Appendix 1
Sun Path Diagrams*

Sun path diagrams are representations on a flat surface of the
sun's path across the sky. They are used to easily and quickly
determine the location of the sun at any time of the day and at
any time of the year. Each latitude has its own sun path
diagrams.
The horizon is represented as the outer circle, with you in
its center. The concentric circles represent the angle of the sun
above the horizon, that is, its height in the sky. The radial
lines represent its angle relative to due south.
The paths of the sun on the 21st day of each month are the
elliptical curves. Roman numerals label the curves for the
appropriate months. For example, curve III (March) is the
same as curve IX (September). The vertical curves represent
the time of day. Morning is on the right (east) side of the
diagrams and afternoon on the left (west).

Courtesy Architectural Graphic Standards by C.G. Ramsey and H.R. Sleeper, John
Wiley & Sons, New York, N.Y. 1972.
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Appendix 2
Solar Radiation on South
Walls on Sunny Days *

Solar Radiation on South Walls on Sunny Days 145

146 Appendix 2

Solar Radiation on South Walls on Sunny Days 147

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects

Appendix 3
Maps of the Average
Percentage of the Time
the Sun Is Shining
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Appendix 4
U-Values for Windows
with Insulating Covers
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Appendix 5
Degree Days and Design
Temperatures *

• Courtesy ASHRAE, Handbook of Fundamentals, 1972.
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Appendix 6
Selecting the Right
Glazing Material *

The most important things to consider in choosing a glazing
material are appearance, durability, performance, and cost.
Since the glazing is visible, whether it is clear or cloudy, shiny
or dull, or flat or bowed, it dramatically affects the appearance
of the system. Durability is critical since the glazing provides
the outer barrier to water, cold air, ultraviolet radiation, and
weather. High transmittance of light and low transmittance of
heat affect the efficiency of the system. The glazing should be
inexpensive and easy to handle. The table summarizes
important properties of various glazings.

Glass
Glass is usually a more expensive choice but a very popular
one. Although common glass is less expensive, tempered
glass is stronger and safer. "Water-white" glass (fully
tempered) has a very low iron-oxide content (0.01 percent)
and thus the highest transmittance 0.91). Tempered float glass
is less expensive but has a high iron oxide content and a
transmittance of (0.91. However, use it only vertically and
when safety is a small factor.
Glass is rigid, it looks good, it's durable, and it resists
weathering and chemical and light deterioration. Unfortunately, it is heavy and difficult to handle. It also breaks .

• Based on an article by Peter Temple and Joe Kohler entitled "Glazing Choices" in
Solar Age magazine, April1979, Harrisville, NH 03450.
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Glass prices vary significantly depending on how much
you buy and where you buy it. Tempered low-iron glass
("water-white") usually has the same retail price as float glass,
roughly $2 to $2.50 per square foot. But you can buy waterwhite glass for as little as $1.00 per square foot if you shop
hard enough.

Fiberglass-reinforced Polyester
Fiberglass-reinforced polyester (FRP) glazing materials
appear cloudy, but their solar transmittance (0.84-0.90) is
only slightly less than low-iron glass. Kalwall's Sun-lite™
and Vistron's Filon™ are two commercially available FRP
glazings.
FRPs are available in 4- and 5-foot-wide rolls in thicknesses of 0.025, 0.040 and 0.060 inches. It is a popular
material since it is easy to cut, drill, and install. Some
people do not like its appearance it does not lie flat and
often looks wrinkled. Kalwall has double-glazed panels
onto which the FRP is stretched taut over an aluminum
frame. The panels are less wrinkled but are not entirely
smooth.
FRPs degrade somewhat at high temperatures. Kalwall
notes that their Sun-lite loses 1 %, 3%, and 11 % of its
transmittance when exposed to temperatures of 150°F, 200°F,
and 300°F, respectively, for 300 hours. Most passive
applications do not reach 200°. Tilted convective loop
collectors are the main exception.
Filon is an acrylic-fortified polyester, reinforced with
fiberglass. A thin layer of Tedlar™ polyvinylfluoride
provides protection from ultraviolet degradation
and weathering. Filon is available in flat or corrugated sheets.
The corrugations reduce the wavy appearance problem. Filon,
like Sun-lite, may require venting in higher temperature
applications to protect it from thermal degradation.

Films
Plastic films are very transparent and are relatively
inexpensive. Two of the best materials are Dupont's
Teflon™ and Tedlar™. Teflon stands up well in high
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temperatures except that it expands and sags. It is difficult to
handle, bowing between supports and sticking to surfaces
like Saran Wrap™.
Tedlar is also difficult to handle and install. Dupont
recommends that it be used only at low temperatures. Direct
exposure to ultraviolet radiation causes embitterment, and this
effect is tremendously accelerated at higher temperatures.
Used at low temperatures, Tedlar has an expected lifetime of 4
to 5 years until embitterment. If there are any hotspots (e.g.,
near a hot metal support), these places will embrittle earlier. A
new version of Tedlar, 400xRB160SE, has recently been
developed, and it is expected that this product will be less
susceptible to UV degradation.
A new product by 3M Company, Flexiguard™ 7410, may
avoid one of the problems of most films. The manufacturer
claims that it does not sag at high temperatures. It remains
rigid, but not brittle, at temperatures from -30°F to 3000°F.
A common disadvantage of thin plastic films is their
transparency to long-wave radiation (heat). The resulting
higher heat loss reduces efficiency. Glass has a transmittance
of heat of less than 1 %, but the transmittance for films ranges
from 17% for 5 mil polyester to 30% for 4 mil Teflon REP
and 57% for 1 mil Tedlar. Long-wave transmittance data for
Flexiguard 7410 is not
presently available.

Rigid Plastics
Rigid plastic glazings are strong, easy to handle, and
generally attractive. Most of them are either acrylics or
polycarbonates. Acrylics are slightly more transparent than
tempered water-white glass and resist ultraviolet light and
weathering. They are usually clear and are as attractive as
glass if they are not scratched. They tend to soften and bow
at higher temperatures, but this is not a concern for most
passive applications.
Polycarbonates are stronger than acrylics, but they have a
lower transmittance and suffer from ultraviolet degradation.
Like acrylics, polycarbonates have a high coefficient of
thermal expansion and bow inward when the passive system
gets too hot.
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Insulating Panels
Some glazing materials are manufactured as "insulating"
panels, which form a rigid sandwich: an air space between
two glazing layers. Their higher initial cost may be offset by
the lower installation cost compared with two individually
installed layers.

• Courtesy Solar Age magazine, Harrisville, NH.
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Tuffak-Twinwall™ is a sandwich of polycarbonate
material. Although it is relatively inexpensive, it has the same
serious disadvantages of any polycarbonate: ultraviolet
degradation, low transmittance, and a large coefficient of
expansion. Likewise, the Cyro-Acrylic SDP™ panels have
the disadvantages associated generally with acrylics: a low
melting point and a large coefficient of thermal expansion.
ASG sells double solar glass panels using either their
Solatex™ or Sunadex™ glazing. These panels are designed
specifically for solar applications. The two layers of glass are
hermetically sealed.

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects

•
Passive solar designs are simple. This simplicity means
greater reliability, lower costs, and longer system
lifetimes.
Since passive systems have few if any) moving parts,
they perform effortlessly and quietly without mechanical
or electrical assistance. Simplicity lowers the cost of the
job. Without motorized dampers, automatic valves,
sophisticated control systems, or high-tech components,
much of the work can be done using standard building
materials and basic construction skills.
The most significant reason that passive makes sense
economically is that most passive designs are inherently
durable, lasting at least as long as the rest of the house with
little or no maintenance or repair. Conventional building
materials such as glass, concrete, and brick weather
well and are generally longlasting. For the life of the
house, a passive system should continually maintain, if not
improve, its value at least as well as the rest of the house. It
should require little more maintenance than a standard wall
or roof.
Because you can build passive designs in small sizes, the
initial effort need not involve a large financial commitment. Instead, the first step can be relatively small with
correspondingly little risk.
For optimum performance, some passive systems
require daily or monthly adjustments of shades, shutters, or
vents. Although some people may at first regard this as an
imposition, it is really no more trouble than operating a
dishwasher or closing draperies in the evening. Before
long, passive-home residents will find these to be pleasant
routines that bring them closer to the flux of the
3

environment to which their homes are atuned. They are
usually rewarded with a rich and exciting living .
experience as a result of their efforts, while saving both
energy and money.
Radiant heat from large passive collecting surfaces is
usually more comfortable than the drafty heat of conventional
hot air or hot water heating. In well-designed systems,
temperature variations are small, generally within a range of
5° to 10º each day. But in less well designed houses,
temperatures can vary more widely. Some solar enthusiasts
feel such temperature fluctuations are natural, and not
uncomfortable, particularly at the higher end. In fact, many
passive home residents enjoy the warmer-than-usual
temperatures on a sunny winter day.

Passive solar systems save fossil fuels. The economy is
benefitted because the nation imports less oil. And since
passive energy systems do not require transmission lines,
pipe lines, or strip mines, they produce neither dangerous
radioactive wastes nor polluted air and water. Passive
systems have few negative consequences. They can use
renewable and recyclable materials, and they produce jobs.

If a house has low heating or cooling requirements, and if a
passive solar system is designed to provide only a small
fraction of the energy, the system can be small and have only
a slight effect on the overall appearance of a house. It need
not make the house unattractive. In fact, properly designed
passive houses can be more beautiful than conventional ones.
Picture it-large expanses
of south-facing glass overlooking your yard; a beautiful
sunspace filled with plants year 'round. You can save energy,
save money, and provide a better living environment, all at the
same time! Comparing a good passive house to a conventional
one is like comparing a modern, dependable lightweight bike
to the high-wheeled terrors of the 1890s.

I Thought You Said It Was Simple
It is. Every material and principle incorporated into passive
solar design is common and in everyday use. The melting of
an ice cube or the ability of a stone to stay warm long after
sunset-these are the kind of considerations on which all
passive design is based. The only trick is to learn the labels
so that it is easier to understand and discuss. Then you can
say "thermal mass" instead of having to say (each time you
discuss the phenomenon) "the ability of a stone to stay warm
long after sunset."

Conduction
The transfer of heat between objects by
direct contact.

Thermal Radiation
The transfer of heat between objects by
electromagnetic radiation.

Natural Convection
The movement of heat through the
movement of air or water.
Mean Radiant Temperature
The average temperature you experience
from the combination of all of the various
surface temperatures in a room-walls,
floors, ceilings, furniture and people.

Air Stratification
The tendency of heated air to rise and to
arrange itself in layers with the warmest
air at the top.

Evaporative Cooling
Natural cooling caused by water's ability to
absorb heat as it vaporizes.

.
,
Degree day
A unit used to measure the intensity of
winter. The more degree days there
are in total for the season, the cooler the
climate.

Windows
Windows let light (and heat) in and out).

Glazing
Layers of glass or plastic, used in
windows and other solar devices for
admitting light and trapping heat.

Shading
Measures for blocking out unwanted
sunlight that can overheat the house.

Reflectors
Shiny surfaces for bouncing sunlight or
heat to where it's needed.

Movable Insulation
Insulating curtains, shutters, and shades
that cover windows and other glazing at
night to reduce heat loss.

Thermal Mass
Materials that store heat. Heavy
materials (concrete, stone, and even
water) store a lot of heat in a small
volume, compared with most
lightweight materials, and release
it when needed.

Heat-of-Fusion Storage Materials Meltable
materials store heat when they "phase
change" from solid to liquid form and
release heat when they re-solidify. They
require less mass (and vo1ume)
to store the same amount of thermal energy
as more conventional heat storage
materials, and only small changes in
temperature are necessary to induce the
phase change.

U-Value
A measure of the rate of heat loss through a
wall or other part of a building. It is
the reciprocal of the total R-va1ues present.
The lower the U-value, the lower the heat
loss.

R-Value
A measure of the insulating ability of a
material, a wall, a ceiling, etc. The higher
the R-va1ue, the better the insulation and
the less the heat loss.

What, More Definitions?
No, just a preview. The following are the passive systems
covered by this book. As with everything else, there are both
advantages and disadvantages. For most of us, though, the
advantages far outweigh the disadvantages.

1. Solar Windows
When you make a conscious effort to place lots of glass on
the south side of your house, feel free to call the extra glass
"solarwindows." The sunlight that enters your house directly
through windows turns into heat. Some of the heat is used
immediately. Floors, walls, ceilings and

furniture store the excess heat. Movable insulation can cover
the windows at night to reduce heat loss. South glass takes
advantage of the winter sun's low position in the sky. In the
summer, when the sun is high, the glass is easily shaded by
roof overhangs or trees. Solar windows are often referred to as
"direct gain" systems.
Advantages
Everyone can use this simplest of all solar designs. In fact,
most of us already do, but not nearly as much as we should.
Solar windows are inexpensive-often free-and they provide a
light and airy feeling.
Disadvantages
Not everyone appreciates sunshine pouring in all day. Many
people enjoy the extra heat and the higher temperatures, but
sunlight can fade fabrics, and too much glass may cause too
much glare.

2. Solar Chimneys
Air is warmed as it touches a solar-heated surface. The
warmed air rises, and cooler air is drawn in to replace it. This
is what happens in an ordinary chimney. The process of
natural convection can occur in a continuous loop between
your house and a solar collector attached to its south wall. As
the air in the solar collector is heated, it expands, rises, and
enters the house. Cooler house air is drawn into the collector
to take its place. This is why these "solar chimneys" are
usually referred to as "convective loops." Before too long, you
should be able to buy solar chimney collectors from your
local solar retail outlet or solar installer.
Advantages
Solar chimneys are very simple and avoid many of the
problems of direct gain systems, such as glare and heat
loss. Also, they're easy to attach to present homes.

Disadvantages
Like direct gain, too large a system may result in higher
than normal temperatures in your house. Careful
construction is required to ensure proper efficiency and
durability.

3. Solar Walls
When the mass for absorbing the sun's heat is located
right inside the glass, you have a "solar wall." The wall,
painted a dark color, heats up as the sun passes through the
glass and strikes it. Heat is then conducted through the wall
and into the house.

Another type of solar wall substitutes water for
masonry. Tall cylinders of water, 55-gallon barrels, and
specially-fabricated water walls are common. The water
containers radiate their solar heat directly to the room.
These walls are often referred to as "thermal storage
walls."
Advantages
Thermal storage walls have many of the same advantages
as convective loops and simultaneously solve the heat
storage problem. The mass is right where it belongs-in the
sun. The thermal mass keeps the house at pretty even
temperatures nearly 24 hours per day.
Disadvantages
The wall also loses heat back to the out-of-doors through
the glass. Triple glazing or movable insulation solves this
problem in cold climates but can be costly. Keep in mind
that construction of the wall can be expensive and may in
some cases reduce available floor area.

4. Solar Roofs
"Solar roofs" are like solar walls, only guess where the heat
storage is instead! They are often called "thermal storage
roofs." Most solar roofs use water in large black plastic bags
(like waterbeds) to absorb heat during the day. The water
ponds store the heat, which is in turn conducted through the
ceiling and radiated to the house below. Insulating panels
cover the ponds at night to reduce heat loss.
Solar roofs can, in certain climates, cool your house
during the summer; the water absorbs heat from the house
below and radiates it to the cool night sky. Insulating panels
shade the ponds by day.

The most widely known solar roof, developed by Harold Hay, is called
"Skytherm. "
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Advantages
These systems can, in some climates, provide for all your
heating and cooling needs. And they can do so while keeping
you as comfortable, or even more comfortable, than almost
any other type of heating system, whether solar or
conventional.

Disadvantages
Solar ponds require careful design, engineering and
construction. Although little information is presently
available, further research and development is currently
under way. Their efficiency and cost effectiveness are not
nearly as good in cold climates as they are in dry, sunny,
southern ones.

5. Solar Rooms
Solar-heated rooms such as greenhouses, sun porches, and
solariums are possibly the hands-down favorite passive solar
system. They give the house extra solar heated living space;
they provide a feeling of spaciousness-a sense of the
outdoors; they act as buffer zones between the house and
outdoor weather extremes. Solar rooms are often referred to
as "attached sunspace."

Advantages
Solar rooms can greatly improve the interior "climate" of a
house. Although solar room temperature swings may be large,
since plants can tolerate much wider swings than people can,
house temperature swings can still remain small (3°-8°). Solar
rooms can add humidity to the house air if desired. A solar
room can become additional living space for a relatively low
cost. Besides, people love them! And they are readily
adaptable to present homes.
Disadvantages
Improperly designed or built solar rooms will not work well.
Although construction costs can be kept down, good quality
construction is expensive. Factory-built kits can also be
expensive.

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects.

To most people, energy conservation lacks the glamour of
solar energy, but it is always a winner in saving energy. In
any climate where heating or cooling is a "big thing," solar
design done in combination with energy conservation works
best. Conservation always pays off in savings faster than any
other energy strategy. The whole idea is simple.
A tight, energy-conserving, passive solar home may reduce
energy costs by 5O to 90 percent depending on climate. As
costs of conventional energy soar and fears of interrupted
supplies heighten, your wise investment becomes more
obvious to everyone: yourself, Your friends, and ... the next
buyer of your home.

South glazing sized to heat a poorly-insulated
house.

Much of the information in this section is based on Solar Home Heating in New
Hampshire (available through the Governor's Council on Energy, 21/2 Beacon
Street/Concord NH 033011
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Federal tax credits of 15 percent make investments in
conservation very attractive. I.R.S. publication No. 903
"Energy Credits for Individuals," will tell you how the
government endorses your investment by giving a 15
percent "discount" that you can subtract directly from your
tax bill.
Basking in the winter sun can be pleasant even though the
temperature is below freezing. But you would never go out
without "buttoning up" first. It should be just as obvious that it
makes no sense to leave your house out in the cold without
buttoning it up first. Most heat is lost through either
conduction or infiltration. Conduction losses occur as heat
escapes through the roof and walls. Infiltration means losing
heat through warm air escaping and being replaced by cold air
drafts seeping into the house through cracks around doors,
windows, and around the foundation.
In climates where energy is used for cooling, conservation
comes first, too! People do not sit in the hot sun for hours
without shielding themselves. So also, shading, ventilating,
and insulating to keep heat out and cool air in are important to
summer cooling. These simple, economic measures lower
both the size and cost of air conditioning equipment, reduce
cooling bills, and improve comfort by lessening the often
large differences felt between indoor and outdoor
temperatures and humidity levels when air conditioning is
used.
In terms of costs, energy conservation measures fall into
three categories: Free, Cheap, and Economic. You just can't
miss. Let's talk about some specific energy conservation
measures, starting with the free ones.
Free heating energy conservation measures include
lowering thermostat settings to 68° or lower during the day
and 550 or lower at night, reducing hot water tank
temperatures to 120° (or 140° if dishwasher instructions
require), adding water-saving shower heads, closing chimney
dampers and blocking off unused fireplaces, shutting off
unused rooms, turning off lights, and wearing heavier
clothing. For cooling, get used to slightly warmer
temperatures or turn the air conditioner off altogether and
open windows. When these measures are used in

combination, 20 percent savings is easily obtainable at no
cost.
Among the "cheap" energy conservation measures are
maintaining the efficiency of your heating system through
servicing check-ups, caulking and weatherstripping windows
and doors to seal infiltration cracks, installing a clock
thermostat for automatic set-back, and adding sheets of
plastic to windows that are the big heat losers. For cooling,
shades, awnings,-and trellises with plant growth-block out the
sun. Fans are much less expensive to run than air
conditioners.
"Economic" energy conservation measures include adding
extra insulation in attics and walls and around foundations,
adding storm windows and doors or replacing older windows
with tight new ones, covering windows with night insulation,
and adding a vapor barrier wherever possible. Replacing an
old inefficient burner or furnace can be economic. Consider a
woodburning furnace or stove. Add an airtight entryway or
plant a wind break of trees. (But don't block out south
sunlight! J These measures do require an initial dollar
investment, but they almost always make econornic sense,
even if a bank loan is necessary to finance the investment.
So far, we have talked about the economics of energy
conservation primarily for retrofitting existing homes.
Planning energy conservation into new house design is a
whole "new game" economically, one in which you stand to
reduce energy bills even further. (Remember, energy
conservation is the first step to efficient solar heating! ) By
planning before construction, many of the "economic"
measures become "cheap" or "free." Extra insulation and a
vapor barrier, for example, are very inexpensive in new
construction as compared to retrofitting with the same
materials. The small extra cost of "doing it right" may be
offset by lower construction costs of other items, such
as a smaller furnace, as well as by energy savings.
You are almost ready to do "something solar" to
your home. But first, we want to elaborate upon some
options. They are presented in their relative order of cost
effectiveness.

Caulking and Weatherstripping
Caulking and weatherstripping reduce air infiltration by
sealing cracks around windows, doors, wall outlets, and the
foundation. These materials are inexpensive and easy to use.
Caulkings include silicones, urethanes, and materials with an
oil or latex base. Weatherstripping is made of felt,
foambacked wood, and vinyl and steel strips. A supplier can
inform you of types, costs, life expectancies, and uses of these
materials. One- to-five year paybacks are usual, but sealing
off big cracks may pay
for itself in a matter of months.

Insulation
Insulating materials are assigned "R -values," a rating of
how well each material resists the conduction of heat
energy. The higher the R-value per inch thickness of
material, the more effective the insulation.
Insulation types include fiberglass (which is available in a
range of thicknesses), bags of loose cellulose, blow-in foams,
and plastic foam sheets or boards. Check with

reputable suppliers for possible fire or health hazards of these
materials as well as for their comparative durability.
Installers can recommend types and amounts of insulation
best suited to your particular house.
Heavy insulation in the roof, exterior walls, and
foundation reduces conduction losses. Recommended
R -values of insulation for new construction in moderate
climates are R-38 in attics and ceilings, R-19 in walls,
R -19 in floors over crawl spaces, and R -11 around
foundations. In severe climates, twice this much insulation
should be used. These standards should be followed or
exceeded in all new construction, but they may not be as
easy to reach in existing houses. Generally, in older houses
the more insulation the better, and the investment will be a
good one.
Vapor Barriers
Vapor barriers protect wall and ceiling insulation from
moisture. As warm house air seeps through walls and ceilings
to the cold outside, it carries moisture with it into the
insulation. If moisture condenses and is trapped, the
insulation loses much of its effectiveness. In severe cases,
moisture can cause wood to rot.
Adding vapor barriers to existing houses is difficult unless
interior walls have been tom down. However, interior vapor
barrier paints and vinyl wall papers are available for existing
houses. Ridge and soffit vents for attic ventilation help carry
away moisture. In humid climates, consult local builders
since vapor barriers are not used in some parts of the country
where moisture moves from the outside into walls during the
summer.
Storm Windows and Doors
A window with a single pane of glass (called single glazed)
can lose 10 times the heat of an R -11 wall (3 ½ " of
fiberglass insulation) and 20 times the heat of an R-19 wall
(6" fiberglass insulation). Adding a second layer of glazing
can save one gallon of oil each winter per square foot of
window area in cold climates. Adding two layers (resulting in
triple glazing) can save nearly two gallons of oil per square
foot of window area. At 1980 energy prices, added glazing
can save $10 to $15 per window each year. Storm

Human Comfort
Regardless of how fuel bills are reduced, the
primary purpose of energy consumption for
heating and cooling is to keep people
comfortable. Passive solar design is a natural
strategy for accomplishing this.
Our bodies use three basic mechanisms for
maintaining comfort: convection; evaporation/
respiration; and radiation. Air temperature,
humidity, air speed, and mean radiant temperature all influence how we use our comfort control
mechanisms.
Perhaps mean radiant temperature is least
understood. Mean radiant temperature (mrt) refers
to the average temperature we feel as a result of
radiant energy emanating from all surfaces of a
room: interior walls, windows, ceilings, floors, and
furniture. It combines with the room air temperature
to produce an overall comfort sensation, and
different combinations of mean radiant temperature
and room temperature can produce the same
comfort sensation. For example, if the air
temperature is 49° and the mean radiant
temperature is 85°, you will feel as though it is
actually about 70°. The same holds true for the
combination of an air temperature of 84° plus a
mean radiant temperature of 60°.
Many passive systems use warm surfaces to
keep a house comfortable. The higher mean
radiant temperatures provide comfort at lower air

temperatures. Most people prefer this comfort
balance to the more common comfort balance
found in conventional houses where warm air is
surrounded by cool or cold surfaces. In other
words, because you are surrounded by warm
surfaces, a passive house makes you "feel"
warmer even with room temperatures several
degrees lower than you might have in a
conventional house.
Once you've become accustomed to passive
warmth, conventionally-heated rooms feel cool
and drafty, even at identical air temperatures.
Interior surfaces of thickly insulated walls, floors,
and roofs are warmer than those that are poorly
insulated. The same holds true for muultipaned
windows compared with single glazed. Thus,
energy conservation enhances mean radiant
temperature and is a good companion to passive
solar in providing comfort.
Because lower house temperatures result in
less heat loss, even more energy can be saved
than what is normally calculated.
The combinations of temperatures in the
following chart produce the common comfort
sensation of 70°F:
Mean Radiant Temperature: 85 80 75 70 65 60 55
Air Temperature: 49 56 64 70 77 84 91
Comfort Sensation: 70 70 70 70 70 70 70

windows are available with wood, aluminum or plastic sash.
Aluminum insulates least and wood insulates best. Storm
windows come with single or double panes of glass. Placing
clear plastic sheets over windows is the least expensive
solution.

Thermal Window Shades
Thermal shades, shutters, or heavy curtains can reduce heat
loss through windows at night by up to 80 percent. Many
types of night insulation can be hand-made. Others can be
purchased and professionally installed. A snug fit and tight
edges all around are important for high

effectiveness. Combining night insulation with double or
triple glazing will be the greatest deterrent to nighttime heat
loss through windows.

Shades and Awnings
To stay cool during the summer, keep the sun out of the house
during the day. Inexpensive interior shades from a hardware
store are least effective but work well for the small
investment. Exterior awnings are becoming popular again and
do a good job of shading. Deciduous trees provide ideal
summer shading and shed their leaves to allow winter sun in.
Summer shading by whatever means is a "natural" first step in
reducing cooling costs.

Taking Steps
Take time to get sound advice and to implement energy
conservation measures properly. Although procedures are
often simple, inadequate or faulty installations can reduce
insulating effectiveness or even damage the house. But,
without a doubt, energy conservation will pay you well for
your effort in fuel savings.

Solar Retrofit
Suppose you already own a home and want to keep it, but are
concerned about rising energy costs. Solar heating and
cooling are not out of your reach. Solar retrofitting, or adding
solar features to existing homes, is one of the most exciting
challenges in the field.
There are a lot of existing homes and all of them use
energy, often more than necessary. For many reasons,
economic, historic, aesthetic or purely sentimental-we don't
want to just discard older homes or other valuable buildings.
Solar renovating or retrofitting is a viable option to consider.
All the passive solar choices we've talked about come in
"retrofit sizes" too. Take time to compare options before
choosing. Some solar retrofits will suit your existing structure
better than others. But retrofit possibilities are not necessarily
limited either. If you use your imagination and then carefully
check out the most practical options,

the results will be very satisfying. Some attractive and
efficient solar retrofits are featured in the eight page photo
spread on pp. 119-126.
Do button up first. Older homes, even those built five years
ago, rarely have enough insulation or are tight enough to
maximize the performance of any solar retrofit. Research for
your solar retrofit starts very simply. Find south. Every home
has a south-facing wall or comer at worst. If the compass
does not yield a perfect long wall facing due south, don't give
up. Orientation can be up to 30° off either to the east or west
of south and still be effective for solar collection.
If, when looking in a southerly direction you don't find a
high rise, you're in luck. Any obstruction which casts a
shadow on the house in winter can reduce solar collection
unless it can be removed or like a deciduous tree loses
its leaves when you will need the winter sun. Summer
shading from deciduous trees is a cooling advantage too.
Solar orientation and shading factors are only the first steps
in evaluating site suitability.
If the site checks out so far, think of the five passive solar
options. Which ones make sense for you? It will depend upon
the design of your home, its position on your lot, and the
dollar investment you are prepared to make. For example, a
solar room will make sense if you like gardening or want
extra living space in addition to solar heat. If you want solar
heat and privacy is needed because your south side faces a
street, a solar chimney for a frame house or a solar wall for a
masonry or frame house makes the most sense. Adding more
south facing windows is a simple, efficient solution in many
cases. If the only available south -facing surface is a roof, a
solar attic may be a natural choice.
Cost is an important consideration in passive solar retrofits.
(When building with a new passive home design, extra cost
may be minimal when compared with a new conventional
home.) A solar retrofit, like any remodeling work, will cost
money, but compared to what? If you convert the home you
have to solar instead of building a new one you could save a
lot of money by comparison and substantially reduce heating
and cooling cost as well.
Passive solar retrofits come in many "sizes," as well as
"cost variations." A greenhouse solar room, for example,

can vary from light lean-to framing covered with plastic
glazing to one which is custom-built, with triple-glazed
windows, built-in shutters, and water-wall heat storage. Both
are appropriate for some uses and both function well. Cost is
the variable, so you must decide what you want to spend.
To help you make really informed retrofit decisions, each
of the five passive heating options will be critically
considered. However, one more bit of information you need is
energy flow in and out of buildings. Heat and light flow
through windows. Heat travels through walls also. The
important point is that there are two primary flows of heat in
and out of the house. One is solar radiation inward; the other
is heat escaping from your house in cold weather and seeping
in during hot. Both vary considerably depending on the time
of day and the season of the year.
Adding transparent glazing to a house is the basic strategy
in solar retrofitting. It is a way of taking advantage of needed
energy flows in and reducing unwanted energy flows out.
Solar retrofit strategy assumes that conservation measures
have been taken first. When a second glazing layer is added
to an existing window, A, it greatly reduces heat loss, but
reduces solar heat gain only slightly. When glazing is added
to the prepared wall surface of a house, B, it transforms the
wall into a solar chimney collector. Adding a layer of glazing
to an uninsulated masonry wall, C, significantly reduces heat
loss and, in fact, produces considerable solar heat gain.
Finally, a solar room results, D, when the space between the
glazing and the wall is greatly enlarged. The space, in a sense,
absorbs the shock of outdoor weather extremes, tempering
their effect on the house while also providing solar heat.

The Ins and Outs of Energy Flow
If you understand how energy flows through windows and
walls, you can more easily select the most suitable passive
design for your house. There are two primary flows of heat in
a house. One is solar radiation inward; the other is heat that
escapes from your house in cold weather and seeps into your
house during hot weather. Both types of flow vary
considerably in amount depending on the time of day and the
season of the year. Keep energy flow in mind as we look at
the five basic passive solar options in a simple way.

All are variations of adding extra glass to let solar heat in
and trap it to prevent heat losses back out.
Transparent glazing can be added to south sides of houses
in a number of ways to affect the amount of both solar
radiation that enters into, and heat that escapes from, the
house.
A. When glazing is added over an existing window, it
greatly reduces heat loss but reduces solar gain only
slightly.
B. When glazing is added to the prepared wall surface of a
house, it transforms the wall into a solar chimney collector.
C. Adding a layer of glazing over an uninsulated masonry
wall significantly reduces heat loss from that wall, and, in
fact, produces considerable solar heat gain through the wall.
D. Finally, a solar room results when the space between the
glazing and the wall is greatly enlarged. This space, in a
sense, absorbs the shock of outdoor weather extremes,
tempering their effect on the house while also providing solar
heat.

A. Solar Windows
Improving the Energy Performance of Existing
Windows. Levels both of solar radiation "in" and of
heat loss "out" are high through a single layer of
glass. When the sun is shining, the house heats
up quickly. Yet, when the temperature drops, heat
loss increases quickly. A second layer of glass
reduces solar gains by about 18%, but reduces
heat loss by about 50%. A third layer of glass
reduces solar heat gain by another 18%, but heat
loss is reduced by an additional one-third.
Therefore, a second, and even a third, layer of
glazing is often cost effective. Movable insulation
(to be discussed in Chapter 3) is most effective in
reducing heat loss.
The same principles apply if you convert
south-facing walls into windows, perhaps the
simplest solar retrofit. Added glass area allows
more heat in, but be sure to take steps to reduce
heat loss. Be sure also to take steps to soak up
the extra heat to keep the house comfortable
during the day and to make the extra heat
available at night. Make provisions for shading
the glass during the summer.

B. Solar Chimneys
Converting Heat-losing Walls into Energy
Producers. A poorly-insulated wall allows small
amounts of solar heat gain. A well-insulated wall
allows little or no solar gain. Whereas the poorly
insulated wall has huge heat losses, the well
insulated wall loses very little. When the outdoor
temperature drops, heat loss through the walls
increases quickly but not as quickly as it does
through windows.
When the walls are covered by sheets of
glass, and thereby are converted to solar
chimney collectors, they increase considerably
the amount of solar energy they provide to the
house. They take a short time before they heat
up and start producing heat, so they do not
provide energy quite as quickly as windows do.
Nor do they provide quite as much heat as
windows do. However, the heat loss from the
house through the walls is substantially less than
through the windows (unless, of course, the
windows are covered with insulation at night).
The net result is that more energy is gained
through solar chimneys than is lost. And, if
properly constructed, solar chimneys can
produce more energy than windows can.
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c. Solar Walls
Brick 'n Mortar 'n Solar. Brick, stone, adobe, and
concrete walls have high rates of heat loss, even
if they are thick. If they face east, west, or north,
insulate them, preferably with the insulation on
the outside. But if they face south, cover them
with sheets of glass or durable plastic and
capture the sun's rays.
Much of the sun's heat is absorbed by the wall,
delaying the time when the house receives the
heat. Also, because the sun-warmed wall loses
heat back to the outdoors, the net energy gain is
not as great as it is through windows. But the
solar heat enters the house slowly and over a
long period of time, making overheating much
less of a problem than with solar windows, and
keeping the house warm well into the night.

D. Solar Rooms
Going One Step Further-Solar Rooms. Vertical
glazing offers only a small, dead air space over
an exterior wall surface. If the glazing is installed
instead in a lean-to fashion, the air space can
become large and can be called a solar room.
The heat loss from the house is no longer to the
outdoors, but rather it is to this large air space,
which is nearly always warmer than the outdoors.
This makes the rate and amount of heat loss from
the house much lower.
If the wall of the building is wood framed, a
solar room is likely to experience wide
temperature fluctuations. If the wall is of solid
masonry, then the fluctuations will be much
smaller. The thermal mass of masonry or earthen
floors reduces temperature fluctuations, too.
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Instructions: Stand at the line of your proposed solar wall, face south, look at the
numbered suns in the sky, wait there for 12 months until all 17 have appeared, then
continue reading this book.

Solar Position
We all realize that the sun doesn't stay in one part of the sky
all day and that its path varies from season to season and from
state to state. Fortunately, its movements are completely
predictable, widely published, and easy to understand. No
guesswork is involved: from the sun chart for your latitude
(see Appendix 1) you can find quite easily where the sun will
be at any hour, at any season; and. from that information you
can see how and where solar installations (and summer
sunshades) must be placed in order to respond to the sun
where you live.
Here's a nice surprise: the quantity of solar energy that
penetrates a south-facing window on an average sunny day in
the winter is greater than that through the same window on
an average sunny day in the summer. Here are the reasons:

3.
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1. Although there are more daylight hours during the
summer, there are more possible hours for sunshine to
strike a south-facing window in winter. If you live at
.35° north latitude, for example, there are fourteen hours of
sunshine on June 21. But at that position the sun remains
north of east until after 8 :30 A.M. and moves to north of
west before 3 :30 P.M., so that direct sunshine occurs for
only seven hours on the south-facing wall. On December
21, however, the sun shines on the south wall for the full
ten hours of daylight.
2. The intensity of sunlight is approximately the same in
summer as in winter. The slightly shorter distance
between the earth and the sun during the winter than
during the summer is offset by the extra distance that the
rays must travel through the atmosphere in the winter
when the sun is low in the sky.
2. In the winter, the lower sun strikes the windows more
nearly head-on than in the summer when the sun is higher.
At 35° north latitude, 170 Btus of energy may strike a
square foot of window during an average winter hour,
whereas only 100 strike on the average during the
summer.
2. In winter, more sunlight passes through glass by hitting
the window head-on. But in the summer, the high angle
rays tend to reflect off the glass.
2. With proper shading, windows can be shielded from
most of the direct summer radiation.
About twice as much solar radiation is transmitted
through south-facing windows in the winter as in the
summer. If the windows are summer-shaded, the
difference is even greater.
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In passive systems, tilted surfaces such as roofs are used
less often than vertical surfaces. With reflective surfaces such
as snow on the ground, a south-facing vertical surface
actually receives more energy during the middle of the winter
than a south-facing tilted one. Therefore, during the primary
heating months there is little advantage to using tilted rather
than vertical, south-facing surfaces. In fact, for more northern
latitudes, the difference is insignificant.

Tilted glazing, whether in collectors or skylights, tends to
be more costly to build and more prone to leakage. It is also
harder to shade and, if left unshaded, can more easily
overheat the house in the summer than vertical glazing can.
Roofs are less likely than walls to be shaded by trees or
buildings during the winter, and they have large surfaces for
collecting solar energy. Unfortunately, they are difficult to
cover with insulation at night to reduce heat loss.
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The Site
If your site does not have proper solar exposure because it
slopes sharply north or is shaded darkly by evergreens or
large buildings, a house designed for the site will
have little chance of being solar heated. Here's what to watch
for:
1. Lot Orientation
South-facing houses assure lower energy consumption,
during both summer and winter. This does not mean that
houses have to face rigidly southward. A designer who
understands passive solar principles can devise dozens of
practical solutions. The site or lot itself does not have
to face south, as long as the building itself is oriented
southward. A lot that slopes sharply north is, of course,

Solar Building Design Basics 35

very difficult to work with, and south-sloping lots are
preferred. Once land developers understand passive
principles, they can plan for solar subdivisions with the cost
approximately the same as for conventional subdivisions.
2. Setback Flexibility and Minimum Lot Size
Deep house lots which have narrow street frontage, reduce
the surface area of summer heat-producing asphalt streets.
Higher housing densities can reduce travel distances and
times and subsequent energy use. Flexible zoning laws can
permit houses to be located near the edges of their lots, thus
minimizing the potential of shading from adjacent neighbors.
Long-term, shade-free rights to the sun are necessary to
guarantee adequate sunlight for the life of the house. Solar
rights are slowly being acknowledged as legal precedents
build up in the courts.
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3. Landscaping
Proper landscaping can offer beauty as well as comfort and
energy savings, both in winter and in summer. Evergreens can
greatly slow arctic winds. For most of the country, these
winds come from the west, north, and, northwest. Large
deciduous trees appropriate to your region can provide shade
and summer cooling. They are most effective on the east,
west, and south sides of the house. Most, but not all,
deciduous trees shed their leaves in the winter to let the warm
sun in. Well-shaded and landscaped paving will often
encourage people to walk or bicycle rather than ride in an
energy-consuming car. Glaring, unshaded asphalt creates
desert-like conditions, placing a higher air conditioning load
on buildings. Pavings that are porous to rain and that do not
absorb heat have a much less severe effect.
Landscape design that encourages home vegetable
gardening saves energy in many ways. For each calorie of
food produced by agriculture, ten calories of manufactured
energy are expended. Home gardens do far better, offering
not only more nutritional food, lower food bills, and richer
soil, but also a more appropriate use for all the plant cuttings
and food wastes so often discarded.

4. Street Widths
Narrow streets save valuable land and can be shaded more
easily than wide ones. They are more pleasant than wide
multilaned streets and are safer for bicyclists, pedestrians, and
motorists. They reduce the heat load on people using them,
and they also reduce traffic speeds. Parking bays, rather than
on-street parking, can promote shading both over the bays and
over the narrower streets. Pedestrian walks and bicycle paths
are far more readily integrated into such plans.
5. Length/Width Ratios
In the northern part of the country, south sides of houses
receive nearly twice as much radiation in the winter as in the
summer. This is because the sun is lower in the sky during the
winter. In the summer, the sun is high in the sky, and the sun
does not shine directly on south walls for a very long period
of time. Houses in the south gain even more on south sides in
the winter than in the summer.

East and west walls receive 2 ½ times more sunshine in the
summer than in the winter. Therefore, the best houses are
longer in the east/west direction, and the poorest are . longer
in the north/south direction.
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A square house is neither the best nor the worst.
(Remember, however, that a square building is often the most
efficient in terms of layout and economy of materials.) A
poorly shaped house can be improved by covering the south
wall with windows and other passive systems and minimizing
windows facing other directions. If you pitch your roof south
at a slope of 45° or so, you can add active solar collectors
and/or photovoltaic (solar electric) cells. You may not want
to do so now, but someday when energy prices have tripled,
and then tripled again, everyone will envy your
farsightedness. After all, this year's $150 heating bill of your
cozy passive solar home will at that point be over $1,000
while everyone else's will be $5,000 to $10,000!

6. Natural Daylighting
Do not underestimate the bonus of natural daylighting, which
passive solar designs can provide. In some big buildings,
solar glazing may save more energy and money by reducing
electric light bills than it saves by reducing fuel bills, and
lighting engineers feel that properly located lighting from
sidewalls can be two to three times as effective as artificial
overhead lighting. For houses, the extra light from solar
windows and solar rooms can add immeasurable pleasure and
a living experience far surpassing any you've had before.

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects.

Sunlight falling gently through windows is by far the most
common way for solar energy to heat our country's
70,000,000 buildings. But loosely fitting, single-glazed
windows usually lose more heat than they contribute in the
form of solar heat gain. On the other hand, a properlydesigned south window, with the addition of a reflective
surface on the ground (such as snow, a pond, or an
aluminized mirror) and with an insulating cover at night,
can supply up to twice as much solar energy to a building
as a good “active" solar collector of the same surface area.
Proper design criteria include the following:
The right timing. Sunlight must enter a house at only the
right time of the year and the right times of the day. This
simply means careful design in response to known solar
geometry and climate.
The right amount of solar heat. If you desire fairly stable
indoor temperatures, this must be engineered. If you desire
a fairly wide range of temperatures, great-but just don't
assume that you do, or that other occupants or your friends
will find it comfortable, and then have to later excuse a
poorly engineered system when it gets too hot. Too much
glass and too little mass is a common but unnecessary error
in properly well-insulated passive solar houses.
The right type of glazing. Clear glass is both attractive and
efficient and has its place, but so have clear and translucent
materials, such as diffusing glass, plastic films, fiberglassbased glazings, and acrylics. Reflective glazings can
reduce unwanted solar gains. (See Appendix 6 for more
help on selecting the right glazing material.)
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In one sense, of course, most of the
world's buildings are already principally
solar heated. Think about the huge, yearround heating job the sun does, using
land and sea as thermal mass, to keep
the whole world between-50°F and+
100°F when, without the sun, we'd be at473°F all the time. That's most of all of
the heating done on earth, and we'd do
well to remember it when we hear talk of
alternatives to solar energy use or that
solar can't really do the job.

Properly designed solar collectors supply
between 50,000 and 85,000 Btus per square foot
of surface area per heating season in a climate
where the sun shines half the time. (This is
equivalent to the energy from 1/2 to 1 gallon of
home heating oil, or from 15 to 25 kwh of
electricity, - or from 100 to 140 cubic feet of gas.)
Solar gain through a square foot of south facing,
double glass in the same climate is about
140,000 Btus. Conduction heat loss through that
square foot (ignoring air infiltration for the
moment) is about 70,000 Btus in a 5,000

degree day climate. The net contribution to the
building, then, is 70,000 Btus (140,00 solar ,gain
less 70,000 heat loss). Therefore, in a climate
like that of St. Louis, ordinary double glazed
south-facing windows can produce about the
same amount of heat per square foot as solar
collectors. Reflectors will boost heat production
of both designs. Movable insulation and/or
triple-glazing can dramatically reduce heat loss
from windows, greatly boosting their net energy
input to the house.

Solar Gain
Appendix 2 provides month-by-month, hourlyhour clear-day sunlight (or "insolation") data for
vertical, south-facing surfaces for six different
northern latitudes. Together with Appendix 3
(U.S. sunshine maps for each month), it can be
used to determine the approximate amount of
solar radiation likely to come through southfacing glass anywhere in the United States at
anytime.
For example, from Appendix 2, the total clearday solar radiation on a south-facing, vertical
surface in January at 40° north latitude
(Philadelphia, Kansas City) is 1726 Btus per
square foot. In Kansas City, the "mean
(average) percentage of possible sunshine" in
January is 50 percent. (See the U.S. sunshine
map for January.) Approximately 82 percent of
the sunshine that hits a layer of ordinary glass
during the day actually gets through it.
Therefore, the average total amount of solar
radiation penetrating one layer of vertical, southfacing, double-strength glass in Kansas City
during the month of January is approximately
(31 days per month) x (1726 Btus per square
foot per day)
x (50 percent possible sunshine) x
(82 percent transmittance)
22,000 Btus per square foot per month.
Over the course of a normal heating season
in a 50-percent-possible-sunshine climate, the

total solar gain will be between 130,000 and
190,000 Btus per square foot. (A more accurate
number may be obtained by doing the
calculations on a month-by-month basis for
each month of the heating season for a
particular location, taking into account the
heating needs of the particular house.)
If a second layer of clear glass is added to
the first, about 82 percent of the light that
penetrates the first layer will penetrate the
second. Converting the first example, then,
18,000 Btus (0.82 x 22,000) are transmitted by
double glass compared with 22,000 by single.
But remember heat losses are reduced by 50
percent when you do this!
These monthly solar gains can be roughly
compared with the monthly heating demands of
the house to determine the percent of the heat
supplied by the sun. When solar provides less
than 40 percent of the heat, the above analysis
is relatively accurate for preliminary design
purposes. However, a more detailed and
rigorous analysis is required when the solar
windows are large enough to be supplying more
than 40 percent of the heating load.
In cold climates, 300 square feet of direct
gain will supply roughly half the heat for a well
insulated, 1500 square foot house. Half as
much area is needed in a mild climate.

Minimum heat loss. Keep heat losses back out through the
glazing as low as is practical. Use several layers of glazing
according to the material and climate. Cold climates also
warrant movable insulation at night.
Control of glare and fading. Some people simply do not like
working in direct sunlight. In fact, many people prefer the
softer north light. Southern exposure means low fuel bills,
but it also means window glare and squinting. Too much
glass can also mean loss of privacy. Overhead light (such as
from a skylight) is often a good compromise, offering solar
gain with the least glare. In colder climates, however, this
can mean added heat loss at night. Make sure the overhead
glass is shaded during the summer!

!

Thermal Mass
The sun does not shine twenty-four hours a day, and thus,
unlike a furnace, it is not waiting on call to supply us with
heat whenever we need it. Therefore, when we depend on the
sun for heat, we must do as nature does-store the sun's energy
when it is shining for use when it is not. Nature stores the
sun's energy a number of ways. Plants use photosynthesis
during the day, and then they rest at night. Lakes become
heated during the day and maintain relatively constant
temperatures day and night. For hundreds of years people
have been growing and harvesting food during the summer
and storing it for use during the winter. Indians of the
American Southwest have for centuries used thick adobe
walls that act like big thermal sponges to soak up large
amounts of sunlight. As their exterior surfaces warm up
during the day, the heat slowly moves throughout the adobe,
protecting the interior from overheating. At night, the walls
cool off, allowing the adobe to soak up heat again the next
day, thus keeping the houses cool.
In contrast, massive central masonry chimneys of New
England colonial houses absorb any excess interior daytime
warmth. The stored heat helps keep the houses warm well
through the night.
When massive materials are located inside houses where
the sun can strike them directly, they combine the

Rules of Thumb for Thermal Mass If
sunlight strikes directly on the mass
(such as a brick floor), each square
foot of a window needs roughly 2
cubic feet of concrete, brick, or stone
to prevent overheating and to provide
heat at night. If sunlight does not
strike the mass, but heats the air that
in turn heats the mass, four times as
much mass is required.
The ability of a material to store
heat is rated by its "specific heat,"
meaning the number of Btus
required to raise 1 pound of the
material 1 deg F in temperature.
Water, which is the standard by
which other materials are rated, has
a specific heat of 1.0, which means
that 1 Btu is required to raise 1
pound of water 1°. The pound of
water, in turn, releases 1 Btu when it
drops 1°.
The specific heat of materials that
might be considered for use in the
construction of buildings are listed
below. The second column of
numbers in the table shows the
densities of the materials in relation
to each other. The material's heat
capacity per cubic foot (listed in the
third column) was obtained by
multiplying its specific heat by its

Specific Heats, Densities, and Heat Capacities of
Common Materials

.
Material

Air (75°F)
Sand
White pine
Gypsum
Adobe
White Oak
Concrete
Brick
Heavy stone
Water

Specific Heat
(Btus stored
per pound per
degree
Density
change of
(pounds per
cubic foot)
temperature)
0.24
0.191
0.67
0.26
0.24
0.57
0.20
0.20
0.21
1.00

0.075
94.6
27.0
78.0
106.0
47.0
.140.0
140.0
180.0
62.5

density. Note that the density of
water is least among the materials
listed but that its heat capacity per
cubic foot is still highest because of
its high specific heat. The low
specific heat of concrete (0.2, or 1/5
that of water) is partially
compensated by its heavy weight
and it stores considerable heat (28
Btus per cubic foot for concrete, or
about one-half that of 62.5 for
water). Except for water, the best
readily available materials are
concrete, brick, and stone.

Heat Capacity
(Btus stored
per cubic foot
per degree
change of
temperature)
0.018
18.1
18.1
20.3
25.0
26.8
28.0
28.0
38.0
62.5
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benefits of Southwest adobe and New England chimneys.
The resulting "thermal mass" tempers the overheating effects
of sunlight from large windows and absorbs excess energy
for later use.
Generally, the more thermal mass the better. But if its too
thick, heat may not get through. The more directly the sun
strikes the mass, the less the house temperature will fluctuate.
Unfortunately, thermal mass, such as brick walls, concrete
floors, or water storage tubes, are often expensive and/or
unsuitable to the homeowner. Thus, moderately-sized solar
windows, which require limited amounts of thermal mass, are
often the best solution. Solar walls and/or solar rooms can
supplement the solar windows to achieve the lowest possible
fuel bills and the highest possible levels of comfort.
An unheated, lightweight house, such as a wood-framed
one, drops in temperature relatively quickly even if it is wellinsulated. A heavy, massive, well-insulated structure built of
concrete, brick, or stone maintains its temperature longer. To
be most effective, the heavy materials should be on the inside
of the insulating envelope of the house. When left unheated, a
house that is well insulated and also buried into the side of a
hill cools off very slowly and eventually reaches a
temperature close to that of the soil. Although earth is a good
means of sheltering your house from the extremes of weather,
soil is a poor insulator and will draw heat out of the building
endlessly if you don't insulate well.
If you prefer to close draperies to keep the sun out, or if
you insist on wall-to-wall carpeting or big rugs, solar
windows might not make sense for you. Alternatively,
reconsider how you desire to furnish your house. The warmth
of brick floors, walls, and fireplaces and the sensation of
light and heat coming through windows can be exhilarating,
possibly more so than wall-to-wall synthetic fabrics.
Clear glass allows the bright rays of the sun to shine
directly on specific surfaces in the room, leaving others in
shadow. Translucent glazing, on the other hand, diffuses light
and distributes it more widely, assuring more even heat
distribution to many interior surfaces at the same
'time. This results in more even temperatures and greater heat
absorption and storage throughout.
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The temperature swings of thermal mass placed in direct
sunlight will be about twice the temperature swings of the
room itself. Mass shaded from the sun inside the room
(such as in north walls) will fluctuate in temperature about
half as much as the room. Thus, solar radiated mass
stores four times more energy than the shaded mass.
Too little heat storage will allow wide temperature
swings and permit overheating, which in turn wastes heat
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Concrete Floors
Concrete floors are commonly used for storing
heat from solar windows. Consider this
oversimplified case: A 20 by 40 foot house has a
concrete floor 8 inches thick (530 cubic feet). By
late afternoon the slab has been solar heated by
150 square feet of window to an average of
75°F. During the night, the outdoor temperature
averages 25° and the indoor air averages 65°. A
well-insulated house may lose heat at a rate of
about 200 Btus per hour for each degree of
temperature difference (called Delta T, or ~ T)
between the outdoors and indoors. The
temperature of the slab drops as it loses heat to
the house.
The heat lost from the house is the product of
the total heat loss rate, the time, and the
average temperature difference between
indoors and outdoors. In this case, the heat loss
during the 15 hour winter night is

(15 hours) x (200 Btus per hour per OF)
x (65°-25°) = 120,000 Btus.
With a heat capacity of about 28 Btus per
cubic foot per degree of temperature change,
the 530 cubic foot concrete slab stores roughly
15,000Btus for each degree rise in temperature.
for each degree drop in temperature, the slab
releases the same 15,000 Btus. If the floor
drops 8 degrees, from 75°F to 67°F, it will
release just enough heat, 120,000 Btus, to
replace the heat lost by the house during the
night.
When you calculate mass floor areas, realize
that the mass must be left exposed in order to
work. Although concrete floors perform well,
even the best designed floors for solar
exposure very often get covered or shaded by
rugs or furniture.

due to greater heat loss from the house, (especially if you
open windows to vent that extra heat). Conversely, more
mass increases both comfort and the efficiency of the
passive system.
The effectiveness of mass also depends on its thickness.
The deeper parts of thick walls and floors are insulated by the
surface layers and do not store as much heat. Therefore, 100
square feet of 8-inch-thick wall is more effective than SO
square feet of 16-inch-thick wall, even though they both
weigh the same.
Provide for thermal mass in the simplest way possible,
otherwise it can be costly and can complicate construction.
When used wisely, on-site locally available building
materials (gravel, stone, etc.) can be the best kinds of thermal
mass. Their use requires less energy than it takes to make and
transport brick and concrete.
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Movable Insulation
Glass loses heat up to 30 times faster than well-insulated
walls, so the nighttime insulation of glass in winter climates is
very important. So is the use of double glazing, which has
only half the loss rate of single glass. If the double glazing
faces south, it gains more heat than it loses during the winter,
virtually anywhere in the country.
In climates of more than 5,000 degree days, the extra cost
of triple glazing is usually justified by the energy savings.
However, more than three-layered glass seldom is, since each
layer of glass also blocks fifteen to twenty percent of the solar
energy that passes through the preceding layer. Multilayered,
non-glass glazing systems of high transmittance (up to 97
percent), such as Teflon™, can often use four or five layers
effectively. The reason for this is that they are so clear that an
additional layer

Energy Savings from Movable Insulation To
determine the annual energy savings using
movable insulation, first find the difference
between the U-value of the window as it is and
the U-value of the window using movable
insulation. Then multiply this difference times the
number of degree days where you live times 24
hours per day.
For example. suppose that an insulating panel
with a heat flow resistance of R-1 0 is being
considered for windows in Minneapolis with two
layers of glass. Assume that the' insulation will
be in place an average of 12 hours per day.
The U-value of the glass is
0.55 Btus per square foot per hour per degree
(from Appendix 4). The U-value for the insulated
window system is 0.24. The difference between
the two is 0.31 (0.55 minus 0.24). Minneapolis
averages 8382 degree

days per year (from Appendix 5).
Therefore,
Annual energy savings
= (0.31 Btus per square foot per OF)
x (8382 degree days per year)
x (24 hours per day)
= 62,362 Btus per square foot per year
For a 1 O-square-foot window, the savings is
roughly equivalent to the heating energy
obtained from 180 kwh of electric resistance
heating ($7-$12 at most electric rates), from 10
gallons of oil burned in most furnaces, or from
10 square feet of an active solar collector of
average design. A tight-fitting shutter also
reduces heat loss due to air leakage around the
window frame, making the above savings a
conservative estimate.

50 Passive Solar Heating

reduces heat loss significantly, yet blocks very little of the
incoming sun. These thin plastics are not commonly used in
home construction however, for existing homes, thin film
plastics are frequently used in place of glass storm windows.
Companies are developing products that will make thin
filmed plastic windows easier to use for both new and
existing homes.
But the most direct options for preventing unwanted
heat loss through solar windows are:
- sheets of rigid insulation manually inserted at night and
removed in the morning

- framed and hinged insulation panels.

-~
- roller-like shade devices of one
- or more sheets of
aluminized Mylar, sometimes in combination with
cloth and other materials.

- sun-powered louvers, such as Skylid™, which
automatically open when the sun shines and close
when it doesn't; and
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- mechanically-powered systems, such as Bead wall™,
which use blowers to fill the air space between two
layers of glazing with insulating beads at night.

The insulating values of good movable insulating devices
range in heat flow resistance from R-4 to R-10. During the
day when the sun is shining, windows are net energy
producers. But since outdoor temperatures are much lower at
night, up to three quarters of a window's 24-hour heat loss
can be prevented by the proper use of these devices.
A window loses heat to the out-of-doors in proportion to the
temperature of the air space between the window and the
insulation provided. A loose-fitting insulating shutter will
allow room air into that space and diminish the insulating
effect. Therefore, a snug fit and sealed edges are important.
A few cautioning words: Sun shining on an ordinary
window covered on the inside by a tight insulating shade can
create enough thermal stress to break the glass. A white or
highly-reflective surface facing the glass is the best solution,
but not foolproof. Also, moisture can condense at night on the
cold window glass facing the insulation, causing deterioration
of the wooden frames. Tight-fitting insulation is the best
solution for preventing
excessive condensation. Otherwise, provisions for
collecting and draining the condensation may be
necessary.
Also, remember to conform to all codes; don't use
insulation materials that are flammable or in other ways
hazardous without protecting them properly.

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects

Chapter 4

A solar chimney is an air-heating solar collector that runs
automatically, on sun power alone. Of all the passive heating
systems, it loses the least heat when the sun is not shining.
Except for solar windows, solar chimneys (also called
convective loops) are the most common solar heating
systems in the world.

Variations on the design are used to heat water for
domestic purposes. Hundreds of thousands of pumpless,
"thermosiphoning" (heat convecting) solar water heaters
have been used for decades. In fact, convective loop water
heaters were patented in 1909. By 1918, 4,000 such water
heaters were in operation in Southern California.
Solar chimney wall-mounted collectors can
complement south-facing windows in supplying
additional solar heat directly to both new and existing
houses. In conventional wood-framed houses, up to 25
percent of the heat can be supplied by combining solar
windows and solar chimneys without supplemental
thermal storage. A combined system of
52
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roughly 200 square feet can achieve the 25 percent figure for
a well-insulated 1500-square-foot house in a cold climate.
Half as much area is needed in a mild climate.

Basic System Design
A solar chimney wall collector is similar to a flat-plate
collector used for active systems. A layer or two of glass or
plastic covers a black absorber. Air may flow in a channel
either in front of or behind the absorber, depending on the
design. The air may also flow through the absorber if it is
perforated. The collector is backed by insulation.
In the figure on the next page, the collector is mounted on,
or made a part of, the insulated wall. Openings at the bottom
and top of the wall permit cooler air from the house to enter
the hot collector at the base of the wall, to rise as the sun
heats it, and to vent back into the building near the ceiling.
The slow-moving collector air must be able to come in
contact with as much of the absorber's surface area as
possible without being slowed down too much. In fact, the
amount of heat transferred from the absorber to the flowing
air is in direct proportion to the heat-transfer capabilities of
the absorber and the speed of the air flow by or through it.
Up to six layers of expanded metal lath is used in some
absorbers. In these, the air rises in front of the lath, passes
through it, and leaves the collector through a channel behind
the lath. Flat or corrugated metal is also used, but it does not
transfer heat as well. However, the air flow channel in this
case need not be as deep. The metal should
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be placed in the center of the channel, if possible, so that air
flows on both sides. This is more difficult to do and requires
two glazing layers instead of one.
Construct the collectors carefully and insulate them well}
particularly the upper areas that are likely to be hottest. Avoid
insulations or glazings that will melt. If the collector’s flow
should be blocked for some reason on a sunny day, its
temperature can reach over 300°F. Wood construction is
usually satisfactory, but be sure to provide for wood shrinkage
and for the expansion and contraction of materials as their
temperatures fluctuates.

Systems with Heat Storage
Collectors that are large enough to supply more than 25
percent of the desired heat require heat storage. The storage in
an air system is usually a large bin of rocks. It must be
designed to maximize heat transfer from the air stream to the
rocks without noticeably slowing the air flow. Rocks with
small diameters (3 to 6 inches) have large amounts of surface
area for absorbing heat} and yet allow passages for air flow.
The rocks should be roughly the same size (that is} don}t mix
1 inch with 4 inch) or most of the airways will be clogged.
Storage should contain at least 200 pounds of rock (1 1/2 cubic
feet) per square foot of collector. As shown in the diagram}
storage should be located
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The cross-sectional area of the rock bed
receiving air from the collector should range
from one-half to three-quarters the surface
area of the collector. The warm air from the
collector should flow down through the rocks,
and the supply air from storage to the house
should flow in the reverse direction. Optimum
rock size depends on rock bed depth. Steve
Baer recommends gravel as small as 1 inch for
rockbeds 2 feet deep and up to 6 inches for
depths of 4 feet. * For best heat transfer in
active systems, bed depths are normally at
least 20 rock diameters. That is, if the rock is 4
inches in diameter, the bed should be at least
6 1/2 feet deep in order to remove most of the
heat from the air before it returns to the
collector. This should be considered a
maximum depth for convective loop rockbeds.
* See Sunspots by Steve Baer, Zomeworks

Corporation, Albuquerque, NM.

above the collector but below the house. This permits
solar heated air to rise into the house and cooler air to
settle in the collector.

Air Flow
Designing a convective air loop system is a somewhat tricky and
difficult task. If you aren't very respectful of the will of the air, the
system won't work.
Steve Baer

As with active collectors, the slower the air flow, the hotter
the absorber and the greater the heat loss through the glazing.
This results in a lower collector efficiency. Good air flow
keeps the absorber cool and transports the maximum possible
amount of heat into the house flow.

Solar Chimneys 57

channels should be as large as possible, and bends and
turns in the ducts should be minimized to prevent
restriction of air flow.
Conventional air heating collectors use fans and have air
channels only 1 ½ to 1 inch deep. Without fans, air channels
in convective loop collectors range from 2 to 6 inches deep.
Convective flow of air is created by a difference in
temperature between the two sides of the convective loops,
for example, between the average temperature in the collector
and the average temperature of the adjacent room. It is also
affected by the height of the loop. The best air flow occurs
when the collector is hottest, the room is coolest, and the
height of the collector is as tall as possible.
The vertical distance to the top of the collector from the
ground (this is not necessarily the collector length, since the
collector is tilted) should be at least 6 feet to obtain the
necessary effect. It should be tilted at a pitch of not less than a
45° angle to the ground, to allow for a good angle of reception
to the sun and for the air to flow upward.

Reverse air convection
In an improperly designed system, reverse air convection can
occur when the collector is cool. A cool collector can draw
heat from the house or from storage. Up to 20 percent of the
heat gained during a sunny day can be lost through this
process by the following day.
There are three primary methods of automatically
preventing reverse convection. One is to build the collector in
a location below the heat storage and below the house. A
second is to install backdraft dampers that automatically close
when air flows in the wrong direction. One such damper is
made of lightweight, thin plastic film. A lightweight "frisket"
paper used in the photography industry has also been used
successfully. Warm air flow gently pushes it open. Reverse
cool air flow causes the plastic to fall back against the
screened opening, stopping air flow. Ideally, both top and
bottom vents should be equipped with such dampers.

This is discussed in more detail in two excellent magazine articles by W. Scott
Morris (Solar Age, September 1978 and January 1979, Harrisville, N.H. 034501.
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The third method of reducing reverse convection is to place
the intake vent slightly lower than the outlet vent near the top
of the wall. The back of the absorber is insulated and centered
between the glazing and the wall. Inlet cool air from the
ceiling drops into the channel behind the absorber. The solar
heated air rises in the front channel, drawing cooler air in
behind it. The warmed air enters the room at the top of the
wall. When the Sun is not shining, the air in both channels
cools and settles to the bottom of the "U -tube." Only minor
reverse convection occurs. Because of the longer air-travel
distances involved, the U-tube collector will not be as
efficient, aerodynamically, as the straight convective loop. It
will also be more expensive to build.

Costs and Performance
Materials costs of solar chimney collectors can be as little as a
few dollars per square foot. Materials are usually available
locally. Contractor-built collectors can cost $7 to $15 per
square foot. Operating costs are nonexistent, and maintenance
costs should be very low.
Performance depends largely on delicate, natural
convection currents in the system. Therefore, proper design,
materials, and construction are important. In a well-built
collector, air flow can be low to nonexistent at times of little
or no Sun, but will increase rapidly during sunny periods.
Average collection efficiency is similar to that of low
temperature, flat-plate collectors used in standard active
system designs.

Collector Area
Only a small collector area is needed
to heat a house in the spring and fall
when the heating demand is low.
Additional collector area provides heat
over a fewer number of months, only
during the middle of the heating
season. Therefore, each additional
square foot of collector supplies
slightly less energy to the house than
the previous square foot.
The useful amount of heat supplied
from a solar collector ranges from 30,
000 to 120,000 Btus per square foot
per winter. The high numbers in this
range are for undersized systems in
cold, sunny climates. The low
numbers are for oversized systems or
for very cloudy climates. In cold
climates of average sunshine such as
Boston, Massachusetts, 80,000 Btus
per square foot per heating season is
typical, when the solar system is sized
to contribute 50 percent of the heat.
The output of the collectors drops to
50,000 Btus when sized to provide 65
to 70 percent of the heat. (For
comparison, roughly 80,000 Btus are
obtainable from a gallon of oil.)

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects

Solar windows let sunlight directly into the house. The heat is
usually stored in a heavy floor or in interior walls. Thermal
storage walls, as solar walls are often called, are exactly what
their name implies- walls built primarily to store heat. The
most effective place to build them is directly inside the
windows, so that the sunlight strikes the wall instead of
directly heating the house. The directly sun-heated wall gets
much hotter, and thereby stores more energy, than thermal
mass placed elsewhere.
These "solar walls" conduct heat from their solar hot side
to their interior cooler side, where the heat then radiates to the
house. But this process takes a while. In a well-insulated
house, a normal number of windows in the south wall will
admit enough sun to heat the house during the day. Thermal
storage walls will then pick up where the windows leave off
and provide heat until morning.
South-facing windows with an area of less than 10 percent
of the floor area of the house are probably not large enough to
provide enough heat during the day. If this is the case, vents
could be added at both the base and the top of a solar wall.
The wall can then provide heat to the house during the day
just as solar chimneys do. Although the vents need be only 10
to 12 square inches for each
lineal foot of wall, they can add cost and complication.
Therefore, it is best not to use them unless heat is needed
during daylight hours. Thermal storage walls with vents are
normally called Trombe Walls, after Dr. Felix Trombe who,
in the early 1960s, built several homes with this design in the
French Pyrenees. 1

1 Actually, the concept was originated and patented by E.1. Morse of Salem,
Massachusetts, in the l880s. His walls, complete with top and bottom dampers,
used slate covered by glass.
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One type of thermal storage wall uses poured concrete,
brick, adobe, stone, or solid (or filled) concrete blocks. Walls
are usually one foot thick, but slightly thinner walls will do,
and walls up to 18 inches thick will supply the most heat.
Further thicknesses save no additional energy.
Containers of water are often used instead of concrete.
They tend to be slightly more efficient than solid walls
because they absorb the heat faster, due to convective currents
of water inside the container as it is heated. This causes
immediate mixing and quicker transfer of heat into the house
than solid walls can provide. One-half cubic foot of water
(about 4 gallons) per square foot of wall area is adequate, but
unlike solid walls, the more water in the wall, the more
energy it saves.
The main drawback of solarwalls is their heat loss to the
outside. Double glazing (glass or any of the plastics) is

This water wall, called Drumwall™, was first
developed by Steve Baer of Zomeworks
Corporation. It consists of 55-gallon drums filled
with water. Insulating panels hinged at the base of
each wall cover the single layer of glass at night to
reduce heat loss. With the panels open and lying
flat on the ground, the aluminum surface reflects
additional sunlight onto the drums. During the
summer, the panels in
the closed position shade the glass.

Movable insulation reduces heat loss from this
concrete thermal storage wall. Hinged or sliding
insulating shutters, reflective Mylar roller shades,
and other forms of movable insulation can be
used. However, it is usually a tricky challenge to
design the movable insulation systems so that its
operation is simple and convenient. Insulating
values of R-4 to R-6 will do.
The economic value of movable insulation in
passive systems increases as the climate
becomes more severe. However, most concrete
storage wall systems do not use movable
insulation because of its relative inconvenience
and expense. Triple glazing is being used
increasingly as a suitable alternative in cold
climates.

adequate for cutting this down in most climates where
winter is not too severe (less than 5000 degree days:
Boston, New York, Kansas City, San Francisco). Triple
glazing or movable insulation is required in colder
climates.

Costs
Installation costs are affected by local construction
practices, building codes, labor rates, and freight rates.
Walls made of poured concrete and masonry block are less
expensive in areas of the country where these materials are
commonly used. The exterior glazing can be low in cost if an
experienced subcontractor is available or if materials

An alternative to the solid concrete wall are
Vertical Solar Louvers, a set of rectangular
columns oriented in the southeast-northwest
direction. They admit morning light into the
building and store much of the heat from the
afternoon sun. The inside of the glass is
accessible for cleaning, and movable insulation
can be easily installed between the glazing and
the columns. The columns do, however, use
precious living space. This variation of a solar wall
was first used by Jim Bier.

can be obtained inexpensively through local suppliers. Total
costs range from $5 to $20 per square foot of wall compared
with $3 to $5 for conventional wood-framed walls without
windows. Operating costs for solar walls are zero, and little
or no maintenance is required.

Construction
This example of a thermal storage wall has three layers of
glazing. The inner layer is a very thin (.001 inch) clear plastic
sheet, such as Teflon. The other two layers are glass. The
outer one is double-strength glass and the inner is single.
Alternatively, the two layers can be purchased as one unit of
double glass.

Mount the entire glazing system one or two inches away
from the wall. If the wall has vents, mount the glazing 3 to 4
inches away to allow for adequate air flow. Be sure to provide
for the removal of cobwebs from the air space, and for
cleaning and replacement of all glazing components. If you
use aluminum, rather than wood, for framing and mounting
the glass, place wood or other insulating material between the
aluminum and the warm wall as a thermal separator. The
glazing should extend above and below the face of the storage
wall and be fully exposed to the sun. Glazing must be airtight
and water resistant; it is the Weather skin of the building.
The wall itself is of concrete, 12 inches thick, and of any
height or width. It is either poured-in-place concrete, solid
concrete block masonry, or concrete block filled with cement
mortar. Use regular stone aggregate in the concrete (about 140
pounds per cubic foot). Lightweight aggregates should not be
used, since they do not store as much heat. Unless the wall has
to do structural work as well (such as supporting another wall
or the roof), the concrete mix can be a relatively inexpensive
one. When, as in many cases, the wall also supports the roof,
reinforcing steel and structural anchors can be added without
altering the wall's solar performance. In general, treat the
juncture between the inner storage wall and the foundation
floors, adjacent side walls, and roof as normal construction.
However, make sure that house heat cannot easily escape
through masonry or metal that is exposed to the weather. For
example, foundations directly below glazed thermal storage
walls should be doubly well-insulated from the ground.
If you install vents in the wall, use backdraft dampers to
prevent reverse air circulation at night. (There are no
commercial suppliers of these dampers, so see the previous
chapter on solar chimneys for an example of one you can
build.) Place the vents as close to the floor and ceiling as
possible. Openings may be finished with decorative grills or
registers. Such grills will keep inquisitive cats and tossed
apple cores out of the airway, too!
Any interior finish must not prevent heat from radiating to
the room. Just seal and paint the wall any color, or sandblast
or brush the surface to expose the stone aggregate. A plastic
skim coat or plaster can be used. Sheet

materials, such as wood or hardwood paneling, should not be
used. Use gypsum board only if excellent continuous contact
between the board and the wall can be obtained-a difficult if
not impossible task. Remember that many architects and
interior designers regard natural concrete as an acceptable and
attractive interior surface material.
Cleanse the solar (outer) surface of the wall with a masonry
cleaner, prior to painting with virtually any dull finish paint.
Although dark brown and dark green have been used, flat
black paint is preferred for maximum heat absorption.

Converting Your Existing Home
Solar walls are more difficult to add to an existing home than
are solar windows, solar chimneys, and solar roofs.
Uninsulated brick, stone, adobe, or block walls are candidates
for conversion if they are unshaded during the winter and if
they are oriented in a southerly direction (within 30° east or
west of due south). Solid walls are more effective than walls
that have air spaces, as is often found in brick walls
comprised of two layers. If possible, the inner surface of the
wall should be cleaned of conventional interior finish
materials. Openings for vents are usually very difficult to
make in walls that are candidates for conversion to solar
walls. If, however, your windows are not large enough to
supply all the heat you need during the day, and if heat is
more important during the day than during the night (as for
example, in an office building or a school), install vents of the
sizes and in the proportions described earlier in this chapter
for new walls. Paint the wall, and then cover it with the
glazing system appropriate to your climate. For unvented
walls, cover the wall first with an inexpensive sheet of plastic
to bake the solvents out of the paint. When the plastic is
coated with a thin film, remove the plastic and proceed with
the installation of the permanent glazing system.

Summer Shading

A solar wall will supply a small amount
of heat through the summer and have
an effect on cooling bills. Shading the
wall, with an overhang, an awning, or a
tree, is the most effective method to
reduce its exposure to direct sunlight. A
cloth or canvas draped over the wall is
also effective.
Some people choose to place vents
in the framing at the top of the wall. The
vents are open during the summer,
permitting the heat from the wall to
escape to the outside. Their primary
shortcoming is that they are prone to
leakage during the winter. This air leak
can have a significant effect on the
performance of the wall during the
winter.
The earlier illustration of water
drums has a movable insulating
shutter that lies flat in front of the wall.
In addition to its functions as a solar
reflector and heat insulator during the
winter, it can act as a shading device
during the summer when it is in the
vertical closed position.

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects

Solar roofs, often called thermal storage roofs, are similar to
storage walls. Waterbed-like bags of water, exposed to
sunlight, collect, store and distribute heat. This heat passes
freely down through the supporting ceiling to the house,
gently warming it. In the summer, heat rises through the
ceiling into the water, cooling the house. Then at night, the
water is cooled by the radiation of its heat to the sky.
Movable insulation covers the ponds at night in winter, to
trap heat inside, and during the day in summer, to shade the
ponds while the sun is shining. See page 71 for a diagram of
the system.
Generally, solar roof ponds are 8 to 12 inches deep. Roof
ponds are always flat, but in northern buildings the glazing is
often sloped to the south to capture the sun's low rays as well
as to shed snow. Under the sloped glass, the walls are wellinsulated and faced with materials that reflect the sunlight
into the ponds.
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This cross section is of the solar roof system used
in a house designed by Harold Hay in the mild
climate of Atascadero, California. The entire 1100
square-foot ceiling is covered with 8 inches of
water sealed in clear UV-inhibited, 20 mil,
polyvinylchloride water bags. Underneath these
53,600 pounds of water is a layer of black
polyethylene to help absorb solar radiation near the
bottom of the bags. Additionally, an inflated clear
plastic sheet above the water bags enhances the
"greenhouse (or heat trapping) effect" during the
heating season. This air cell is deflated in the
summer months to permit radiational cooling. A 40
mil steel deck roof supports the water bags and
provides good heat transfer to and from the living
space. Above the roof ponds, a system of movable
insulating

panels is mounted on horizontal steel tracks. The
insulation is 2 inches of rigid polyurethane faced
with aluminum foil. The panels are moved by a
1/6 horsepower motor operating about 10 minutes
per day.
Solar roof ponds maintain very stable indoor
temperatures. During the winter and summer,
0
temperatures typically fluctuate between 66 and
73° while the outdoor average daily temperature
fluctuates between 470 and 820 throughout the
entire year. The Atascadero house is 100 percent
solar heated and cooled, and it has no other
source of heating or cooling. Occupants have
found the heating and cooling system provides
"superior" comfort compared with conventional
systems.
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Not many solar roofs have been built, and there is limited
information on the design, cost, performance, and
construction details of thermal storage roofs. However, they
offer tremendous potential for reducing heating and cooling
bills. Page 126 has photos of solar roof houses.

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects

Without ventilation or thermal mass, the temperatures of
spaces having large areas of south-facing windows will
fluctuate widely. Temperatures of conventional nonsolar
greenhouses, for example, can rise to over 100° on sunny
winter days and then drop to below freezing at night. If a
sunheated room is permitted to have wider-than-normal
temperature fluctuation, then the costs of thermal mass (to
store heat) and movable insulation (to reduce heat loss) are
avoided. The excess warmth from such a "solar room" can
heat the house immediately, or if mass is added, heat can be
stored for later use after the sun sets. Almost always, the solar
room is warmer than the outdoor temperature, thus reducing
heat loss from the building where the room is attached.
Examples of solar rooms include greenhouses, solariums, and
sun porches.
Greenhouses are the most common solar rooms.
Conventional greenhouses, however, are not designed to take
maximum advantage of the sun's energy. The problem is that
most are built with a single layer of glass, and so they lose
more heat at night than they gain from the sun during the day.
Consequently, they need expensive auxiliary heat to keep the
plants warm.
A solar greenhouse is designed both to maximize solar gain
and to minimize heat loss. Usually, only the south facing walls
and roof of the solar greenhouses are glazed, while the east
and west walls are well-insulated. (Southeast and southwest
portions, if any, are also glazed, partly because plants need
that low-angle early sunlight.) If at least two layers of glass or
plastic are used instead of one, this type of greenhouse will
remain above freezing most of the winter in all but the coldest
climates of this
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A Glazing Experience
I had to fire two "expert" glazers
when their work on my skylight
leaked. Then a master carpenter
reinstalled the 92 large panes and
actually got a 100% leak proof job.
Fingers crossed because I'm always
half afraid of finding that first tell-tale
drop of water on the floor.

country. However, for maximum heat savings while growing
plants year round, three and even four layers of glass and
plastic should be used where winters have more than 5000
degree days. Keep in mind that each additional layer of
glazing blocks additional sunlight. Therefore, for the highest
possible light transmission, the third and fourth layers must
be a very clear film, such as Teflon™ or Tedlar™. Each layer
must be sealed tightly to prevent structural damage from
possible moisture condensation between glazings.
For maximum sunshine, and for minimum heat loss at
night, movable insulation is used in combination with double
glazing. This can be tough to do, however. Some of the tricky
design and construction problems include storing the
insulation out of the way during the day,
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interfering with plants while moving the insulation, and obtaining
tight seals against the glazing when the insulation is closed.
Additional considerations include the need for insulation to resist
mold, other plant and insect life, and moisture damage.
Glazing for solar rooms should be vertical or sloped no more
than 30° from vertical (at least 60° from horizontal). Before you
build, however, talk to everyone you can find who has ever used
glass in a sloping position, and ask about leaks. If you can find
someone who can convince you of a leakproof system, do not let
any details escape your attention. Also, read the fine print in the
sealants literature. Some silicones are attacked by mildew, many
won't stick to wood, and all must be applied only to super clean
surfaces.

Heat Storage
As with other passive systems, thermal mass enhances the
performance of a solar room. Thermal storage mass moderates
temperature swings, provides more stable growing temperatures
for plants, and increases overall heating efficiency. The heatstoring capability of the planting beds can be supplemented with
55-gallon drums, plastic jugs, or other containers of water. Two
to four gallons of water per square foot of glazing is probably
adequate for most solar rooms.
Many of the most successful solar rooms are separated from
the house by a heavy wall that stores the heat. The wall, built of
concrete, stone, brick, or adobe, conducts heat (slowly) into the
house. At the same time, the wall keeps the solar room cooler
during the day and warmer at night. Use the design and
construction information for solar walls, but eliminate the
glazing.
Earth, concrete, or the floors store considerable heat. So do
foundation walls if insulated on the outside. Be sure to use
insulation with an R-value of at least 12 (3 inches of
Styrofoam™). Insulate at least 3 to 4 feet deep and more in
deep-frost country. This gives better protection than
insulating 2 feet or so horizontally under the floor.

Selecting the Right Glazing
Material
Appendix 6 provides assistance in
choosing the right materials for
glazing solar rooms. Column three
of Table 1 in Appendix 6 states the
solar transmittance of each material
listed. This figure represents the
fraction of sunlight that actually
passes through the glazing. To find
the transmittance of several layers,
multiply together (don't add) the
transmittance of all of the materials.
For example, for a glazing system of
two layers of window glass
(transmittance of 0.91-see line
three) and two layers of Tedlar™
(transmittance of 0.95-see line
seven), the total transmittance is
0.91 x 0.91 x 0.95 x 0.95 = 0.75.
Do not use glazing systems that
have a transmittance of less than
0.70. Lower light levels will
jeopardize plant growth.

4.
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When solar rooms larger than 200 square feet reach 90°, a
fan can be used to circulate the collected heat. Because plants
benefit from having warm soil, hot air can be blown
horizontally through a 2-foot-deep bed of stones below the
greenhouse floor or under raised planting beds. Stone beds
can also be built beneath the floor of the house and should not
be insulated from it. Then the heat will rise naturally through
the stone beds and into the planting bed soil or into the house.
Two cubic feet of ordinary washed stone per square foot of
glazing is sufficient. Use a fan capable of moving about 10
cubic feet of air per minute for each square foot of glazing.
Potato-sized stones, larger than the usual 3/4 inch
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to 1 1/2 inch size, will allow freer air movement. Consult with a
local mechanical engineer or heating contractor for the best
fan and ducting design. (Keep it simple!)

Costs
Solar rooms can be relatively simple to build, yet they can be
very expensive if they are of the same quality and durability
as the rest of your house. For example, with a few hundred
dollars worth of materials, you can build a simple, woodframed addition to your house to support thin-film plastics.
The resulting enclosure will provide considerable heat,
especially if it is not used for growing plants. On the other
hand, good craftsmanship and quality materials can result in
costs of several thousand dollars. In general, solar rooms are
most economical when you can use them for more than
providing heat and when they are built to a quality that will
both enhance the value of your house and appreciate in value
as your house does. Solar rooms are often exempt from local
property taxes. Check with your local officials.

Large Solar Rooms
Most of the information in this chapter is applicable for
relatively small solar rooms of 100 to 200 square feet. Unless
your house is super insulated or in a mild climate, a solar
room of this size will provide less than 25 percent of your
heat. For big leaky houses, small solar rooms will provide as
little as 5 or 10 percent of the heat.
Another way of approaching the use of solar rooms to heat
your house is to think of them as rather large spaces that are
incorporated into, rather than attached onto, your house. There
are a number of advantages with this approach:
1. Both the solar room and house will lose less heat.
2. Heat will move easily from the solar room to your
house.
3. Natural light can be made to penetrate deep into your
house.
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Growing Plants; some things to remember
An important function of some solar rooms is
the growing of food-and flowers. Warm soil and
sufficient light are critical for successful plant
growth. Remember that the multiple layers of
glass or plastic you may need to use will reduce
light levels, a crucial issue in climates with
below-average sunshine. Circulation of warm air
through gravel beds under the soil can raise
planting bed temperatures, increasing the
growth rate of most plants.
Cold weather plants, such as cabbage, can
tolerate cold temperatures, sometimes even
mildly-freezing ones. Few house plants can be
permitted to freeze, but many can endure rather
cool temperatures. On the other hand, some
plants, such as orchids, require stable, high
temperatures. When warm, stable temperatures
are required, the solar room must retain most of
its solar heat; little heat should be allowed to
move into the house. Three or four layers of
glass or plastic (or movable insulation) and
plenty of thermal mass are required to trap and
contain the heat in cold climates.
Evaporation of water from planting beds and
transpiration by the plants causes humidity.
Each gallon of water thus vaporized used
roughly 8000 Btus, nearly the same amount of

energy supplied by 5 square feet of glass on a
sunny day. Also, water vaporization reduces
peak temperatures. It may be undesirable to
circulate moisture-laden air into the house,
unless the house is very dry.
Greenhouse environments are rather complex
ecological systems. Unexpected and sometimes
undesirable plant and animal growth may
proliferate. Indications are that the greater mix
of plants and animals, the more likely a natural
balance will eventually be reached. To obtain
this balance, some owners leave the door of
their solar room open to the outside during the
warm and mild weather.
New Alchemy Institute, among others, has
pioneered work in natural pest control and
companion planting as a step toward successful
greenhouse management. They have also
investigated fish-raising in large "aquariums,"
which also serve as thermal mass. Human,
animal, and/or plant wastes are integrated into
the total ecology of many advanced
greenhouses, which are sometimes referred to
as bioshelters. A more thorough
understanding of the many natural cycles that
are possible in greenhouses will offer rewards.

* New Alchemy Institute, E. Falmouth, MA 02536.

5. The solar room can be easily heated by the house if
necessary and so is unlikely to freeze.
6. The solar room can be readily used as an expanded
living space.
7. You can build your house compactly and the solar room
will provide a feeling of large exterior wall and window
area.

8.
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Attic Solar Rooms
Attics are often great places for solar rooms,
particularly if their only purpose is to heat your
home. Frame the roof in a conventional
manner. Glaze the south slope with one sheet
of glass or plastic. Insulate the end walls, the
north roof, and the floor. Paint all of the
surfaces black. When your house needs heat
and the solar room is hot, a fan can circulate
solar heated air from the attic to the house.
Be sure to insulate the sun-trap from the rest of
the house. Place back-draft dampers on the air
ducts to prevent house air from rising up into
the attic at night when the attic is cold and the
house is warm. This solar room design gets
very cold on winter nights but heats up quickly
when the sun shines.
Because it has no thermal mass to store the
heat that the house doesn't need, it is unable to

reduce fuel bills by more than 20 to 25 percent. In
order to reduce fuel bills further, the design must
be altered in a number of ways. First, the glazed
. portion of the roof must exceed 15 to 20 percent
of the floor area of the house.
Second, thermal mass must be added to the attic.
This is frequently done by placing containers of
water along the north wall of the attic.
Third, movable insulation must cover the glazing
at night to significantly reduce heat loss from the
attic so as to trap and store the sun's heat. In
climates of 3,000 degree days or less, double or
triple glazing is an alternative to movable
insulation. Kalwell Corporation (see p. 161 of the
appendix) has developed detailed construction
and design information.

7. The costs can be less than for solar rooms that are
simply added onto conventional house designs.
8. The excess humidity of the solar room can be
somewhat reduced by, and profitably used by, the
exclusively dry winter house.
Perhaps the most notable example of this approach to
solar rooms is the Balcomb residence in Santa Fe, New

How to Get the Heat from the Solar Room into

your House
A. Windows
Windows in the walls between the solar room and
the house let light pass right into the house (just
as in direct gain systems), especially during
winter months when the sun is low in the sky. The
roof of the solar room can shade the windows
during the summer, helping to keep the house
cool. Since the house windows are protected
from the weather, you can keep their construction
simple and inexpensive.

B. Natural Air Movement
When your solar room is warm, just open the
windows and doors and let the heat flow into the
house. The higher the windows or other
openings, the more heat will flow inside. And you
can use curtains to control the flow of heat.
However, don't forget about odors, insects, and
humidity. Screens over the openings are usually a
must. A fan on a simple thermostat can regulate
the amount of air flow into the house. The small
extra expense will ensure that your "solar system"
works when you're not home.
C. Conduction
Conduction through an unglazed thermal storage
wall is one of the best ways of transferring heat
into your house. The wall should not be insulated.
In the summer, the wall will protect the house
from the solar room's heat. If the wall is woodframed, it should be insulated. Be sure to protect
the wood from the moisture of the solar room.

D. Gravel Beds
Use fans to blow warm air from the solar room
through gravel beds under uninsulated floors of
your house. Heat will radiate up through the floor
into the room that is to be heated. The fans can
be kept off during mild weather. Do not use fans
to circulate the air from the gravel beds directly
into the house as there could be dampness and
musty-smell problems. Radiant heat through the
floor is much more effective and comfortable.
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Mexico (see p. 124). The long edge of the two-story triangularshaped sunspace faces south. The house wraps around the
northeast and northwest faces of the triangle. The annual
electric heating bill is less than $100.
Another example of this approach is the "Solar Envelope"
house developed by Lee Porter Butler (see
p. 125). The entire south side of the house is a two-story solar
room. Warmed, greenhouse air rises through a roof plenum
down a plenum in the north wall, through the crawl space or
cellar, and back through the greenhouse. The roof and wall
plenums extend the full east-to-west length of the house and
are, in effect, a cavity or "envelope" buffering the house from
the extremes of the outdoor weather. Both faces of the plenum
are well insulated.
During the summer, the excess heat from the solar room is
vented at the peak of the house to the outside, helping to
ventilate the house and, in some climates, pulling the outside air
through tubes, buried in the earth, that dehumidify and cool the
air. Many houses of this design have heating and cooling bills of
less than $100 per year.

An All-Purpose Solar Room Design
It is difficult to sort through the confusing multitude
of designs for solar rooms and to choose the one
that makes the most sense. This all-purpose solar
room will work throughout most of the country. Its
net energy contribution to a house will vary
depending on the severity of the climate.
Summer temperatures can be kept close to
outdoor temperatures with adequate ventilation.
Mechanical ventilation and/or additional shading
may be needed in hot, humid climates.
Winter temperatures in the solar room are
likely to be as follows:

Up to 8000 degree days and more than 70%
possible sunshine: 45°-85°
Up to 8000 degree days and less than 70%
possible sunshine: 35°-85° with occasional
need for backup heat
More than 8000 degree days and more than 70%
possible sunshine: 35°-85° with occasional
need for backup heat
More than 8000 degree days and less than 70%
possible sunshine: up to 85° with frequent
need for backup heat.

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects

"What do you mean solar cooling?" That's a good question.
In fact, of the several passive solar cooling techniques
discussed here, only one of them can be labeled strictly"
solar," and even at that only if you stretch the definition. But
all the techniques use passive, or natural, cooling that require
no pumps or fans for their operation. Many of them are based
on plain old common sense. Fortunately, in virtually all
climates, houses can be designed to provide ideal comfort
without mechanical air conditioning. This is not to say it is
easy to do everywhere. In really hot and humid climates
where electricity is still inexpensive, it just might not be
worth the extra effort; not yet, but it may be someday. And
it's at least nice to know such things are possible.

By far the first and most important step in cooling is to
keep sunlight from falling on your house, so first we'll
discuss "solar control." We'll also discuss natural cooling by
ventilation, evaporation, sky radiation, and nesting of
buildings into the earth.

Solar Control
Usually the easiest, most inexpensive and effective way to
"solar" cool your house is to shade it-keep the sun from
hitting your windows, walls, and roof. In fact, where
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Reducing the Need for New Power
Plants (No More Nukes)
Natural cooling can significantly
reduce peak cooling power loads.
With natural cooling, the size and
use of backup conventional electrical
air conditioners is reduced. This
means the demand for power is
reduced and so is the need for new
power plants. For example,
approximately 50 square feet of west
window unshaded from the sun
needs a 1-ton air conditioner and
approximately 2 kilowatts of
electrical generating capacity costing
$2500 or more to build. Shading the
windows or facing them in other
directions can reduce those peak
power demands created during the
summer months.

summer temperatures average less than 80°, shading may be
all you need to stay cool.
Most of the things you do to reduce winter heat loss also
reduce summer heat gain. For example, heavily insulated
walls keep out summer heat, so shading them is not as
important as if they were poorly insulated. Facing windows
south to catch the winter sun and minimizing east and west
windows to reduce heat loss are also important steps in solar
control. South windows admit less sun in the summer than
they do in the winter, while east and west windows can turn
houses into ovens. A light-colored roof may be 60 to 80
degrees cooler than a dark roof because it reflects light.

Thermal mass can absorb heat
during the day, delaying the need for
cooling until after peak demand
hours. At that later time, the need
will not be as great and the air
conditioner can be smaller and
cheaper to run.

In really hot climates, uninsulated walls and roofs should
be shaded. But although this is important, shading windows is
far more important. Overhangs and awnings work well.
Unfortunately, fixed overhangs provide shading that coincides
with the seasons of the sun rather than with the climate. The
middle of the sun's summer is June 21-the longest day, when
the sun is highest in the sky. But the hottest weather occurs in
August, when the sun is lower in the sky. A fixed overhang
designed for optimal shading on August 10, 50 days after
June 21, also causes the same shading on May 3, 50 days
before June 21. The overhang designed for optimal shading
on September 21, when the weather is still somewhat warm
and solar

heat gain is unwelcome, also causes the same shading on
March 21, when the weather is cooler and solar heat is
welcomed.
Shading from deciduous vegetation more closely· follows
the climatic seasons, and therefore, the energy needs of
houses. On March 21, for example, there are no leaves on
most plants in north temperate zones, and the bare branches
readily let sunlight through. On September 21, however,
those same plants are still in full leaf, providing needed
shading.
Operable shades are even more versatile and adaptable to
human comfort. The most effective shades are those
mounted on the outside of a building. However, most
exterior operable shades do not last very long. Nesting
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The most significant sources of
technical detail on shading can be
found in the ASHRAE Handbook of
Fundamentals by the American
Society of Heating, Refrigerating,
and Air Conditioning Engineers, New
York, and in Solar Control and
Shading Devices by Aladar and
Victor Olgyay, Princeton University
Press.

animals, climbing children, wind, and weather will see to
that. Inside shades last longer, but few are as effective as
outside shades. Once the sunlight hits the window glass, half
the cooling battle is lost.
East and west glass is difficult to shade because the sun in
the east and west is low in the sky in both summer and
winter. Overhangs prevent the penetration of sunlight through
east and west windows during the summer very little more
than they do during the winter. Vertical louvers or other
vertical extension of the building are the best means of
shading such glass.

Ventilation
The movement of room temperature air, or even slightly
warmer air across our skin causes a cooling sensation. This is
because of the removal of body heat by convection currents
and because of the evaporation of perspiration.
The most common way to cool a house with moving air
without using mechanical power is to open windows and
doors. Do not forget this simple concept-natural ventilationand do not underestimate its cooling effect. Low, open
windows that let air in result in air flow through
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Natural ventilation can be affected by land
planning. Natural breezes should not be blocked
by trees, bushes, or other buildings. Shade trees
should be selected so that branches and leaves
are as high above the house as possible to allow
a breeze to enter below them. The shape of your
house, proper clustering of buildings, and other
landscaping features such as bushes and
fences can funnel and multiply natural breezes.

Here, a solar collector exhausts its hot air to the
outdoors by natural convection and pulls house air
through itself, providing ventilation. The solar
collector is very similar to the solar chimney,
convective loop collectors discussed in Chapter 4.
Many variations of this "solar chimney" have been
used widely in the past and are being developed
again today. In some active solar systems using
heated air (rather than a liquid), the collectors vent
hot air to the outside during sunny summer
weather, pulling house air through themselves, with
or without the use of blowers.

the lower part of the room where people are, rather than near
the ceiling. Houses that are narrow and face the wind, or that
are T - or H -shaped, trap breezes and enhance cross
ventilation through the house. When all else fails, open or
screened porches, located at or near the comers of houses, can
capture soft, elusive breezes as they glide around the house.
The "stack" or "chimney" effect can be used to induce
ventilation even where there is no breeze. Warm air rises to
the top of a tall space, where openings naturally exhaust the
warm air. Openings at floor level let outdoor air in. Natural
ventilation can be further induced by the use of cupolas, attic
vents, belvederes, wind vanes, and wind scoops.
If your summer nights are a lot cooler than days, build your
house of heavy materials. Cool the house at night by natural
ventilation and the thermal mass will keep it cool during the
day.
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Evaporation
Our skin feels cooler if it's wet when the wind hits it than
when it's dry due to the evaporation of moisture. The same
process can cool air effectively, especially in dry climates.
There are many ways to evaporate water. The most effective
are by having large water surfaces, and by agitating, spraying,
or moving water in contact with the air for the greatest
surface contact. For example, large shallow ponds provide
this large surface contact. Moving streams and sprays from
water fountains increase turbulence and, thus, surface contact.
Evaporative cooling can also keep roofs cool. Roof sprays
and ponds have been used successfully in hot climates such
as Arizona and Florida. Wind-flows across the roof ponds
should be enhanced, if possible, to encourage evaporation.
This can be done mechanically, but careful design of roof
shapes can help speed the natural flow of air across the
ponds.
The transpiration of indoor plants has a cooling effect.
So do interior pools and fountains. Fans can add

enormously to the evaporative effect and have been used
successfully in "swamp" coolers and other evaporative
coolers.
If you live in a humid climate, however, do not expect
evaporative cooling to help you very much. In fact, it is
likely to make your humidity problems worse.

Radiational Cooling
Thermal energy is constantly being exchanged between
objects that can "see" each other. More energy radiates from
the warmer object to the cooler object. The sun radiates heat to
the earth, and the earth radiates considerable heat to clear
night skies, which, even during hot weather, are quite cool.
The northern sky is often cool during the day.
Most sky radiation occurs at night. The amount varies
greatly from one part of the sky to another, from 100 percent
possible directly overhead to virtually none at the horizon.
The most effective radiant cooling surface is horizontal,
facing straight up. Obstructions such as trees and walls reduce
night sky cooling. A vertical surface with no obstructions
yields less than half of the radiant cooling of an unobstructed
horizontal surface.
The classic sky radiation cooling concept is Harold Hay's
"Skytherm" house in Atascadero, California. (Read Chapter 6
on Solar Roofs to learn more about this cooling effect.) To
date, the use of sky radiation for cooling houses has been
limited to climates with clear skies. Clouds and air with high
moisture content significantly reduce the radiation of heat to
the sky.

Ground Cooling
Since the ground is nearly always cooler than the air in the
months when cooling is required, the more a house is in
contact with the ground, the cooler it will be. Build your
house below grade or into the side of a hill to obtain easy
ground contact. You can also partially bank (berm) the earth
around your house or even cover it. High levels
of comfort and serene quiet usually accompany well
designed underground housing. Just be careful to insulate the
building in a way and to a degree that's appropriate to your
region. In cold climates, insulate the walls well from the
ground. In mild climates, use less insulation. In warm
climates, no insulation is needed; the earth will keep the
house cool. In humid climates, provide ventilation so that the
surfaces in contact with the ground are kept dry.

Earth Pipes
Buildings built near natural caves have long used
underground air masses to provide ventilation, needing only a
little heating in most seasons. Earth pipes for the same
purpose are just starting to be used. Earth-pipe systems have
been designed to use pipe ranging in diameter from 4 to 12
inches. Forty to as many as 200 feet of pipe have been buried
3 to 6 feet below the earth. Metal culverts and plastic and
metal waste pipe have been used. As house air is vented to
the outside, either naturally or with a fan, outside air is drawn
through the pipes and then into the house. During the winter,
the air is warmed. During the summer, the air is cooled; and
in humid climates, moisture condenses out of the air and onto
the surfaces of the tubes. The pipes are sloped slightly
outward, away from the house, to carry away the moisture
left behind by the humid air.

The earth surrounding such pipes has in many cases been
warmed (or cooled) too quickly to the temperature of the
incoming summer (or winter) air, causing the pipes to lose
their intended usefulness. Considerable research is being done
in this area, however, and more detailed design and
construction information will be available soon.

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects

"Will passive solar heating and cooling work where I live?"
Simply put, the answer is "Yes!" After all, the sun shines
everywhere. However, the question is not "whether" it will
work, but rather, "how." What is the best way for you to use
the many applications we have described in this book? The
most important factor influencing the answer to this question
is climate.

A Tradition of Regional Architecture
The amount of time the sun shines differs from one part of
the country to another. Temperature variations are even
greater. Wind conditions vary from calm to continuously
windy. Some areas are arid, while others are humid.
It really wasn't so long ago that we used rather primitive
methods of heating and cooling our homes: fireplaces in the
winter and windows in the summer. We had limited access to
materials to improve the thermal performance of our houses.
We had to rely on local building materials such as logs, stone,
adobe, or sod. Glass was scarce, window screen non-existent,
and sawdust substituted for insulation.
Combined with the cultural diversity of the immigrating
settlers, the forces of climate and limited building materials
resulted in a rich variety of architecture from one region to
another.
For example, the harsh winters and abundant forests of the
North Country combined to give us the traditional saltbox. Its
compact floor design is oriented to the south
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and is covered by a long north roof to shield it from the cold
winter winds. In the Great Plains, sod substituted for wood,
and subterranean shelters offered protection from harsh,
winter westerlies. The oppressive humidity of the midAtlantic and Gulf states gave us narrow floor plans, floor-toceiling windows and doors, high ceilings, and broad
overhangs for enhancing summer ventilation. In the
Southwest, Spanish settlers used thick adobe walls and
shaded courtyards with fountains to keep interiors cool during
the summer and warm during the winter.
Simplified heating and cooling technology developed more
quickly than improved materials and techniques for upgrading
the thermal performance of houses, in part because of
abundant and cheap energy. The result is that large central
heating and cooling systems run by cheap energy compensate
for climatically inappropriate house designs. For example,
torrid summer solar gains through large west-facing windows
in the arid Southwest have become as commonplace as
horrendous heat loss through large north-facing single-layered
windows in the brutally cold North. Building materials are
easily transported from one part of the country to another at
great energy expense. Petroleum based plastics imitate adobe
in the north and window shutters in the south. Monotonouslooking subdivisions have become Anywhere, USA.
Now the era of unlimited cheap energy has passed. We
again have the opportunity to design houses that work with
the climate and not against it. To make best use of this
opportunity, we must understand the wide variety of energy
conservation and passive solar heating and cooling
applications, so as to appropriately select a suitable
combination for a particular climate. In doing so, we will
obtain the highest possible comfort at the lowest possible
expenditure for materials and energy.

A Revival of Climate-Based
Architecture
Climate, then, should have a major affect on your selection of
energy conservation options and passive solar heating and
cooling features, and, in turn, the architectural
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design of your house. The relationship between these factors
and climate is discussed here to assist you with your choices.
You will find that there are enough possibilities to offer the
potential of near-zero heating and cooling' bills nearly
everywhere in the country while still satisfying your other
needs for a home.
For simplicity, we can categorize climate into three
types:
1. winter-dominated climates,
2. summer-dominated climates, and
3. climates that have a relatively balanced mix of winter and
summer.
No doubt, you know which climate type you live in without
having to look at a map of the country divided into the three
zones. Besides, hills, valleys, lakes and rivers can cause your
micro-climate to differ significantly from what a map would
tell you.

Winter-Dominated Climates
Northern New England, New York, the upper Midwest, and
most of the Rocky Mountain highlands are typical of cold,
winter-dominated climates. Make your house compact in
shape and consider earth -sheltering if your soil and terrain is
not too rough. Pay attention to construction details for
minimizing air-leakage. Consider a heat reclaimer for
introducing fresh air preheated by exhaust air. Use 10 to 15
inches of insulation everywhere. Equip entrances with airlock
vestibules.

Locate most windows as close to due south as possible, but
certainly away from cold winds, which usually prevail from
north and west. If summers are mild, moderate-sized eastand west-facing windows will rarely create overheating
problems. Avoid east- and west-facing glass where summers
get hot. Alternatively, shade this glass well and, especially in
humid climates such as New York, Pennsylvania and the
upper Midwest, use them to admit cooling breezes. Roof
overhangs can shade south glass and help trap gentle air
currents for additional ventilation. Shade trees are particularly
effective as "air conditioners" in winter-dominated climates
that also have hot summers.
Many winter-dominated climates, such as much of the
Rockies, experience mild summers, and cooling need not be
a major consideration when designing a house to minimize
winter fuel bills. Some parts of the Rockies, however, are hot
during the day and cool at night. Therefore, thermal mass,
important in this region in the winter for storing plentiful
sunlight, can effectively store evening coolness to keep
houses comfortable during the day. Supplementary
evaporative cooling from pools, fountains, or "swamp"
coolers may be needed in climates with hot, arid summers,
such as the Great Plains and the plateaus of the Rockies.
In winter climates with abundant sunshine, such as
Colorado and the Southwest, passive systems can be sized
large enough to economically provide more than 75 percent
of the heat. The greater the percentage of the heat

supplied by the sun, the more thermal mass is required for
storing the excess heat for successive cloudy days. Thus, the
most effective systems are solar windows in combination
with concrete, stone, brick, or adobe construction and solar
walls. The same mass keeps these houses cool in the summer.
In most of the rest of the country, the sun shines an average
amount. Therefore, the choice of passive systems should be
based on factors other than the availability of sun. For
example, a greenhouse may be a good choice if additional
moisture is desired in the house, but it may be a poor choice
in a humid climate. On the other hand, a sun porch in a humid
climate can be converted to a screened summer porch.
The thermal mass of large solar window systems and solar
walls is not as appropriate in winter-dominated climates that
are also mild. In the Pacific Northwest, for example,
windows and solar rooms with wood-framed houses will
suffice without thermal mass. The windows can be used for
summer ventilation.
Because passive systems lose more heat in cold weather
than in mild, windows and solar walls should have double
glazing and movable insulation; triple glazing should be used
in really cold climates, 9000 degree days or more. Solar
chimneys should be double-glazed in really cold climates.
They are relatively more cost-effective than other passive
systems in colder climates. Solar rooms produce less heat and
cost more in cold climates. There may be other reasons for
building them, however.

The extra glazing increases the cost of a cold-climate
passive system. And, since conservation saves more energy
in cold climates than in mild ones, conservation can be
carried "to extremes," and the passive system can be limited
in size to 10 or 20 percent of the floor area. Active solar
systems, too, can be considered seriously because long
heating seasons increase their cost effectiveness. Solar water
heating, of course, should be used regardless of climate. And
be sure to slope your roof southward for future conversion to
solar electric cells or to additional solar heating.

Summer-Dominated Climates
At the opposite end of the thermal spectrum are climates
dominated by summer. Some parts of the country, such as
Hawaii, Southern California, and Florida, have no winter.
Light, open construction permits houses to capture all
available air movement. With proper shading, these houses
should require no mechanical air conditioning other than
occasional fans in humid climates and pools or fountains in
arid ones.
In summer-dominated climates, winters (if they exist at all)
are usually quite mild. People tend to design houses that can
be buttoned up easily when temperatures drop. A design
dilemma then results, especially in humid climates such as the
Gulf states. A house may be unable to be opened widely
enough to permit sufficient cooling from ventilation.
However, the same house may not be tight enough for
efficient conventional heating and cooling.

A partial solution to this dilemma is a house that is both
well insulated and well shaded. Windows should be doubleglazed. For removing the winter chill, one third to one half of
the total window area should face south. Properly designed
houses will require little if any other heat in most winter
climates of less than 3000 degree days per year.
The rest of the windows should be strategically placed to
capture and enhance breezes. Locate large windows or vents
as high as possible. Belvederes, turrets, gables, wind turbines
and fans will add to the ventilating chimney effect. Place
intake windows close to the floor and if possible, facing the
winds. High ceilings help restrict warm air to levels above
people's heads. Avoid shade trees in humid climates since
they tend to stifle breezes, and their respiration adds moisture
to air.
Make roofs light in color and vent all attic space well.
Elevate houses slightly to assure good drainage and to
minimize humidity. Carefully moisture-proof all floors and
walls in direct contact with the ground but do not insulate
unless cold, moist interior surfaces are considered
undesirable. If you use earth pipes for cooling, make sure they
are moisture-proof to avoid further humidification of
incoming air by the ground. Since ground temperatures
remain warm from the summer unless chilled by winter
weather, this cooling method does not work in climates
without winters. Even in climates with mild winters, the pipes
must be buried more than six feet deep to obtain sufficiently
cool temperatures.

In arid climates, earth contact can provide pleasant relief
from hot weather and does not have associated moisture
problems since humidity is often encouraged. Earth pipes can
be perforated to increase humidification of the air by the
ground.
Thermal mass is usually of little advantage in mild, humid
climates. Solar windows and chimneys can accomplish most
if not all of the heating. Solar chimneys can also be used to
enhance summer ventilation. Solar walls are less applicable
unless summer nights are mild, in which case the mass of the
wall can help keep the house cool during the day. Solar
rooms work best in humid climates if moisture respiration
from plants is minimized. A good solar room in this climate
is a sun porch which is easily converted to a screened porch
during the summer.
In general, passive systems can be single-glazed.
However, double glazing of windows can help eliminate the
need for a heating system or, in less mild winters, reduce
the size of the system to a single space heater.
The design strategy is somewhat different in arid, summerdominated climates such as Southern California and the
deserts of the Southwest. Conventional construction is of
massive materials such as adobe. Tall, narrow east- and westfacing windows are recessed for easy shading. South walls of
heavy materials need not be covered with glass or plastic in
mild areas. They will provide adequate heat in the winter and
can be shaded to reduce solar gains during the summer. East,
west, and north walls can be insulated to reduce both winter
heat loss and summer heat gain. The addition of a second
layer of glazing to windows can eliminate fuel bills in many
arid, summer-dominated climates. Extra south windows or a
solar room may sometimes be needed to achieve this.
Cooling bills can also be eliminated by taking further
steps. Pools, fountains, and other evaporative cooling
techniques are ideal except where water is a scarce resource.
Pool ponds and sprays work well, too. Sky radiational
cooling is effective if night skies are clear, and solar roofs
should be considered. Walls and roofs should be light in
color to reflect summer heat.

A Balance Between Winter and Summer
In many parts of the country, neither winter nor summer '
dominate. Year round mild weather prevails in, San Francisco
and its environs, but in the Southern Midwest, both summer
and winter are equally harsh. Southern New England is
considered moderate.
First, the mild areas. These are the climates of greatest
design freedom. Thick insulation, proper orientation, and a
modest-sized passive system can all but eliminate heating
bills. The solar roof house in Atascadero, California has
proven that (see page 126).
Shading, thermal mass with night cooling, and
ventilation can do most or all of the cooling. Sky
radiational cooling using roof panels can also be used.
Moderate climates hold many of the same opportunities as
mild climates; they offer numerous design choices. However,
mistakes are not as forgiving so that more careful design is
necessary. Elimination of backup heating and cooling is more
difficult, but possible.
The best approach is to find local houses 50 to 100 years
old that are comfortable both summer and winter. For your
own design, retain their thermal properties and embellish them
further with energy conservation and passive heating and
cooling measures. Chances are, you will have a very
successful, low-energy house.
Harsh climates may be either humid or arid. Review the
earlier parts of this chapter, and combine heating and cooling
measures that do not conflict with one another. Lots of
insulation and multipaned windows, for example, rarely
compete with other measures. It is the high fuel bills that are
typical of these climates that offer both the substantial
incentive and the substantial reward for using energy
conservation and passive solar.

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects

HowLarge?
We are now prepared to determine the proper size of a
passive system. "Size" almost always refers to square footage
of all glazed surfaces facing the sun, within 30 degrees east or
west of due south. Other dimensions, such as the thickness of
a solar wall or the floor area of a greenhouse, are fairly
standard, and we have already covered them. The size of a
system is the net square footage of glazed surface after
subtracting the framing and trim. A wall of solar windows 8
feet high and 20 feet long (160 square feet may be as much as
40 percent framing and 60 percent glazing, leaving but 96
square feet of window to catch the sun. It is possible, but
difficult, to minimize framing to 5 or 10 percent of the surface
area.

There are many ways to size a passive system. As with
active systems several years ago, engineers and scientists are
producing dozens of documents crammed full with charts,
graphs, and tables for determining the precise optimal size and
performance of passive systems. This detailed information has
its uses, but do not feel obligated to use it or to rely on it.
Remember that Nature is forgiving and does not require
nearly the precision that our computers tell us we do! Instead,
review again some of the earlier pages that discuss size, and
you will have a good "feel" for the surface area you need.
The first question you should answer is this: How large do
you want the system to be? Believe it or not, answering this
question is by far the most common, direct, and useful method
of determining size. Most people want their system to be as
large as possible to save as much energy as possible. In
general, this is an excellent approach to take, and you may
want to determine how to cover the entire south side of your
house with passive devices. Many people do, just as the size
of the roof often determines the size of active solar heating
collectors.
You need hot go to this extent, of course. A superinsulated
house can be 50 percent solar heated with only slightly
oversized south windows. But if you desire to reduce fuel bills
to a minimum, large systems are generally in order. The trick
is to design them right so that you save as much energy as
possible with the least expense, and so that you are pleased
with the appearance and comfort of your home.

Generally speaking, an optimal size for a passive system is
that which supplies the same portion of heat as the
" average percent of the time that the sun shines during the
winter. For example, if your heating season is October
through April, determine your local average winter sunshine
from the u.s. monthly sunshine maps in Appendix 3. This
percentage, say 55 percent for much of the country, is the
portion of your heating load that can be supplied by a passive
system in a well-insulated house with good assurance that the
design can look beautiful, perform well, and be cost
effective.
This is not to say that you should not try for larger
percentages to be supplied by solar. But the design gets
trickier, so consider obtaining additional advice from a
II

Oil, Electricity, Gas
A gallon of oil would supply 135,000 to 140,000
Btus if your furnace burned at 100 percent
efficiency. It doesn't. Most furnaces, in fact, burn
at between 40 and 70 percent annual efficiency,
supplying the house with between 56,000 and
100,000 Btus per gallon burned. A useful
average to use is 70,000.

One kwh of electricity is equivalent to 3400
Btus. Most electric resistance heating is 100
percent efficient (although three to four times
more energy is expended at a power plant than
what finally enters your house as electricity).
Thus, 20 kwhs (68,000 Btus) of electric
resistance heating supplies the heat obtainable
from one gallon of oil (70,000 Btus). A proper
application of an electric heat pump can supply
twice as much energy per kwh as resistance
heating.
One cubic foot of gas contains 1000 Btus of
heat. One hundred cubic feet(1 ccf) contain
100,000 Btus (1000 cubic feet is represented
by 1 mcf). At 60 percent annual furnace efficiency, each ccf of gas supplies 60,000 Btus,
close to that of one gallon of oil or 20 kwh of
electric resistance heating. For comparison, 1
gallon of oil may cost $1.25,20 kwh of electricity $1.20 (6¢/kwh), and 1 ccf of gas $0.50.

local" expert," a workshop, or more books. The resources at
the back of the book can provide some helpful hints on where
to look next.
The next step is to determine your annual fuel consumption
in gallons of oil, kilowatt hours (kwh) of electricity, or
hundreds of cubic feet of gas (cd). For an existing house, look
at fuel bills. For new houses, calculate heat loss (get help or
consult books-it's easy!). It's not unusual for an old, rambling
Victorian house during a cold winter to use several thousand
gallons of oil, 40,000 kwhs of electricity, or several hundred
thousand cubic feet of gas. But a compact, super-insulated
house may use as little as one fifth this amount-before the
addition of passive.
The next step is to determine the energy output of the
system. This is usually considered the hardest step,
requiring the charts and graphs we mentioned earlier.
However, it need not be difficult. In fact, it can be relatively
easy.
Each square foot of a design that is appropriate for the
climate (for example, a design that has the proper number of
glazing layers), will supply the heat obtainable from roughly
one gallon of oil (60,000Btus). In cloudy climates, such as
Buffalo, the amount can be half that. In the sunny Southwest,
the output can double.
Thus, a house with an annual heat loss of 500 gallons in a
climate of average (50%) sunshine will require 250 square
feet of passive system to cut its fuel bill in half.
When selecting among the various passive applications,
review the previous chapter for their appropriateness to your
climate. In general, start with windows as the basic system
and add other systems as needed or desired. In the previous
example, the home may be designed for 100 square feet of
south windows. * They will replace 100 gallons of oil or 20%
of the total 500 gallon load. As discussed in earlier chapters,
no special effort needs to be taken to add thermal mass since
conventional construction usually provides adequate storage
for solar windows, which supply 20 percent or less of the
heat.
The next 150 square feet, supplying the next 50 percent of
the load, might, for example, consist of a greenhouse, a solar
wall, or a combination of the two. Remember to take into
account the trim and framing when determining square
footage.

What Does Passive Cost?
It seems that many people are willing to spend far more
money on solar than on energy conservation (buying more
energy rather than using less!). Conservation and solar are
both important, and both can reduce your fuel bills
enormously. But if you are willing to spend $3,000 on solar
to save $200 of fuel per year, you should be willing to spend
$2,000 on energy conservation measures to annually save
$200 of fuel. Conversely, if you spent $1,000 for insulation
and saved $200 last year on fuel, then think about spending
$1,000 on solar to save $200 more next year.
Don't be fooled by the glamour of solar energy. Energy
conservation, perhaps less glamorous, can go a long way
toward solving our energy problems. We can economically
super-insulate homes so that they use as little as 20 percent of
the energy that conventional homes use, without significant
use of solar energy. In moderately cold climates, walls and
roofs should have R-values of at least 25 and 40,
respectively. Use triple glazed windows, and caulk and
weather strip. In cold climates, increase these R-values of the
walls and roofs by 50 percent and add movable insulation
over the windows. If you do anything less than these
measures, you should restrict your expenditures on solar to
$1,500. If you meet these measures, go all out with passive
solar. However, you probably won't need to spend more than
$5,000.
From a practical point of view, energy conservation
measures are necessary in most of the U.S. climate to keep
the required solar heat collection area small enough so that it
can be easily and economically added to the average house.
Properly-designed solar glazing totaling 20 to 40 percent of
the floor area of your house (depending on the climate), will
provide 50 to 80 percent of the heat. This is for a wellinsulated house with adequate thermal mass for heat storage.
(Super-insulated houses need less southern exposure to
achieve this.) Thus, the collection glazing can cover much of
the south-facing walls (or roof). Poorly insulated houses
cannot normally obtain a large percentage of heat from the
sun except in mild climates.
In cold, cloudy climates, energy conservation measures are
usually more cost effective than are solar heating devices, at
least until heating loads of a house are reduced by 40 to 60
percent compared with previous heating bills.

But the house is still a "conventional" and compared with
super-insulated houses. In mild, sunny climates, solar heating
and cooling may be a more cast effective means of reducing
fuel bills than energy conservation since the climate permits
passive systems to. have fewer layers of glazing.
Passive system casts can vary enormously} depending an
size} design} materials, and construction methods} and
passive system type. Keep the sizes manageable. For
example, a 15 foot-high wall of glass is harder to build than
an 8-foot-high wall. Dan}t make the design complicated.
Keep it simple! An occasional fan to. help move air from and
part of the house to. another-far example, from the south side
to. the north or from upstairs to. downstairs can keep floor
plans from becoming contorted and passive systems from
becoming crude contrivances.
Use basic, easy-to-handle materials, preferably locally
produced. Build the systems yourself} if passable. This can
save 40 to. 60 percent of the cast. Contractor-built systems are
mast cast effective an new housing rather than an existing.
However} additions and major remodeling are excellent
opportunities for improving the cast effectiveness of
contractor-built systems for existing houses.
Which of the various passive system types you choose also.
affects cast. Solar windows cost nothing if what would have
been a north window is instead placed facing south. Solar
windows can also be inexpensive if you are willing to have
some of them fixed in place, non-operable. Fixed glass can
be one third the cost of operable windows.
If you intend to build of heavy materials regardless of
using solar, your thermal mass comes free. On the other
hand, concrete floor slabs or brick partitions added to.
conventional wood-framed construction can add to. the cast.
In mild climates, the windows need have only two.
layers. In severe climates, triple glazing and movable
insulation are usually necessary (and cast effective!).
Shades or awnings may add to the cast in southern
climates.
Solar windows, then, can cast nothing or as much as $20
per square foot.
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If you are able to easily convert your south wall to a solar
chimney by simply adding a single layer of glazing, the
materials will cost but a few dollars per square foot. If you
buy a solar collector and hire someone to install it, the final
cost could well be three to four times more. Either way, if the
collectors are large enough to provide only 15 to 20 percent of
the heat, no new thermal mass will be needed. The cost of
making your south wall into a solar chimney, then, will be
primarily that of just the collector or glazing. When more than
20 percent heating is obtained, however, thermal mass must
be added to accommodate the heat. This makes solar
chimneys a whole new ball game, and, of course, costs
increase.
The cost of building a solar wall is less when the south
wall would have been built of concrete block, brick, stone, or
adobe anyway. Keep in mind that stronger foundations are
needed to support the weight and that extra floor area may be
needed to accommodate the thicker-than-normal wall. In mild
climates, only single glazing may be needed, while in cold
climates, as many as three layers of glass or movable
insulation may be necessary. Thus, solar walls may cost only
a few dollars per square foot for the glazing or up to $25 per
square foot.
Cost estimates for solar roofs are more elusive. A strong
support structure, the water ponds, and the movable
insulating covers can be costly. On the other hand, Harold
Hay's "Skytherm" house in Atascadero, California, if built in
large numbers, might cost no more than conventional housing
since, in that climate, it requires no back up heating or
cooling systems. According to Mr. Hay, these cost savings
completely pay for the passive system. In fact, the
conventional heating and cooling system can be greatly
reduced in size and complexity, or can be eliminated entirely
from many energy-conserving, passive solar homes
throughout much of the country, saving several thousand
dollars in first cost and hundreds of dollars in maintenance
costs. Small space heaters or wood burning stoves often
suffice in the winter, and fans or modest-sized window air
conditioners or evaporative coolers do the job in the summer.
A single glazed solar room can cost only a few dollars if
the frame is built of used lumber and covered with a thin
sheet of plastic. Commercially sold greenhouses, however,
can cost thousands of dollars. Solar rooms
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reduce the cost of other building components. For
example, when protected by a solar room, walls that
would otherwise be exposed to the weather can be
simplified and reduced in cost.
Whatever system or combination of systems you choose,
"shop around" fully. Seek advice and look for the best prices.
Pay attention to detail and use passive systems to enhance the
beauty of your house.
Will you be satisfied with the fuel savings resulting from
your expenditures for passive systems? The easy answer is
"Yes!" However, everyone's expectations and needs are
different. For example, some people require that passive pay
for itself in five years (say a fuel savings of $100 per year on a
first cost of $500). Others can afford to be more far-sighted
and can view conservation and solar costs as investments in
the future. Such people realize that shortsightedness got us
into our energy mess, and longer term investments of 15 to 25
years can help get us out. Keep in mind that energy prices
keep doubling every few years, and as they do, your
"minimum energy dwelling" is perceived as more and more
valuable by your friends, neighbors, ... and the next buyer.
As a matter of fact, you can disregard the energy savings
from many passive systems in determining whether they are
good investments. Instead, they can be viewed as an integral
part of your house, increasing in value along with the whole
house. Thus, when the value of a house inflates by 50 per cent
in say, five years, so will its solar greenhouse! If the house is
then sold, the owner receives back his entire investment in the
greenhouse and then some ... plus, five years of lower energy
bills, too.
In this sense, solar energy is indeed free. But passive solar
is also convincing on the basis of dollars spent for the energy
saved.
A conventional house may use $1,500 of fuel per year, and
perhaps twice that in a few years as energy prices rise. For the
many solar and conservation measures recommended in this
book, an expenditure up to $10,000 may be necessary,
depending on climate, the size of the house, and which
conservation and solar features are selected. The result will be
fuel bills reduced by 70 to 90 per cent, or $1,350 per year,
and as much as $2,700 when prices double. Even if you must
spend $10,000-and most

people will spend less than $ 7,000- your annual mortgage
payment will increase about $1,000 ($85 monthly) for the
solar/conservation investment, but the energy savings more
than compensates. Federal energy tax credits of 15 per cent
for conservation measures and up to 40 per cent for solar, will
offset the extra down payment you need as a result of the
somewhat higher cost of the low energy house due to its
energy-saving measures.
Thus, your cash flow is positive and the annual cost of
owning an energy-conserving, passive solar home is less
than owning a conventional one.

Afterword
You have now reached the end of the book and are at least 7
percent smarter than you were when you started it. Now it's
time to put all your new-found knowledge to work. The
things you've learned are of great value for they can affect not
only your pocketbook, your comfort, and your way of life,
but global politics, environmental quality, and the value of
the dollar as well. We are in a great period of transition-from
the fossil-fuel age to the solar age. Standing right up close to
that transition, it's sometimes hard to sense the magnitude of
the changes now taking place. But each day brings a bit more
perspective to
our view of the revolution. Each day makes solar energy
systems look better and the nuclear nightmare look worse.
Each step we take in the direction of a solar civilization will
have untold benefits to us, to our children, and to all the
generations to come, not to mention the benefits to all the
other creatures of the world, whose fate is so inextricably
tied, now, to ours.

Photo Section
The houses in the photographs on the following pages are
representative of the thousands of passive solar homes being
built or retrofitted throughout the country. The variety of
approaches is truly astounding; proof that solar offers new
opportunities for innovation, creativity, and beauty.

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects

This section features construction details from some of the more
typical examples of the passive systems we have described. This
information should give designers, builders, and homeowners a
much better knowledge of how each system is designed and built,
with a focus on those details needing special attention. Since full
sets of construction drawings are not included here, you may wish
to seek professional assistance before actually building your own
system.
The details shown here are from four designs developed in two
federally-sponsored demonstration projects to promote solar
design, research, and construction. They include a solar window,
solar chimney, and a solar room from Project SUEDE, and a solar
wall from the Brookhaven House.
Project SUEDE, "Solar Utilization, Economic Development, and
Employment," was part of a nationwide effort to train solar
installers and to build solar applications into existing houses.
Sponsored by the U.S. Community Services Administration,
Department of Energy, and Department of Labor, SUEDE was
carried out in New England by a four-member consortium: the
Center for Ecological Technology in Pittsfield, Massachusetts; the
Cooperative Extension Service of the University of Massachusetts
in Amherst; Southern New Hampshire Services in Manchester,
New Hampshire; and Total Environmental Action Foundation in
Harrisville, New Hampshire. Together, these groups trained 30
installers who built one of three types of low-cost solar systems
onto nearly 100 New England homes. A major goal in Project
SUEDE was to demonstrate that solar designs can be simple, can be
built at reasonable costs from readily-available building materials,
and can be attractive and work well.
Examples of the New England SUEDE systems illustrated here
also appear in the color section. The added solar windows, the
thermo-siphoning air panel retrofit were each constructed by the
Center for Ecological Technology. The attached greenhouse was
constructed by Southern New Hampshire Services. Design for
New England SUEDE were developed by Total Environmental
Action, Inc., (TEA), of Harrisville, New Hampshire.
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The Brookhaven House is the result of a research and design
effort carried out by TEA, Inc., under contract to Brookhaven
National Laboratory, and built at the Lab site on Long Island as a
demonstration house to be monitored for its performance.
The work was sponsored by the Building Division of the Office of
Buildings and Community Systems, Office of the Assistant
Secretary of Conservation and Solar Applications, U.S. Department
of Energy.
The goal of the Brookhaven project was to develop an attractive,
energy-conserving, single-family home of conventional design,
using thermal storage materials in combination with heavy
insulation and passive solar systems to significantly cut heating
costs without reducing comfort. The construction details shown
here are from the triple-glazed storage wall located next to a large
sunspace and serving as the structural south wall of the dining
room. This storage wall also contains a set of windows for direct
gain, natural lighting, and a view from inside.
A photograph of the Brookhaven House appears in the color
section.
The drawings here were prepared by and adapted by the authors
from Total Environmental Action, Inc. designs for the Brookhaven
and SUEDE projects. As neither the authors, publisher, TEA nor
any of its employees, nor any of the original SUEDE and
Brookhaven project participants, have any control over the final use
of these revised drawings, all warrantees, expressed or implied, for
the usefulness of these drawings and all liabilities which may result
from the use of these drawings are voided by their use in
construction.
It is good practice to have all dimensions, quantities, and
specifications reviewed by a competent local architect, engineer,
and/or building official prior to construction to assure compliance
with individual requirements, and local codes and conditions.
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Solar Rooms
This solar greenhouse uses stock size insulated glass patio door
unit s the solar aperture. These units are field-mounted in the
wood-framed structure which rests on an added foundation wall of
poured concrete or block and which is attached to the existing
house wall by 2x4 braces and a 2x4ledger strip bolted to the wall.
The side wall can be either clapboard or other siding to match the
house. In this design, the two-inch beadboard foundation insulation
is located on the inside of the foundation wall to make a
weatherproof exterior with no additional finishing required. All
optional roll-down insulating curtain is included at the sloped
glazing. (Construction details, New England SUEDE.)
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Solar Windows
These details were developed for a low-cost addition of direct gain south
glazing in standard 2x4 stud wall construction. A section of the south
wall is removed and new framing added as shown to prepare for the
addition of standard-sized insulated glass units. These fixed units are
installed using standard glazing techniques including setting blocks,
glazing tape and weep holes for condensation. The rough framing is
finished with trim pieces and glazing stops. Note that cutting into the
framing of a stud wall house can be a major structural alteration to the
house, and should only be undertaken after professional
verification that the new structure is adequate and that existing
floor and roof loads can be carried safely during and after the
renovation project. (Construction details, New England SUEDE.)
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Solar Chimneys
This retrofit passive space heating device, called a
thermosiphoning air panel (TAP), uses the existing house wall as
the major structural element. The exterior finish is removed, new
Thermoply® structural sheathing added over the existing wall,
and wood framing added to support the ribbed aluminum absorber
plate (industrial siding material) and to support the field-installed
insulated glass units. The system shown uses three patio door
replacement units as the aperture, creating three areas of absorber
plate, each of which requires a high and a low vent through the
house wall to allow the thermosiphoning action to occur.(See pg.
57 for damper construction tips.) The weight of the added glazing
is carried by brackets at the base of the panel to a continuous
ledger strip bolted to the house wall. After flashing is added, the
exterior siding materials are patched around the unit to complete
the installation. (Construction details, New England SUEDE.)
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SolarWalls
This glazed thermal storage wall is comprised of glazing frame
members milled from cedar 4x4's bolted to an eight-inch thick
structural brick wall. The bricks are dense paving bricks-a dark
umber color on the outside, standard terra cotta color on the insideand are laid up with all cavities filled with mortar. The triple glazed
panels, designed for use in the northeast, reduce heat losses to the
outside from the warm wall. Standard operable triple-glazed
casement windows are incorporated into the wall to provide direct
gain heating, light, views and ventilation. Double glazing is suitable
for use in milder climates. (Construction details, the Brookhaven
House.)

The www.BuildItSolar.com website provides hundreds of
free plans for solar and renewable energy projects

