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The DOE-HUD Initiative on Energy Efficiency in Housing

This Design Guide is a product of the DOE-HUD Initiative on Energy Efficiency
in Housing. The Initiative was created in 1990 as a collaborative framework to
harness the technical skills of the Department of Energy's (DOE's) laboratories
and programs for making energy efficiency improvements in Federally-aided
housing. This multi-year Initiative supports both the Department of Energy's
National Energy Strategy and the Department of Housing and Urban
Development's (HUD's) mission to make low- and moderate-income housing
more affordable.

Funding for the Initiative is provided by the Department of Energy through its
existing conservation research and technical assistance programs. Technical
support for projects is supplied by staff from DOE, including its Support
Offices, the Department of Housing and Urban Development with its Field
Offices, DOE's National Laboratories, and private contractors. Aid in
incorporating project experience into ongoing HUD housing activities, through
publication, guidance, technical assistance and regulations is also provided by
the groups mentioned.

This Design Guide was prepared by the National Renewable Energy Laboratory
(NREL) under contract to DOE. It is based on research sponsored by DOE and
carried out primarily by the Los Alamos National Laboratory (LANL), NREL
(formerly the Solar Energy Research Institute), and the Florida Solar Energy
Center (FSEC). The Guide incorporates, by permission, major portions of the
Passive Solar Design Strategies: Guidelines for Home Builders, published by the
Passive Solar Industries Council (PSIC), and developed jointly by PSIC, NREL,
and Charles Eley Associates, with funding support from DOE.

Dr. J. Douglas Balcomb, the Design Guide's author, wishes to acknowledge the
American Indian Council of Architects and Engineers (AICAE) for the
opportunity to become acquainted with the issues of Indian housing by
participating in the Council's workshops. The AICAE wrote the companion
document, Our Home: Giving Form to Traditional Values, Design Principles for
Indian Housing, published at the same time and under the same auspices as
this Guide. This book discusses the cultural issues of Indian housing. Dr.
Balcomb also thanks the AICAE for permission to use two designs that came
out of the workshops as examples in this Guide. He is particularly grateful to
Louis Weller, Burke Wyatt, David Sloan, Gilbert Honanie, Charles
Archamboult, Edmund Gongales, and Veronica Tiller of the AICAE and also
Richard Hill for their guidance and help.

Nancy Carlisle, Terry Penney, and Ren Anderson of NREL all made important
contributions to this project. Norm Weaver and Sara Farrar of Environmental
Research Groups International performed many of the calculations using the
ARES and BuilderGuide programs.



Preface

Energy Efficiency Guides and Software Today

Today, as Native American cultures seek to return to culturally relevant
building design, electronics-based software programs can become extremely
valuable aids. Designers will soon have access to software systems that readily
combine all the features that high energy efficiency, environmental quality,
safety, soundness, and culturally related building design will require. This
Design Guide offers a useful starting point for energy efficiency. It can be used
by itself or with the BuilderGuide software that is available to accompany it.

Those considering using this Guide's software are probably aware that there
are increasing numbers of such systems to consider using in the design and
specification of buildings and for housing in particular. It is a field of rapid
evolution. BuilderGuide is most useful for, but not limited to, design of passive
solar systems. Other software systems also exist for passive solar. One new
systemm now on the market provides designers with a program for preliminary
design that includes energy efficiency and greatly simplifies the process of
exploring the options and their building design consequences. Still others are
available for defining such details as the times of annual peak use for cooling
or heating (useful in designing for utility rebates), for evaluation and sizing of
domestic heating plants, hot water appliances and other such details and for
other technical purposes. It is presumed that the designer will make the best
choice amongst all such alternatives in proceeding with a specific project's
resolution. ‘

Netther the United States Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights.
Reference hérein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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Direct-gain passive solar house on the Pojoaque Indian Reservation northwest of
Santa Fe, New Mexico. Photo credit: D. Balcomb.

Mimbres Quail



Passive solar house on the Nambe Indian Reservation in New Mexico. This house
features Trombe walls on the south for delayed solar heat and clerestory windows for
direct gain to the northern rooms. In the cold but sunny climate of the upper Rio
Grande valley, good insulation and passive solar combine to produce good comfort and
low heating bills. Photo credit: D. Balcomb.

The Zuni sun symbol is the State Emblem of New Mexico.



Opinion gathering: Louis Weller and Veronica Tiller at the American Indian
Council of Architects and Engineers (AICAE) workshop in Seattle, Washington,
April 10, 1991. Indians from the region were asked to comment on their
housing needs and preferences. The AICAE report, Our Home: Giving Form to
Traditional Values, Design Principles for Indian Housing, describes their
findings. Participants were genuinely concerned with high heating costs and
inadequate comfort.
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Design concepts in the making: Burke Wyatt working with participants at the
AICAE workshop in Albuquerque, New Mexico, February 28, 1991. Indians from
the region related their housing needs by sketching them. Two out of the
dozens of design concepts that emanated from these workshops are included as
examples in Section II starting on page 55. Photo credits: D. Balcomb.



SECTION I: GUIDELINES FOR DESIGN

Part One: Introduction

1. The Energy-Efficiency Design Guide

The ideas behind energy-efficient housing are simple, but applying them
effectively does require information and attention to the details of design
and construction. In this design guide, energy efficiency includes the
concepts of conservation, passive solar heating, and natural cooling.
Some of these techniques are modest and very low cost, and require only
small changes in a designer's standard practice. At the other end of the
spectrum, an integration of several energy-efficient systems can almost
eliminate a house's need for purchased energy--but perhaps at a
somewhat higher first cost.

In between is a broad range of energy-efficient techniques. Whether or
not they are cost effective, practical, and attractive enough to offer an
advantage to any individual designer depends on very specific factors
such as local costs and climate.

The Energy-Efficiency Design Guide is written to help give designers the
information they need to make these decisions.

" The Design Guide is a package in three basic sections:

m Section I contains information about energy-efficient techniques and
how they work, and gives some specific design advice.

m Section II introduces the reader to the personal computer program
BuilderGuide, which provides a simple, fill-in-the-blanks format you
can use to quickly evaluate the performance of your specific design.
It includes two worked examples for proposed Indian houses.

# Section III gives designers and Indian Housing Authorities a realistic
set of goals for energy-efficient design in different climates.

It is intended that these guidelines be used in conjunction with the
BuilderGuide computer program. Nonetheless, it is entirely possible to
use the guidelines without this program and get good results. The value
of BuilderGuide is to add confidence by giving you a quantitative fix on
the performance of the house you are planning to build. You will need
BuilderGuide to ascertain whether your design conforms to the energy-
efficiency performance goals.
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Overview of SECTION I: Guidelines for Design

Some principles of energy-efficient design remain the same in every
climate. But the important thing about energy efficiency is that it makes
better use of the opportunities in a house's surroundings. So, many
fundamental aspects of the energy-efficient house's design will depend on
the conditions in a small local area, and even on the features of the
building site itself.

Part One introduces the Energy-Efficiency Design Guide and presents a
quick overview of the performance potential of energy-efficient systems.
Althou%h in practice many factors will affect actual energy performance,
this information will give you a general idea of what to expect in your
area. The relation of energy efficiency to Indian cultural issues is also
discussed.

Part Two discusses the basic concepts of energy-efficient design and
construction: what the advantages are of energy-efficient construction;
how improved insulation, tight construction, passive solar heating, and
natural cooling relate to each other; how the primary energy-efficient
systems work; and what the designer's most important considerations
should be when evaluating and using different strategies. Guidelines for
insulation levels, window types, and solar glazing areas are given for
43 U.S. locations.

Part Three gives more specific advice about the passive solar techniques
of suntempering, direct gain, sunspaces, and thermal storage mass
walls.

Part Four gives more specific advice about the use of natural cooling to
increase summer comfort.

These are the terms that will be used in this Design Guide:

m Added Insulation: increasing insulation levels without adding solar
features.

m Tight Construction: decreasing air infiltration and the heat needed
to warm this air.

m Suntempering: increasing south-facing glazing to a maximum of
7% of the house's total floor area, but without adding thermal mass
(energy storage) beyond what is already in the framing, standard
floor coverings and gypsum wall-board, and ceiling surfaces.
Insulation levels are also increased.

m Passive Solar: using three different design approaches: Direct Gain,
Sunspace, and Thermal Storage Wall. Passive solar includes all
types of solar heating systems in which heat flow is by natural
means--radiation, conduction, and natural convection. No pumps or
fans are required for the system to operate. These systems are well
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integrated into the architecture of the house using normal materials
of construction.

The Guide has been kept as brief and straightforward as possible, but
more detailed information is available if needed. Some references are
indicated in the text, and a list of other information sources can be found
in the References. Also included at the end of the Guide are a brief
Glossary and two pages explaining some of the background and
assumptions behind the Guidelines and BuilderGuide called Technical
Basis for the Design Guidelines.

Overview of SECTION II: The BuilderGuide PC Program

Few designers can confidently achieve good energy-efficient designs
without "doing the numbers”. In the past, this has been an onerous
undertaking that involved extensive calculations. Most designers never
did any calculations to support their design decisions because it took too
long or required the assistance of an engineer who was knowledgeable in
the complexities of the analysis. BuilderGuide changes all that.

BuilderGuide is a PC program that is easy to use, "builder friendly", as
they say. Calculations that you will make with this program are a very
important part of the energy-efficient design process because they allow
you to quickly assess different energy-efficient strategies or combinations
of strategies and the effect that changes will have on the overall
performance of the house in your climate.

BuilderGuide provides a simple way to quickly calculate how well a
design is likely to perform in four key ways: how well the house will
conserve heat; how much the solar features will contribute to the total
heating energy needs; how comfortable the house will be; and how much
air conditioning will be needed to maintain summer comfort. You can
compare your results with the appropriate performance goal to see how
well you are doing. You can also do tradeoffs quickly, for example, to see
the benefit of adding insulation or extra mass.

So, BuilderGuide provides you with four key numbers indicating the
projected performance of the various designs you are evaluating.

Two Examples are included in Section II that demonstrate the use of
BuilderGuide in evaluating the performance of two houses designed by
Indians.

Note that the BuilderGuide computer program itself is not included
with the Energy-Efficiency Design Guide. However, the computer disks
and manual can be readily obtained from the Passive Solar Industries
Council, together with data files for any of 205 locations in the United
States.



Page 4 ENERGY-EFFICIENCY DESIGN GUIDE

Overview of SECTION III: Energy-Efficiency Performance Goals

This section contains recommendations for the overall performance of the
house, presented in terms of the maximum amount of auxiliary heat and
auxiliary cooling the house should use, as computed by BuilderGuide.
These are voluntary goals. Results are presented as tables of maximum
allowable Btu/ft2 for 43 U.S. locations.

For guidance on how to reach your conservation perforrnance goal, refer
to the insulation guidelines on pages 20 and 21. These tables give
suggestions for components, such as R-values for walls, ceiling, and
perimeter, window type, and equipment efficiencies. If these component
recommendations are followed, then the house will likely meet the
conservation performance goal. For guidance on how to reach your
auxiliary heating perforrnance goal, refer to the guidelines for passive
solar glazing area on page 25.

The performance goals are presented in the spirit of voluntary
compliance. They have no force in law or regulation. However, they have
been developed based on the principle of economic optimization. This
means that it is cost effective to install energy-efficient features as
required to meet the performance goals, based on the payback in energy
savings that will accrue over the life of the house. Different goals are
given for houses heated by gas and those heated by electricity.

Index to the Tables

Tables for 43 cities are scattered throughout this guide. These tables and
their page locations are as follows:

Table Page
Savings of houses that meet the performance goals 10
Insulation guidelines, houses heated with gas 20
Insulation guidelines, houses heated with electricity 21
Passive solar guidelines 25
NAHB 1980 housing characteristics 53
BuilderGuide results for NAHB basecase 54
Conservation performance goals 76
Auxiliary heating performance goals 77
Summer cooling performance goals 78

Heating and cooling degree days 79
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2. How Energy Efficiency Relates to Cultural Issues in
Indian Housing

Energy efficiency is not only completely compatible with culturally
relevant Indian housing, but it should be part of it.

Indian cultures have always stressed living in harmony with their
environment. That which is taken is replaced. The natural order is left
intact. Modern American culture, by contrast, seems more inclined to
exploit nature and to disrupt the natural order.

Original Indian cultures in America and early cultures in Europe did
little to heat their houses. The home provided shelter from the wind,
snow, and rain. Wood-burning stoves and fireplaces were used to keep a
small area, a room or two, somewhat warmer than the outside, at least
part of the time. People were tough, inured to the cold, and used to
dressing warmly, even when inside.

We read of Indian homes in New England that were as "warm as the best
English houses" and of tipis that were "warm in the winter and cool in
the summer". These statements must be understood in the context of
their time. Comfort can be relative. English houses of that time were
really uncomfortable. Certainly conditions inside the Indian house on a
harsh winter night would have been much better than outside. Enough
eople crowded around the tipi fire would maintain reasonable comfort
or awhile. The natural ventilation of the tipi would be very effective in
the plains but would hardly cope with the humidity of a Florida summer.

These are traditions that have been lost. Most people, Indian or not, do
not yearn for a return to these conditions. It is now expected that houses
will be kept comfortable. The loss of this lifestyle is no more mourned
than the demise of the outdoor toilet. Comfort standards for Indians are
no different than those for any other people. Indians expect and deserve
comfortable places to live and work. The cost of this comfort is now
accepted as a necessity, not a luxury.

The Cost of Comfort

But what should it cost to maintain modern standards of comfort? We
have developed a culture of poorly insulated houses maintained
comfortable only by the use of prodigious amounts of energy. If the
energy equivalent of the 20 barrels of oil required to heat the house for
one winter were to be stacked inside, it would fill the living room. We are
not so aware of this because it usually arrives in the form of natural gas
delivered quietly though a pipe. Awareness arrives with the utility bill.

The United States uses 13% of its energy just to heat and cool its homes
and hot water. The energy equivalent is that of some 1690 million barrels
of oil at a cost of $55 billion each year. That is $613 per household each
year. The irony is that most of this energy is not really needed. We now
know how to build houses that can be kept comfortable on no more than
30% of this energy, and they do not cost much more to build (perhaps
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5% added on to the total construction cost). The purpose of this Design
Guide is to begin changing this situation--at least with new houses for
Indians and Alaskan Natives.

The cost of supplying comfort goes beyond dollars. The cost to our
environment is staggering--a cost measured in tons of particulates in the
air, in dead ocean birds, in lost national and personal security, in trees
killed by acid rain. Indians once lived in balance with their environment--
a sustainable lifestyle--but no longer. Our present course is not
sustainable.

It is a far better thing to use a cubic foot of natural gas in the
manufacture of fiberglass insulation than in the heating of a house. The
fiberglass will save dozens of cubic feet of gas that would otherwise be
burned during the lifetime of the house.

A house that meets the auxiliary heating performance goals suggested in
these guidelines is unlikely to ever freeze, even without backup heat.

The Symbolism of Light

The sunlight that enters a thoughtfully designed passive solar home will
reinforce Indian cultural traditions. Most Indian cultures look to the
morning sun. The door of a Navajo hogan opens to the east. This same
light that nourishes the soul will warm the house on a winter morning.

The Indian sense of place is usually identified with the four directions,
the cardinal points of the compass. Passive solar design principles also
teach us to treat each of the four building facades differently--in
response to the very different impact that sun and wind have on the
house. The south side is the primary passive solar receiver. Most of the
windows are placed on the south--to accept the winter sun and shut out
the summer sun--a natural consequence of the changing sun path
between winter and summer. Moderate use of east windows provides
early morning wakeup, both visually and thermally. West windows are
kept to a minimum to prevent summer overheating. Moderate use of
north windows provides a high quality of daylight on the north side;
summer heating is minimal and winter heat losses can be controlled with
the use of modern low-loss windows. Summer breezes, usually from the
west or south, ventilate the house through well-placed window openings,
refreshing and cooling the house. The designer of the house must create
a sensitive blend of these characteristics with the symbolism of the tribal
perception of the four directions, embodying the appropriate use of light,
texture, and color. No universal formula can be prescribed because the
symbolism varies from one Indian culture to another.

Passive solar apertures are also often placed in the roof, as clerestories or
roof monitors with the glass vertical and facing south. This same feature
opens the possibility of visually opening the roof to the sky, symbolizing
the duality of light above and dark below (which is also good passive
solar design practice}. The sun, perhaps the most important celestial
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symbol, is brought into the life of the house, blessing it with light and
warmth.

The Symbolism of Space

As a general principle, a large and open central space is critical to Indian
tradition. The space serves a communal function. The space is often
circular, representing a "philosophy of the cycles of nature and the
continuity of life". The circle also "symbolizes equality and the concept of
sharing".

Openness of space also serves well in passive solar design. Solar heat is
collected primarily on the south side of the house and must be
distributed, primarily by natural convection, to the north side. A open
floor plan facilitates this transfer. A large central area, with rooms
radiating from it to the east, north, and west, is an ideal passive solar
plan.

The Symbolism of Materials

Indians traditionally lived in constant contact with the materials of their
natural environment and came to regard these materials as important
symbols. Such materials can also serve important thermal and
luminance functions within a house.

Massive natural materials, such as adobe and rock, are very effective for
storing solar heat admitted into the house during the day. Their
effectiveness in this role depends on their location and color, as
discussed in Parts Two and Three of Section I. A massive floor, always a
feature of traditional Indian houses, is very effective heat storage but
only where the sun shines directly on it. Other mass in walls or roof is
effective even without direct solar radiation. Generally, floors should be
dark in color and other surfaces light in color for the greatest
effectiveness. This may or may not be completely consistent with cultural
tradition. These are factors that the designer must weigh.

Wood is another primary material used in traditional Indian houses.
Unfortunately, wood is not particularly effective for energy efficiency.
Although wood has a low thermal conductivity, it cannot compete with
fiberglass for wall or roof insulation. Although it has a high heat
capacity, the low conductivity prevents it from being very effective for
thermal storage. The wonderful texture, color, and character of wood are
justification enough for using it inside the house, but it should not be
considered as a particularly effective insulating or heat-storage material.

Harmony with Nature

More than anything else, energy-efficient passive solar houses are
designed to exist in harmony with nature. The natural environmental
influences of sun, wind, heat, and cold are taken into account in the
desi%n. The pleasure of living in a house that naturally maintains
comfort most of the time, both winter and summer, must be experienced
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to be appreciated. It is a marvel that will reinforce culturally relevant
Indian housing.

Indigenous materials, southerly orientation, and building form were used to
enhance the comfort of pueblo structures such as Taos Pueblo. With modern
insulation and windows, much greater thermal performance and comfort can
be obtained while retaining traditional architectural texture and feel.

3. Energy-Efficiency Savings Potential

The energy performance of energy-efficient strategies varies significantly,
depending on climate, the specific design of the system, and the way it is
built and operated. Of course, energy perforrmance is not the only
consideration, but it is an important one.

As a starting point, we choose a 1500-ft2 basecase single-story house
insulated in accordance with a 1980 survey done by the National
Association of Home Builders. These conservation levels are given on
page 53 in Section II. To this we then add conservation, passive solar,
and natural cooling measures to achieve the performance goals
recommended in Section III. The total savings are listed for 43 U.S.
locations in the table on page 10. For electrically heated homes, the
overall annual energy savings vary from 18% in Brownsville, Texas, to
66% in Cheyenne, Wyoming. The savings are smaller for houses heated
with gas but are still quite substantial.

Another figure of interest shown in the table is the solar savings fraction,
SSF, assuming that you follow both the conservation and the passive
solar guidelines. This number indicates the percentage of the heat
required by the nonsolar elements of the house (all heat loss except the
south glass) that is saved by solar heat trapped by the south glass. It is
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the net benefit of the solar elements accounting for both solar gains and
heat losses. For electrically heated homes, these SSFs vary from 10% in
Buffalo, New York, to 61% in Reno, Nevada.

Images from the plains
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Energy Savings, percent of the annual energy requirements of the
basecase house.

This table gives the C})Crcent savings for a house that follows the
%uideh‘nes compared with the NAHB basecase house. The solar savings
raction of the house is also included.

House Heating;: Gas Electricity

Heating Cooling Total SSF Heating Cooling Total SSF

Albuquerque, NM 31 24 29 38 61 36 55 58
Atlanta, GA 26 22 24 19 53 33 47 37
Birmingham, AL 23 27 24 20 54 40 49 37
Bismarck, ND 40 41 40 12 49 48 49 18
Boise, ID 42 40 42 19 60 45 58 34
Boston, MA 47 44 46 14 55 50 54 21
Brownsville, TX 27 6 11 51 35 13 18 54
Buffalo, NY 39 41 39 8 53 48 53 10
Burlington, VT 38 38 38 10 50 46 50 11
Charleston, SC 28 19 24 27 52 30 43 33
Cheyenne, WY 49 41 49 36 67 44 66 54
Chicago, IL 41 31 39 12 50 38 48 17
Cincinnati, OH 32 43 34 13 47 51 48 19
Denver, CO 50 53 51 39 68 54 66 58
El Paso, TX 39 30 36 36 58 21 43 57
Fort Worth, TX 29 16 24 24 56 28 44 42
Fresno, CA 42 24 34 28 54 37 47 34
Great Falls, MT 41 33 41 15 58 34 57 28
Jackonsville, FL 30 18 23 35 51 19 34 41
Lake Charles, LA 29 16 22 28 45 18 31 31
Las Vegas, NV 36 24 30 37 60 29 46 57
Los Angeles, CA 29 14 24 47 58 29 48 57
Medford, OR 15 34 19 17 40 55 43 29
Memphis, TN 22 22 22 16 52 38 47 34
Minneapolis, MN 32 35 32 10 48 41 47 12
Nashville, TN 35 26 33 14 51 42 49 27
New York, NY 38 34 37 12 51 39 49 20
Oklahoma City, OK 36 40 37 21 58 44 54 42
Omaha, NE 42 35 40 16 54 42 52 30
Philadelphia, PA 37 42 38 13 53 48 52 25
Phoenix, AZ 30 10 18 50 30 10 18 50
Pittsburgh, PA 40 38 39 11 53 43 52 12
Portland, ME 39 57 40 10 51 66 52 16
Portland, OR 14 29 16 14 34 55 36 19
Reno, NV 35 37 36 40 60 49 58 61
Salt Lake City, UT 43 43 43 21 63 49 60 44
San Antonio, TX 29 14 21 33 52 27 39 40
San Diego, CA 9 12 10 44 54 25 42 58
San Francisco, CA 43 28 41 34 58 31 55 56
Seattle, WA 43 48 43 16 55 59 55 19
Tampa, FL 29 7 13 57 40 14 21 61
Topeka, KS 43 27 39 18 56 33 50 35

Washington, DC 28 27 28 14 52 40 49 33
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Part Two: Basics of Energy Efficiency
1. Why Energy-Efficient? More than a Question of Energy

Houses today are more energy efficient than ever before. However, the
vast majority of new houses still ignore a lot of energy-saving
opportunities--opportunities available in the sunlight falling on the
house, in the landscaping, breezes, and other natural elements of the
site, and opportunities in the structure and materials of the house itself,
which, with thoughtful design, could be used to collect and use free
energy. Passive solar (the name distinguishes it from "active" or
mechanical solar technologies) is simply a way to take maximum
advantage of these opportunities.

In addition to economic and environmental advantages, energy-efficient
homes are inherently more comfortable and adaptable to cultural and
individual requirements. Other related advantages are simplicity, ease of
maintenance, and reliability. A house that appropriately combines the
three key ingredients emphasized in this guide--mass, glass and
insulation--and meets the suggested performance goals for electrically
heated homes--is very stable. It responds very slowly to weather changes
and is unlikely to freeze during a power outage.

The public has become increasingly sophisticated about energy issues,
although the average person is probably much more familiar with
insulation than with passive solar. The "energy crisis" may have ups and
downs, but very few people perceive their own household energy bills to
be getting lower, in fact, quite the opposite. Everyone knows that energy
efficiency is an investment in the future.

But there are many different ways to reduce energy bills, and some are
more evident than others. For instance, adding insulation can markedly
improve energy efficiency, but added insulation is invisible. A sunny,
open living area lit by south-facing windows or a bright, attractive
sunspace, on the other hand, not only reduces energy costs but
enhances the quality of life of those living in the house. Windows, in
general, are popular, and passive solar can make windows energy
producers instead of energy liabilities.

Passive solar is a very important option to consider. The point is not that
a designer should choose passive solar instead of other energy-
conserving measures. The important thing is that passive solar can add
not only energy efficiency, but also very attractive amenities--style,
comfort, and attractive interiors--and help associate the house with
cultural traditions of the tribe.
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Advantages of Energy Efficiency
m  Energy performance: lower energy bills year-round

m Attractive living environment: large windows and views, sunny
interiors, open floor plans

m  Comfort: quiet (no operating noise), solid construction, warmer in
winter, cooler in summer (even during a power failure)

m  Value: high occupant satisfaction
s Low maintenance: durable, reduced operation and repairs

m Investment: independence from future rises in fuel costs will continue
to save money long after any initial costs have been recovered

s Environmental concerns: clean, renewable energy to combat growing
concerns over global warming, acid rain, and ozone depletion

2. Key Concepts: Energy Conservation, Suntempering, Passive Solar

The strategies for enhancing energy performance that are presented here
fall into four general categories:

= Energy Conservation: insulation levels, control of air infiltration,
glazing type and location, and mechanical equipment.

= Suntempering: a limited use of passive solar techniques; modestly
increasing south-facing window area, usually by relocating windows
from other sides of the house, but without adding thermal mass.

m Passive Solar: going beyond conservation and suntempering to a
complete system of collection, storage, and use of solar energy:
using more south-facing glass, adding significant thermal mass, and
taking steps to control and distribute heat energy throughout the
house.

s Natural Cooling: Using design and the environment to both cool the
house and reduce summer heating by the sun.

What is immediately clear is that these categories overlap. For instance,
a good energy conservation package is the necessary starting point of all
well-designed suntempered and passive solar houses. There's no use
collecting solar energy if it is immediately lost through leaky windows or
poorly insulated walls. Overdone or improperly done, passive solar will
continue to heat the house in the summer, causing discomfort or high
air-conditioning bills.

In the same way, many of the measures that are often considered part of
suntempering or passive solar--such as orienting to take advantage of
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sumimer breezes, landscaping for natural cooling, or facing a long wall of
the house south--can help a house conserve energy even if no "solar"
features are planned. :

The essential elements in a passive solar house are south-facing glass
and thermal mass.

In the simplest terms, a passive solar system collects solar energy
through south-facing glass and stores solar energy in thermal mass--
materials with a high capacity for storing heat (for example, adobe, brick,
concrete masonry, concrete slab, and tile}. The more south-facing glass
is used in the house, the more thermal mass must be provided, or the
house will overheat, and the solar system will not perform as expected.

With too much glass and/or insufficient mass, solar energy can work too
well, and the house can be uncomfortably hot even on a winter day.

Although the concept is simple, in practice, the relationship between the
amount of glazing and the amount of mass is complicated by many
factors, and has been a subject of considerable study and experiment.
From a comfort and energy standpoint, it would be difficult to add too
much mass. Thermal mass will hold warmth longer in winter and keep
houses cooler in summer. But thermal mass has a cost, and so adding
too much mass for just thermal storage purposes can be unnecessarily
expensive.

The following sections of the Design Guide discuss the size and location
of glass and mass, as well as other considerations that are basic to both
suntempered and full passive solar houses: improving conservation
performance; mechanical systems; orientation; site planning for solar
access; interior space planning; and taking an integrated approach to the
house as a total system.

3. Improving Conservation Performance

The most important measures for improving the house's basic ability to
conserve the heat generated either by the sun or by the house's
conventional heating system are in the following areas:

m Insulation
m Air infiltration
m Nonsolar glazing

Guidelines for insulation levels and window types are given for 43 U.S.
locations.

Insulation

Adding insulation to walls, floors, ceilings, the roof, and the foundation
improves their thermal resistance (R-value)--their resistance to heat
flowing out of the house.
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A quality job of installing the insulation can have almost as much effect
on energy performance as does the R-value, so careful construction
supervision is important. An inspection just before the drywall is hung
identifies improvements that are easy to complete at that time but will
make a big difference in the energy use of the home for years to come.

The thermal resistance of ceiling/roof assemblies, walls, and floors is
affected not only by the R-value of the insulation itself, but also by the
resistance of other elements in the construction assembly--framing
effects, sheathing, interior drywall, and so on. The help text in
BuilderGuide includes tables that show Equivalent Construction R-values
for walls, ceilings, and house perimeters, that account for these and
other effects. For instance, ventilated crawlspaces and unheated
basements provide a buffering effect. One of these BuilderGuide tables is
reproduced below.

R-values for Particular Wall

Single Constructions
Wali Insulation R-value
Framing i1 A3 R19 R These numbers are overall
2x4 at 18%0c 120 138 - -— p . .
2t at 24ac 127 139 —  — effective R-values including

at 18%c 141 154 177 182 i
246 at 24%c 143 156 182 138 allowance for framing,
Double sheathing, and inside and
Wall Total Thickness (inches) outside film coefficients. To
Framing 8 10 12 account for insulating
e Fval o B0 33 I35 48 sheathing added to the

-value of insulating sheathing should be added to i i

the values in this ta\ble.m'1 " exterior, szmply add the

R-value of the sheathing to
these values.
Source: BuilderGuide help text

With attics, framing effects are minimized if the insulation covers the
ceiling trusses, either by using blown-in insulation or by running an
additional layer of batts in the opposite direction of the ceiling joists.
Ridge and/or eave vents are needed for ventilation.
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Insulation in an Attic

Insulation should extend over
the top ceiling joists, and
ventilation should be provided
at the eaves.

In framed ceiling/roof assemblies, an insulating sheathing over the top
decking will increase the R-value.

Slab edge insulation should extend at least 2-ft deep, measured from the
surface of the floor. Materials for slab edge insulation should be selected
for underground durability. One material with a proven track record is
extruded polystyrene. Exposed insulation should be protected from
physical damage by attaching a protection board, for instance, or by
covering the insulation with a protective surface.

In colder climates, basement walls should be fully insulated to at least
4-ft below grade, but the portion of the wall below that depth only needs
to be insulated to about half the R-value of the upper portion. Insulation
can be placed on the outside surface of the wall, on the inside surface of
the wall, or in the cores of the masonry units.

If the basement walls are insulated on the outside, the materials should
be durable underground, and exposed insulation should be protected
from damage. In the case of a finished basement or walk-out basement,
placing insulation on the interior may be less costly than insulating the
exterior foundation.

Air Infiltration

Sealing the house carefully to reduce air infiltration--air leakage--is as
necessary to energy conservation as adding insulation. Air will flow
rapidly through cracks and crevices in the wall, in the same way water
flows through the drain in a bathtub, so even a small opening can allow
heat to bypass the insulation and lead to big energy losses.

The tightness of houses is generally measured in the number of air
changes per hour (ACH). A good, comfortable, energy-efficient house that
follows the checklist on the next page will have approximately 0.35 to
0.50 air changes per hour under normal winter conditions.

Increasing the tightness of the house beyond that can improve the energy
performance, but it can also create problems with indoor air quality,
moisture buildup, and inadequately vented fireplaces and furnaces.
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Some kind of additional mechanical ventilation--for example, small fans,
heat pump heat exchangers, integrated ventilation systems, or air-to-air
heat exchangers--will probably be necessary to avoid such problems in
houses with less than 0.35 ACH.

In cold climates (above about 6000 heating degree days), the combination
of a super-tight house and an air-to-air heat exchanger will be quite cost
effective. However, because this is a mechanical system, it is subject to
failure. The builder should ensure that the occupants of the house are
properly aware of the system, of the necessity of its continued operation
througl’ll the years, and that repairs and replacement parts will be
available.

The use of a house-sealing subcontractor to do the tightening and check
it with a blower door can often save the designer time and problems,
especially when trying to achieve particularly high levels of infiltration
control. This may be warranted in cold climates.

Kwakuitl raven
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Checklist for Minimizing Air Leakage

v Tighten seals around windows and doors, and weatherstripping around all
openings to the outside or to unconditioned rooms

v Caulk around all windows and doors before drywall is hung; seal all penetrations
(plumbing, electrical, etc.)

v Insulate behind wall outlets and/or plumbing lines in exterior walls
v Caulk under headers and sills
v Chink spaces between rough openings and millwork with insulation, or for a

better seal, fill with foam

v/ Seal larger openings such as ducts into attics or crawlspaces with taped
polyethylene covered with insulation

/ Locate continuous vapor retardants located on the warm side of the insulation
(building wrap, continuous interior polyethylene, etc.)

v Install dampers and/or glass doors on fireplaces, combined with outside
combustion air intake

/ Install backdraft dampers on all exhaust fan openings

v Caulk and seal the joint between the basement slab (or the slab on grade) and
the basement wall

v Remove wood grade stakes from slabs and seal

v Cover and seal sump cracks

v Close core voids in top of block foundation walls

v Control concrete and masonry cracking

v Using air tight drywall methods is also acceptable (see Reference 11)

v Employ appropriate radon mitigation techniques (see References 13 and 14),

Nonsolar Glazing

South-facing windows are considered solar glazing. The south windows
in any house are contributing some solar heat energy to the house's
heating needs--whether it's a significant, usable amount or hardly worth
measuring will depend on design, location, and other factors that are
dealt with later under the discussions of suntempering and passive solar
systems.

North windows in almost every climate lose significant heat energy and
gain very little useful sunlight in the winter. East and west windows are
likely to increase air conditioning needs unless heat gain is minimized
with careful attention to shading.
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But most of the reasons people want windows have very little to do with
energy, so the best design will probably be a good working compromise
between efficiency and other benefits, such as bright living spaces and
views.

Double glazing of all glazing is advisable. Storm windows over double
glazing or double glazing with a low-e coating is advisable in cold
climates. Low-e glazing on all windows may be an especially useful
solution because some low-e coatings can insulate in winter and shield
against unwanted heat gain in summer.

Manufacturers will provide actual R-values for their windows (the
thermal performance of glazing can be expressed either as an R-value or
its reciprocal, the U-value; here all thermal performance values are given
in terms of R-value). The chart shows approximate window R-values for
various types. (The Overall Effective R-value pertains to the entire
rough-frame window opening.)

Metal
Standard Frame w .

Wood —ondard Frame w/ Overall Effective R-values

Frame  Frame  Break for Windows
Do/uble
1/4" space 1.8 1.4 15 .
1/2" space 21 16 18 This table accounts for the
fowe 81 22 30 frame and is based on the
1/4* space 27 18 21 rough frame opening area.
1/2" space 33 22 27 U9 f P 9

These R-values are for the entire rough frame window
opering. When storm sash is added, an additional 1.1
may be added. One half the R-value of moveable
insulation may also be added, when appropriate.

Source: BuilderGuide help text

North windows should be used with care. Sometimes views or diffuse
northern light are desirable, but in general, north-facing windows should
not be large. Because north windows receive relatively little direct sun in
summer, they do not present much of a shading. problem. So if the
choice were between an average-sized north-facing window and an east
or west-facing window, north would actually be a better choice,
considering both summer and winter performance.

East windows catch the morning sun. This can be particularly
important in Indian housing because openinlgs to the east have a special
symbolism in most Indian cultures. Be careful, however, not to oversize,
because the net energy benefit may be small, and, unfortunately, an east
orientation can cause potential overheating problems in summer.
Shading may be advised.

West windows may be the most problematic, and there are few shading
systems that will be effective enough to offset the potential for
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overheating from a large west-facing window. Glass with a low shading
coefficient may be one effective approach--for example, tinted glass or
some types of low-e glass that provide some shading while allowing
almost clear views. The cost of properly shading both east and west
windows should be balanced against the benefits.

As many windows as possible should be kept operable for easy natural
ventilation in summer. (See also Orientation, page 27, Recommended
Non-South Glass Guidelines, page 45, and Shading, page 45).

Conservation Guidelines

The two tables on pages 20 and 21 can be used for %uidance in selecting
insulation levels and window type. The first table is for houses heated by
gas and the second is for houses heated by electricity. If you use these
numbers in your design, you should come close to the conservation
performance goal given in Section III. You can deviate up or down from
these values, depending on your favorite construction technique, but the
overall building heat loss should still be below the goal.

The tables provide minimum values for the following quantities:

Rc ceiling insulation R-value

Rw wall insulation R-value

Floor prevalent floor type

Rf floor insulation R-value, crawl space

Rp perimeter insulation R-value, slab or basement

Windows windows and frame (TB is thermal break)

windows with low-e should also have a thermal break
AFUE heating annual fuel utilization efficiency, percent

ER refers to electric-resistance heat
SEER cooling seasonal energy efficiency rating, Btu/kWh

The tables have been developed using the Automated Residential Energy
Standards (ARES) computer program developed at the Pacific Northwest
Laboratory. This means that they are the economic-optimum values for
the climate. See page 80 in Section III for a discussion of the basis for
these guidelines.
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Conservation Guidelines, Houses Heated with Gas

City Re
Albuquerque, NM 30
Atlanta, GA 30
Birmingham, AL 30
Bismarck, ND 30
Boise, ID 30
Boston, MA 30
Brownsville, TX 19
Buffalo, NY 30
Burlington, VT 30
Charleston, SC 30
Cheyenne, WY 30
Chicago, IL 30
Cincinnati, OH 30
Denver, CO 30
El Paso, TX 30
Fort Worth, TX 30
Fresno, CA 30
Great Falls, MT 30
Jackonsville, FL 30
Lake Charles, LA 30
Las Vegas, NV 30
Los Angeles, CA 11
Medford, OR 30
Memphis, TN 30
Minneapolis, MN 30
Nashville, TN 30
New York, NY 30
Oklahoma City, OK30
Omaha, NE 30
Philadelphia, PA 30
Phoenix, AZ 30
Pittsburgh, PA 30
Portland, ME 30
Portland, OR 30
Reno, NV 30
Salt Lake City, UT 30
San Antonio, TX 30
San Diego, CA 19
San Francisco, CA 30
Seattle, WA 30
Tampa, FL 19
Topeka, KS 30
Washington, DC 30

Rw Floor Rf Rp

Slab
Slab
Slab
Bsmnt
Bsmnt
Bsmnt
Slab
Bsmnt
Bsmnt
Slab
Bsmnt
Bsmnt
Bsmnt
Bsmnt
Slab
Slab
Slab
Bsmnt
Slab
Slab
Slab
Slab
Crawl 30
Slab
Bsmnt
Slab
Bsmnt
Slab
Bsmnt
Bsmnt
Slab
Bsmnt
Bsmnt
Crawl 30
Crawl 30
Bsmnt
Slab
Slab
Slab
Bsmnt
Slab
Bsmnt
Bsmnt

See page 19 to identify terms.

0 Double w/o0 TB
0 Double w/o0 TB
0] Double w/o0 TB

10 to 4 ft Double Low-E
5 to 4 ft Double Low-E
10 to 4 ft Double Low-E
Double w/o0 TB
to 4 ft Double Low-E
to 4 ft Double Low-E
Double w/0 TB
to 4 ft Double Low-E
to 4 ft Double Low-E
Double Low-E
Double Low-E
Double Low-E
Double w/o0 TB
Double w/o0 TB
Double Low-E
Double w/o0 TB
Double w/o TB
Double Low-E
Double w/o0 TB
Double w/o TB
Double w/o0 TB
Double Low-E
Double w/o TB
Double Low-E
Double Low-E
ft Double Low-E
ft Double Low-E
Double w/o0 TB
Double Low-E
Double Low-E
Double w/o TB
Double TB
5 Double Low-E
0 Double w/o0 TB
0 Single w/o TB
5
5
0
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ft Double w/o0 TB
Double Low-E
Double w/o TB
10 to 4 ft Double Low-E
5to 4 ft Double w/o0 TB

Windows AFUE SEER
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Conservation Guidelines, Houses Heated with Electricity

City

Rc Rw Floor Rf Rp

Albuquerque, NM 38
Atlanta, GA 30
Birmingham, AL 30
Bismarck, ND 60
Boise, ID 60
Boston, MA 49
Brownsville, TX 30
Buffalo, NY 60
Burlington, VT 60
Charleston, SC 30
Cheyenne, WY 60
Chicago, IL 60
Cincinnati, OH 60
Denver, CO 60
El Paso, TX 30
Fort Worth, TX 30
Fresno, CA 38
Great Falls, MT 60
Jackonsville, FL. 30
Lake Charles, LA 30
Las Vegas, NV 49
Los Angeles, CA 30
Medford, OR 60
Memphis, TN 38
Minneapolis, MN 60
Nashville, TN 38
New York, NY 49
Oklahoma City, OK38
Omaha, NE 60
Philadelphia, PA 60
Phoenix, AZ 30
Pittsburgh, PA 49
Portland, ME 60
Portland, OR 38
Reno, NV 60
Salt Lake City, UT 60
San Antonio, TX 30
San Diego, CA 30
San Francisco, CA 30
Seattle, WA 60
Tampa, FL 30
Topeka, KS 60
Washington, DC 38

Slab
Slab
Slab
Bsmnt
Bsmnt
Bsmnt
Slab
Bsmnt
Bsmnt
Slab
Bsmnt
Bsmnt
Bsmnt
Bsmnt
Slab
Slab
Slab
Bsmnt
Slab
Slab
Slab
Slab
Crawl 30
Slab
Bsmnt
Slab
Bsmnt
Slab
Bsmnt
Bsmnt
Slab
Bsmnt
Bsmnt
Crawl 30
Crawl 30
Bsmnt
Slab
Slab
Slab
Bsmnt
Slab
Bsmnt
Bsmnt

See page 19 to identify terms.

5to 2 ft Double Low-E ER
5to 2 ft Double Low-E ER
10 to 2 ft Double Low-E ER
10 to 8 ft Triple Low-E = ER
10 to 4 ft Triple Low-E ER
10 to 4 ft Triple Low-E ER
0 Double w/o0 TB ER
10 to 4 ft Triple Low-E ER
10 to 8 ft Double Low-E ER
5 to 2 ft Double Low-E ER
10 to 4 ft Triple Low-E = ER
10 to 4 ft Triple Low-E = ER
10 to 4 ft Triple Low-E ER
10 to 4 ft Triple Low-E ER
5 to 2 ft Double TB ER
5to 2 ft Double Low-E ER
5to 2 ft Double Low-E ER
10 to 8 ft Triple Low-E ER
5 to 2 ft Double TB ER
5 to 2 ft Double w/o0 TB ER
5to 2 ft Double Low-E ER
5to 2 ft Double TB ER

Double Low-E ER
5to 2 ft Double Low-E ER
10 to 8 ft Triple Low-E ER
5to 2 ft Double Low-E ER
10 to 4 ft Triple Low-E  ER
5to 2 ft Double Low-E ER
10 to 4 ft Triple Low-E = ER
10 to 4 ft Triple Low-E ER
0 Double w/o TB ER
10 to 4 ft Triple Low-E ER
10 to 4 ft Double Low-E ER

Double Low-E ER

Triple Low-E  ER
10 to 4 ft Triple Low-E ER
5to 2 ft Double Low-E ER
5to 2 ft Double w/o0 TB ER
5 to 2 ft Double TB ER
10 to 4 ft Double Low-E ER
0 Double w/o0 TB ER
10 to 4 ft Triple Low-E ER
10 to 4 ft Double Low-E ER

Windows AFUE SEER
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4. Mechanical Systems

The energy-efficient features in the house and the mechanical heating,
ventilating, and air-conditioning systems (HVAC)} will interact all year
round, so the most effective approach will be to design the system as an
integrated whole. HVAC design is, of course, a complex subject, but the
four areas below are particularly worth noting in energy-efficient houses:

m System Sizing. Mechanical systems are often oversized for the
relatively low heating loads in well-insulated energy-efficient houses.
Oversized systems will cost more in the first place, and will cycle on
and off more often, which wastes energy. The backup systems in
energy-efficient houses should be sized to provide 100% of the
heating or cooling load on the design day, but should be no larger.
Comparing estimates on system sizes from more than one
contractor is probably a good idea.

m Night Setback. Clock thermostats for automatic night setback are
usually very effective--but in energy-efficient systems with large
amounts of thermal mass (and thus a large capacity for storing
energy and releasing it during the night), night setback of the
thermostat may not save very much energy.

m Ducts. One area often neglected but of key importance to the
house's energy performance is the design and location of the ducts.
Both the supply and return ducts should be located within
insulated areas (or the ducts should be well insulated where they
run through cold areas of the house) and well sealed at the joints.
The joints where the ducts turn up into exterior walls or penetrate
the ceiling should be particularly tight and caulked.

= System Efficiency. Heating system efficiency is rated by the annual
fuel utilization efficiency, AFUE. Cooling system efficiency is rated
by the seasonal energy efficiency rating, SEER. Recommended
minimum values for these ratings are given in the conservation
guideline tables on pages 20 and 21.

In the National Association of Home Builders' Energy-Efficient House
Project, all the rooms were fed with low, central air supplies, as op})osed
to the usual placement of registers under windows at the end ol long
runs. This resulted in good comfort and energy performance.

The performance of even the most carefully designed energy-efficient
house can easily be undermined by details like uninsulated ducts or by
overlooking other basic energy conservation measures.
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5. South-Facing Glass

South-facing solar glass is a key component of any passive solar system.
The system must include enough solar glazing for good performance in
winter, but not so much that cooling performance in summer will be
compromised. The amount of solar glazing must also be carefully related
to the amount of thermal mass. Suntempered houses require no
additional thermal mass beyond that already in the wallboard, framing,
and furnishings of a typical house. Passive solar houses must have
additional thermal mass.

There are three types of limits on the amount of south-facing glass that
can be used effectively in a house. The first is a limit on the amount of
glazing for suntempered houses. This limit (without adding thermal

mass) is 7% of the house's total floor area. Above the 7% limit, mass must
be added.

For direct-gain systems in passive solar houses, the maximum amount of
south-facing glazing is 12% of the total floor area, regardless of how
much additional thermal mass is provided. Further details about the
most effective sizing of south-facing glass and thermal mass for direct-
gain systems are provided in Part Three.

The third limit on south-facing glass is the total of all passive solar
systems combined, which should not exceed 20% of the total floor area.
Using more south-facing glass than this limit could lead to overheating
even in winter.

The Natural Cooling Guidelines in Part Four include recommendations
on the window area that should be operable to allow for natural
ventilation.

When the solar glazing is tilted, its winter effectiveness as a solar
collector usually increases. However, tilted glazing can cause serious
overheating in the summer, and it is very difficult to effectively shade
tilted glazing. Ordinary vertical glazing is easier to shade, less likely to
overheat, and less susceptible to damage and leaking, so it is almost
always a better year-round solution. Even in the winter, with the sun low
in the sky and reflecting off snow cover, vertical glazing can often offer
energy performance just as effective as can tilted glazing.

Guidelines for the total area of passive solar glazing are listed in the table
on page 25 for 43 U.S. locations. The guidelines are given in two ways:
(1) total south glazing area as a fraction of house floor area, GF, and
(2) recommended load-collector ratio, LCR". Initially, the designer should
use the GF guideline, which is easiest to use early in the design process.

* LCR is a an intermediate parameter that is used in the BuilderGuide computer
program; it is the ratio of net loss coefficient to projected area and has units of
Btu/°Fdayft?. LCR is displayed on Line B of Worksheet II.
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Later, after the design has progressed and design analysis has started,
the LCR guideline can be used as a way to adjust the window area.

For those cases with a recommended glazing fraction of 7%, it is
recommended that the house be suntempered. Added mass associated
with higher levels of direct gain will not be economical. However, if mass
is to be present anyway, then the designer could economically justify
increasing the solar glazing area.

Solar savings fractions are also listed in the table. These give a general
indication of the solar savings that you should expect to achieve with the
LCR values listed; however, this will vary somewhat with the passive

system type you are using.

\ L W j“‘/m‘m :
\\\&\\\\\\E\\\\\\\\\\ \\\\\)‘ LA ) b
\ \\ k\\\ «"'\ t\\ )

W

W\

I

i
ol

)

L of g//
M.
%

BN

/
V)

/

)
" Vi e

7/,
/
_\\\\\ m

gy
I

i

Gable-end roof openings were sometimes used to bring light into the plank
houses of the Indians of the Pacific Northwest, but at a sacrifice of comfort. With
modern glazing materials, even more light can be admitted while comfort is

enhanced.
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Passive Solar Guideline, Total Area of South-Facing Glass of All Passive
Systems Combined

GF glazing fraction, south net glass area/floor area, percent
LCR load-collector ratio (see BuilderGuide program), Btu/°F-day-ft2
SSF  solar savings fraction, percent

House heating: Gas Electricity
GF LCR GF LCR
Albuquerque, NM 12 62 16 34
Atlanta, GA 7 118 13 48
Birmingham, AL 7 118 11 53
Bismarck, ND 7 82 13 38
Boise, ID 7 89 14 36
Boston, MA 7 83 13 42
Brownsville, TX 7 132 7 124
Buftalo, NY 7 90 7 73
Burlington, VT 7 91 7 77
Charleston, SC 7 119 7 92
Cheyenne, WY 15 40 23 21
Chicago, IL 7 83 12 44
Cincinnati, OH 7 98 11 52
Denver, CO 13 47 20 25
El Paso, TX ‘ 7 107 12 52
Fort Worth, TX 7 118 11 59
Fresno, CA 7 104 7 89
Great Falls, MT 7 88 15 34
Jackonsville, FL 7 122 7 98
Lake Charles, LA 7 122 7 104
Las Vegas, NV 7 106 11 56
Los Angeles, CA 7 130 7 99
Medford, OR 7 94 11 49
Memphis, TN 7 119 13 48
Minneapolis, MN 7 90 7 73
Nashville, TN 7 98 12 51
New York, NY 7 100 12 48
Oklahoma City, OK 7 106 15 39
Omaha, NE 7 83 18 29
Philadelphia, PA 7 100 15 39
Phoenix, AZ 7 118 7 118
Pittsburgh, PA 7 90 7 75
Portland, ME . 7 91 13 42
Portland, OR 7 95 7 80
Reno, NV 11 49 16 27
Salt Lake City, UT 7 88 17 29
San Antonio, TX 7 121 7 94
San Diego, CA 7 149 7 105
San Francisco, CA 7 107 13 55
Seattle, WA 7 91 7 77
Tampa, FL 7 132 7 120
Topeka, KS 7 83 16 31
Washington, DC 7 111 16 39
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6. Thermal Mass

Some heat storage capacity, or thermal mass, is present in all houses, in
the framing, gypsum wall and ceiling board, typical furnishings and floor
coverings. In suntempered houses, this modest amount of mass is
sufficient for the modest amount of south-facing glass. But more
thermal mass is required in passive solar houses, and the question is not
only how much, but what kind and where it should be located.

The thermal mass in a passive solar system is usually a conventional
construction material such as brick, adobe, rock, cast concrete, concrete
masonry, concrete slabs, or tile, and is usually placed in the floor or
interior walls. Water actually has a higher unit thermal storage capacity
than concrete or masonry. Water tubes and units called "water walls"
are commercially available (general recommendations for these systems
are included in the section on Thermal Storage Wall systems).

The thermal storage capabilities of a given material depend on the
material's conductivity, specific heat, and density. Most ofp the concrete
and masonry materials typically used in passive solar have similar
specific heats. Conductivity tends to increase with increasing density.
So the major factor affecting performance is density. Generally, the
higher the density, the better.

Heat Storage Properties of Materials
Density Heat Capacity

Material (b/ft3) (Btu/in.-ft2-°F)
Poured Concrete 120-150 2.0-2.5
Clay Masonry

Adobe 100-120 1.6-2.0

Molded Brick 120- 130 2.0-2.2

Extruded Brick 125-135 2.1-2.3

Pavers 130-135 2.2-2.3
Concrete Masonry

Block 80-140 1.3-23

Brick 115-140 1.9-2.3

Pavers 130-150 2.2-2.5
Gypsum Wallboard 50 0.83
Water 62.4 5.2
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The possibility of using natural materials that have a cultural
significance arises in discussions of Indian housing. Adobe, rock, and
wood are the materials that are most often mentioned. Of these, adobe
and rock will certainly be effective; however, wood is not very effective
beyond a thickness of 2 in. because of its relatively low thermal
conductivity, which inhibits heat transfer in and out of the material.

The design issues related to thermal mass depend on the passive system
type. For sunspaces and thermal storage wall systems, the required
mass of the system is included in the design itself. For direct gain, the
added mass must be within the rooms receiving the sunlight.- The
sections on Direct Gain Systems, Sunspaces, and Thermal Storage Walls
contain more information on techniques for sizing and locating thermal
mass in those systems.

7. Orientation

The ideal orientation for solar glazing is within 5 degrees of true south.
This orientation will provide maximum performance. Glazing oriented to
within 15 degrees of true south will perform almost as well, and
orientations up to 30 degrees off--although less effective--will still provide
a substantial level of solar contribution.

Magnetic north as indicated on the compass is actually different than
true north, and this correction should be made when planning for
orientation of south glazing.

When glazing is oriented more than 15 degrees off true south, not only is
winter solar performance reduced, but summer air-conditioning loads
also significantly increase, especially as the orientation goes west. The
warmer the climate, the more east- and west-facing glass will tend to
cause overheating problems. In general, southeast orientations present
less of a problem than southwest orientations.

In the ideal situation, the house should be oriented east-west and so
have its longest wall facing south. But as a practical matter, if the
house's short side has good southern exposure, it will usually
accommodate sufficient glazing for an effective passive solar system,
provided the heat can be transferred to the northern zones of the house.

8. Site Planning for Solar Access

The basic objective of site planning for maximum energy performance is
to allow the south side unshaded exposure from 9 am to 3 pm during the
winter months.

As discussed above, a good solar orientation is possible within a
relatively large southern arc, so the flexibility exists to achieve a
workable balance between energy performance and other important
factors such as the slope of the site, the individual house plan, the
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direction of prevailing breezes for summer cooling, the views, the street
layout, and so on.

But planning for solar access does place some restrictions even on an
individual site, and presents even more challenges when planning a
complete subdivision. Over the years, developers and builders of many
different kinds of projects all over the country have come up with flexible
ways to provide adequate solar access.

Once again, there is an ideal situation and then some degree of flexibility
to address practical concerns. Ideally, the glazing on the house should
be exposed to sunlight with no obstructions within an arc of 60 degrees
on either side of true south, but reasonably good solar access will still be
uaranteed if the glazing is unshaded within an arc of 45 degrees. The
igure shows the optimum situation for providing unshaded southern
exposure. See also the figure on page 46 showing landscaping for
summer shade. The winter and summer requirements are compatible but
do require careful planning.

Ideal Solar Access

Buildings, trees, or other
obstructions should not be
located so as to shade the
south wall of solar buildings.
The following setbacks (ft) are

recommended.
Latitude A B C
4[\\)' R A— 30 7 12 28
35 10 17 39

40 12 23 53
45 19 34 80
50 24 45 100

Of course, not all lots are large enough to accommodate this kind of
optimum solar access, so it's important to carefully assess shading
patterns on smaller lots to make the best compromise.

Protecting solar access is easiest in subdivisions with streets that run
within 15 degrees of east-west, because all lots will either face or back up
to the south. Where the streets run north-south, creation of east-west
cul-de-sacs will help ensure solar access.
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Solar Subdivision Layouts

L Solar access may be provided
to the rear yard, the side yard
( or the front yard of solar
homes.

Solar Subdivision Layouts

A good street pattern for solar
access is short east-west cul-
de-sacs tied into north-south
collectors.

Two excellent references for ideas about subdivision layout to protect
solar access are the Designer's Guide to Passive Solar Home Design and
Land Development and Site Planning for Solar Access. (See References 17
and 18.)

9. Interior Space Planning

Planning room layout by considering how the rooms will be used in
different seasons and at different times of day can save energy and
increase comfort. In houses with energy-efficient features, the layout of
rooms--and interior zones that may include more than one room--is
particularly important.

In general, living areas and other high-activity rooms should be located
on the south side to benefit from the solar heat. The closets, storage
areas, garage, and other less-used rooms can act as buffers along the
north side, but entryways should be located away from the wind.
Clustering baths, kitchens, and laundry rooms near the water heater will
save the heat that would be lost from longer water lines.
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Interior Space Planning

Living and high activity spaces
should be located on the south.

Another general principle is that an open floor plan will allow the
collected solar heat to circulate freely through natural convection.

Other ideas from effective energy-efficient houses:

a Orienting internal mass walls as north-south partitions that can be
"charged” on both sides, thus making maximum use of the mass.

m Using an east-west partition wall for thermal mass, but making sure
the interior space isn't divided into a south zone that may get too
warm and a north zone that may get too cold.

m Using thermal storage walls (see page 40); the walls store energy all
day and slowly release it at night and can be a good alternative to
ensure privacy and to buffer noise when the south side faces the
street;

m Collecting the solar energy in one zone of the house and
transporting it to another by fans or natural convection through an
open floor plan.

s Providing south-facing clerestories to "charge" north zones.

10. Putting it Together: The House as a System

Many different factors will affect a house's overall performance, and these
factors all interact: the mechanical system, the insulation, the house's
tightness, the effects of the energy-efficient features, the appliances, and,
very importantly, the actions of the people who live in the house. In each
of these areas, changes are possible that would improve the house's
energy performance. Some energy savings are relatively easy to get.
Others can be more expensive and more difficult to achieve, but may
provide benefits over and above good energy performance.

A sensible energy-efficient house uses a combination of techniques.

In fact, probably the most important thing to remember about designing
for energy performance in a way that will also enhance the comfort and
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value of the house is to take an integrated approach, keeping in mind the
house as a total system. On the following page is a basic checklist for
energy-efficient design.

Checklist for Good Design

v/ 1. Building orientation: A number of innovative techniques can be used to obtain good solar
access on less-than-ideal sites (see References 17 and 18). No matter what the house's design, and no
matter what the site, some options for orientation will be more energy-efficient than others, and even a
very simple review of the site will probably help you choose the best option available.

v 2. Upgraded levels of insulation: It is possible, of course, to achieve very high energy-efficiency
with a "superinsulated” design. But in many cases, one advantage of passive solar design is that energy
efficiency can be achieved with more modest increases in insulation. On the other hand, if very high
energy performance is a priority--for example, in areas where the cost of fuel is high--the most cost-
effective way to achieve it is generally through a combination of high levels of insulation and passive
solar features.

v/ 3. Reduced air infiltration: Air tightness is not only critical to energy performance, but it also
makes the house more comfortable. Indoor air quality is an important issue, and too complex for a
complete discussion here, but in general, the suntempered and passive solar houses built according to the
guidelines provide an alternative approach to achieving improved energy efficiency without requiring air
quality controls such as air-to-air heat exchangers, which would be needed if the house were made
extremely airtight.

v 4. Proper window sizing and location: Even if the total amount of glazing is not changed,
rearranging the location alone can often lead to significant energy savings at little or no added cost.

Some energy-conserving designs minimize window area on all sides of the house--but it's a fact of human
nature that people like windows, and windows can be energy producers if located correctly.

v 5. Selection of glazing: Low-emissivity (low-e) glazing types went from revolutionary to
commonplace in a very short time, and they can be highly energy-efficient choices. But the range of
glazing possibilities is broader than that, and the choice will have a significant impact on energy
performance. Using different types of glazing for windows with different orientations is worth
considering for maximum energy performance; for example, using heat-rejecting glazing on west
windows, high R-value glazing for north and east windows, and clear double glazing on solar glazing.

v 6. Proper shading of windows: If windows are not properly shaded in summer--either with
shading devices or by high-performance glazing with a low shading coefficient--the air conditioner will
have to work overtime, and the energy savings of the winter may be canceled out. Even more important,
unwanted solar gain is uncomfortable.

v 7. Interior design for easy air distribution: If the rooms in the house are planned carefully, the
flow of heat in the winter will make the energy-efficient features more effective, and the air movement
will also enhance ventilation and comfort during the summer. Often this means the kind of open floor
plan that is highly marketable in most areas. Planning the rooms with attention to use patterns and
energy needs can save energy in other ways, too--for instance, using less-lived-in areas like storage
rooms as buffers on the north side.

v 8. Addition of thermal mass: Adding effective thermal mass--for example, tiled or paved
concrete slab, masonry walls, brick fireplaces, and tile floors--can greatly improve the comfort in the
house, holding heat better in winter and keeping rooms cooler in summer. In a passive solar system, of
course, properly sized and located thermal mass is essential.

v/ 9. Selection and proper sizing of mechanical systems, and selection of energy-efficient
appliances: High-performance heating, cooling, and hot water systems are extremely energy efficient,
and almost always a good investment. Well-insulated energy-efficient homes will have much lower
energy loads than conventional homes, and should be sized accordingly. Oversized systems will cost
more and reduce the house's performance. For guides to the selection of energy-efficient appliances, see
References 13 and 14.
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Part Three: Passive Solar Strategies

1. Suntempering
Both suntempered and passive solar houses:

m Begin with good basic energy conservation

m Take maximum advantage of the building site through the right
orientation for year-round energy savings

m Have increased south-facing glass to collect solar energy.

Suntempering is the simplest passive solar system and refers to modest
increases in windows on the south side.

No additional thermal mass is necessary, only the "free mass" in the
house--the framing, gypsum wall-board, and furnishings.

In a "conventional" house, about 25% of the windows face south, which
amounts to about 3% of the house's total floor area. In a suntempered
house, the percentage is increased to a maximum of about 7% of the
houses' total floor area.

The energy savings are more modest with this system, but suntempering
is a very low-cost strategy.

Of course, even though the necessity for precise sizing of glazing and
thermal mass does not apply to suntempering (as long as the total south-
facing glass does not exceed 7% of the total house floor area), all other
recommendations about energy-efficient design, such as the basic energy
conservation measures, room layout, siting, and glazing type, are still
important for performance and comfort in suntempered homes.

2. Direct Gain

The most common passive solar system is called direct gain: sunlight
through south-facing glazing penetrates directly into the space to be
heated and is stored in thermal mass incorporated into the floor or
interior walls. The south window area is increased above the 7% limit of
a suntempered house, and additional thermal mass is added to store the
additional solar gains and thus prevent overheating.

Direct Gain

Direct gain is the most common
passive system.
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Savings from direct gain
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These are the net annual Btus

. \ of heat saved per ft? of direct-
7NN gain glazing, assuming the use
A B AT of clear double glazing.

Sizing Limit

Total direct-gain glass area should not exceed about 12% of the house's
floor area. Beyond that, problems with 1%1\3:6 or fading of fabrics are more
likely to occur, and it becomes more difficult to provide enough thermal
mass for year-round comfort.

So the total south-facing glass area in a direct-gain system should be
between 7% (the maximum for suntempered houses] and 12%,
depending on how much thermal mass will be used in the design, as
discussed below.

Glazing

Double glazing with a low-e coating is recommended for direct-gain
glazing in cold climates or regular double glazing in moderate climates.
Generally follow the guidelines on pages 20 and 21 for glazing and
window frames. Theoretically, night insulation will improve energy
performance dramatically; however, studies have shown that only a
relatively few homeowners will be diligent enough about operating their
night insulation to achieve those savings. Low-e glazing, on the other
hand, needs no operation, and therefore is a more convenient and
reliable option.

Thermal Mass

Thermal mass can be incorporated easily into houses with slab-on-grade
floors by exposing the mass. The floor is much more effective if sunlight
falls directly on it. Covering the floor with any insulation material, such
as carpet, greatly reduces its effectiveness. A good strategy is to expose a
narrow strip about 8-ft wide along the south wall next to the windows
where the winter sun will fall directly on it.

Effective materials for floors include painted, colored, or vinyl-covered
concrete, brick (face brick or pavers have even higher density than
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ordinary building brick), quarry tile, and dark-colored ceramic tile laid
directly on the slab.

For houses built with crawlspaces or basements, the incorporation of
significant amounts of heavy thermal mass is a little more difficult.
Thermal mass floor coverings over basements and crawlspaces would
generally be limited to thin-set tile or other thin-mass floors.

When more mass is required, the next best option is interior walls or
interior masonry fireplaces. Unlike floor mass, wall or ceiling mass does
not have to be in the direct sun to be effective. Any mass that encloses a
direct-gain space will be effective as long as there is a line-of-sight
connection between the mass and the sunlit area.

When evaluating costs, the dual function of mass walls should be
remembered. They often serve as structural elements, serve as fire
protection, or provide a cultural connection, as well as providing thermal
storage. Another option is to switch to another passive solar system type
such as sunspaces or thermal storage walls that have built-in thermal
mass.

Sunlit thermal mass floors should be relatively dark in color, to absorb
and store energy low in the space. However, mass walls and ceilings
should be light in color to help distribute both heat and light more
evenly.

Guideline: Ratio of Mass to Glass. The simplest rule of thumb states:

For each added ft?2 of direct-gain glass (above the 7%
suntempering limit), 6 ft? of exposed mass surface should be
added within the direct-gain space.

The following procedure can be used to determine a somewhat more
accurate estimate. This procedure gives the maximum amount of direct-
- gain glazing for a given amount of thermal mass. (If the amount of
direct-gain glazing to be used is already known, thermal mass can be
added until this procedure produces the desired proportions.)

m Start with a direct-gain glass area equal to 7% of the house's total
floor area. As noted above, the "free mass" in the house will be able
to accommodate this much solar energy.

m An additional 1.0 ft2 of direct-gain glazing may be added for every
5.5 ft2 of uncovered, sunlit mass floor. Carpet or area rugs will
seriously reduce the effectiveness of the mass. The maximum floor
mass that can be considered as "sunlit” may be estimated as about
1.5 times the south window area.

m An additional 1.0 ft2 of direct gain glazing may be added for every
40 ft2 of thermal mass in the floor of the room, but not in the sun.
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m An additional 1.0 ft? of direct-gain glazing may be added for each 8.3
ft2 of thermal mass placed in the wall or ceiling of the room. Mass
in the wall or ceiling does not have to be located directly in the
sunlight, as long as it is in the same room, with no obstructions
between the mass and the surface where the sunlight is falling. (The
8.3 value is typical, but the true value does depend on mass density
and thickness. Refer to the mass thickness graph for more specific
values to use.)

More south-facing glazing than the maximum as determined here would
tend to overheat the room and to reduce energy performance as well.

Mass Location and
Effectiveness

Additional mass must be
provided for south-facing glass
over 7% of the floor area. The
ratio of mass area to
additional glass area depends
on its location within the
direct-gain space.

1:55 for Sunlit Floor 183 for
(shoukd not exceed 1:40 for Floor Walls &
1.5 tmes window area) not in Sun Ceilings

Thickness. For most materials, the effectiveness of the thermal mass in
the floor or interior wall increases proportionally with thickness up to
about 4 in. After that, the effectiveness doesn't increase as significantly.

A 2-in. mass floor will be about two-thirds as effective in a direct-gain
system as a 4-in. mass floor. But a 6-in. mass floor will only perform
about 8% better than a 4-in. floor.

The following figure shows the effectiveness of thermal mass in relation
to density and thickness. The vertical axis shows how many ft2 of mass
area are needed for each added ft? of direct gain. As you can see,

performance increases start leveling off after a few inches of thermal
mass.
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Mass Thickness

3

The effectiveness of thermal
mass depends on the density
of the material and thickness.
This graph is for wall or ceiling
mass in the direct-gain space,
not for floors. The ratio of 8.3
1254 /ct was used earlier as a
representative value. More
accurate values can be read

i

Mass Area per Glass Area Ratio
8
Iy

o Jfrom this graph and used in
0 5 10 5 the fourth step of the
Thickness (inches) procedure.

In cases in which you are still uncertain if thermal mass is adequate, you
can go to BuilderGuide, which includes a more comprehensive procedure.

3. Sunspaces

The sunspace is a very popular passive solar feature, adding an
attractive living space as well as energy performance. There are many
variations on the basic theme of the sunspace, and the possibilities for
sunspace design are extraordinarily diverse (References 19 through 22
include specific design ideas).

Sunspaces

Sunspaces provide useful
passive solar heating and also
provide a valuable amenity to
homes.
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As used in this guide, a sunspace is a separate direct-gain room on the
south side of the house that can be thermally isolated from the rest of
the house by closing doors between the house and the sunspace. The
sunspace provides solar heat to the house but does not drain heat from
the house or require additional heat itself. The wall that separates the
house from the sunspace is called a common wall.

The sunspace concept, as defined above, adds a room to the house that
can be used year-round, that will provide most or all of its own energy
needs, and that will contribute to the energy needs of the rest of the
house as well.

Sunspaces are sometimes referred to as "isolated gain" passive solar
systems, because the solar heat is collected in an area that can be closed
off from the rest of the house. During the day, the doors or windows
between the sunspace and the house can be opened to circulate collected
heat, and then closed at night, and the temperature in the sunspace
allowed to drop.

The sunspace should not be on the same heating system as the rest of
the house. A well-designed sunspace will probably need no mechanical
heating system, but if necessary, a small fan or heater may be used to
protect plants on extremely cold winter nights.

Probably the most important factor in controlling the temperature in the
sunspace, and thus keeping it as comfortable and efficient as possible, is
to make sure the exterior walls are tightly constructed and well
insulated. To function properly, the sunspace exterior walls and roof
should be just as tightly constructed and insulated as the rest of the
house.
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Sunspace geometries that
can be evaluated in
BuilderGuide

There are many sunspace
configurations.

Thermal Mass

A sunspace has extensive south-facing glass, so designing in adequate
thermal mass is very important. Without it, the sunspace is liable to be
uncomfortably hot during the day and too cold for plants or people at
night.

However, the temperature in the sunspace can vary more than in the
house itself, so about 3 ft? of 4-in. thick thermal mass for each square
foot of sunspace glazing should be adequate. With this glass-to-mass
ratio, on a clear winter day, a temperature swing of about 30°F should be
expected.

The sunspace floor is a good location for thermal mass. The mass floors
should be dark in color. No more than 15%-25% of the floor slab should
be covered with rugs or plants. The lower edge of the south-facing
windows should be no more than 6 in. from the tloor or the planter bed
to make sure the mass in the floor receives sufficient direct sunlight. If
the window sills are higher than that, additional mass will have to be
located in the wall.

Another good location for thermal mass is the common wall (the wall
separating the sunspace from the rest of the house). Options for the
common wall are discussed in more detail below.

Water in various types of containers is another form of energy storage
sometimes used in sunspaces.

Glazing

Clear, double glazing is recommended for sunspaces. Adding the second
pane makes a large improvement in energy savings. Triple glazing or
low-e coatings, on the other hand, will further improve comfort, but will
have little effect on energy savings.
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Windows on the east and west walls should be small (no more than 10%
of the total sunspace floor area), but they are very effective for summer
cross-ventilation.

Summer Overheating

Probably the single biggest problem encountered in sunspaces is
summer overheating. Largely, this stems directly from poor design
practice and can be avoided. The problem can usually be traced directly
to poor glazing orientations--too much non-south glazing. Glass on the
roof or on the west walls can create major overheating,.

Like any tilted or sloped glazing, a glazed sunspace roof can increase
winter solar gain, but it can also present big summer overheating
problems. If either glazed roofs or tilted glazing are used in the sunspace,
special care should be taken to make sure they can be effectively shaded
during the summer. The manufacturers of sunspaces and glazing are
developing products with a better ability to control both heat loss and
heat gain (for example, roof glazing with low shading coefficients, shading
treatments, and shading devices).

Sunspaces with glazed roofs or sloped glazing perform very well.
However, if you are not prepared to provide effective shading for the
summer months, you should consider using only vertical glazing and
accepting somewhat less energy performance in winter.

Common Wall

There are a number of options for the sunspace common wall--the wall
that separates the sunspace from the house. In mild climates, and when
the sunspace is very tightly constructed, an uninsulated frame wall is
probably adequate. However, insulating the common wall to about R-10
is a good idea, especially in cold climates. An insulated common wall will
help guard against house heat loss to the sunspace during prolonged
cold, cloudy periods.

The preferred design practice is to make the common wall of masonry so
that it also serves for thermal mass. The wall should be solid masonry
approximately 4-in. to 8-in. thick and does not need to be insulated.
Another option is a frame wall with masonry veneer.

Some solar energy may be transferred from the sunspace to the rest of
the house by conduction through the common wall if it is made of
thermal mass. But energy is mainly transferred by natural convection
through openings in the common wall--doors, windows, and/or vents.

m Doors are the most common opening in the common wall. If only
doorways are used, the open area should be at least 15% of the
sunspace south-facing glass area.
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m Windows in the common wall will provide light and views from the
house, and will augment natural convection. The window area
should be no larger than about 40% of the entire common wall area.
Per unit area, window openings are about one-half as effective for
natural convection as are door openings.

Summer Ventilation

The sunspace must be vented to the outside to avoid overheating in the
summer or on warm days in the spring and the fall. A properly vented
and shaded sunspace can function much like a screened-in porch.

Operable windows and/or vent openings should be located for effective
cross-ventilation, and to take advantage of the prevailing summer wind.
Low inlets and high outlets can be used in a "stack effect”, because warm
air will rise. These ventilation areas should be at least 15% of the total
sunspace south-facing glass areas.

Where natural ventilation is insufficient or access to natural breezes is
blocked, a small, thermostat-controlled fan set at about 76°F will
probably be a useful addition.

4. Thermal Storage Wall

The Thermal Storage Wall--also sometimes referred to as a Trombe wall
or an indirect-gain system--is a south-facing glazed wall, usually built of
heavy masonry, but sometimes using water containers or phase-change
materials. The masonry is separated from the glazing only by a small air
space. Sunlight is absorbed directly into the wall instead of into the
living space. The energy is then released into the living space over a
relatively long period. The time lag varies with different materials,
thicknesses, and other factors, but typically, energy stored in a Thermal
gtorage Wall during the day is released during the evening and nighttime
ours.

The outside surface of a thermal storage wall should be a very dark
color--an absorptance greater than 0.92 is highly recommended. Using a
light color will spoil the performance of the wall.

The summer heat gain from a Thermal Storage Wall is much less than
that from a comparable area of direct-gain glazing.
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Thermal Storage Wall

A thermal storage wall is an
effective passive solar system,
especially to provide nighttime
heating.

A masonry Thermal Storage Wall should be solid, and there should be no
openings or vents either to the outside or to the living space. Although
vents to the living space were once commonly built into Thermal Storage
Walls, experience has demonstrated that they are ineffective. Vents
between the Thermal Storage Wall and the house tend to reduce the
system's nighttime heating capability and to increase the temperature
fluctuation in the house. Vents to the outside are similarly ineffective
and do little to reduce summer heat gains.
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Glazing

Savings from a Trombe Wall

These are the net annual Btus
of heat saved per ft2 Trombe
wall south glazing. The wall is
high-density concrete block,
12-in. thick, and double
glazed. It has a flat-black
surface and is unvented.

Additional Savings from
Using a Selective Surface on
a Trombe Wall

Btus of additional heat saved
per ft2 Trombe wall south
glazing. Add these values to
the values shown on the map
above to obtain the total Btu
savings of a wall with a
selective surface. The wall has
a single water-white glazing
instead of conventional double
glazing.

Double glazing is recommended for Thermal Storage Walls unless a
selective surface is used. In that case, single glazing performs about the
same as does double glazing in all but the coldest climates.

The space between the glazing and the thermal mass should be between

one-half in. and 3 in.

Selective Surfaces

A selective surface is a special adhesive foil applied to the exterior side of

the mass of Thermal Storage Walls.

Selective surfaces absorb a large
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percentage of solar radiation but radiate very little heat back to the out-
of-doors (low emittance).

To be effective, selective surfaces must be applied carefully for 100%
adhesion to the mass surface.

Mass Material and Thickness

In general, the effectiveness of the Thermal Storage Wall will increase as
the density of the material increases. Low-density materials are not
recommended. Block filled with sand, for example, will perform poorly.

The optimum thickness of the wall depends on the density of the
material chosen, but performance is not very sensitive to thickness. The
following chart indicates the recommended thicknesses of Thermal
Storage Walls made of various materials. As thickness is increased, the
time delay of heat flow through the wall is increased, and the
temperature variation on the inside surface is decreased.

Mass Wall Thickness
Density  Thickness
Material (Ib/ft3) (in.)
Concrete 140 8-24
Concrete Block 130 7-18
Clay Brick 120 7-16
Ltwt. Concrete 110 6-12
Block
Adobe 100 6-12
Water Walls

Water provides about twice the heat storage per unit volume as masonry,
so a smaller volume of mass can be used. In "water walls", the water is
in light, rigid containers. The containers are shipped empty and are
easily installed. Manufacturers can provide information about durability,
installation, protection against leakage, and other characteristics. At
least 30 1b (3.5 gal.} of water should be provided for each ft? of glazing.
This is equivalent to a water container about 6-in. thick, having the same
area as the glazing.
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5. Combined Systems

Although the previous sections have presented separate discussions of
four different systems, it isn't necessary to choose one and only one
system. In fact, passive solar features work best in combination.

For example, direct gain works very well in conjunction with a sunspace
or thermal storage wall. Because thermal storage walls release energy
more slowly than direct-gain systems, they are useful for supplying heat
in the evening and at night, whereas the direct-gain system works best
during the day. Although using a sunspace, a thermal storage wall, and
a direct-gain system in the same house may result in excellent
performance, such combinations do require a large south-facing area
and careful design to make sure the systems are well integrated with
each other and with the house's mechanical system.

Part Four: Natural Cooling Guidelines

The term "natural cooling” is used here to describe techniques that help
a house stay cool in summer but require little or no energy. Natural
cooling techniques work to help reduce air conditioning, not to replace it.

These techniques are useful not only in passive solar houses, but in
"conventional” houses as well. The strategies outlined below--attention
to the location, size, and shading of glazing; using the opportunities on
the site for shading and natural ventilation; and using fans--can reduce
air-conditioning needs and increase comfort even if the house has no
passive solar heating features.

But shading is particularly important in passive solar houses, because
the same features that collect sunlight so effectively in winter will go
right on collecting it in summer--resulting in uncomfortably hot rooms
and big air-conditioning bills--unless those features are properly shaded
and the house is designed to help cool itself.

Fortunately, many of the features that help maintain comfort and reduce
energy needs in winter also work well in summer. For instance,
additional thermal mass performs well year-round. Masonry materials
are equally effective in staying cool and storing heat. If mass surfaces
can be exposed to cool nighttime temperatures--a technique referred to
as "night ventilation"--they will help the house stay cooler the next day.
A California utility found during studies of small test buildings that on
hot summer days, the workmen at the facility always ate lunch in the
masonry test building because it stayed much cooler than any of the
others. (See Reference 9.)

The additional insulation that increases winter performance will also
work to improve summer performance by conserving the conditioned air
inside the house. And some low-e windows and other glazing with high
R-values can help shield against unwanted heat gain in summer.
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1. Glazing

As mentioned earlier, poorly placed windows can increase air-
conditioning loads dramatically. It is generally best in terms of energy
erformance to carefully size nonsolar glazing as indicated in the
ollowing table.

Recommended Non-South Net
Glass Area
Percent
of Total
Orientation Floor Area
East 4%
North 4%
West 2%

As mentioned earlier, west-facing windows present particularly difficult
shading problems. If glazing is added above the recommended 2% of the
floor area, the need for shading will become even more critical.

Using special glazing or window films that block solar transmission (low
shading coefficient) is an option often used in particularly hot climates,
but the more effective they are at blocking sunlight, the less clear they
are, as a rule, and so they may interfere with desirable views. It is
important to note, however, that some types of low-e windows block solar
transmission but also allow clear views. These treatments are not
gecommended for south windows because the winter solar gain is so
esirable.

Skylights present a high potential for overheating because the summer
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