over. An
interconnected home generating system pays off in another way as
well: By United States law, a public utility must buy any power that a
home generator feeds into the company’s power lines. In a lucky.
month—when a homeowner’s production exceeds the household’s
demand—the power company may have to pay a bill rather than

send one on the first of the month. o7









Adding On a Forced-air Fumace

A wood- or coal-burning furnace can be
grafted onto the ducts of an existing
forced-air system in one of three differ-
ent configurations. For the sake of brevi-
ty, only the addition of a wood-burning
unit will be described on these and the
following pages. But the procedures for
adding on a coal-burning furnace would
be identical.

In a downstream installation, cool air
returning from the rooms of a house (re-
turn air) passes through the old furnace
before entering the wood furnace. In a
parallel installation, return air is diverted
from its course to the existing furnace
and routed to the wood burner. An up-
stream installation has return air passing
through the wood furnace before it
reaches the old heating plant.

The upstream installation is not recom-
mended since air heated by the wood fire
can cause the blower motor of the old
furnace to overheat. The parallel installa-
tion also has a drawback: It requires an
additional blower for the wood furnace
and, thus, an additional expense. But the
shape and area around the existing heat-
ing plant may prevent a successful down-
stream installation and the parallel con-
figuration will be your only choice. Also,
some downstream installations need an
additional blower themselves.

Enlist the aid of a professional forced-
air heating engineer in planning the sys-
tem for your house. Unfortunately, an
add-on furnace increases air resistance
through the entire system. This puts an
extra burden on the blower of the exist-
ing furnace and changes the rate at
which air moves past the fireboxes to be
warmed. Only a qualified technician can
properly assess your existing system to
determine if its ducts and blower are
adequate for an add-on wood furnace.
The heating engineer can also tell you
what complications your air-conditioning
equipment may pose to an expanded
heating system.

100

Determining the size of the add-on
furnace is also an important step. Even
though on some days the wood burner
may heat the house by itself, it does not
require as high a BTU rating as the old
furnace does. For one thing, the wood-
burning furnace will always have a de-
pendable backup; for another, most oil
and gas furnaces have greater heating ca-
pacity than is actually necessary, as a
measure of insurance against severe cold
spells. Ideally, the wood-burning furnace
should have a BTU rating slightly less
than the BTU loss from the house on the
coldest days of the year—a larger furnace
would run at less than capacity on most
days and permit too much creosote
build-up in the flue.

In selecting a wood burner to suit your
needs, be wary of salesmen’s claims. The
salesman'’s estimation of furnace capacity
will probably be based on the manufac-
turers’ BTU figures, which are calculated
under ideal laboratory conditions. To
make your own estimation of a wood
burner’s capacity, use the formulas in
the box at right.

An expanded heating system can incor-
porate varying degrees of automation. A
simple downstream system can function
with a single, manually operated duct
damper and a coiled bimetal thermostat-
ic strip. The damper diverts return air to
the wood-burning furnace; the bimetal
strip reacts to heat above the wood fire
and raises or lowers a smaller damper
that controls combustion.

A more complicated installation would
include a thermostat in the heated por-
tion of the house, an electric motor in
place of the bimetal strip and a sensor
that turns on the blower when the air
above the firebox reaches a predeter-
mined temperature. A parallel installation
also requires specially balanced duct
dampers that open and close automati-
cally, depending on which heating appli-
ance is operating at a given moment.

Estimating the Usable
Output of a Wood Furnace

Because it is important to match the
size of a wood furnace to the needs of
your house, it is advisable to take a
hard look at manufacturers’ claims of
BTU output. To calculate how many
BTUs a furnace can deliver per hour,
begin by measuring the usable volume
of the firebox. In doing so, include
only the parts of the firebox where
logs can reasonably fit. You cannot,
for example, usually place logs above
the height of the firebox door.

Multiply the volume of the firebox
by the density of the firewood. If you
plan to use medium-sized pieces and
pack them in with moderate tightness,
use a factor of 15 pounds per cubic
foot for softwood, 18 for hardwood. If
you use small pieces and pack them
very tightly, use a factor as high as 22.
Next, multiply the result by 6,800, the
average BTU content of 1 pound of
seasoned wood. Multiply that figure
by an efficiency factor of .55. This will
give you a good estimate of the BTUs
one charge of wood will deliver to
your house. Divide the result by a rea-
sonable estimate of how long a full
charge of wood will burn—usually six
to eight hours. This final figure repre-
sents the usable BTU output of the
furnace during one hour of operation.

By comparing that calculation to an
estimate of the number of BTUs it |
takes to heat your house for one hour,
you can determine whether a furnace
you are considering will be the opti-
mum size for your house.
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Heat Pumps: Devices That Both Heat and Cool

The economical heat pump, which uses
ambient heat to both heat and cool a
house, is an increasingly popular alterna-
tive to more conventional heating and
cooling systems—sometimes replacing
them, sometimes serving as an auxiliary
system. Similar in function to an air con-
ditioner except that its role can be re-
versed, the heat pump in one mode
transfers heat into the house, and in an-

. other mode extracts it. Furthermore, a

single thermostat setting senses which
mode is required and reverses the heat
pump automatically.

The key ingredient in a heat pump is
the refrigerant in its coils, usually a sub-
stance called Freon, which vaporizes into
a gas at a boiling point far lower than the
212° F. that water requires. When the
refrigerant boils, changing from a liquid
to a gas, it absorbs heat from its sur-
roundings; it can do so even when those
surroundings are relatively cool. As the
refrigerant changes back into a liquid
from a gas, it gives up its heat to the
atmosphere. This process of transforma-
tion from liquid to gas and back again is
controlled by an expansion valve and an
electric compressor.

Heat pumps are most efficient in the
cooling mode. As a source of heat their
efficiency varies according to the out-
doortemperature. When the temperature
dips below about 40°, heat pumps must
draw more heavily on supplemental elec-
trical resistance coils built into the unit.
In cold climates, heat pumps can be ef-
fective as an alternative source of heat,
installed in tandem with an existing fuel-
fired heating system and hooked to a
thermostat that switches from one sys-
tem to the other whenever the outdoor
temperature is high enough for the heat
pump to function economically.

Heat pumps can be cheaper to operate
than other heating systems because, by
tapping into the free heat in outdoor air,
they give back more energy—in the form
of heat—than the equivalent amount of
electrical energy they consume. Thus
they are more efficient and—under opti-
mal conditions—less expensive to oper-
ate than gas or oil furnaces or electrical
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resistance systems; the amount of energy,
expressed in BTUs, that is gobbled up by
these conventional systems always ex-
ceeds the BTUs of heat they produce.

Heat pumps are steadily gaining popu-
larity, but they are not for everybody,
because not everybody has the optimal
conditions that guarantee a good pay-
back (page 8) for the initial cost of the
pump. The long-term saving that a heat
pump can offer will depend on climate,
house construction, insulation, and the
relative cost of other sources of heat in a
particular area.

In rating heat pumps for both heating
and cooling capacity, manufacturers use

two terms that the potential purchaser

should be familiar with. Both compare
the ratio of energy input to energy out-
put. For the heating mode, the ratio is
called the coefficient of performance, or
COP, calculated by dividing BTU input
into BTU output; the COP of a typical
heat pump can range from 2.8 at 60° out-
door temperature to 1 at 10°. For the
cooling mode, the ratio is called the en-
ergy efficiency ratio, or EER, a figure that
is determined by dividing the unit’s watt-
age into the BTUs removed; typically, the
EER can range from 6 to 10. The higher
the EER and the COP ratios, the more
efficient the unit.

Also to be considered is the source of
heat energy tapped by the heat pump—
air, water or even the sun, Those that use
air, called air-to-air heat pumps, are avail-
able in one-, two- and three-piece sys-
tems. One-piece systems, called single-
package units, are similar to room air
conditioners. These units sit in a window
or are installed outdoors, usually on
the roof or at the side of the house,
and are connected directly to the house
ductwork. Two- and three-piece systems,
called split systems, have an outdoor sec-
tion connected to one or two indoor sec-
tions by pipes running through the house
wall. The‘indoor section can be tied into
an existing forced-air heating system to
share the same ducts and blower, in
much the same way as central air condi-
tioning is connected. :

Heat pumps that tap the energy of wa-

ter, called water-to-air systems, are con-
nected to a well or to a pond that does
not freeze over. Water-to-air heat pumps
are one-piece systems, drawing water
from the well or a pond and expelling the
used water into a discharge well orinto a
lawn sprinkler system. Because their
source of heat remains at a fairly con-
stant temperature—about 50°—through-
out the year, water-to-air systems are
often 25 per cent more efficient than air-
to-air systems, although they can be
more expensive to install.

One variation of a heat pump, more
modest in scale than the kind used for
house heating and cooling, can heat
the domestic water supply. Actually a
cabinet-sized air-to-water system, this
small heat pump absorbs heat from the
indoor air and transfers it to the water
tank. The unit maintains the water at a
temperature of 120° to 140° while lower-
ing the temperature of the surrounding
air only 1° or 2°. In addition, this type of
unit serves as a dehumidifier.

A heat-pump water heater monitors
water temperature in the tank by means
of a sensor, and the unit is automatically
activated whenever hot water is with-
drawn and replaced by cold water. In
most cases, no backup heat source is
needed, but the existing heat source—oil,
gas or electricity—remains in place and
can be turned on if the heat pump is
closed down for servicing.

A typical heat-pump water heater is
sold as a kit containing the heat-pump
cabinet, fittings for the inlet and outlet
shutoff valves and, in some models, a
new pressure-relief valve with a longer
sensing tube to replace the tank’s existing
short-tube pressure-relief valve. Hoses
forthe pump’s water connections and for
the drain line that carries off condensa-
tion are included, but in some localities
these flexible hoses will have to be re-
placed with rigid piping; check your local
plumbing codes. The unit plugs into a 20-
ampere, 115-volt circuit like that required
for central air conditioners and heavy ap-
pliances. If there is no such circuit in the
vicinity of the unit, one will have to be
installed at the main electrical panel.












Hot Water in a Hurry

Except for the furnace or boiler that heats
the house, the largest energy consumer
in most homes is the water heater. Typi-
cally it keeps a 40- to 60-gallon tank of
water hot 24 hours a day. Yet the average
household uses hot water no more than
two hours a day. Worse still, in homes
with dishwashers, the temperature must
be held 30° to 40° F. above the normal
100° temperature used for showers and
sinks; otherwise, cooking fats and greases
will not dissolve.

Europeans long ago remedied this
energy-wasteful setup with on-demand
water heaters, compact devices made
without the traditional storage tank. On-
demand heaters use highly efficient heat-
ing coils and heat-exchange chambers to
raise water temperatures only when the
water is turned on. Now available in the
United States and Canada, these heaters
can be fueled by natural or propane gas
or by electricity. The larger gas-fired
models can meet the hot-water needs of
a small house or a vacation cottage, but
they are expensive. Also, the natural-gas
versions must be connected to gas lines
by a professional plumber.

The smaller electric models (right, top)
generate only enough hot water to ser-
vice a single plumbing fixture or appli-
ance, but they are cheaper and can be
installed by anyone familiar with basic
plumbing and wiring techniques. How-
ever, you may need an electrician’s guid-
ance in connecting the power circuit to
the main electrical panel.

Small electric on-demand heaters can
be a convenient solution if you need ad-
ditional hot water for a new bathroom or
laundry room. They can also be used in
conjunction with an existing water heater
to boost water temperatures at specific
locations. For instance, if you install one
near a dishwasher, you can turn down
the temperature at the main water heater
to 100° and raise it to 140° just as the
water enters the dishwasher. Small on-
demand heaters also reduce the heat lost
by 'hot water traveling through long
lengths of pipe.

Although on-demand heaters save en-
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ergy costs, the exact amount they save
depends on several variables, including
the type of heater you choose, the type
of heater you currently use and the rela-
tive cost of the various forms of energy in
your area—gas, oil, electricity. Manufac-
turers estimate that you can save 22 per
cent or more by switching from a con-
ventional electric water heater to a series
of on-demand electric heaters. If you use
an on-demand heater to supplement an
existing heater, you can probably cut
your heating costs about 5 per cent for
each 10° you lower the temperature at
the main heater.

Savings in energy will also come from
an inevitable change in water-use habits.
On-demand heaters raise water tempera-
tures in inverse ratio to the rate of water
flow: The faster the water flows through
the unit, the less heat it picks up. At 2
gallons a minute, the maximum rate of
flow through most electric on-demand
heaters, the water temperature will rise
only 30°; at the slower rate of % gallon a
minute, the temperature will soar by 90°.
In winter, when the water entering the
unit is colder, the flow rate may have to
be decreased even further to achieve
suitably high temperatures.

To accommodate the lower flow rates,
you will have to install low-flow shower
heads, which can operate satisfactorily
on less than 2 gallons of water a minute,
and [ow-flow faucet aerators, which re-
quire as little as half a gallon a minute. By
putting a squeeze on the flow, these de-
vices save water as well as the energy
used to heat it.

Since many on-demand heaters are
manufactured overseas, make sure that

‘the installation procedures for the unit

you choose comply with local building
codes in the United States or Canada. If
in doubt, check with your local plumbing
or electrical inspector. In addition, make
sure that gas models have been certified
by the American Gas Association or the
Canadian Gas Association, and that efec-
tric models bear the Underwriters Labo-
ratories or Canadian Standards Associ-
ation seal of approval.


















Backyard Alternatives fo Store-bought Electricity

Almost since the day that Thomas Edison
invented the light bulb, the generation
and distribution of electricity has mainly
been the province of large, centralized
utility companies. In recent years, how-
ever, concern for the environment and
fast-rising prices of fossil fuels have
prompted an intense search for alterna-
tive power sources that are clean, cheap
and renewable. And the search is begin-
ning to pay off.

Most promising among the new alter-
native power sources are sunlight, water
power and wind. Each is widely available
in virtually unlimited quantities, presents
no environmental hazards in its use and
in most cases can be employed even in
remote areas not served by conventional
utility lines. Although these natural
sources are free, the equipment neces-
sary to harness them is expensive. But
recent advances have begun to bring
down the cost and in some cases—par-
ticularly at the homes and homesteads of
individuals who place a high economic
value on self-sufficiency—photovoltaic
cells (page 123), water wheels (pages 124-

125) and windmills are proving practical.

Although the use of wind for power
harkens back reassuringly to the tower-
mounted pinwheels that have stood for
generations in the barnyards of the Great
Plains, modern windmills bear scant re-
semblance to their rural forebears (page
122). With their many blades, traditional
windmills can spin efficiently with the
lower-speed winds that blow close to the
ground, so their towers rarely top 30 feet.
Modern wind machines, which have few-
er blades in most cases, are designed for
the higher-speed winds that blow unob-
structed above houses and trees. To har-
ness these brisker airstreams, modern
windmills are situated atop towers two or
more times as high as those bracing the
pinwheel designs.

Today’s wind-catching propellers are
sleekly aerodynamic and sometimes take
surprising shapes, resembling gigantic in-
terlocked croquet wickets or the bowed
blades of an enormous egg-beater (pages
119-120). In fact, even the name has
changed: Manufacturers now prefer the
fancy name wind energy conversion sys-
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tem, or wind plant, to windmill, a vener-
able term that recalls the first use of the
machines as grinders of corn and grain.
But for all of the changes, the guiding
principle remains the same: Onrushing
airstreams spin a propeller and the result-
ing rotation produces electrical current.
Within limits, the stronger the wind,
the greater the quantity of free electricity
produced. Moreover, the usable powerin
the wind builds up at a rate far greater
than proportionate increases in the speed
of the wind itself. Wind power experts
call this principle the “cubed law” of
wind velocity: Doubling the wind speed
yields an eightfold (28)—or cubed—in-
crease in potential electrical power.
The limits to this rule are reached only
when winds grow strong enough to en-
danger the generating equipment itself—
a possibility forestalled in modern ma-
chines by designs that slow or stop them
when wind velocity nears 40 miles per
hour. Some models automatically change
the pitch of their blades, some deploy
weights to slow the blades and some tilt
the entire top of the tower to swing the
blades out of the dangerous winds.
Although the wind is free, you will
have to expend considerable effort re-
searching your locale before making a
yes-or-no decision on erecting a wind
plant. First, you must check local laws to
determine whether a tower 60 or more
feet tall is allowed in your area. Then you
must test for a full year to be sure that
winds averaging at least 10 miles per hour
blow reliably at your site. In order to
monitor your winds, you must estimate
the height of any nearby hills, trees and
buildings; the propellers of a wind plant
have to rise at least 60 feet above the
ground and 30 feet above any obstacle
within 300 feet. Next, rent or buy a wind
odometer (page 118) that will telescope
to the planned height of your wind plant.
During the year of testing, also tally
your consumption of electricity—in kilo-
watts—by keeping monthly utility bills. If
you are erecting the wind machine at a
remote site that has no utility service, you
will have to estimate the amount of cur-
rent you will need (pages 8-9).
If utility lines are not available at your

site, you should have them run in unless
the cost is wildly prohibitive. You then
will be able to interconnect your wind
plant, an arrangement with definite ad-
vantages. For one, a utility-connected
system requires neither a bank of batter-
ies to store power for windless days, nor
a device called an inverter for changing
battery-stored, direct current to alternat-
ing current for use in the house—items
that add thousands of dollars to the cost
of installation.

Another advantage comes into play
when the winds blow hard, generating
more kilowatts than you can readily use.
By law, utility companies in the United
States must buy any excess power that is
fed into their transmission lines by inde-
pendent producers.

Once you have studied the wind at
your site and calculated the number of
kilowatts you require, you are ready to
investigate different generating systems.
Begin by contacting the Rocky Flats Wind
Systems Program in Golden, Colorado,
the federal program that tests and rates
wind machines. Then check dependable
manufacturers for literature, technical
data and prices.

In comparing wind machines, pay par-
ticular attention to what the equipment
companies call a power curve, actually a
graph that represents the monthly power
output of each specific machine at differ-
ent wind speeds. A less expensive wind
plant may produce less power and, over
its expected 20-year life, yield fewer kilo-
watts per dollar than a machine with a
higher price tag.

When considering cost, remember to
figure in deductions from federal and
state taxes for energy equipment that is
powered by renewable resources.

Once you make a decision, ask the
manufacturer for the name of the best
installer in your area. While you may
want to test your winds and plan your
installation on your own, erecting a 60-
foot tower and attaching a heavy, cum-
bersome wind machine is a project best
left to a professional. In fact, some
manufacturers will not honor their war-
ranties if the equipment is not installed
by approved personnel.


















During the 1800s, settlers moving west
across the Great Plains found huge ex-
panses of wind-swept prairie so arid
that it could barely support coarse,
tough-rooted buffalo grass, much less
nurture crops, cows and families. Luck-
ily, the settlers quickly realized that the
same drying winds that were their bane
could be their boon: Harnessed to drive
pumps, the winds would dependably
raise precious water from the depths—
night and day, day in and day out.

The means of harnessing the western
winds was the windmill, but perfecting
a machine capable of withstanding the
wild winds of ldaho and the tornadoes
of Kansas was a challenge that required
tenacity and ingenuity. At first, Ameri-
can manufacturers borrowed from the
Dutch, trying to adapt the huge canvas
sails of the familiar European windmill.
But no matter how well sewn, the cloth
sails could not stand the ferocity of
western American weather. Crucial to
the design of an Americanized windmill
was a device that could both head the
machine into the wind on a day of
steady blowing and protect it from run-
ning wild in a gale. One early machine
that fit the bill—a self-regulating wind-
mill-was put together by an inventor
named Daniel Halladay.

Halladay’s breakthrough eschewed
large sails in favor of dozens of thin
wooden blades, similar to the slats of a
venetian blind. Fixed to a ring around
the hub, rather than to the hub itself,
| the slats stood upright before gentle
breezes. In strong winds, however, the
slats tilted away from the wind, so that
they closed into a cylindrical shape that
resembled an open-ended barrel; dan-
gerous gusts could roar harmlessly
around and through.

Simpler than the Halladay machines
were the pinwheel fans turned out by
Mast, Foos and Company, of Spring-
field, Ohio (below). Instead of using
thin wooden slats, the Mast fans con-
sisted of seven large fixed steel blades.
A side vane, or rudder, perpendicular to
the fan’s axle, swung the entire mecha-
nism around edgewise when a heavy
wind blew. When the wind’s pressure
lessened, a hanging weight counteract-

Windmills Helped Win the West

ed the effect of the side vane to pull the
fan back into the wind’s path.

During the second half of the 19th
Century, manufacturers marketed a vast
array of models and makes of wind-
mills. At the World’s Columbian Exposi-
tion, held in Chicago in 1893, compa-
nies exhibited dozens of models that
not only pumped water, but shucked
corn, ran lathes and powered sewing
machines. Wrote one newspaper re-
porter, “Each manufacturer claimed
some superiority. Here a wheel would
open to get more wind or shut against
too much; one mill would go swiftly in
the lightest breeze, another would work
slowly in a hurricane.”

By the turn of the century, one of the
largest sellers of windmills was Sears,
Roebuck and Company. Its offerings
included the high-capacity Suburban
model, for those who wanted running
water in their homes as well as their
barnyards, and the Direct-stroke Steel
machine, a durable, medium-capacity
model, which could spin for years with
little maintenance in remote pastures.
While many manufacturers painted
their own names on the rudder to ad-
vertize the product, Sears charmed its
customers by offering to put the own-

er’'s name on the rudder free of charge.
Between 1830 and 1935, an astonish-
ing 6.5 million windmills were pro-
duced by American factories. In time,
however, demand declined. Munici-
pal water systems began replacing
individual wells in towns, and in
the 1930s the Rural Electrification Act
brought economical, utility-generated
power to most of the farms and ranches
in the western states. Wind-driven wa-
ter pumps gave way to more reliable
electric ones. Now, although several of
the original manufacturers are still in
business selling kits to modern home-
steaders, the windmill water pump no
longer occupies a central place on the
American farm. And long past are the
days when pioneer farmers would drawl
that the prairie is “no place for a wom-
an uniess she can keep a sod house tidy,
shoot a snake and climb a windmill.”

A 19th Century windmill. The seven curved
blades of this iron-bladed machine not only pro-
vided the pumping power to water the cattle,
but filled a storage tank on the top floor of the
main house as well, ensuring a plenitude of
running water for the then-rare indoor plumbing
fixtures on this prosperous prairie farm.
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Index/Glossary

Included in this index are definitions of
many of the technical terms used in
this book. Page references in italics
indicate an illustration of the subject
mentioned.

Acrylic, glazing material, 17, 38

Air conditioning: cooling with a ceiling
fan, 77, and energy consumption, 9.
See also Cooling

Air lock (foyer): enclosing an entrance,
36, 37, removable enclosure, 37; walling
off a section of hall, 36; weather
stripping in, 36

Attic exhaust fan, 77

Awnings, 11, 16

Batch heater: system in which water is
rerouted into a solar collector tank for
preheating, then returned to existing
water heater. Building supports for, 88,
89-91; converting tank, 88, 97,
insulating, 88, 90; plumbing

components, 88; setting up, 78, 88, §9-
93 '

BTU: unit used to measure heat energy.
Consumption of, 8, 9; output of a
wood-burning furnace, 100; and
potential output of energy devices, 9

Caulking: absorber plates in a TAP, 55;
checking, 8; a Trombe wall, 44; water-
heating systems, 86, 88; windows, 16

Ceiling fan, 77 )

Central heating: adding wood-burning
furnace to existing forced-air system,
100, 7107-105; using convection to
channel warm air, 98-99. See also
Forced-air heating system

Climate: and effect on retrofits, 8; and
sun space, 64; and thermal storage, 32

Closed-loop water heater: system that
warms household water by routing it
through a solar storage tank. Building
support racks, 80; components, 78, 79;
connecting, 84-87; filling solar loop, 87;
joining pipes, 83; mounting panels on
roof, 87-82

Coal-burning furnace: adding on to
forced-air system, 100; in convection
heating system, 98-99

Collectors, solar: about, 39; panels for
pool heating, 94-95. See also Solar
heating, active; Solar heating, passive;
Sun space; Water-heating systems

Cooling, 10, 77, adding a floor register, 15;

ceiling fan, 77; circulating air through a

house, 77, solar chimney, 10, 71, 12-15;
thermosiphoning, 10. See also Window
treatments

Cooling-degree days, 8

Copper tubing: cleaning and fluxing, 83;
cutting, 83; sweating pipes, 83

Cost, of retrofits, 9 '

Crawl space: putting in a floor register,
10, 711, 15; vents in, 71

Creosote, 98

Double-glazing, 16, 18

Ductwork: in an active solar collector, 58,
59, 60-63; in add-on furnace, 100, 707,
702; in convection heating system, 98,
99; joints in, 98; mounting fan in, 67;
rerouting for superinsulating, 27;
routing through floors, 60

Efficiency rating, of heating and cooling
systems, 8,9

Electricity: generated by a solar array, 723;
generated by wind power, 116, 177- 121,
122; produced by water, 724-125

Energy audit, conducting, 8,9

Fans: in active heating system, 58, 67;
attic exhaust, 77, ceiling, 77, mounted
in the wall, 67 ‘

Fiberglas (trade name}), 10

Fiberglass: batting, for insulation, 26, 30,
chart 32, 43, 64, 90; panels, in Trombe
wall, 40; pods, for thermal storage, 32,
33, 35; reinforced panels, chart 17

Forced-air heating system: adding wood-
burning furnace to, 100, 707-705;
building flue, 703; cutting into plenum,
101; ducts, 702; installing damper, 702;
wiring, 704-105

Foyer. See Air lock

Glazing materials: acrylic, 38; for active
solar collector, 58; on roof of sun
space, 64, 74-75, 76; and solar chimney,
10; on TAP, 48; on a Trombe wall, 40; in
water-heating systems, 78, 88; for
windows, 16, chart 17

Greenfield: flexible conduit. Using, 105

GCreenhouse. See Sun space

Heat pump: air-to-air, 106, 707; cooling
function of, 106; cost of, 106; heating
water with, 106, 708-709; refrigerant in,
106, 107; as source of heat, 106; water-
to-air, 106, 107

Heating systems: energy consumption of,
9; heat pump, 106, 707; wood-burning

furnace, 98-99, 100, 107-105. See also
Solar heating; Sun space; TAP; Thermal
storage; Trombe wall

Heating-degree days, 8, 64

Hydropower: assessing potential power
of a stream, 124, 725; generating
electricity, 7124-125 '

Insolation: amount of sunlight received
by a given area. Rating, 9

Insulation: of batch heater, 90; fabric,.for
windows, 16, 79-217; as factor in
calculating thermal storage, 32; on
pipes, 78,87, 88; and prevailing winds,
8; R value, 8; in sun space, 64, 65, 69;
superinsulating walls, 26-37; in a
Trombe wall, 43, 44; on water heater,
113; window shutters, 22, 23

Latitude, and solar collectors, 9
Louvered overhang, 16, 78

Masonry: converting to a Trombe wall,
40, 41-47; insulating, for floor of sun
space, 69; as mass for thermal storage,
32; pouring, for floor of sun space, 68;
storing heat, in sun space, 64, 65

Open-loop water heater. See Batch
heater

PCM pods, 33, 35

Pelton wheel, 724

Phase-change material (PCM): chemical
compound that stores heat, then
releases it by changing from a solid to a
liguid. In fiberglass pods, 32, 33, 35

Photovoltaic cells, in solar array, 723

Plastic film, for window coverings, 16, 18

Plenum: in add-on furnace, 707,-702; in
convection heating system, 98, 99;
cutting into, 707

Pool blanket, 94

R value: measurement of a material’s
ability to slow passage of heat. And
walls, 8, 26; and windows, 16; of roof,
26

Register, floor: adding over crawl space
or basement, 10, 77, 15

Retrofit: modification of an existing

" structure with a new energy system.
Cost effectiveness, 9; factors when
planning, 8-9. See also Individual
projects

Rock bed, storing excess heat in, 63

Roman shade, 16, 719-27; fabric for, 19;
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making, 79-21; mounting, 27

Roof: cutting hole in for solar chimney,
12 mounting collector panels on for
heating water, 78, 87-82; safety when
working on, 87; for sun space, building,
64, 65, 71-72; for sun space, glazing, 74-
75,76

Shades: examples of energy-saving types,

24-25; multipurpose, 24, Roman, 16, 719-

21; in sun space, 64

Sheet metal, ordering parts, 98

Shutters: bifold, 16, 22-23; pop-in, 16, 22

Skylight, installing in sun space, 74, 76

Solar array, 7123

Solar chimney: device mounted on roof
to pull hot air out of the house.
Building, 72-75; chimney cap, 10, 72;
cutting roof opening, 12; flashing, 73-
74; materials, 10; placement of, 10, 77;
sliding access doors, 75

Solar collectors: about, 39; panels for
pool heating, 94-95; in water-heating
systems, 78, 79-87, 88, 89-93. See also
Solar heating; Sun space; Thermal
storage '

Solar heating, active: system that uses
mechanical means to move collected
heat to where it is needed. Building
collector, 59-63; centrifugal blowers,
58, 59, 61, 62; circulating air without
ducts, 67, glazing materials, 58, 59; heat
absarber, 58, 59; manifolds, 58, 59, 60;
mounting and wiring thermostat, 58,
59, 62; running ductwork, 58, 59, 60;
size of, 58; storage for a large system,
63

Solar heating, passive: system that relies
on thermosiphoning to circulate
collected heat. TAP (thermosiphoning
air panel), 48, 49-57; Trombe wall, 40,
41-47

Solar screening, 25

South, true, locating, 8-9

Storm windows, 16, 18

Sun space: building, 65-77; climate and,
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64; insulating floor of, 64, 69;
orientation, 64; skylight, 74, 76

Superinsulation: around heating outlets
and electrical boxes, 26, 27; building a
wall frame, 28-29; for existing homes,
26; on exterior walls, 26-37

Swimming pool: covering with blanket of
polyethylene, 94; heating water in a
solar heating loop, 94-95

TAP (thermosiphoning air panel): space
heater that draws cool air from the
house, warms and returns it. Building,
48, 49-57; explained, 48, 49; materials,
48; removing siding, 57-52

Thermal storage: using heat-absorbing
substances to collect heat, then release
it when needed. Calculating amount of
mass to add, chart 32, 33; materials
used for the mass, 32; PCM pod strips,
32, 33, 35; principles of, 32; storing heat
in a rock bed, 63; in water tanks, 32, 33,
34

Thermosiphoning: creating a current that
causes warm air or water to rise and be
replaced by cooler air or water. And air
flow, 10; in TAP, 48, 49-57: in Trombe
wall, 40, 41-47

Thermostat: wiring for active solar heater,
62; wiring for an add-on wood-burning
furnace, 704-105; for solar water
heating, 86

Trombe wall: conversion of a solid
masonry wall into a passive solar space
heater. Affixing panels, 40, 41, 46;
building, 40, 47-47; principles of, 41, 42;
sefecting wall for, 40

Turbine vent, on solar chimney, 10, 74

Vents: in craw! space, 77, gable, 10, 77;
soffit, 77, in a TAP, 48,49, 52, 53, 54, 57;
in a Trombe wall, 40, 47, 43, 47; turbine,
10, 14

Walls: glazing in sun space, 73;
superinsulating, 26-317; TAP, 48, 49-57;

Trombe, 40, 41-47

Water, generating electricity with,
124-125

Water heater: electric, connecting timer
to, 713-115; hooking up electric on-
demand heater, 110, 777-712; energy
consumption, 110

Water-heating systems: calculating
energy use, 9; closed-loop, 78, 79-87;
collector panels, 78; designs, 78; to
heat water for swimming pool, 94-95;
open-loop (batch), 78, 88, 89-93;
utilizing heat pump, 106, 708-709

Water tanks: connecting to heat pump,
708-109; containers for thermal storage,
32, 33, 34; converting, for batch heater,
88, 97

Weather stripping: in air lock, 36;
checking, 8; around shutters, 22, 23; for
windows, 16

Wind plant, 116, 7117-121; assessing site,
116, 778; connecting to utility
company, 116, 717, 121; generating
electricity, 116, 717, 121; machines, 779-
120; purchasing, 116; raising a tower,
121; testing winds, 116, 718

Windmill, traditional, 722

Window treatments, 16-17, 18-25;
blocking sun, 16; controlling heat loss,
16; double- and triple-glazing, 16, 18;
energy-saving shades and blinds, 24-25;
glazing materials, 16, chart 17;
insulated, 16; louvered overhang, 16,
18; plastic film, 16, 78: Roman shade,
16, 19-21; shutters, 16, 22-23; storm
windows, 16, 18

Wood-burning furnace: adding to
forced-air heating system, 100, 707-705;
ashes, disposing of, 98; BTU output,
100; in convection heating system, 98-
99; creosote, 98; downstream
installation, 100, 707-105; electrical
components, 7104-105; firewood supply,
98; heating with wood, 98; parallel
installation, 100, 707; upstzgeam
installation, 100





