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Part One: Introduction
1. The Passive Solar Design Strategies Package

2. Passive Solar Performance Potential
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1. The Passive Solar
Design Strategies
Package ‘

The concepts of passive solar
are simple, but applying it
effectively requires specific
information and attention to the
details of design and
construction. Some passive
solar techniques are modest and
low-cost, and require only small
changes in a builder's standard
practice. At the other end of the
spectrum, some passive solar
systems can almost eliminate a
house's need for purchased
energy — but probably at a
relatively high first cost.

In between are a broad range
of energy-conserving passive
solar techniques. Whether or
not they are cost-effective,
practical and attractive enough
to offer a market advantage to
any individual builder depends
on very specific factors such as
local costs, climate and market
characteristics.

Passive Solar Design
Strategies: Guidelines for Home
Builders is written to help give
builders the information they
need to make these decisions.

Salt Lake City, Utah

GUIDELINES PART ONE: INTRODUCTION

Passive Solar Design
Strategies is a package in four
basic parts:

B The Guidelines contain
information about passive solar
techniques and how they work.
Specific examples of systems
which will save various
percentages of energy are
provided.

m The Worksheets offer a
simple, fill-in-the-blank method
to pre-evaluate the performance
of a specific design.

B The Worked Example
demonstrates how to complete
the worksheets for a typical
residence in Salt Lake City.

® The section titled Any Town,

USA is a step by step
explanation of the passive solar
worksheets for a generic
example house.

BuilderGuide

A special builder-friendly
computer program caller
BuilderGuide has been
developed to automate the
calculations involved in filling
out the four worksheets. The
program operates like a
spreadsheet; the user fills in
values for the building, and the
computer completes the
calculations, including all table
lookups, and prints out the
answers. The automated
method of using the Worksheets
allows the user to vary input
values, BuilderGuide helps the
user quickly evaluate a wide
range of design strategies.

BuilderGuide is available from
the Passive Solar Industries
Council. Computer data files
containing climate data and
data on component performance
for 228 locations within the
United States. The user can
then adjust for local conditions
so performance can be evaluated
virtually anywhere.
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The Guidelines

Some principles of passivé solar

design remain the same in every
climate. An important aspect of
good passive solar design is that
it takes advantage of the
opportunities at the specific site.
So, many fundamental aspects
of passive solar design will
depend on the conditions in a
small local area, and even on
the features of the building site.
Many of the suggestions in this
section apply specifically to Salt
Lake City, Utah, but there is
also information which will be
useful in any climate.

Part One introduces Passive
Solar Design Strategies, and
presents the performance
potential of several different
passive solar systems in the Salt
Lake City climate. Although in
practice many factors will affect
actual energy performance, this
information gives a general idea
of how various systems might
perform in Salt Lake City.

Part Two discusses the basic
concepts of passive solar design
and construction: what the
advantages of passive solar are,
how passive solar relates to
other kinds of energy
conservation measures, how the
primary passive solar systems
work, and what the builder's
most important considerations
should be when evaluating and
using different passive solar
strategies.

Part Three gives more
specific advice about techniques
for suntempering, direct gain
systems, thermal storage mass
walls and sunspaces, and for
natural cooling strategies to
help offset air-conditioning
needs. :

The Example Tables in Part
Three are also related to
Worksheet numbers, so that you
can compare them to the
designs you are evaluating. For
example, the Passive Solar
Sunspace Example Case which
uses 40% less energy than the
Base Case House (page 29) has:
m A Conservation Performance
Level of approximately 38,696
Btu/yr-sf,

B An Auxiliary Heat
Performance Level of
approximately 24,792 Btu/yr-sf,
and :

® A Summer Cooling
Performance Level of 9,336
Btu/yr-sf.

In this example, the energy
savings are achieved by
increasing insulation about 17%
over the Base Case House,
adding a sunspace with south
glazing area equal to 8% of the
house's floor area, and using a
ceiling fan to cut some of the air
conditioning load.

A Base Case House is
compared with a series of
example cases to illustrate
exactly how these increased
levels of energy-efficiency might
be achieved.

The Base Case House is a
reasonably energy-efficient
house based on a 1987 National
Association of Home Builders
study of housing characteristics,
for seven different regions. The
Base Case used for Salt Lake
City, Utah is from the 5,000-
6,000 heating degree days
region. The house is assumed to
be built over an unheated
basement, because this is
typical in Utah.

The examples show how to
achieve 20%, 40% and 60%
energy-use reductions using
three basic strategies:

M  Added Insulation:
Increasing thermal resistance
insulation levels without adding
solar features.

® Suntempering: Increasing
south-facing glazing to a
maximum of 7% of the house's
total floor area, without adding
thermal mass (energy storage)
beyond what is already in the
framing, standard floor
coverings and gypsum wall-
board and ceiling surfaces.
Suntempering is combined with
increased levels of thermal
resistance insulation.

Salt Lake City, Utah
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® Solar Architecture: Using
three different design
approaches: Direct Gain,
Sunspace, and Thermal Storage
Wall, with increased levels of
thermal resistance insulation.

For all strategies, the energy
savings indicated are based on
the assumption that the energy-
efficient design and construction
guidelines have been followed,
so the houses are properly sited
and tightly built with high-
quality windows and doors.

The Guidelines section has
been kept as brief and
straightforward as possible, but
more detailed information is
available if needed. References
are indicated in the text. Also
included at the end of this book’
are a brief glossary; a summary
of the Example Tables for Sait
Lake City, Utah, and the
Technical Basis for the Builder
Guidelines which explains the
background and assumptions
behind the Guidelines and
Worksheets.

The Worksheets

The Worksheets are specifically

tailored for Salt Lake City, Utah,
and are a very important part of
this package because they allow
you to compare different passive
solar strategies or combinations
of strategies, and the effect that

changes will have on the overall
performanee of the house.

The most effective way to use
the Worksheets is to make
multiple copies before you fill
them out the first time. You can
then use the Worksheets to
calculate several different
designs. For instance, you
could first calculate the

Salt Lake City, Utah

performance of the basic house
you build now, then fill out
Worksheets for that house with
a variety of energy performance
strategies such as increased
insulation, suntempering and
specific passive solar
components.

The Worksheets provide a
way to calculate quickly and
with reasonable accuracy how
well a design is likely to perform
in four key ways: how well it will
conserve heat energy; how much
the solar features will contribute
to its total heating energy needs;
how comfortable the house will
be; and how much the annual
cooling load (need for air
conditioning) will be.

The Worksheets are
supported by "look-up" tables
containing pre-calculated
numbers for the local area.
Some of the blanks in the
Worksheets call for information
about the house - for example,
floor area and projected area of
passive solar glazing. Other
blanks require a number from
one of the tables — for example,
from the Solar System Savings
Fraction table or from the Heat
Gain Factor table.

The Worksheets allow
calculation of the following
performance indicators:

m Worksheet I: Conservation
Performance Level: Determines
how well the house's basic
energy conservation measures
(insulation, sealing, caulking,
etc.) are working to prevent
unwanted heat loss or gains.
The bottom line of this
Worksheet is a number
measuring heat loss in British
thermal units per square foot

per year (Btu/sf-yr) — the lower
the heat loss, the better.

m Worksheet II: Auxiliary
Heat Performance Level:
Determines how much heat has
to be supplied (that is, provided
by the heating system) after
taking into account the heat
contributed by passive solar.
This worksheet arrives at a
number estimating the amount
of heating energy the house's
non-solar heating system has to
provide in Btu/yr-sf. Again, the
lower the value, the better.

® Worksheet III: Thermal
Mass/Comfort: Determines
whether the house has adequate
thermal mass to assure comfort
and good thermal performance.
Worksheet III calculates the
number of degrees the
temperature inside the house is
likely to vary, or "swing", during
a sunny winter day without the
heating system operating. A
well-designed house should
have a temperature swing of no
more than 13 degrees, and the
less the better.
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m Worksheet IV: Summer
Cooling Performance Level:

Indicates how much air
conditioning the house will need
in the summer (It is not,
however, intended for use in
sizing equipment, but as an
indication of the reductions in
annual cooling load made
possible by the use of natural
cooling). The natural cooling
guidelines should make the
house's total cooling load — the
bottom line of this Worksheet, in
Btu/yr-sf -~ smaller than in a
"conventional” house. The lower
the cooling performance level,
the better the design.

So, the Worksheets provide
four key numbers indicating the
projected performance of the
various designs you are
evaluating.

m The Worked Example: To
assist in understanding how the
design strategies outlined in the
Guidelines affect the overall
performance of a house, a
worked example is included.
The example house is assumed
to be constructed of materials
and design elements typical of
the area. Various design
features, such as direct gain
spaces, sunspaces, increased
levels of insulation and thermal
mass, are included to illustrate
the effects combined systems
have on the performance of a
house. Also, many features are
covered to demonstrate how
various conditions and
situations are addressed in the
worksheets. A description of the
design features, along with the
house plans, elevations and
sections, is included for
additional support information.

2. Passive Solar
Performance
Potential

The energy performance of
passive solar strategies varies
significantly, depending on
climate, the specific design of
the system, and the way it is
built and operated. Of course,
energy performance is not the
only consideration. A system
which will give excellent energy
performance may not be as
marketable in your area or as
easily adaptable to your designs
as a system which saves less
energy but fits other needs.

In the following table,
several different passive solar
systems are presented along
with two numbers which
indicate their performance. The
Percent Solar Savings is a
measure of how much the
passive solar system is reducing
the need for purchased energy.
For example, the Percent Solar
Savings for the Base Case House
is 7.7%, because even in a non-
solar house, the south-facing
windows are contributing some
heat energy.

The Yield is the annual net
heating energy benefit of adding
the passive solar system,
measured in Btu saved per year
per square foot of additional
south glazing.

The figures given are for a
1,500 sf, single-story house with
a basement. The Base Case
House has 45 sf of south-facing
glazing. For the purposes of this
example, the Suntempered
house has 100 sf of south-facing
glass, and each passive solar

system has 145 sf.The energy
savings presented in this
example assume that all the
systems are designed and built
according to the suggestions in
these Guidelines. It's also
important to remember that the
figures below are for annual net
heating benefits. The natural
cooling section in Part Three
gives advice about shading and
other techniques which would
make sure the winter heating
benefits are not at the expense
of higher summer cooling loads.

Please note that throughout
the Guidelines and Worksheets
the glazing areas given are for
the actual net area of the glass
itself. A common rule of thumb
is that the net glass area is 80
percent of the rough frame
opening. For example, if a
south glass area of 100 sf is
desired, the required area of the
rough frame opening would be
about 125 sf.

Salt Lake City, Utah
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Performance Potential of Passive Solar Strategies
in Salt Lake City, Utah
1,500 sf, Single Story House

Yield
Btu Saved per

Percent Solar  Square Foot of
Case Savings South Glass
Base Case 7.7 not applicable
(45 sf of south-facing double glass)
Suntempered 15.1 77,011
(100 sf of south-facing double glass)
Direct Gain (145 sf of south glass)
Double Glass 20.1 71,637
Triple or low-e glass 22.1 87,968
Double glass with R-4 night 24.9 107,428
insulation!
Double glass with R-9 night 25.9 114,556
insulation!
Sunspace (145 sf of south glass)
Attached with opaque end walls2 20.2 78,245
Attached with glazed end walls2 19.5 73,163
Semi-enclosed with vertical glazing3 20.8 78,073
Semi-enclosed with 50° sloped 25.7 112,563
glazing3
Thermal Storage Wall — Masonry/Concrete
(145 sf of south glass)
Black surface, double glazing 18.2 70,142
Selective surface, single glazing 25.2 110,080
Selective surface, double glazing 246 106,632
Thermal Storage Wall — Water Wall
(145 sf of south glass)
Selective surface, single glazing 28.7 132,215

1. Night insulation is assumed to cover the south glass each night and
removed when sun is available. Experience has shown that many
homeowners find this inconvenient and so the potential energy savings are
often not achieved. Using low-e or other energy-efficient glazing is more
reliable.

2. The attached sunspace is assumed to have, in addition to glazed walls,
roof glazing at a slope of 30 degrees from the horizontal, or a 7:12 pitch.
(See diagram SSB1 in the Worksheets.)

3. The semi-enclosed sunspace has only the south wall exposed to the out
of-doors. The glazing has a slope of 50° from the horizontal, or a 14:12
pitch. The side walls are adjacent to conditioned space in the house.

(See diagram SSD1 in the Worksheets.)

Salt Lake City, Utah




PASSIVE SOLAR DESIGN STRATEGIES 4

Part Two: Basics of Passive Solar

1. Why Passive Solar? More than a Question of Energy
2. Key Concepts: Energy Conservation, Suntempering,
3. Improving Conservation Performance

4. Mechanical Systems

5. South-Facing Glass

6. Thermal Mass

7. Orientation

8. Site Planning for Solar Access

9. Interior Space Planning

10. Putting it Together: The House as a System

Salt Lake City, Utah
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GUIDELINES PART TWO: BASIS OF PASSIVE SOLAR

1. Why Passive Solar?
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. '

Home buyers are also
increasingly sophisticated about
energy issues, although the
average home buyer is probably
much more familiar with
insulation than with passive
solar. The "energy crisis" may
come and go, but very few
people perceive their own
household energy bills as
getting smaller — quite the
opposite. So a house with
significantly lower monthly
energy costs year-round will
have a strong market advantage
over a comparable house down
the street, no matter what
international oil prices may be.

There are many different
ways to reduce energy bills, and
some are more marketable than
others. For instance, adding
insulation can markedly

Salt Lake City, Utah

improve energy-efficiency — but
added insulation is invisible to
the prospective home buyer. A
sunny, open living area lit by
south-facing windows, on the
other hand, may be a key selling
point. Windows in general are
popular with homebuyers, and
passive solar can make windows
energy producers instead of
energy liabilities.

Another example: high-
efficiency heating equipment
can account for significant
energy savings - but it won't be
as much fun on a winter
mormming as breakfast in a
bright, attractive sunspace.

The point is not that a
builder should choose passive
solar instead of other energy-
conserving measures. The
important thing is that passive
solar strategies can add not only
energy-efficiency, but also very
saleable amenities ~ style,
comfort, attractive interiors,
curb appeal and resale value.

In fact, in some local
markets, builders report that
they don't even make specific
reference to "passive solar”.
They just present their houses

as the state of the art in energy-
efficiency and style, and they
use passive solar as a part of the
package.

The U.S. Department of
Energy and the National Renew-
able Energy Laboratory (NREL)
conducted extensive national
surveys of passive solar homnes,
home owners and potential
buyers. Some key findings:

m Passive solar homes work ~
they generally require an
average of about 30% less
energy for heating than
"conventional” houses, with
some houses saving much more.
® Occupants of passive solar
homes are pleased with the
performance of their homes
(over 90% "very satisfied"), but
they rank the comfort and
pleasant living environment as
just as important (in some
regions, more important) to their
satisfaction, and in their
decision to buy the house, as
energy considerations.

m Passive solar home owners
and lenders perceive the
resale value of passive solar
houses as high.

interiors, open floor plans

Advantages of Passive Solar
m Energy performance: Lower energy bills all year-round

m Attractive living environment: large windows and views, sunny

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

m Value: high owner satisfaction, high resale value
m 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

m Environmental Concerns: clean, renewable energy to combat growing
concerns over global warming, acid rain and ozone depletion
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2. Key Concepts:
Energy Conservation,
Suntempering,
Passive Solar

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

® Energy Conservation:
insulation levels, control of air
infiltration, glazing type and
location, mechanical equipment
and energy efficient appliances.
m Suntempering: a limited use
of solar techniques; modestly
increasing south-facing window
area, usually by relocating
windows from other sides of the
house, but without adding
thermal mass.

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

B Natural Cooling: using
design and the environment to
cool the house and increase
comfort, by increasing air
movement and employing
shading strategies.

What is immediately clear is
that these categories overlap. A
goad passive solar design must
include an appropriate thermal
envelope, energy efficient
mechanical systems, energy
efficient appliances and proper
solar architecture, specificaily
the appropriate amounts and
locations of mass and glass.

Many of the measures that
are often considered part of
suntempering or passive solar -
such as orienting to take
advantage of summer breezes, or
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 (e.g., brick,
concrete masonry, concrete
slab, tile, water). 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.

Improperly done, passive
solar may continue to heat the
house in the summer, causing
discomfort or high air-
conditioning bills, or overheat
the house in the winter and
require additional ventilation.

Although the concept is simple,
in practice the relationship
between the amounts of glazing
and 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.
The following sections of the
Guidelines discuss the size and
location of glass and mass, as
well as other considerations
which are basic to both
suntempered and passive solar
houses: improving conservation
performance; mechanical
systems; orientation; site
planning for solar access;
interior space planning; and
approaching to the house as a
totally integrated system.

Salt Lake City, Utah
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3. Improving
Conservation
Performance

The techniques described in this
section relate to Worksheet I:
Conservation Performance
Level, which measures the
house's heat loss. The energy
conservation measures that
reduce heat loss also tend to
reduce the house's need for air
conditioning.

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:
® Insulation
B Air infiltration
B Non-solar glazing

Insulation

Adding insulation to walls,
floors, ceilings, roof and
foundation improves their
thermal resistance (R-value} -
their resistance to heat flowing
out of the house.

A quality job of installing the
insulation can have almost as
much effect on energy
performance as the R-value, so
careful construction supervision
is important. An inspection just
before the drywall is hung may
identify improvements which are
easy at that time but might
make a big difference in the
energy use of the home for the
life of the building.

Salt Lake City, Utah

The thermal resistance of
ceiling/roof assemblies, walls
and floors is affected not only
by the R-value of the insulation
itself, but also the resistance of
other elements in the
construction assembly ~ framing
effects, exterior sheathing, and
finishes and interior finishes.
The Worksheets include tables
that show Equivalent
Construction R-Values which
account for these and other
effects. For instance, ventilated
crawlspaces and unheated
basements provide a buffering
effect which is accounted for in
the Worksheet tables.

With attics, framing effects
are minimized if the insulation
covers the ceiling joists, 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.

Baffle

Insulation in an Attic

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

In cathedral ceilings, an
insulating sheathing over the
top decking will increase the R-
value.

Slab edge insulation should
be at least two feet deep,
extending from the surface of
the floor or above. 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. The
use of termite shields may be
required.

Heated basement walls
should be fully insulated to at
least four feet 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, or 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. Exterior
insulation strategies only
require the use of a termite
shield. In the case of a finished
basement or walk-out basement,
placing insulation on the
interior or within the cores of
architectural masonry units
may be less costly than
insulating the exterior
foundation.
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Air Infiltration

Sealing the house carefully to
reduce air infiltration - air
leakage ~ is as necessary to
energy conservation as adding
insulation.

The tightness of houses is v
generally measured in the v
number of air changes per hour
(ACH). A good, comfortable,
energy-efficient house, built
along the guidelines in the table v/
on this page, will have

approximately 0.35 to 0.50 air v/

changes per hour under normal

winter conditions. s
Increasing the tightness of

the house beyond that may v

improve the energy performance,
but it may also create problems
with indoor air quality, moisture v
build-up, and inadequately
vented fireplaces and furnaces.
Some kind of additional v/
mechanical ventilation - for
example, small fans, heat pump
heat exchangers, integrated v/
ventilation systems or air-to-air
heat exchangers ~ will probably
be necessary to avoid such

Checklist for Minimizing Air Leakage

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

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

Insulate behind wall outlets and/or plumbing lines in exterior walls;
Caulk under headers and sills;

Chink spaces between rough openings and millwork with insulation, or
for a better seal, fill with foam;

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 polyethyiene, etc.);

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

Install backdraft dampers on all exhaust fan openings;

Caulk and seal the joint between floor slabs and walls;
Remove wood grade stakes from slabs and seal;

Cover and seal sump cracks;

Close core voids in top of concrete masonry foundation walls;
Control concrete and masonry cracking;

Use of air tight drywall methods are also acceptable;

Employ appropriate radon mitigation techniques.

Seal seams in exterior sheathing.

problems in houses with less
than 0.35 ACH (calculated or
measured).

Tighter houses may perform
effectively with appropriate
mechanical ventilation systems.
The use of house sealing
subcontractors to do the
tightening and check it with a
blower door can often save the
builder time and problems,
especially when trying to
achieve particularly high levels
of infiltration control.

Salt Lake City, Utah
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Non-Solar 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 which 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.

But most of the reasons
people want windows have very
little to do with energy, so the
best design will probably be a
good compromise between
energy efficiency and other
benefits, such as bright living
spaces and views.

Triple-glazing or double-
glazing with a low-e coating is
advisable. Low-e glazing on all
non-solar windows may be an
especially useful solution
because some low-¢ coatings
can insulate in winter and
shield against unwanted heat
gain in summer.

A chart is provided with the
worksheets that gives typical
window R-values for generic
window types. When possible,
however, manufacturer's data
based on National Fenestration
Rating Council (NFRC)
procedures should be used. The
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R-values that result from
procedures account for the
glass, the frame, the air gap and
any special (low-e) coatings.

North windows should be
used with care. Sometimes
views or the diffuse northern
light are desirable, but in
general north-facing windows
should not be large. Very large
north-facing windows should
have high insulation value, or
R-value. Since 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. Not enough to
provide significant energy, but,
unfortunately, usually enough
to cause potential overheating
problems in summer. If the
views or other elements in the
house's design dictate east
windows, shading should be *
done with particular care.

West windows may be the
most problematic, and there are
few shading systems that will be
effective enough to offset the
potential for 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 which
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 16, Recommended Non-
South Glass Guidelines, page
34, and Shading, page 35)

Low-e Glass

The principle mechanism of heat
transfer in multi-layer glazing is
thermal radiation from a warm
pane of glass to a cooler pane.
Coating a glass surface with a
low-emissivity (low-e) metallic
oxide material and facing that
coating into the gap between the
glass layers significantly
reduces the amount of heat
transfer. The improvement in
insulating value due to the
low-e coating is roughly
equivalent to adding another
layer of glass to the multi-pane
glass unit. Two panes of glass,
one with a low-e coating, will
have about the same insulating
value as three clear panes. Add
argon gas to this two pane low-e
unit and the system will be
nearly as effective as four layers
of clear glass. The net effect to
the building occupant is an
improvement in comfort in both
winter and summer.

In the market today, there
are three basic types of low-e
coatings: (1) high transmission
low-e, (2) selective transmission
low-e, and; (3) tinted low-e or
tinted glass with low-e.

These categories are related
to the windows' transmission of
sunlight, or Solar Heat Gain
(SHG) coefficient. The SHG
coefficient will soon be made
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available to builders and
consumers from uniform ratings
made by the NFRC.

High transmission products
are best suited to passive solar
buildings designs located in
heating dominated climates
where high solar gains can be
utilized by thermal mass and
where overhangs are
incorporated to prevent
unwanted summer heat gains.

Selective transmission
products are ideal for those
buildings that have both winter
heating and summer cooling
requirements. The low
emittance characteristics of this
glass ensure winter performance
by a reduction in heat loss. In
summer, the selective properties
allow natural daylighting, but
block a large fraction of solar
infrared energy, reducing the
cooling load.

Putting a low-e coating on
tinted glass, or coloring the
coating itself, creates a product
with the U-value, or insulating
capability, of both the products
above. However, this glass also
provides glare control along with
a high level of solar heat
rejection, helping control solar
gains in cooling dominated
areas.

With this range of products
available in the market, nearly
all buildings can benefit from
the application of low-e glass.
Home owners will enjoy
increased comfort and livability
in interior spaces, reduced
operating costs, and possibly
first cost savings from reduced
HVAC equipment sizing.

4. Mechanical
Systems

The passive solar 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 four areas 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 passive solar
houses. Oversized systems will
cost more in the first place, and
will cycle on and off more often,

" wasting energy. The back-up

systems in passive solar houses
should be sized to provide 100%
of the heating or cooling load on
the design day, but no larger.
Comparing estimates on system
sizes from more than one
contractor is probably a good
idea.

m Night Setback: Clock
thermostats for automatic
setback are usually very
effective — but in passive solar
systems with large amounts of
thermal mass (and thus a large
capacity for storing energy and
releasing it during the night),
setback of the thermostat may
not save very much energy
unless set properly to account
for the time lag effects resulting
from the thermal mass.

13

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 be well insulated if
they run in cold areas of the
house. All segments of ducts
should be sealed at the joints.
The joints where the ducts tum
up into exterior walls or
penetrate the ceiling should be
particularly tight and sealed.

m System Efficiency: Heating
system efficiency is rated by the
annual fuel utilization efficiency
(AFUE). Cooling system
efficiency is rated by the
seasonal efficiency is rating
(SEER). The higher the number,
the better the performance.

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

The performance of even the
most beautifully designed
passive solar house can easily
be undermined by details like
uninsulated ducts, or by
overlooking other basic energy
conservation measures.

Salt Lake City, Utah
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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 use no additional
thermal mass beyond that
already in the wallboard,
framing and furnishings of a
typical house. Houses with
solar architecture 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,
7% of the house's total floor
area. Above this 7% limit, mass
must be added.

For direct gain systems in
passive solar houses, the
maximum amount of south-
facing glazing is 12% of total
floor area, regardless of how
much additional thermal mass
is provided. This limit will
reduce the problems associated
with visual glare or fabric
fading. Further details about
the most effective sizing of south
glass and thermal mass for
direct gain systems are provided
in Part Three.

Salt Lake City, Utah

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

For example, a passive solar
system for a 1,500 sf house
might combine 150 sf of direct
gain glazing with 120 sf of
sunspace glazing for a total of
270 sf of solar glazing, or 18% of
the total floor area, well within
the direct gain limit of 12% and
the overall limit of 20%. For a
design like this, thermal mass
would be required both in the
house and within the sunspace.

The Natural Cooling
guidelines in Part Three 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 if it
is not properly shaded.
Ordinary vertical glazing is
easier to shade, less likely to
overheat, less susceptible to
damage and leaking, and so 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 tilted.
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6. Thermal Mass

Some heat storage capacity, or
thermal mass, is present in all
houses, in the framing, gypsum
wallboard, 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, poured
concrete, concrete masonry, or
tile, and is usually placed in the
floor or interior walls. Other
materials can also be used for
thermal mass, such as water or
"phase change" materials.
Phase change materials store
and release heat through a
chemnical reactions. 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 of 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.

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.

Material

Poured Concrete

Clay Masonry
Molded Brick
Extruded Brick
Pavers

Concrete Masonry
Concrete Masonry Units
Brick
Pavers

Gypsum Wallboard

Water

Heat Storage Properties of Materials

Specific Density Heat
Heat (Ib/ft3) Capacity
(Btw/Ib °F) (Btu/in-sf-°F)
0.16-0.20 120-150 2.0-2.5
0.19-0.21
120-130 2.0-2.2
125-135 2.1-23
130-135 22-23
0.19-0.22
80 - 140 1.3-23
115-140 19-23
130-150 2.2-25
0.26 50 1.1
62.4 5.2

Salt Lake City, Utah
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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.

In Salt Lake City, magnetic
north as indicated on the
compass is actually 16 degrees
East of true north, and this
should be corrected for when
planning for orientation of south
glazing.

Salt Lake City, Utah

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.

Magnetic
North

\. True North

Magnetic D eviation
Magnetic Diviation is the angle between true
north and magnetic north.

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.
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8. Site Planning for
Solar Access

The basic objective of site
planning for maximum energy
performance is to allow the
south side as much unshaded
exposure as possible 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 direction of
prevailing breezes for summer
cooling, the views, the street lay-
out, 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 guaranteed if the
glazing is unshaded within an
arc of 45 degrees. The figure on
this page shows the optimum

situation for providing
unshaded southern exposure
during the winter. See also the
figure on page 35 showing
landscaping for summer shade.

o Structures/y

45°
/f Allowed

Fences Allowed

1 Story
Buildings Allowed ,
ﬂ 2 Story Buildings Allowed

Ideal Solar Access

Buildings, trees or other obstructions should
not be located so as fo shade the south wall of
solar buildings. At this latitude, A= 14 ft, B =
25f,andC=57

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 25
degrees of east-west, because all
lots will either face or back up to
south. Where the streets run
north- south, creation of east-
west cul-de-sacs will help
ensure solar access.

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

Solar Subdivision Layouts

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

Two excellent references for
ideas about subdivision lay-out
to protect solar access are
Builder’s Guide to Passive Solar
Home Design and Land
Development and Site Planning
for Solar Access.

Salt Lake City, Utah
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9. Interior Space
Planning

Planning room lay-out 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 passive
solar features, the lay-out of
rooms - and interior zones
which 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 entry-ways 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.

Closets, Stairs,
.. Hallways, etc

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

Salt Lake City, Utah

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
passive solar houses:

m Orienting internal mass
walls as north-south partitions
that can be "charged" on both
sides.

m Using an east-west partition
wall for thermal mass.

B Avoid dividing the house
between north and south zones.
®  Using thermal storage walls
(see page 30); 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.

m 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
passive solar features, the
appliances, and, very
importantly, the actions of the
people who live in the house. In
each of these areas, changes are
possible which 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
value of the house is to take an
integrated approach, keeping in
mind the house as a total
system. On the the following
page is a basic checklist for
energy-efficient design. These
techniques are dealt with in
more detail, including their
impact in your location, in Part
Three.
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Checklist for Good Design

~

1. Building Orientation:” A number of innovative techniques can be used for obtaining good solar access. No
matter what the house's design, and no matter what the site, some options for orientation wiil 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 economical 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 petrformance, 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-€) 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 possibiiities 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: [f 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
uncomfortabie.

v 7. Addition of thermal mass: Adding thermal mass — tiled or paved concrete slab, masonry walls, brick
fireplaces, tile floors, etc. — 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.

7 8. 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 passive solar 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 which 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 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. Mechanical equipment should have at least a 0.80 Annual Fuei Utilization Efficiency (AFUE).

Well-insulated passive solar homes will have much lower energy loads than conventional homes, and
should be sized accordingly. Oversized systems will cost more and reduce performance.

Salt Lake City, Utah



20

GUIDELINES PART TWO: BASIS OF PASSIVE SOLAR

Salt Lake City, Utah



PASSIVE SOLAR DESIGN STRATEGIES 21

Part Three: Strategies for

Improving Energy Performance in
Salt Lake City, Utah

1. The Example Tables
2. Suntempering

3. Direct Gain

4. Sunspaces

5. Thermal Storage Wall
6. Combined Systems

7. Natural Cooling Guidelines

Salt Lake City, Utah
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1. The Example
Tables

In the following sections of the
Guidelines, the primary passive
solar energy systems —
Suntempering, Direct Gain,
Thermal Storage Walls and
Sunspaces ~ are described in
more detail.

As part of the explanation of
each system, an Example table
is provided. The Examples
present the following
information about a Base Case
House, based on a National
Association of Home Builders
study of a typical construction:
B Insulation levels (ceilings,
walls, floors);

B Insulation added to the
perimeter of the basement walls;
m Tightness (measured in.air
changes per hour, ACH);

8 The amount of glass area on
each side (measured as a
percentage of floor area; the
actual square footage for a 1,500
sf house is also given as a
reference point};

®  The "percent solar savings"
{the part of a house's heating
energy saved by the solar
features); and

Salt Lake City, Utah

® Three numbers
corresponding to those on the
Worksheets: Conservation,
Auxillary Heat, and Cooling
Performance

The Example tables then show
how the house design could be
changed to reduce winter
heating energy by 20, 40 and
60%, compared to this Base
Case House.

There are, of course, other
ways to achieve energy savings
than those shown in the
Examples. The Examples are
designed to show an effective
integration of strategies, and a
useful approach to the design of
the house as a total system.
Using any of these combinations
would result in excellent
performance in your area.
However, they are general
indications only, and using the
Worksheets will give you more
information about your specific
design.

The Example assumes a
1,500 sf house, but the
percentages apply to a house of
any size or configuration.

The R-values indicated in
the Example tables are, of
course, approximate and are
intended to show how
incremental improvements can
be achieved. All R-values in the
Examples and Worksheets are
equivalent R-values for the
entire construction assembly,
not just for the cavity insulation
itself, and take into account
framing and buffering effects.

Other assumptions are
noted for each Example.
However, one more general
assumption is important to note
here. When the Examples were
calculated, it was assumed that
natural cooling strategies such
as those described in these
Guidelines were used,
particularly in the very high-
performance systems. The
greater the percentage reduction
in heating energy needs using
passive solar design, the more
shading and natural cooling
were assumed.

The Examples show passive
solar strategies, but an Added
Insulation Example table
(achieving energy savings only
by increasing insulation levels,
without specific solar features)
is provided in the Summary
beginning on page 82.
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2. 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, and

® have increased south-facing
glass to collect solar energy.

Suntempering refers to
modest increases in windows on
the south side.

No additional thermal mass
is used, 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
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 lay-out, siting,
glazing type and so on are still
important for performance and
comfort in suntempered homes.

Base
Case 20% 40% 60%
R-Values
Ceiling/Roof 29 32 42 53
Walls 17 19 26 33
Basement Wall 5 6 10 13
Glass 1.8 1.8 1.8 2.7
|Air Changes/Hour 0.50 0.46 0.37 0.35
Glass Area (percent of total floor area)
West 3.0% 2.0% 2.0% 2.0%
North 3.0% 4.0% 4.0% 4.0%
East 3.0% 4.0% 4.0% 4.0%
South 3.0% 6.7% 6.7% 6.7%
Solar System Size (square feet)
South Glass 45 100 100 100
Percent Solar Savings
8% 18% - 22% - 28%
Performance (Btu/yr-sf)
Conservation 43,615 40,465 32,121 23,436
Auxiliary Heat 40,259 32,945 24,878 16,790
Cooling 11,643 7,633 7,495 4,136

Examples of Heat Energy Savings
Suntempered

1,500 sf Single Story House (in a specific location)

Summary: Insulation values and tightness of the house (as measured in
ACH) have been increased. The window area has been slightly .
decreased on the west, increased slightly on the east and north, and
increased significantly on the south.

Note: These examples should not be construed as recommendations - the
numbers represent the effect of changes in design required to achieve the
exact savings in annual auxiliary heat. In practice, the designher has great

latitude in selecting values to use.

Salt Lake City, Utah
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3. Direct Gain

The most commeon passive solar
strategy system is called direct
gain: sunlight through south-
facing glazing falls 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 solar
system in residential applications

Sizing Limit

Total direct gain glass area
should not exceed about 12% of
the house's floor area. Beyond
that, problems with glare 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

Salt Lake City, Utah

used in the design, as discussed
below.

Glazing

Double glazing is recommended
for direct gain glazing in Salt
Lake City. The Performance
Potential table on page 6 shows
the relative performance of
different types of direct gain
glazing. You will note from this
table that yield increases by
22% between double and triple
or low-e glazing. Night
insulation also improves energy
performance dramatically. In
fact, as the Performance
Potential table shows, covering
the windows at night or on
cloudy days with the equivalent
of R-4 shades or other material

will save almost as much energy -

as with R-9 material. But
studies have shown that only
relatively few homeowners will
be diligent enough about
operating their night insulation
to achieve those savings.
Energy-efficient 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 mass is
much more effective if sunlight
falls directly on it. Covering the
mass 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 ordinary
building brick), quarry tile, and
dark-colored ceramic tile lead
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, crawlspaces and
lower stories would generally be
limited to thin set tile or other
thin mass floors.

When more mass is required,
the next best option is for
interior walls interior finishes or
exterior walls or interior
masonry fireplaces. When
evaluating costs, the dual
function of mass walls should
be remembered. They often
serve as structural elements or
for fire protection as well as for
thermal storage. Another option
is to switch to another passive
solar system type such as
attached slab-on-grade
sunspaces or thermal storage
walls built directly on exterior
foundation walls.

Sunlit thermal mass floors
should be relatively dark in
color, to absorb and store energy
more effectively. However, mass
walls and ceilings should be
light in color to help distribute
both heat and light more evenly.
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Ratio of Mass to Glass. The
simplest rule of thumb states:
For each added ft2 of direct-gain
glass (above the 7%
suntempering limit), 6 ft2 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.

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

® An additional 1.0 square foot
of direct gain glazing may be
added for every 40 sf of thermal
mass in the floor of the room,
but not in the sun.

® An additional 1.0 square foot
of direct gain glazing may be

added for each 8.3 sf 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 other walls
between the mass and the area
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.

1:5.5 for sunlit
floor(should not
exceed 1.5 times

window area) 1:40 for Floor

not in sun

Mass Location and Effecliveness
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.

Thickness. For most materials,
the effectiveness of the thermal
mass in the floor or interior wall
increases proportionally with
thickness up to about 4 inches.

After that, the effectiveness
doesn't increase as significantly.

A two-inch mass floor will be
about two-thirds as effective in a
direct gain system as a four-
inch mass floor. But a six-inch
mass floor will only perform
about eight percent better than
a four-inch floor.

The effectiveness of thermal
mass is relative to the density
and thickness. The vertical axis
shows how many square feet of
mass area are needed for each
added square foot of direct gain.
As you can see, performance
increases start leveling off after
a few inches of thermal mass.

40
50#/ct
30

75#/cf

20+
100#/cf

1254#/ct
150#/ct

10

Mass Area per Glass Area Ratio

4} T T

0 5 10 15
Thickness (inches)

Mass Thickness

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. The ratio of 8.3 was used

earlier as a representative value. More

accurate values can be read from this graph

and used in the fourth step of the procedure.

In cases in which you are still
uncertain if thermal mass is
adequate, you can go to
Worksheet III: Thermal
Mass/Comfort, which is more
comprehensive.

Salt Lake City, Utah
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Examples of Heat Energy Savings
Passive Solar-Direct Gain

1,500 sf Single Story House

Base
Case 20% 40% 60%
R-values
Ceiling/Roof 29 32 38 47
Walls 17 19 23 29
Basement Wall 5 6 8 11
Glass 1.8 1.8 1.8 2.7
Air Changes/Hour 0.50 0.49 0.35 0.37 -
Glass Area (percent of total floor area)
West 3.0% 2.0% 2.0% 2.0%
North 3.0% 4.0% 4.0% 4.0%
East 3.0% 4.0% 4.0% 4.0%
South 3.0% 7.4% 9.3% 12.0%
Added Thermal Mass |
Percent of Floor Area 0.0% 2.4% 13.6% 30.0%
Solar System Size (square feet)
1South Glass 45 111 139 180
Added Thermal Mass 0 36 204 450
Percent Solar Savings ) -
8% 20% 27% 39%
Performance (Btu/yr-sf)
Conservation 43,615 41,174 34,395 27,558
Auxiliary Heat 40,259 32,942 24,857 16,744
Cooling 11,643 7,811 8,600 6,283

Summary: Insulation and tightness have been increased. South-facing
glazing has been substantially increased. Forthese examples, added
mass area is assumed to be six times the excess south glass area.

Salt Lake City, Utah
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4. 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. As
used in this guide, a sunspace
is a separate direct-gain room
on the south side of the house.
The wall that separates the
house from the sunspace is
called a common wall. The
common wall should include
operable windows and doors
that may be closed so that when
the sunspace is not providing
heat to the house it is not
draining heat from the house.

The sunspace concept used
in these Guidelines can be used
year-round, will provide most or
all of its own energy needs, and
will contribute to the energy
needs of the rest of the house as
well.

Sunspaces are referred to as
"isolated gain" passive solar
systems, because the sunlight is
collected in an area which 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. It
should be noted that the
common wall is often mass, and
not necessarily sufficient for the
sunspace to be considered truly
thermally isolated.

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.

The sunspace should be just
as tightly constructed and
insulated as the rest of the
house.

Sunspaces

Sunspaces provide useful passive solar
heating and also provide a valuable amenity to
homes.

Thermal Mass
A sunspace has extensive
south-facing glass, so sufficient
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 three square feet of four
inch 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 six inches from the floor to
make sure the mass in the floor
receives sufficient direct
sunlight. If the windows sills
are higher than that, additional
mass may have to be located in
the walls.

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 later.

Water in various types of
containers is another form of
energy storage often 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.

Windows on the east and
west walls should be small (no
more than 10% of the total
sunspace floor area) but they
are useful for cross-ventilation.

Salt Lake City, Utah
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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 tilted or sloped glazing,
glazed roofs can increase solar
gain, but they can also present
big overheating problems and
become counter-productive. 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
suminer and, if necessary, on
sunny days the rest of the year,
too. The manufacturers of
sunspaces and glazing are
developing products with better
ability to control both heat loss
and heat gain (for example, roof
glazing with low shading
coefficients, shading treatments
and devices, etc.}.

You'll note that in the
Performance Potential chart on
page 6, sunspaces with glazed
roofs or sloped glazing perform
very well. This analysis
assumes effective shading in the
summer. If such shading is not
economical or marketable in
your area, you should consider
using only vertical glazing, and
accepting somewhat less energy
performance in winter.

" Salt Lake City, Utah

Common Wall

There are a number of options
for the sunspace commeon wall.
The comnmon wall may be a
masonry wall, it can also be .
used for thermal mass, in which
case it should be solid masonry
approximately 4 to 8 inches
thick. Another option is a frame
wall with masonry veneer.

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 heat
loss during prolonged cold,
cloudy periods, or if the thermal
storage in the sunspace is
insufficient.

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.

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.
®  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-
glass area.

m  Windows or sliding glass
doors will provide light and
views. The window area in the
common wall should be no
larger than about 40% of the
entire common wall area. Per
unit area, window and slider
openings are about one-half as
effective for natural convection
as are door openings.
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Summer ventilation

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

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", since
warm air will rise. These
ventilation areas should be at
least 15% of the total sunspace
south 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.

Examples of Heat Energy Savings
Passive Solar-Sunspace

1,500 sf Single Story House

Base ,

Case 20% - 40%
R-Values
Ceiling/Roof 29 28 33
Walls 17 16 20
Basement Wall 5 4 6
Glass 1.8 1.8 1.8
Air Changes/Hour 0.50 0.45 0.39
Glass Area (percent of total floor area)
West 3.0% 2.0% 2.0%
North 3.0% 4.0% 4.0%
East 3.0% 4.0% 4.0%
South (windows) 3.0% 3.0% = 3.0%
Sunspace 0.0% 5.4% 8.5%
Solar System Size (square feet)
South Glass 45 45 45
Sunspace Glass 0 81 126
Sunspace Thermal Mass 0 244 380
Percent Solar Savings

8% 26% 35%

Performance (Btu/yr-sf)
Conservation 43,615 44,668 38,696
Auxiliary Heat 40,259 32,897 24,792
Cooling 11,643 8,452 9,336

Summary: Insulation (for the 40 and 60% savings) and tightness have
been increased. North and east-facing glazing have been increased
slightly. The sunspace assumed here is semi-enclosed (surrounded on
three sides by conditioned rooms of the house, as in Figure SSC1 of the
worksheets), with vertical south glazing. The common wall is a thermal
mass wall made of masonry. Sunspace glazing is assumed to be double.

60%

39

23
7

2.7

0.35

2.0%
4.0%
4.0%
3.0%
13.0%

45
195
586

48%

32,172
16,656
7,377

Salt Lake City, Utah
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5. Thermal Storage
Wall

The Thermal Storage Wall - also
referred to as a Trombe wall or
an indirect gain system - is a
south-facing glazed wall, usually
built of masonry, but sometimes
using water containers or phase
change materials. The masonry
is separated from the glazing
only by a 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 Storage Wall during the
day is released during the
evening and nighttime hours.
The outside surface of a

~ thermal storage wall should be a

very dark color - an absorptance
greater than 0.92 is
recommended.

The summer heat gain from
a Thermal Storage Wall is much
less — roughly 80% less - than
from a comparable area of direct
gain glazing.

Salt Lake City, Utah

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.

Glazing
Double glazing is recommended
for Thermal Storage Walls
unless a selective surface is
used. In this case, single
glazing performs about the same
as double glazing.

The space between the
glazing and the thermal mass
should be one to three inches.

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
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.

In Salt Lake City, Utah, a
selective surface will improve
Thermal Storage Wall
performance by about 57%.

Mass Material and
Thickness

In general, the effectiveness
of the Thermal Storage Wall will
increase as the density of the
material increases.

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
recommmended thickness 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.
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Mass Wall Thickness : Examples of Heat Energy Savings
(inches) Passive Solar-Thermal Storage Wall
Density Thick- 1,500 sf Single Story House
ness
Material (Ib/cf) (inches) Base :
Case 20% 40% 60%
R-Values
Concrete 140 8-24 Ceiling/Roof 29 28 33 38
Concrete Masonry 130 7-18 Walls 17 16 19 23
Clay Brick 120 7-16 Basement Wall 5 4 6 8
12 Glass 1.8 1.8 1.8 1.8
Ltwt. Concrete 110 6-
Masonry Air Changes/Hour 0.50 0.45 0.43 0.34
Adobe 100 6-12 ,
Glass Area (percent of total floor area)
West 3.0% 2.0% 2.0% 2.0%
Water Walls North 3.0% 4.0% 4.0% 4.0%
Water provides about twice the East 3.0% 4.0% 4.0% 4.0%
heat storage per unit volume as South 3-0:5 3-0‘;6 3-0‘73 3-0‘%;
masonry, so a smaller volume of Thermal Storage Wall  0.0% 6.9% 11.1% 17.0%
mass can be used. In "water Solar System Size (square feet)
walls" the water is in light, rigid South Glass 45 45 45 45
containers. The containers are Thermal Storage Wall 0 103 166 255
shipped empty and easily Percent Solar Savings
installed. Manufacturers can 8% 26% 38% 509,
provide information about
durability, installation. gerformatr_nce (Btwyr-SfZB 615 44,777 40,112 35,002
. . onservation , , , ,
protection against leakage and | 5 yijiary Heat 40,259 32025 24816 16,669
other characteristics. At least Cooling 11,643 7,256 7,507 4,680
30 pounds (3.5 gallons) of water
should be provided for each Summary: In the case of a Thermal Storage Wall, south-facing glazing

and thermal mass are incorporated together. The estimates here assume

square foot of glazing. This is a 12-inch thick concrete Thermal Storage Wall with a selective surface
equivalent to a water container and single glazing.

about six inches thick, having
the same area as the glazing.

Salt Lake City, Utah
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6. 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 well in
combination.

For example, direct gain
works very well in conjunction
with a sunspace or thermal
storage wall. Since 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, thermal storage wall
and direct gain system in the
same house may result in
excellent performance, such
combinations do requ.ire 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.

Salt Lake City, Utah

7. Natural Cooling
Guidelines

The term "natural cooling" is
used here to describe
techniques which help a house
stay cool in summer but which
require little or no energy.
Natural cooling techniques work
to help reduce air-conditioning,
not 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 they are 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 night-
time 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.

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-value can help
shield against unwanted heat
gain in summer.
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The potential of some
natural and low-energy cooling
strategies is shown in the
following table for Salt Lake
City.

Worksheet IV: Cooling
Performance Level indicates
the total annual cooling load,
and so can give an idea of how
the passive solar features
increase the cooling load and
how much reduction is possible
when natural cooling techniques
are used. '

It should be noted that the
Cooling Performance numbers
presented in the Examples for
each passive solar strategy
assume that the design also
includes the recommended
natural cooling techniques.
This is especially true of the
higher percentage reductions;
these assume better heating
performance, but also better
shading and other natural
cooling strategies.

Cooling Potential
Basecase 11,643 Btu/yr-sf

Energy
Savings Percent
Strategy (Btu/yr-sf) Savings
No Night Ventilation?
without ceiling fans 0 0%
with ceiling fans 2,410 21%
Night Ventilation'
without ceiling fans 2,760 24%
with ceiling fans 5,460 47%
High Mass?
without ceiling fans 790 7%
with ceiling fans 450 4%

1 With night ventilation, the house is ventilated at night when
temperature and humidity conditions are favorable.

2 A "high mass" building is one with a thermal mass area at least equal
to the house floor area.

Salt Lake City, Utah
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Glazing

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

Recommended Non-south Glass

Guidelines
Percent of Total
Orientation Floor Area
East 4%
North 4%
West 29,

Added Window Cooling Load

Added Annual
Cooling
Orientation Load(Btu/yr-sf)
North 26,740
East 72,810
South 58,430
West 84,180
Skylights 109,900

These values are based on double
glass with a shading coefficient of
0.88. When glazing with a different
shading coefficient is used the
values may be scaled

West-facing windows present
particularly difficult shading
problems. If glazing is added
above the levels indicated, the
need for shading will become
even more critical.

Cooling loads increase as
window area increases. This
relationship for Salt Lake City is
shown in the following table for
each of the cardinal window
orientations. For instance when
a square foot of west area is
added or subtracted, the annual
cooling load increases or
decreases by 84,180 Btu/yr-sf.

Salt Lake City, Utah

proportionally.

These numbers can be reduced
by shading as described in the
next section.

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
treatinents are not
recommended for south
windows.

As the table shows, skylights
present a high potential for
overheating, and are usually
difficult to shade properly. But
skylights are very popular
features, and they save
electricity by providing good
natural daylight to the house.
In some parts of the country
almost every new house has at
least one skylight. A good
working compromise can
usually be achieved if skylight
area is limited, and if careful .
attention is paid to shading, -
either by trees or by devices
such as roller shades or blinds.
The manufacturer can usually
give guidance on shading
options for a particular skylight
design.
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Shading

Shading strategies generally fall
into three categories: '
landscaping, roof overhangs and
exterior or interior shading
devices.

Landscaping. The ideal site for
summer shading has deciduous
trees to shade the east and west
windows. Even small trees such
as fruit trees can help block sun
hitting the first story of a house.

Trees on the south side can
present a difficult choice. Even
deciduous trees will shadow the
solar glazing during the winter
and interfere with solar gain. In
fact, trees on the south side can
all but eliminate passive solar
performance, unless they are
very close to the house and the
low branches can be removed,
allowing the winter sun to
penetrate under the tree canopy.
However, in many cases the
trees around the house are
bigger selling points than the
energy efficiency and the builder
must make a choice.

If a careful study of the
~ shading patterns is done before
construction, it should be
possible to accomodate the
south-facing glazing while
leaving in as many trees as
possible (see page 17, Site
Planning for Solar Access).

Landscaping for Summer Shade

Trees and other landscaping features may be
effectively used to shade east and west
windows from summer solar gains.

Other landscaping ideas for
summer shade:

B Trellises on east and west
covered with vines.

B Shrubbery or other plantings
to shade paved areas.

m  Use of ground cover to
prevent glare and heat
absorption.

m Trees, fences, shrubbery or
other plantings to "channel"
summer breezes into the house.
B Deciduous trees on the east
and west sides of the house, as
shown above, to balance solar
gains in all seasons.

Roof Overhangs. Fixed
overhangs are an inexpensive
feature, and require no
operation by the home owner.
They must be carefully
designed, however. Otherwise,
an overhang that blocks
summer sun may also block sun
in the spring, when solar
heating is desired, and, by the
same token, an overhang sized
for maximum solar gain in
winter will allow solar gain in
the fall on hot days. The
following figure may be used to
determine the optimum
overhang size.

In Salt Lake City, an ideal
overhang projection for a four
foot high window would be 25
inches and the bottom of the
overhang would be 15 inches
above the top of the window.

South Overhang Sizing

In Salt Lake City, an ideally sized south
overhang should allow full exposure of the
window when the sun has a noon aititude of
30 degrees (angle A) and fully shade the
window when the sun has a noon altitude of
67 degrees (angle B).

Salt Lake City, Utah
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A combination of carefully sized
overhangs on the south
windows and shading devices on
the other windows will probably
be an effective solution.
Adjustable overhangs that can
be seasonally regulated are
another option.

Shading Devices. External
shades are the most effective
because they stop solar gain
before the sun hits the building.
A wide range of products are
available, from canvas awnings
to solar screens to roll-down
blinds to shutters to vertical
louvers. They are adjustable
and perform very well, but their
limitation is that they require
the home owner's cooperation.
Usually external screens that
can be put up and taken down
once a year like storm windows
are more acceptable to home
owners than those requiring
more frequent operation.

Interior shades must be
operated, too, and have the
further disadvantage of
permitting the sun to enter the
house and be trapped between
the window and the shading
device. But highly reflective
interior blinds and curtains are
relatively low-cost and easy to
operate.

Another shading "device"
well worth considering is a
porch. Especially on the east
and west sides, porches add
pleasant spaces to houses and
are excellent for providing shade
to windows. Carports located on
the east or west are another
option.

Salt Lake City, Utah

Ceiling Fans

Ceiling fans will probably save
more energy than any other
single cooling strategy. Studies
show that air movement can
make people feel comfortable at
higher temperatures. As a
general rule, the thermostat can
be set 4 degrees higher without
affecting comfort if the air is
moving at 100-150 feet per
minute. This is enough air
movement to greatly improve
comfort but not enough to
disturb loose papers.

Ceiling Fan Sizes
Largest Room Minimum Fan
Dimension Diameter

(inches)
12 feet or less 36
12 - 16 feet 48
16 - 17.5 feet 52
17.5 - 18.5 feet 56
18.5 or more feet 2 fans

A ceiling fan should have a
minimum clearance of ten
inches between ceiling and fan
to provide adequate ventilation
in a standard room with eight-
foot ceilings. In rooms with
higher ceilings, fans should be
mounted 7.5 to 8.0 feet above
the floor.
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Ventilation

When possible, the house
should be positioned on the site
to take advantage of prevailing
winds. The prevailing wind
direction is from the south
during the cooling season.
Windows, stairwells, transoms

and other elements should be
located for maximum cross-
ventilation in each room. The
free vent area (unobstructed
openings like open windows)
should be between 6-7.5% of
total floor area, half located on
the leeward and half on the
windward side of the building.
Insect screens can reduce the
effective free vent area by as
much as 50%. Casement or
awning windows have a 90%
open area; double hung
windows have only 50%.
Casement windows extend
outward from the house,
tending to channel breezes
through the opening if properly
placed. Improperly placed
casements might deflect breezes.
Double-hung windows do not
have this advantage.

Natural ventilation can help
keep houses cool and
comfortable at the beginning
and end of the cooling season
and thus shorten the time when

air conditioning is required. But

natural ventilation can seldom
do the entire cooling job,
especially for less than ideal
sites with little natural air
movement.

Prevailing Breezes /<

Natural Ventilation

Ventilation for Summer Cooling
Natural ventilation is often impaired by
vegetation and topography. Ventilation fans

do not depend on surroundings to be effective.

In cooling climates, a whole-
house fan is a good idea for
assisting ventilation, especially
in houses with sites or designs
that make natural ventilation
difficult. On the other hand,
when the temperature is higher
than about 76°F, a whole-house
fan will not be very effective.

Research indicates that a
whole-house fan should pull
approximately 10 ACH. A rule
of thumb: for rooms with eight
foot ceilings, total floor area
multiplied by 1.34 will equal the
necessary CFM of the fan. For
10 foot ceilings, multiply floor
area by 1.67.

The best possible
performance of a whole-house
fan results when a timer, a
thermostat and a "humidistat"
are used, so that the fan would
only operate when there is less
than 60% relative humidity and
a temperature of less than 76°F.

Natural ventilation and
whole-house fans are effective at
removing heat, but not at
moving air. Ceiling fans, on the
other hand, can often create
enough of a breeze to maintain
comfort at higher temperatures,
and still use less power than
required by air conditioning. By
using natural cooling strategies
and low-energy fans, the days
when air-conditioning is needed
can be reduced substantially.

Salt Lake City, Utah
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General Project Information

Project Name Eloor Area
Location Rate
Designer
Worksheet I: Conservation Performance Level
A. Envelope Heat Loss
Construction R-value Heat
Description Area [Table A] Loss
ol [ — =
Walls + =
Insulated Floors + =
Non-solar Glazing = -
Doors + =
Btu/°F-h
Total
B. Foundation Perimeter Heat Loss
Heat Loss
Factor Heat
Description Perimeter [Table Bj Loss
Slabs-on-Grade X =
Heated Basements X =
Unheated Basements X =
Perimeter Insulated Crawlspaces X =
Btu/°F-h
Total
C. Infiltration Heat Loss
X X .018 = Btu/°F-h
Building Air Changes
Volume per Hour
D. Total Heat Loss per Square Foot
24 X =+ = Btu/DD-sf
Total Heat Loss Floor Area
(A+B+C)
E. Conservation Performance Level
X X = Btu/yr-sf
Total Heat Heating Degree Heating Degree
Loss per Days [Table C] Day Multiplier
Square Foot [Table C]
F. Comparison Conservation Performance (From Previous Calculation or from Table D)
Btunyr-sf
Compare Line E to Line F

Kalt Lake Citv. ITtah
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Worksheet II: Auxiliary Heat Performance Level
A. Projected Area of Passive Solar Glazing

Solar System Rough Frame Net Area Adjustment Projected
Reference Code Area Factor Factor {Table E] Area
X 0.80 X =
X 0.80 X =
X 0.80 X =
X 0.80 X =
X 0.80 X =
X 0.80 X =
X 0.80 X =
- I - |
Total Area Total
Projected
Area
Total Floor Total Projected
Projected Area Area per
Area Square Foot

B. Load Collector Ratio

24 X =+ =
Total Total
Heat Loss Projected
[Worksheet I] Area
C. Solar Savings Fraction
System
Solar Savings
Solar System Projected Fraction
Reference Code Area [Table F]
X =
X =
X =
X =
X =
X =
X =
Total Total Solar
Projected Savings
Area Fraction
D. Auxiliary Heat Performance Level
(1- ] x = Btufyr-sf
Solar Conservation
Savings Performance
Fraction Level [Worksheet |,
Step E]

E. Comparative Auxiliary Heat Performance (From Previous Calculation or from Table G)
Btu/yr-sf

Compare Line D to Line E

Salt Lake City, Utah
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Worksheet III: Thermal Mass/Comfort

A. Heat Capacity of Sheetrock and Interior Furnishings

Unit Total
Heat Heat
Floor Area Capacity Capacity
Booms with Direct Gain X 4.7 =
Spagces Connected to Direct Gain Spaces X 45 =
Btu/°F
Total
B. Heat Capacity of Mass Surfaces Enclosing Direct Gain Spaces
Unit Heat
Mass Description Capacity Total Heat
(include thickness) Area [Table H] Capacity
Trombe Walls X 8.8 =
Water Walls X 10.4 =
Exposed Slab in Sun X 13.4 =
Exposed Slab Notin Sun X 1.8 =
X =
X =
X =
Btu/°F
Total

C. Heat Capacity of Mass Surfaces Enclosing Spaces Connected to Direct Gain Spaces

Unit Heat
Mass Description Capacity Total Heat
(include thickness) Area [Table H] Capacity
Trombe Walls X 3.8 =
Water Walls X 4.2 =
X =
X =
x =
Btu/°F
Total
D. Total Heat Capacity
Btu/°F
(A+B+C)
E. Total Heat Capacity per Square Foot
+ = Btu/°F-sf
Total Heat Conditioned
Capacity Floor Area
F. Clear Winter Day Temperature Swing
Total Comfort
Projected Area Factor
[Worksheet I} [Table 1]
Di Gai > —
Sunspaces of X =
Vented Trombe Walls + = °F
Total Total
Heat
Capacity

G. Recommended Maximum Temperature Swing
°F
Compare Line F to Line G

Salt Lake City, Utah
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Worksheet IV: Summer Cooling Performance Level

A. Opaque Surfaces

Radiant Barrier Absorp- Heat Gain
Heat Loss Factor tance Factor
Description [Worksheet {] [Table J] [Table K] [Table L] Load
Celingsitoofs X X X =
X X X =
X X X =
Walls X na X =
X na X =
Doors X na X =
Total
B. Non-solar Glazing
Rough Frame Net Area Shade Factor Heat Gain
Description Area Factor [Table M] Factor [Table L] Load
North Glass X 0.80 X X =
X 0.80 X X =
EastGlass X 0.80 X X =
X 0.80 X X =
West Glass X 0.80 X X =
X 0.80 X X =
Skylights X 0.80 X X =
X 0.80 X X =
Total
C. Solar Glazing
Solar System Rough Frame Net Area Shade Factor Heat Gain
Description Area Factor [Table M] Factor [Table L] Load
Direct Gain X 0.80 X X =
X 0.80 X X =
Storage Walls X 0.80 X X =
X 0.80 X X =
Sunspace X 0.80 X X =
X 0.80 X X =
Total
D. Internal Gain
+( X ) =
Constant Variable Number of
Component Component Bedrooms
[Table N} [Table N]
E. Cooling Load per Square Foot
1,000 X -+ =
(A+B+C+D) Floor Area
F. Adjustment for Thermal Mass and Ventilation
" [Table O]
G. Cooling Performance Level
(E-F)

H. Comparison Cooling Performance (From Previous Calculation o from Table P)

Compare Line G to Line H

KBtuyr

kBtuAyr

kBtufyr

kBtuiyr

Btu/yr-sf

Btu/yr-sf

Btu/yr-sf

Btufyr-st

Salt Lake City, Utah
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Table A-Equivalent Thermal Table A-continued ..
Performance of Assemblies Table D-Base Case
R-values (hr-F-sf/Btu) A5-Doors Conservation Petfgmance (Btu/yr-
8
Solid wood with 2.2 Base Case 43,615
Al=Cellings/Foot Weatherstripping
e ol '"gs‘ °|:rs - Metal with rigid 59
nsulation n-value foam core
Construction R-30 R-38 R-49 R-60 :d?u?txﬁ;ﬁo'}e::::mmu
279 359 469 579 Degrees off Sotar System Type
Framed Insulation R-value Table B-Perimeter Heat Loss True DG, TW, SSA SSB,
Construction R19 R-22 R-30 R-38 l;;ai::tm:d for Slabs-on-Grade and Sosﬂh WV:I,OSOSC SSD SSE
26 at 16%0c 147 158 163 - Unheated Basements (Btu/h-F-ft) 5 100 o o7
2x6 at 24"oc 153 165 171 - Heated Unheated Insulated 10 0.98 0.75 0.74
2x8 at 16"0¢c 170 189 206 211 Perimeter ~ Slabs-on- Base- Base-  Crawl 15 097 0.74 0.73
2x8 at 24"0c 176 196 216 222 Insulation Grade ments ments spaces 20 094 0.72 070
2x10 at 16%0c 181 201 245 257 None 08 13 11 11 25 0.91 069 0.68
2x10 at 24*oc 184 207 255 268 R-5 0.4 0.8 07 08 10 0.87 0.66 0.65
2x12 at 16"oc 18.8 21.0 25.5 30.1 R-7 0'3 0'7 0-6 0‘5
2x12 at 24"o¢ 19.0 21.4 27.3 31.4 R-11 0:3 0:6 0:5 0.4
R-19 02 0.4 0.5 0.3 Table F-Solar System Saving
R-30 0.1 0.3 0.4 0.2 Fractions
A2-Framed Walls
ongle F1-Direct Gai
Wall Insulation R-value irect Gain
. Table C-Hea
Framing Rt R13 R19 RS (bodany Degree Days lod  DGC!  DGC2  DGC3
2x4 at 16%0¢ 120 136 - - Coltector Double Low-e R-8 Night
2x4 at 24%oc 127 139 - - Ratio Glazing Glazing Insulation
2x6 at 16%c 141 154 177 192 C1-Heating Degree Days (Base 65°F) 400 0.05 0.08 0.07
2x6 at 24%oc 143 156 182 198 . 300 0.06 0.07 0.09
o Salt Lake City 5,802 200 0.09 0.10 0.13
ouble 150 0.1 ) )
Wall Total Thickness (inches) E'b: fa 6,079 100 o153 R 529
Framing 8 10 12 14 phraim 6,989 80 020 023 0.28
250 313 875 438 ;m;"gw" g%g % 025 029 0.35
: ) ) 0.40
. . ) Nephi 5,980 45 0.30 0.36 0.43
The R-value of insulating sheathing should be added to Oagden 5 866 40 0.32 0.39 0.47
the values in this table. gcen ' 35 0.35 0.42 0.52
Qak Cit 5,619
ax Lty ] 30 0.39 0.47 0.57
Richfield 6,394 25 0.42 0.52 0.63
A3-Insulated Floors Santaquin 6,199 20 0.47 0.58 0.70
: 15 0.52 0.66 0.79
Insulation R-value Spanish Fork 5,737
Framing R-11 R-19 R-00 R-38 Tooele 5974
2x6s at 16%0c 182 238 299 - Utah Lake 6478 F2-Trombe Walls
2x6s at 24%0¢ 184 245 315 - Wendover 5793 TWF3  TWA3  TWJ2  TWi4
2x8s at 16"o¢ 188 249 317 360 Load Unvented Vented Unvented Unvented
2x8s at 24"oc 189 254 331 378 ] Collector Non- Non- Selec- Night
2x10 at 16%0¢ 193 258 334 381 C2-Heating Degree Day Multiplier Ratio selective selective  tive  Insulation
2x10 at 24"0¢ 199 261 344 398 Passive Solar 400  0.03 0.06 0.04 0.01
2x12 at 16%0¢ 197 265 347 398 Heat Loss Glazing Area per 300 0.5 0.08 0.07 0.04
2x12 at 24"oc 196 267 355 412 oer Square oer Square Foot 200  0.08 0.11 0.12 0.08
, . . 150 0.10 0.13 0.17 0.12
These R-values include the buffering effect of a Foot .00 .05 10 15 .20 100 015 018 0.25 0.20
ventilated crawlspace or unconditioned basement. 1200 108 109 109 110 110 80 018 021 0.31 0.95
1150 108 108 109 109  1.09 - - - :
1100 107 108 108 1.09 109 g0 02 026 038 0%
' 1050 107 107 108 108 108 50 026 030 04 037
Ad4-Windows 10.00 1.06 1.06 1.07 1.07 1.08 45 0.28 0.32 0.47 0.40
Air Gap 950 105 106 106 1.07 107 o o om 0mo 0B
9.00 104 105 106 106 1.07 > 837 8-37 8 o
1/4in,  1/2in. 1/2in.argon 850 1.03 104 105 105 106 2 o 02}5 Cn o
800 102 103 104 104 1.05 : : - -
Standard Metal Frame 750 101 102 103 103 1.04 20 o047 051 072 085
Single 9 7'00 0.99 1.00 1.01 1.02 1.03 15 0.55 0.58 0.80 0.73
Double 1.1 1.2 1.2 650 098 099 100 101  1.02
Low-e (e<=0.40) 1.2 13 1.3 600 096 097 098 100 101

Metal frame with thermal break 5.50 093 095 097 098 099

Double 15 18 17 500 080 092 004 096 097
Low-e (e<=0.40) 1.6 1.8 1.8 450 086 089 091 094 095
Low-e (e<=020) 1.7 1.9 2.0 400 082 08 08 091 093

Wood frame with Vlnyl claddlng 3.50 0.77 0.81 0.84 0.87 0.90
Doubte 20 21 22 300 071 076 080 083 085
Low-e (e<=0.40) 2.1 24 2.5 250 062 069 074 078 082
Low-e (e<=0.20) 22 2.6 2.7 200 051 060 067 072 077
Low-e (e<=0.10) 23 2.6 29

These R-values are based on a 3 mph wind speed and
are typical for the entire rough framed opening.
Manutacture's data, based on National Fenestration
Rating Council procedures, should be used when
available. One half the R-value of movable insulation
should be added, when appropriate.

Calé T aka Nitvw TTéakh
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F3-Water Walls
Load WWA3 WWB4 WWC2
Collector ~ No Night Night Selective
Ratio Insulation  Insulation Surface
400 0.05 0.01 0.03
300 0.07 0.05 0.06
200 0.11 0.10 0.11
150 0.14 0.16 0.16
100 0.20 0.25 0.24
80 0.24 0.30 0.30
60 0.29 0.38 0.38
50 0.33 0.44 0.43
45 0.35 0.48 0.46
40 0.38 0.51 0.50
35 0.41 0.56 0.54
30 0.45 0.61 0.59
25 0.50 0.66 0.65
20 0.56 0.73 0.72
15 0.63 0.81 0.80
F4-Sunspaces
Load
Collector ~ Sunspace Type
Ratio SSA1 SSB1 SSC1 SSD1  SSEf
400 011 009 005 oMU 0.08
300 013 010 007 013 0.10
200 0.16 0.13 0.10 0.17 0.14
150 0.18 0.16 0.12 0.21 0.17
100 024 020 017 028 023
80 0.27 0.23 0.21 0.32 0.27
60 032 028 025 037 032
50 035 031 029 041 035
45 037 032 031 043 038
40 0.40 0.35 0.33 0.46 0.40
35 043 037 036 049 043
30 0.46 0.40 0.40 0.53 0.46
25 0.50 0.44 0.44 0.57 0.50
20 055 049 050 062 055
15 0.61 0.55 0.57 0.68 0.62

Table G-Base Case
Heat Performance (Btu/yr-sf)

Base Case

40,259

Table H-Unit Heat Capacities Table L-Heat Gain Factors
(Btu/F-sf)
Ceiling/roofs 58.4
K‘Vaﬂs and Doors 29.4
- ; i i orth Glass 26.7
H1-Mass SurlacessPEar;te::)smg Direct Gain East Glass 728
West Glass 84.2
. ) Skylights 109.9
Meteria Th‘°k"fss ('“°h933) 4 5 8 12 Direct Gain Glazing 56.4
Trombe Walls and 11.8
PouredConc. 1.8 43 67 88 11.3 11.5103 Water Walls
Conc. Masonry 1.8 42 65 84 102 10.0 9.0 Sunspaces
Face Brick 20 47 7.1 9.0 104 99 9.0 SSA1 325
Flag Stone 21 48 71 85 86 80 76 SSB1 325
BuilderBrick 1.5 37 54 65 6.6 6.0 58 SSC1 1.8
Adobe 1.3 32 48 55 54 49 438 SSsD1 325
Hardwood 04 14 18 17 15 15 15 SSE1 32.5
Water 52 10.4 156 20.8 31.2 41.6 62.4
H2-Rooms with no Direct Solar Gain Table M-Shading Factors
. : Projection
Materil Th'c““fss ('chhe%) i 6 8 1 Factor Sowh  East  Noth  West
erl 0.00  1.00 1.00 1.00 1.00
Poured Conc. 1.7 30 36 3.8 37 36 34 0.20 0.83 0.95 0.92 0.85
Conc. Masonry 16 2.9 35 36 36 34 32 0.40 048 0.83 0.84 0.83
Face Brick 18 31 36 37 35 34 32 060 022 0.69 0.76 0.69
Flag Stone 19 31 34 34 32 31 30 0.80 0.15 0.56 0.68 0.56
BuilderBrick 1.4 26 30 31 28 27 27 1.00 012 0.45 0.59 0.45
Adobe 12 24 28 28 26 24 24 1.20 0.10 0.34 0.51 0.34
Hardwood 05 11 13 12 11 1.0 11
Multiply by 0.8 for low-e glass, 0.7 for tinted glass and
0.8 for tow-e tinted glass.
Table I-Comfort Factors
(Btu/sf) Table N-Internal Gain Factors
Direct Gain 830 Constant Component 1,380
Sunspaces and 280 kBtusyr
Vented Trombe Walls Variable Component 580
KBtu/yr-BR
Table J-Radiant Barrier
Factors Table O-Thermal Mass and
Ventilation Adjustment (Btu/yr-sf)
Radiant Batier 0.7 Total Heat Night Night  No Night No Night
) i al Heat Nig ig oNi o Ni
No Radiant Barrier 1.00 Capacity Ventw/ Ventw/ No Vent%v/ Vent w/gNo
per SF Ceil. Fan Ceil. Fan Ceil. Fan Ceil. Fan
0.0 2,740 320 -310 2,440
1.0 4,170 1,480 1,120 -1,270
Table K-Solar Absorptances 2.0 4,930 2,230 1,880 -530
3.0 5,330 2,700 2,280 -060
Color Absorptance 40 5,550 3,000 2,490 240
. 5.0 5,660 3,190 2,600 440
SL?nsfgﬁg‘;eWhne 928 O 5720 3320 2660 560
Light Green 0‘ 47 7.0 5,750 3,390 2,700 640
Kelly Green 0'51 8.0 5770 3,440 2,710 690
Medium Blue 0' 51 9.0 5,780 3470 2,720 720
Medium Yellow 0.57 10.0 5,780 3,490 2,730 740
ng:m 8;2229 823 Total heat capacity per square foot is calculated on
nght Buff Brick 0.60 Workshest I, Step E.
Bare Concrete 0.65
Red Brick 0.70
Medium Red 0.80
Medium Brown 0.84 Table P-Base Case Cooling
Dark Blue-Grey 0.88 Performance (Btu/sf-yr)
Dark Brown 0.88

Base Case

11,643

‘Salt Lake City, Utah
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General

The Worksheets provide a
calculation procedure to estimate the
performance level of passive solar
building designs. It is recommended
that the results be compared to
Worksheet calculations for the builder's
typical house. Performance levels for the
NAHB Base Case House used in the
Guidelines are also provided for
comparison. A separate worksheet is
provided for the four separate
performance levels and associated base
cases.

The worksheets are supported by a
number of data tables. The tables are
given a letter designation and are
referenced next to each worksheet entry,
when applicable.

The floor area used in the
calculations should not include
sunspaces, garages or other
unconditioned spaces.

Worksheet [-Conservation
Performance Level

This is an estimate of the amount of
heat energy needed by the building each
year from both the solar system and the
auxiliary heating system.

For Step A. it is necessary to
measure the net area of surfaces that
enclose conditioned space. For walls,
the net surface area is the gross wall
area less the window and door area.

Rough frame dimensions are
generally used to measure window area.
The R-values in Table A4 are for the
rough frame window area.

Heat loss from passive solar
systemns is excluded. The surface area of
direct gain glazing, Trombe walls, water
walls and the walls that separate
sunspaces from the house are ignored.

Step A includes consideration of
insulated floors over crawlspaces,
unheated basements or garages.
R-values are provided in Table A3 that
account for the buffering effect of these
unconditioned spaces. When insulation
is not installed in the floor assembly, but
rather around the perimeter of a
crawlspace or unheated basement. Step
B should be used.

The perimeter method of Step B is
used for slabs-on-grade, the below-grade
portion of heated basements, unheated
basements {when the floor is not
insulated), and perimeter insulated
crawlspaces (when the floor is not
insulated). Heated basement walls that
are above grade should be considered in
Step A.

Slab edge perimeter, unheated
basements or perimeter insulated
crawlspaces adjacent to sunspaces
should not be included.

The conservation performance level
is calculated as the product of the heat
loss per degree day per square foot [Step
D] and the heating degree days, adjusted
for the heat loss and solar glazing per
square foot. The adjustment is taken
from Table C, based on data calculated
on Worksheet I, Step D and Worksheet I,
Step A.

Should the estimated conservation
performance level be greater than
desired, the designer should consider

additional building insulation or
reducing non-south glass area.

Worksheet [I-Auxiliary Heat
Performance Level

This is an estimate of the amount of
heat that must be provided each year
from the auxiliary heating system. It
accounts for savings due to solar energy.

In Step A .the user may enter the
rough frame area of solar glazing, since
it is generally easier to measure the
rough frame area than it is the net
glazing area. The worksheet includes a
net area factor of 0.80 to account for
window frames and mullions. If the
designer enters the net glass area, then
the net area factor is 1.00.

The projected area of the solar
energy systems may be calculated using
the adjustment factors in Table E or by
making a scaled elevation drawing of the
building facing exactly south and
measuring the glazing area from the
scaled drawing.

The projected area per square foot is
calculated as the last part of Step A.
This is used to determine the heating
degree days adjustment used on
Worksheet I, Step E.

The load collector ratio is calculated
in Step B. This is used to determine the
solar savings fractions in Step C.

The solar energy systems used in
Step C should be identical to those used
in Step A. The first and last columns of
Step A are simply carried down.

The solar savings fraction is
determined separately for each type of
passive solar system by looking up
values in Tables F1 through F4. The
sunspace system types are shown
beneath Table F4.

If the auxiliary heat performance
level calculated in Step D is larger than
desired, the designer should consider
increasing the size of the solar energy
systems or adding additional solar
energy systems, i.e. thermal storage
walls.

Worksheet III-Comfort

Performance Level

This is the temperature swing expected
on a clear winter day with the auxiliary
heating system not operating.

This worksheet requires that two
sub-areas be defined within the building:
those areas that receive direct solar
gains and those areas that are
connected to rooms that receive direct
solar gains. Rooms that are separated
from direct gain spaces by more than
one door should not be included in
either category.

Thermal mass elements located in
unconditioned spaces such as sunspaces
are not included.

An exposed slab is one finished with
vinyl tile, ceramic tile or other highly
conductive materials. Carpeted slabs
should not be considered exposed. The
exposed slab area should be further
reduced by about 50 percent to account
for throw rugs and furnishings.

As a rule-of-thumb, exposed slab
area should be considered to be in the
sun only when it is located directly
behind south glazing. The maximum

slab area that is assumed to be in the
sun should not exceed 1.5 times the
adjacent south glass area.

In Step F, the projected area of solar
glazing calculated on Worksheet II is
used to calculate the comfort
performance level. The projected area of
water walls and unvented Trombe walls
is excluded in this step.

A high temperature swing indicates
inadequate thermal mass or too much
direct gain solar glazing. If the comfort
performance level is greater than desired
(13°F recommended), additional thermal
mass should be added to the building or
direct gain glazing should be reduced.

Worksheet IV-Summer Cooling
Performance Level

This is an estimate of the annual cooling
load of the building-the heat that needs
to be removed from the building by an
air conditioner in order to maintain
comfort during the summer.

In Step A, only the envelope
surfaces that are exposed to sunlight are
to be included. For instance, floors over
crawlspaces and walls or doors adjacent
to garages are excluded.

Steps B and C of the worksheet
account for solar gains.” They use the
rough frame area since this is easier to
measure. The worksheets include a net
area factor of 0.80 to account for window
frames and mullions. If the net window
area is used, the net area factor is 1.00.

Table M gives the shade factor for
windows with overhangs based on a
projection factor. The projection factor
is the ratio between the horizontal
projection of the overhang from the
surface of window and the distance from
the bottom of the window to the bottom
of the overhang. When windows have
sunscreens, tints or films, the shade
factors in Table M should not be used.
Instead. a shading coefficient should be
determined from manufacturers’

literature.
A

A
B Projection = B
Factor

If the cooling performance level is
greater than desired, the designer
should consider reducing non-south
glass, providing additional shading or
increasing thermal mass.
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WORKED EXAMPLE

The Worked Example
Description of
Example Building

A 1,504 square foot passive
solar, single-family home with
an 8.3 ft. average ceiling height
is used to illustrate how to fill in
the worksheets. See sketches
for the building layout. A
variety of design features have
been incorporated into the
house to help illustrate how to
handle different situations in
the worksheets.

The building selected has
good insulation as described on
Worksheet L.

The east portion of the

The house has a semi-
ericlosed sunspace with vertical
glazing. The sunspace floor has
a four-inch thick slab-on-grade
with quarry tile set in a mortar
bed. The sunspace is separated
from the conditioned portion of
the house by sliding glass doors
and a masonry fireplace wall.
Sunspace ventilation is provided

. to the outside by awning

windows located at the top and
bottom of the south wall.

South facing windows
provide direct gain solar heating
to the dining area, kitchen and
master bedroom. The south
glazing in the kitchen and
dining area provides heat to an
exposed slab-on-grade finished

The house is equipped with
a ceiling fan to help reduce the
air-conditioning load. North
windows have an overhang with
a projection factor of 0.30. East
and west windows are small and
have no effective overhang
because of the gable roof. South
windows, including the
sunspace windows, have an
overhang with a projection
factor of 0.20.

Take-offs from the house are
given in the worksheets. Refer
to the circled values in the
worksheet tables to locate where
the various values which show
up in the worksheets come from.

Performance is found to be
satisfactory on all four

house is slab on grade. The with ceramic tile to provide worksheets.
great room and master bedroom direct gain heat storage.
are constructed over a The house faces 10 degrees
basement. to the east of true south.
20’ e 22 S 24
o Garage
= ’ A
5 EE 3040 3040 - .
4040 =i
' \‘ ; J Bedroom || Bedroom
i Great Room .
———1 8
i : ot ]
N o - a
> Master = #
. Bedroom [ l [ n A Dinin m
Sunspace . ;
e 1 . F V
¢ ; 4050 bttt 020 S 5030 z
. 8088  BO68 8088
14’ by 28 ye 24
- 024 8 12
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Salt Lake City, Utah
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Salt Lake City, Utah
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Insulation
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NOTE: These worksheets are completed
for the example house described on the
previous pages. Also the reference tables
are marked up showing how the numbers
are selected.

Salt Lake City, Worked Example
Utah

Salt Lake City, Utah
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General Project Information

ProjectName "VASSIVE.  SAAC Examat.  FoorAea \SOY S€
locaton  GSawt LaAk® Cevy \7vAW Date oul2.4l4¢
Desigher Mo

Worksheet I: Conservation Performance Level

A. Envelope Heat Loss

Construction R-value Heat
Description Area [Table A} Loss
Ceilingsfroofs e SV A LT logw -+ __LeX = ‘?
V-3 0. T W20 2851 = \
Walls _ "R-\8 4 N-"1 uCatuvwp ]R2. =+ 2.1 = o
R-\Q &1 GARMC o+ _ \\1 = 8
Insulated Floors + =
Non-solar Glazing _ VASKALY _wa| Tultom. am $2.  + \.& = _27
=t Ak _Gat o $.20 + =
Doors METAL o] foam  Cout. Lo + S8 = -
_\2)  BwrFh
Total
B. Foundation Perimeter Heat Loss .
Heat Loss
Factor Heat
Description Perimeter [Table B] Loss
Slabs-on-Grade L=3n ) —fZ X 030 = _ 2S5
Heated Basements ’-\\ g2 X _ .60 = \q
Unheated Basements X =
Perimeter Insulated Crawlspaces X =
\% Btu/°F-h
Total
C. Infiltration Heat Loss
V483 x _0-S0  x .018 = _\W\2 Btu/°F-h
Building Air Changes
Volume per Hour
D. Total Heat Loss per Square Foot
24 x 30 + _\sew = Q.9 Btu/DD-sf
Total Heat Loss Floor Area
{(A+B+C)

E. Conservation Performance Level

u.4q X Sg07 x _© e = 7\2247% Btuirsf
Total Heat Heating Degree Heating Degree

Loss per Days [Table C] Day Muttiplier
Square Foot {Table C]

F. Comparison Conservation Performance (From Previous Calculation or from Table D)
wis1s Btu/yr-sf

Compare Line E to Line F

Salt Lake City, Utah
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Worksheet II: Auxiliary Heat Performance Level

A. Projected Area of Passive Solar Glazing

Solar System Rough Frame Net Area ' Adjustment Projected
Reference Code Area Factor Factor [Table E] Area
—_Dec<) _#F X o080 x _e88 = _ &4
Ssc. 208 x 080 x _o048 = _\3
X 0.80 X =
X 0.80 X =
X 0.80 X =
X 0.80 X =
X 0.80 X =
L“‘ 232 sf
Total Area Total
Projected
Area
232 : _\So% = __O.\S
Total Floor Total Projected
Projected Area Area per
Area Square Foot

B. Load Collector Ratio

24 x 31 - 232, = _JZ.

Total Total
Heat Loss Projected
[Worksheet 1] Area

- C. Solar Savings Fraction

System
Solar Savings
Solar System Projected Fraction
Reference Code Area [Table F]
_Dact 6 X _o3I8 = E
Ssc) 62 X _0.3% = _b63.51
X =
X =
. X =
X =
X =
#4199 232 = _0.24
Total Total Solar
Projected Savings
Area Fraction

D. Auxiliary Heat Performance Level

[1-—2.39 | x 23297 = M.i Btu/yr-sf

Solar Conservation
Savings Performance
Fraction Level [Worksheet |,

Step EJ

E. Comparative Auxiliary Heat Performance (From Previous Calculation or from Table G)

Lo2SE Buyrst

Compare Line D to Line E
Salt Lake City, Utah
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Worksheet III: Thermal Mass/Comfort

A. Heat Capacity of Sheetrock and Interior Furnishings

Unit Total
Heat Heat
Floor Area Capacity Capacity
Booms with Direct Gain HAbly X 4.7 = _\ 2¢
Spaces Connected to Direct Gain Spaces Q] x 45 = _L234
6452 BeF
Total
B. Heat Capacity of Mass Surfaces Enclosing Direct Gain Spaces
Unit Heat
Mass Description Capacity Total Heat
(include thickness) Area [Table Hj Capacity
Trombe Walls X 8.8 =
Water Wails X 10.4 =
Exposed Slab in Sun _los x 134 = _\380
Exposed Slab Notin Sun A X 1.8 = _ 21
X =
X =
X =
\621 Btu/°F

Total

C. Heat Capacity of Mass Surfaces Enclosing Spaces Connected to Direct Gain Spaces

Unit Heat
Mass Description Capacity Total Heat
(include thickness) Area [Table H] Capacity
Trombe Wallg X 3.8 =
Water Walls X 4.2 =
— €A Daum " 1\ X A1 = __ 4y
X =
X =
La\y Btu/°F
Totat
D. Total Heat Capacity
990  BurF
(A+B+C)

E. Total Heat Capacity per Square Foot
BUA0 - \Sou = _S 4 Btu/F-sf

Total Heat Conditioned
Capacity Floor Area
F. Clear Winter Day Temperature Swing
Total Comfort
Projected Area Factor
[Workshest II] [Table 1]
Direct Gain & X _9310 = L\S 351:10
Susspacesor  _\$3 x _280 = ¢+ 0
Vented Trombe Walls \ozA + g = VT F
Total Total
Heat
Capacity

G. Recommended Maximum Temperature Swing
\2 °F

Compare Line F to Line G

Salt Lake City, Utah
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Worksheet IV: Summer Cooling Performance Level

A. Opaque Surfaces

Radiant Barrier Absorp- Heat Gain
Heat Loss Factor tance Factor
Description [Worksheet I] [Table J] [Table K} [Table L} Load
Ceilings/roofs y u x __\o00 X _oM] x _S84 = 43
\6 x _\.00 X _0un x _S2.4 = _\3]
X X X =
Walls o 12 X n/a o0 X _2_/N% = A2
X n/a X =
Doors S X n/a 0.3 x 28N = __ 726
1214
Total
B. Non-solar Glazing
Rough Frame Net Area Shade Factor Heat Gain
Description Area Factor [Table M] Factor [Table L] Load
North Glass Qo X 08 X _ON0  x _247 = _S88
X 0.80 X X =
East Glass 6 X 080 x _0.8 x .8 = _28°
X 0.80 X X =
West Glass b X 080 X _0.80 x _#4.2 = _3273
X 0.80 X X =
Skylights X 0.80 X X =
X 0.80 X X =
2ol
Total
C. Solar Glazing
Solar System Rough Frame Net Area Shade Factor Heat Gain
Description Area Factor [Table M] Factor [Table L] Load
Direct Gain 88 x 080 X _0.93 x _Sga = I
X 0.80 X X =
Storage Walls X 0.80 X X =
X 0.80 X X =
Sunspace _ 208 X 0.80 X _ 0.8 X Wwe = \630
X 0.80 X X =
So\wz.
Total
D. Internal Gain
V380 +( S x D )= 2o
Constant Variable Number of
Component Component Bedrooms
[Table N] [Table N]
E. Cooling Load per Square Foot
1,000 x _\\282 -+ I1sgu = _ASAN
(A+B+C+D) Floor Area
F. Adjustment for Thermal Mass and Ventilation
- WO WEWMT VL. WAtz Al Trable O]
G. Cooling Performance Level
o _uge
(E-F)
H. Comparison Cooling Performance (From Previous Calculation or from Table P) “n
Y

Compare Line G to Line H

kBtu/yr

kBtu/yr

KBtu/yr

kBtusyr

Btu/yr-sf

Btu/yr-sf

Btu/yr-sf

Btu/yr-sf

Salt Lake City, Utah
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WORKED EXAMPLE TABLES

Table A-Equivalent Thermal
Performance of Assemblies
R-values (hr-F-sf/Btu)

A1-Ceilings/Roots

Attic Insulation R-value
Construction R-30 R-33 R-49 R-60

279 359 579

Framed insulation R-value
Construction R-19 R-22 R-30 R-38
2x6 at 16"0¢ 147 158 1863 -
2x6 at 24°oc 183 165 171 -
2x8 at 16"oc 170 189 206 214
2x8 at 24"oc 176 196 216
2x10 at 16%oc 181 201 245
2x10 at 24"cc 184 207 255 .8
2x12 at 16%0¢ 188 21.0 255 3041
2x12 at 24"oc 18.0 214 273 314
A2-Framed Walls
Single
Wall Insulation R-value
Framing R-11 R-13 R-19 R-25
2x4 at 16"oc 120 136 - -
2x4 at 24"oc 127 139 = -
2x6 at 16"0c 141 154 @ 19.2
2x6 at 24"oc 143 1586 " 19.8
Double
Wall Total Thickness (inches})
Framing 8 10 12 14

250 313 375 438

™~ The R-value of ihsulating sheathing should be added to

the values in this table.

A3-Insulated Floors
insulation R-value

Framing R-11 R-19 R-30 R-38
2x6s at 16"oc 182 238 299 -

2xBs at 24"oc 184 245 315 -

2x8s at 16"0¢ 188 249 31.7 36.0
2x8s at 24"oc 189 254 331 378
2x10 at 16%0c 19.3 258 334 381
2x10 at 24"cc 19.3 26.1 344 398
2x12 at 16%0¢ 197 265 347 398
2x12 at 24"oc 19.6 267 355 412

These R-values include the buffering effect of a
ventilated crawlspace or unconditioned basement.

Ad4-Windows
Air Gap

1/4in. 1/2in. 1/2in. argon

Standard Metal Frame

Single 9

Double 1.1 1.2 1.2

Low-e (e<=0.40) 1.2 1.3 1.3
Metal frame with thermal break

Double 1.5 1.6 1.7

Low-e (e<=0.40) 1.6 8 1.8

Low-e (e<=0.20) 17 @ 2.0
Wood frame with vinyl cladding

Double 2.0 2.1 22

Low-e (e<=0.40) 2.1 2.4 25

Low-e (e<=0.20) 2.2 2.8 27

Low-e (e<=0.10) 23 2. 29

These R-values are based on a 3 mph wind speed and
are typical for the entire rough framed opening.
Manufacture's data, based on National Fenestration
Rating Council procedures, should be used when
available. One half the R-value of movable insuiation
should be added, when appropriate.

Table A-continued ..

A5-Doors
Solid wood with 2.2
Weatherstripping
Metal with rigid ( 5.9)

foam core

Table B-Perimeter Heat Loss
Factors for Slabs-on-Grade and
Unheated Basements (Btu/h-F-ft)

Heated Unheated Insulated

Perimeter ~ Slabs-on- Base- Base- Crawl-

Insulation Grade ments ments spaces

gosne 0.8 g)g (1)_1, 1.1

- QA . . 0.6

R-7 0 0.6 )

B-11 (08) 05 o4

R-19 0.2 o 0.5 0.3

R-30 0.1 0.3 0.4 0.2

Table C-Hea Degree Days
(thﬂfy) e v
C1-Heating Degree Days (Base 65°
Salt Lake City
Elberta 5,0/9
Ephraim 6,989
Farmington- 5,845
Manti 6,703
Nephi 5,980
Ogden 5,866
Oak City 5,619
Richfield 6,394
Santaquin 6,199
Spanish Fork 5,737
Tooele 5974
Utah Lake 6,478
Wendover 5,793
C2-Heating Degree Day Multiplier
Passive Solar
Heat Loss Glazing Area per
per Square per Square Foot

Foot .00 .05 10 15 .20
1200 108 109 109 110 110
11.50 1.08 1.08 1.09 1.09 1.09
1100 107 108 108 109 109
1050 107 107 108 108 108
1000 106 108 107 107 108
9.50 1.05 1.06 1.08 1.07 1.07
9.00 1.04 1.05 1.06 1.06 1.07
850 108 104 105 105 1.0
800 102 103 104 104 105
75 101 102 103 103 104
7.00 0.99 1.00 1.01 1.02 1.03
65 098 099 100 101 102
6.00 096 097 0.93 1.00 1 319
55 093 095 097 QS& 0.

7m0 092 094 (Bd6) 097

J 08 08 091 vef 095
T00 08 08 088 091 093
35 077 081 084 087 090
300 071 076 080 08 085
250 062 063 074 078 082
2.00 0.51 060 067 072 0.77

Table D-Base Case Conservation
Performance (Btu/yr-sf)
Base Case ( 43,615 )

Table E-Projected Area Adjustment

Factors
Degrees off Solar System Type

True % 8SA SSB,
South SSD SSE
g 1.00 o.;g 0.75
P 0. 0.75

10 (o.08) 0.75 0.74
15 0.9 0.74 0.73
20 0.94 0.72 0.70
25 0.91 0.69 0.68
30 0.87 0.66 0.65

Table F-Solar System Saving
Fractions

F1-Direct Gain

Load DGCH DGC2 DGC3
Collector Double Low-e R-9 Night
Ratio Glazing Glazing  Insulation
400 0.05 0.06 0.07
300 0.06 0.07 0.09
200 0.09 0.10 0.13
150 0.12 0.13 0.18
100 0.17 0.19 0.23
80 0.20 0.23 0.28
60 0.25 0.29 0.35
50 0.28 0.33 0.40
45 0.30 0.36 0.43
40 0.32 0.39 0.47
0.42 0.52
@ 0.47 0.57
5 0.42 0.52 0.63
20 0.47 0.58 0.70
15 0.52 0.66 0.79

Salt Lake City, Utah

F2-Trombe Walls

TWF3  TWA3  TwWJ2 TWI4
Load Unvented Vented Unvented Unvented
Collector Non- Non- Selec- Night
Ratio selective selective tive  Insulation
400 0.03 0.06 0.04 0.01
300 0.05 0.08 0.07 0.04
200 0.08 0.1 0.12 0.08
150 0.10 0.13 0.17 0.12
100 0.15 0.18 0.25 0.20
80 0.18 0.21 0.31 0.25
60 0.23 0.26 0.38 0.32
50 0.26 0.30 0.44 0.37
45 0.28 0.32 0.47 0.40
40 0.31 0.34 0.50 0.43
35 0.34 0.37 0.55 0.47
30 0.37 0.41 0.59 0.52
25 0.42 0.45 0.65 0.58
20 0.47 0.51 0.72 0.65
15 0.55 0.58 0.80 0.73
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F3-Water Walls
Load WWA3 WWB4 WWC2

Table H-Unit Heat Capacities
(Btu/F-sf)

H1-Mass Surfaces Enclosing Direct Gain

Spaces

Thickness (inches)
Material i 2 3 6 12
Poured Conc. 1.8 43 6.7 8.8 11.3 115103
Conc. Masonry 1.8 42 65 84 102 10.0 9.0
Face Brick 20 47 7.1 9.0 104 89 9.0
Flag Stone 21 48 71 85 86 80 786
Buiider Brick 15 37 54 65 66 60 58
Adobe 1.3 32 48 55 54 49 438
Hardwood 04 14 18 17 15 15 15
Water 52 10.4 15,6 20.8 31.2 41.6 62.4

Collector ~ No Night Night Selective
Ratio Insuiation  Insulation  Surface
400 0.05 0.01 0.03
300 0.07 0.05 0.06
200 0.11 0.10 0.11
150 0.14 0.18 0.16
100 0.20 0.25 0.24
80 0.24 0.30 0.30
60 0.29 0.39 0.38
50 0.33 0.44 0.43
45 0.35 0.48 0.46
40 0.38 0.51 0.50
35 0.41 0.56 0.54
30 0.45 0.61 0.59
25 0.50 0.66 0.65
20 0.56 0.73 0.72
15 0.63 0.81 0.80
F4-Sunspaces

Load
Collector Sunspace Type
Ratio  SSA1 SB1  SSC1  SSD1  SSEf
400 0.11 0.09 0.05 0.1 0.08
300 0.13 0.10 0.07 0.13 0.10
200 0.16 0.13 0.10 0.17 0.14
150 0.19 0.16 0.12 0.21 0.17

100 024 020 017 028 023
80 027 023 021 032 027
80 032 028 025 037 032
50 035 031 029 041 0.35
45 037 032 031 043 038
40 040 035 033 046 040

043 037 o\ 049 043
045 040 (049 053  04p

25 050 044 044 057 050
20 055 049 050 062 055
15 0.61 055 057 068 062

Table G-Base Case Auxiliary Heat

Performance (Btu/yr-sf]
Base Case @

H2-Rooms with no Direct Solar Gain

Thickness (inches)
Material i 2 8 4 6 12
Poured Conc. 1.7 30 36 38 37 36 34
Conc. Masonry 1.6 2.9 35 36 34 32
Face Brick 1.8 31 386 35 34 32
Flag Stone 1.9 31 384 3% 32 31 30
BuilderBrick 1.4 26 30 31 29 27 27
Adobe 12 24 28 28 26 24 24
Hardwood 05 1.1 13 12 11 1.0 11

Table I-Comfort Factors (Btu/sf)
Direct Gain

Sunspaces and
Vented Trombe Walls @

Table J-Radiant Barrier Factors
Radiant Barrier 0.75

No Radiant Barrier

Table K-Solar Absorptances
Color Absorptance
Gloss White 0
Semi-gloss White (0.30
Light Green (0.4)
Kelly Green 051
Medium Blue 0.51
Medium Yellow 0.57
Medium Orange 0.58
Medium Green 0.59
Light Buif Brick 0.60
Bare Concrete 0

Red Brick @
Medium Red ”
Medium Brown 0.84
Dark Blue-Grey 0.88
Dark Brown 0.88

Table L-Heat Gain Factors

Ceiling/roofs
Walls and Doors
North Glass
East Glass
West Glass
Skylights
Direct Gain Glazing (55.4)
Trombe Walls and X
Water Walls
Sunspaces
SSA1 32,5

oy
1
S8

SSE1 25

Table M-Shading Factors
Projection

Factor Sogth  E Noth  West
0.00 ", § 1.00

0.20 - 0.95
040 U8 0.83g, % 0.83 @
0.60 0.22 0.68 0.7 0.69°
0.80  0.15 0.56 0.68.p 0.56
1.00 012 0.45 0.59 0.45
120 010 0.34 0.51 0.34

= Multiply by 0.8 for low-e glass, 0.7 for tinted glass and

0.6 for low-e tinted glass.

Table N-Internal Gain Factors
Constant Component (1,380 kBtu/yr
Variable Component O/ kBtuiyr-BR

Table O-Thermal Mass and
Ventilation Adjustment (Btu/yr-sf)

Total Heat Night Night ~ NoNight No Night
Capacity Ventw/ Ventw/No Ventw/ Ventw/No
per SF Ceil. Fan Ceil. Fan Ceil. Fan Ceil. Fan

0.0 2740 320 -310 2,440
1.0 4170 1,480 1120 1,270
20 4930 2230 1,880 -530
30 5330 2,700 2,280 -060

40, 555 3000 2 240
5660 3,190 @ 440
5720 3320 560

7.0 5,750 3,390 2,700 640
8.0 5,770 3,440 2,710 690
9.0 5,780 3,470 2,720 720
100 5780 3,490 2,730 740

Total heat capacity per square foot is calculated on
Worksheet ili, Step E.

Table P-Base Case Cooling
Performance (Btu/sf-yx]
Base Case 1,643

Salt Lake City, Utah
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Salt Lake City, Utah
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Note: This is a generic example to explain how to
fill out the worksheets. For an example specific to
this book, refer to the worked example on the
prior pages. The actual house design used for both
examples is the same, but specific numerical
values will be different.

Anytown,
USA

Anytown, USA
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INTRODUCTION

Introduction
Purpose

The purpose of the Any Town,
USA section is to explain how to
use the passive solar
worksheets in the Passive Solar
Design Strategies: Guidelines for
Home Building. Separate
Worksheets booklets are
available for specific locations
throughout the continental
USA. Each booklet contains
detailed technical data for a
specific location. Although the
example presented in this
booklet is for a moderate mid-
Atlantic climate, the procedure
is presented in a general
manner and is intended to be .
used for all locations.

General Description
of Worksheets

The Worksheets booklet for each

location provides an easy-to-use
calculation procedure, allowing
the designer to estimate the
performance level of a particular
building design and compare it
against a base-case performance
level or against the performance
of the builder's more
conventional house.

Anytown, USA

A separate worksheet is
provided for each of four
separate performance levels
performance level and
associated target. These are
described below:

Worksheet I: Conservation
Performance Level: the
estimated heat energy needed by
the building each year from both
the solar and auxiliary heating
systems. The units are
Btu/yr-sf.

Worksheet II: Auxiliary Heat
Performance Level: the
estimated heat that must be
provided each year by the
auxiliary heating system. This
worksheet accounts for the solar
savings. The units are
Btu/yr-sf.

Worksheet III: Thermal
Mass/Comfort: the temperature
swing expected on a clear winter
day with the auxiliary heating
system not operating. The units
are °F.

Worksheet IV: Summer Cooling -
Performance Level: the
estimated annual cooling load of
the building. The units are
Btu/yr-sf.

The estimates from
Worksheets I and Il are based on
a heating thermostat setting of
70°F. The estimates from
Worksheet IV are based on a
cooling thermostat setting of
78°F with no ceiling fans and
82°F with ceiling fans.

The worksheets are
supported by a number of data
tables. The data tables are given
a letter designation and are
referenced when applicable next
to each worksheet entry.

A description and drawings
of the example building are
provided below, followed by
completed worksheets. Data
tables have also been included
when appropriate. '

Each step of the worksheets
is then explained in detail.
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Description of
Example Building

A 1,504 square foot passive
solar, single-family home with
an 8.3 ft. average ceiling height
is used to illustrate how to use
the worksheets. A floor plan,
building elevations, building
sections and details are shown
below.

The building has an
attached sunspace. The
sunspace floor has a four-inch
thick slab-on-grade with quarry
tile set in a mortar bed. The
sunspace is separated from the
conditioned portion of the house
by sliding glass doors and a
masonry fireplace wall. Awning
windows located at the top and
bottom of the south wall provide
outside ventilation for the
sunspace.

South facing windows
provide direct gain solar heating
to the dining area, kitchen and
master bedroom. The south
glazing in the kitchen and
dining area provides heat to an
exposed slab-on-grade.

The east portion of the
house is slab-on-grade
construction. The great room
and master bedroom suite are
raised floor construction. The
slab-on-grade floor in the
kitchen and dining area is
finished with ceramic tile so that
the floor may function as
thermal mass.

The exterior doors are metal
with a foam core center.
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General Project Information

Project Name _Example Building Eloor Area 1.504 f
Location Anytown. USA Date
Designer

Worksheet I: Conservation Performance Level

A, Envelope Heat Loss

Construction R-value Heat
Description Area [Table A] Loss
Ceilings/roofs R-38 in Attic 1084 -+ 359 = 30
R-30 in Cathedral Ceiling ' 420 + 245 = 1z
Walls R-19+ R-7 Sheathing in Rigid Insulation  ___ 992 + 247 = 40
R-19 in Garage 140 + 177 = 8
Insulated Floors ___B-19 in Floor over Vented Crawlspace 784 + 258 = 30
52 -+ 1.8 = 29
40 =+ 59 = 7
___161 BturF-h
Total
B. Foundation Perimeter Heat Loss
Heat Loss
Factor Heat
Description : Perimeter [Table B] Loss
Slabs-on-Grade R-7 82 X 0.30 = 25
. Heated Basements . X =
Unheated Basements X =
Perimeter Insulated Crawlspaces X =
25 Btu/°F-h
Total
C. Infiltration Heat Loss
12.483 X Q.50 X .018 = 112 Btu/°F-h
Building Air Changes
Volume per Hour
D. Total Heat Loss per Square Foot
24 X __ 208 =+ 1504 = 476 Btu/DD-sf
Total Heat Loss Floor Area
(A+B+C)
E. Conservation Performance Level
476 X 3703 X 097 = 17.097 Btu/yr-sf
Total Heat Heating Degree Heating Degree
Loss per Days [Table C] Day Multiplier
Square Foot [Table C]

F. Comparison Conservation Performance (From Previous Cafculation or from Table D)
25.360 Btu/yr-sf

Compare Line E to Line F

Anytown, USA
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Worksheet I:
Conservation
Performance Level
Worksheet I is essentially a heat
loss calculation, similar to the
type of calculation made to size
heating and cooling equipment.
The major difference is that the
calculation does not consider
heat loss through any of the
passive solar systems. The
following building components
in the example building are not
considered in the calculation:
B Heat loss through direct gain
solar glazing,
® Heat loss through walls and
windows that separate the
house from the sunspace.
If the example building had
Trombe walls or water walls,
heat loss through these passive
solar systems would also be
excluded from the calculation.
Heat loss from the passive
solar energy systems is excluded
since the $olar savings fractions
in Worksheet II take these losses
into account.

Anytown, USA

Step A. Envelope Heat Loss
The first step is to calculate the
heat loss through the building
envelope. The building envelope
consists of all walls, roofs,
floors, non-solar windows and
doors that enclose the
conditioned space of the house.
Heat loss for each envelope
component is calculated by
dividing the surface area of the
component by the total R-value.
The total envelope heat loss is
the sum of the heat loss for all
of the envelope components.
Table A in the Worksheets
booklet contains R-values that
may be used in the calculation.
There are actually five separate
tables labeled Al, A2, A3, A4
and A5. A separate table is
provided far ceilings/roofs,
walls, floors, windows and
doors. The R-values'in these
tables include the thermal
resistance of both the insulation
and other materials that
typically make up the
construction assembly such as
exterior sheathing and
sheetrock, They also account
for framing members that
penetrate the insulation and
reduce the effectiveness.

Ceilings/Roofs

There are two types of
ceiling/roof construction in the
example building. R-38 mineral |
insulation is located in an attic
space, and R-30 insulation is
located in the framed cathedral
ceiling. The total R-value is
selected from Table Al for each
ceiling/roof component. The
values in Table Al account for
the buffering effect of the attic
{(when applicable}, the ceiling
material (sheetrock) and the
effect of framing.

A1-Ceilings/Roofs

Attic Insulation R-vaiue
Construction R-30 R R-49 R-60

27.9 469 579
Framed Insulation R-value
Construction R-19 R-22 R-80 R-38
2x6 at 16"o¢ 147 158 16.3 -
2x6 at 24"o¢ 163 1865 17.1 -
2x8 at 18"0c 170 189 206 21.1
2x8 at 24"o¢ 176 196 R, 222
2x10 at 16"0¢ 181 201 4.8 257
2x10 at 24"oc 184 207 5 26.8
2x12 at 16"oc 188 21.0 255 30.1
2x12 at 24"0¢ 19.0 214 273 314

The area and R-value of the
two different types of
construction are entered on two
lines of the table under
"ceilings/roofs" and the heat
loss is calculated by dividing the
surface area by the total
R-value. Note that the ceiling
over the sunspace is not
included in this calculation.

N
/
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Walls

There are two types of wall
construction in the example
building. The typical exterior
wall is of 2x6 wood frame
construction with R-19 mineral
insulation in the cavity. An
insulating sheathing with an R-
7 rating is attached to the
exterior surface of the framing.
The wall is finished with 1/2
inch sheetrock on the inside
and a brick veneer on the
outside.

The second type of wall
construction separates the
house from the garage. This
wall is also of 2x6 wood frame
construction with R-19 in the
cavity, but it does not have the
insulating sheathing or the
brick veneer. Note that the
walls that separate the house
from the sunspace are not
included.

It is necessary to measure
the surface area of each type of
wall construction. The surface
area may be determined by
multiplying the length of wall by
the average height and
subtracting the area of doors
and windows,

The R-value of each wall
type is determined from Table
A2 in the Worksheets booklet.
The R-value of both wall types is
17.7 from the table, but since
the first wall type has R-7
insulating sheathing, this is
added to the value from the
table so that 24.7 is used in the
calculations. These R-values
along with the associated areas
are entered on two lines of the
table and the heat loss is
calculated by dividing each
surface area by the
corresponding R-value.

A2-Framed Walls

Single Wall Insulation R-value
Framing R-11 R-13 R-19 R-25
2x4 at 16"cc 12.0 136 - -
2x4 at 24"oc 127 139 -
2%6 at 16"0c 141 154 @ 192
2x6 at 24"0c 143 156 19.8
Double
Wall Total Thickness (inches)
Framing 8 10 12 14

250 313 375 438
The R-vaiue of insulating sheathing should be
added o the values in this table.

Floors

Only the raised floor is
considered in this step of the
heat loss calculation; heat loss
from the slab-on-grade floor is
considered in Step B. There is
one type of raised floor
construction in the example
building. R-19 mineral
insulation is placed between
2x10 floor joists at 16 inches on
center; the crawlspace beneath
is ventilated.

The total R-value is selected
from Table A3, which considers
the buffering effect of the
crawlspace as well as framing
and the floor materials. The
area and R-value is entered on
one line of the table and the
heat loss is calculated by
dividing the area by the R-value.

A3-Insulated Floors
Insulation R-value

Framing R-11 R-19 R-30 R-38
2x6s at 16"0c 182 238 299 -

2x6s at 24"0¢ 184 245 315 -

2x8s at 16"oc 188 249 317 386.0
2x8s at 24"0c 18.9 d, 331 879
2xi0at 16%c 193 334 381
2x10 at 24"oc 19.3 "Z61 344 398
2x12 at 16"0¢ 19.7 265 347 398

2x12 at 24"oc 196 267 355 41.2

These R-values include the buffering effect of a
ventilated crawlspace or unconditioned basement.

Had there been different
insulation conditions for the
raised floor, an additional line of
the table would be completed for
each condition,

If the example building had
insulated floors over a garage or
unheated basement, these
components would also be
included in this step.

‘As an alternative to
insulating between the floor
joists, the perimeter walls of the
crawlspace could have been
insulated and floor insulation
eliminated. When this
technique is used, the perimeter
heat loss method in Step B
should be used. Step A only
includes floors when insulation
is placed in the floor assembly.

Anytown, USA
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Non-solar Glazing

Next, heat loss from the non-
solar glazing is calculated. Note
that the passive solar direct gain
glazing is not included. Also the
windows that separate the
house from the sunspace are
not included.

The rough frame opening of
each window is generally used
for the window area. This is
because the R-values presented
in Table A4 and most heat loss
data presented by window
manufacturers is for the rough
frame opening. Using the rough
frame opening also makes it
easier to estimate window areas
since windows are usually
specified on the plans in terms
of the rough frame dimensions.

Ad4-Windows
Air Gap
1/4in.  1/2in. 1/2in. argon|
Standard Metal Frame
Single
Double 1.
Low-e (e<=0:40) 1
Metal frame with thermal break

.9
1
2
b
Double 1.5
Low-e §e<=0 40 1.6
Low-e (e<=0.20 1. Z‘ .

Wood frame with vinyl cladding
Double
Low-e (e<=0.40
Low-e (e<=0.20
Low-e (e<=0.10

—

1.2
1.3

PPN N o
OO O wi

2.0 2.1
241 2.4
2.2 2.6
2.3 2.8

These R-values are based on a 3 mph wind speed
and are typical for the entire rough framed opening.
Manufacture's data, based on National
Fenestration Rafing Council procedures, should be
used when available. One half the R-value of
movable insulation should be added, when
appropriate.

Anytown, USA

Windows in the example
building are all double-pane
wood windows with a 1/2 inch
air space between the panes.
The R-value for this window
type is 2.1, selected from Table
A4,

The non-solar window area
is taken from the building plans.
These values are entered in the
table and the heat loss is
calculated by dividing the
window area by the window
R-value. If the example building
had more than one window type
(different R-values), then
additional lines of the table
would be completed.

Doors

The doors are the last
component of the envelope to
consider. The example building
has two exterior doors: the main
entrance and an additional door
to the garage. These have a
total surface area of 40 square
feet and an R-value is selected
from Table A5. Note that the
door that separates the garage
from the exterior is not included
since the garage is

unconditioned.
A5-Doors
a’olid rv]vood with 2.2
eatherstripping
Metal with rigid D)
foam core

These values are entered in
the table and the heat loss is
calculated by dividing the door
areas by the R-value. If the
example building had more than
one door type (different
R-values), then additional lines
of the table would be completed.

N

Total

The heat loss of all components
of the building envelope is
summed at the bottom of the
table and this completes Step A
of the worksheet.

)
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Step B. Foundation
Perimeter Heat Loss
Foundation heat loss from
slabs-on-grade, basements and
insulated crawispaces is
estimated by multiplying the
length of perimeter times an
appropriate heat loss factor
taken from Table B.

The dining area, kitchen and
secondary bedrooms in the
example house have slab-on-
grade construction. R-7
insulation is installed around
the perimeter.

The heat loss factor for the
slab edge is 0.3, selected from
Table B. The heat loss factor is
multiplied by the perimeter to
calculate the heat loss. The
units of heat loss, using the
perimeter method, are the same
as for the building envelope
calculated in the previous step.
Note that sunspace slab is not
included in this calculation.
The slab edge perimeter
adjacent to the crawlspace and
the sunspace is also excluded.

Table B-Perimeter Heat Loss Factors

for Slabs-on-Grade and Unheated
Basements (Btu/h-F-ft)
Heated Unheated Insulated

Perimeter Slabs-on- Base-  Base-  Crawl-

Insulation Grade ments menls spaces
go;e 0.8 1.3 1.1 1.1
- Do 0.8 0.7 0.6
R-7 0.7 0.6 0.5
R-11 U- 0.6 0.5 0.4
R-19 02 - 04 0.5 0.3
R-30 0.1 0.3 0.4 0.2

When a raised floor assembly is
not insulated, for instance, over
crawlspaces insulated at the
perimeter or basements, heat
loss occurs primarily at the
perimeter.

The example house does not
have a basement or a heated
crawlspace, but if it did, the
foundation heat loss would be
calculated by multiplying the
perimeter of these elements by a
heat loss factor selected from
Table B.

When houses have heated
basements, heat loss from .,
basement walls located above
grade would be included in
Step A. '

Step C. Infiltration Heat Loss
The heat loss from infiltration or
air leakage is estimated by
multiplying the building volume
times the air changes per hour
times a heat loss factor of 0.018.

The example building is
estimated to have an infiltration
rate of 0.50 based on local
building experience.

The building volume is
calculated by multiplying the
average ceiling height by the
conditioned floor area. In this
example the average ceiling
height is 8.3 ft. The conditioned
floor area is 1,504 sf which does
not include the garage or the
sunspace. The resulting
building volume is 12,483 cubic
feet.

The units of infiltration heat
loss are Btu/°F-h, the same as
for the building envelope and
the foundation perimeter.

Step D. Total Heat Loss per
Square Foot
The total building heat loss is
the sum of the heat loss for the
building envelope (Step A), the
foundation perimeter (Step B)
and infiltration (Step C). For
residences this value will range
between 200 and 500. It
represents the Btu of heat loss
from the building envelope over
the period of an hour when it is
one °F colder outside than
inside. This total heat loss, of
course, does not include heat
loss from the solar systems,
including direct gain glazing.
The result of Step D,

. however, is the annual heat loss

per degree day per square foot.
This value is calculated by
multiplying the total heat loss
by 24 hours/day and dividing
by the conditioned floor area.

Anytown, USA
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Step E. Conservation
Performance Level

Once the total heat loss per
square foot is calculated, the
conservation performance level
may be calculated by
multiplying the total heat loss
per square foot (Step D) by the
heating degree days times the
heating degree day multiplier.

The heating degree days are

" selected from Table C1 and

based on specific locations. The
heating degree day multiplier is
selected from Table C2 and is
based on the total heat loss per
square foot (Step D) and the
passive solar glazing area per
square foot of floor area
(Worksheet II, Step A).

C1i-Heating Degree Days iB ase 65°F)
Raleigh-Durham é

This value is from TMY weather tapes and
should be used for Worksheet Calculations.

it will vary from long term averages.

Anytown; USA

C2-Heating Degree Day Multiplier

Passive Solar
Heat Loss Glazing Area per
per Square per Square Foot
Foot .00 .05 10 A5 20

800 1.08 106 1.07 1.09 111
750 1.04  1.04 106 1.07 110
700 099 1.02 104 1.06 1.08
650 097 100 1.02 104 1.06
600 094 097 100 1.08 105
520 090 094 098 . 1.08

0.86 091 0.95 1.01
o/ 082 087 092

0.99
700 077 083 088 0.96
350 072 078 083 0.93

The conservation
performance level for the
example building is compared to
the base case conservation
performance level in the next

-step.

Step F. Comparison
Conservation Performance
The conservation performance
level for the proposed design
may be compared to the base
case performance level for the
area, given in Table D.

Table D-Base Case Conservation
Performance (Btu/y=

Base Case 25,38
Alternatively, the
conservation performance level
may be compared to other
building designs considered by
the builder to be typical of the
area. In this case, the
worksheets would first be
completed for the typical design
and the results of these
calculations would be entered in
Step F.

If the conservation
performance level of the
proposed building (Step E) is
greater than the base case or
typical-design conservation
performance level, the designer
should consider additional
building insulation or reduced
non-solar glass area.




—~

e’

69

PASSIVE SOLAR DESIGN STRATEGIES

Worksheet II: Auxiliary Heat Performance Level

A. Projected Area of Passive Solar Glazing

Solar System Rough Frame Net Area Adjustment Projected
Reference Code Area Factor Factor [Table E] Area
DGCI 88 X 0.80 X __.98 = 69
SSCl 208 X 0.80 X 08 = 163
X 0.80 X =
X 0.80 X =
X 0.80 X =
X 0.80 X =
X 0.80 X =
296 — 282  sf
Total Area Total
Projected
Area
232 + 1504 = 15
Total Floor Total Projected
Projected Area Area per
Area Square Foot

B. Load Collector Ratio

24 X 298 + 232 = 30,83
Total Total
Heat Loss Projected
[Worksheet {] Area
C. Solar Savings Fraction
System
Solar Savings
Solar System Projected Fraction
Reference Code Area [Table F}
DGC1 69 X 44 = 30,36
SSC1 163 X 45 = 73.35
b ¢ =
X =
X =
X =
X =
10371 -+ __ 232 @ = ___ 045
Total Total Solar
Projected Savings
Area Fraction
D. Auxiliary Heat Performance Level
[1- 045 X __17007 = 9043 Btu/yr-sf

Solar Conservation
Savings Performance
Fraction Level [Workshest |,

Step E]

E. Comparative Auxiliary Heat Performance (From Previous Calculation or from Table G)

23,099 Btu/yr-sf

Compare Line D to Line E

Anytown, USA
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Worksheet II:
Auxiliary Heat
Performance Level
Worksheet II is used to estimate
the savings from passive solar
systems and to estimate the
auxiliary heat performance level.
This is the amount of heat that
must be provided to the building
each year after the solar savings
have been accounted for.

The example building has
two solar systems: direct gain
south glazing and a sunspace.

Step A. Projected Area of
Passive Solar Glazing

The first step is to calculate the
projected area of the solar
glazing. The projected area of
passive solar glazing is the area
projected on a plane facing true
south (the actual glazing may be
‘oriented slightly east or west of
true south). The projected solar
glazing also accounts for sloped
glazing in certain types of
sunspaces.

For most solar systems the
projected area may be calculated
by multiplying the actual glazing
area times an adjustment factor
taken from Table E.

Alternatively, the projected
area may be determined by
making a scaled elevation
drawing of the building, looking
exactly north. Surface areas
may then be measured from the
scaled elevation drawing. This
concept is illustrated in the
figure below.
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South
Projection

Projected Area of Passive Solar Glazing
The solar savings fraction is based on the
projected area of solar glazing.

The worksheet allows the
user to enter the rough frame
area of solar glazing, since it is
generally easier to measure this.
The rough frame area is
multiplied by a net area factor of
0.80 to account for window
framing and mullions. If the net
glass area is entered, the net
area factor is 1.00.

The example building has
two separate passive solar
systems: direct gain and a
sunspace. This means that two
lines of the table must be
completed. If the example
building had other types of solar
systems, for instance Trombe
walls or water walls, additional
lines in the table would be
completed.

In the first column, the
reference code for each type of
solar system is entered along
with a description of the system.

The reference codes are shown
on Tables F1 through F4 for
various types of solar systems.
More information about the
system types is provided in the
discussion under Step C of this
worksheet. The reference code
for the direct gain system is
"DGC1" because night
insulation is not proposed. The
reference code for the sunspace
is "SSC1" since all the sunspace
glazing is vertical.

The south wall of the
example building actually faces
10° east of south because of site
conditions. The adjustment
factor is therefore 0.98 for both
solar systems as selected from
Table E. Each solar system area
is multiplied by the net area
factor and the appropriate
adjustment factor to calculate
the projected area. Both the

total projected area and the total |

area are summed at the bottom
of the table.

Table E~Projected Area
Adjustment Factors

Degrees off Solar System Type
Tue (DG SSA SSB,
South "WW,E ssD SSE

0 1.00 0.77 o;g
5 o0 0.76 0.
10 075 0.74
15 08 0.74 0.73
20 0.94 0.72 0.70
25 0.91 0.69 0.68
30 0.87 0.66 0.85
The last part of Step A is to

divide the total projected area by
the conditioned floor area, giving
the total projected area per
square foot. This value is used
in Worksheet I, Step E to
determine the heating degree
day multiplier.

e



PASSIVE SOLAR DESIGN STRATEGIES

71

Step B. Load Collector Ratio
The load collector ratio is
calculated by taking the total
heat loss from Worksheet I, Step
D and multiplying this value
times 24 (hours/day) and
dividing by the total projected
area of the solar glazing
calculated in the previous step.

Step C. Solar Savings Fraction
The next step is to calculate the
solar savings fraction for the
building. This is calculated as a
weighted average of the solar
savings fraction for the separate
passive solar systems. The
weightings are based on
projected area.

The solar systems used in
this step should be identical to

- those used above in Step A. The
first two columns are simply
carried down from the first and
last columns in.Step A.

The solar savings fraction for
each individual system is taken
from Tables F1 through F4
based on the load collector ratio
calculated in Step B and the
type of solar system. Table F1 is
for direct gain systems, Table F2
for thermal storage walls, Table
F3 for water walls and Table F4
for sunspaces. There are
multiple columns in each table
that account for system design
features such as night
insulation or selective surfaces.

A reference code, for
instance "DGC1", is also
provided for each solar system
variation. These references are
entered on the worksheet "Solar
System Reference Code". They
are also a key to additional
information about each solar
system as provided in Passive
Solar Heating Analysis and
other reference manuals.

F1-Direct Gain
Load DGC1 DGC2 DGC3

Collector ~ Double Low-e R-9 Night
Ratio Glazing  Glazing Insulation
200 0.10 0.11 0.13
1565 0.13 0.14 0.17
100 0.18 0.20 0.24

80 0.22 0.25 0.30
60 0.28 0.31 0.38
50 0.32 0.36 0.44
45 0.34 0.39 0.47
40 0.3 0.43 0.51
046 0.47 0.56
(044) 052 0.62
0729 0.58 0.69
20 055 0.65 0.77
15 0.62 0.74 0.85
F4-Sunspaces
Load
Collector Sunsgace Type .
Ratio SSA1 SSBf S8SC1 SSD1  SSEf

200 ‘047 014 011 019 015
155 020 047 014 023 0.9
100 026 022 019 030 026
80 030 025 023 035 030
60 035 030 028 042 036
50 039 034 032 046 040
45 042 036 035 049 043
40 044 039 038 052 046
048 042 QAk 056 049

052 046 (045 060 054

5 056 050 VB0 065 059
20 062 05 057 072 065

15 070 064 085 079 073

The solar savings fraction for
each system is multiplied by the
projected area and totaled at the
bottom of the table. This total is
then divided by the total
projected area from Step A to
calculate the weighted average
solar savings fraction for the
whole building.

The solar savings fractions
are based on reference designs.
The assumptions made about
these reference designs are
summarized below.

Direct Gain

The direct gain reference
designs are all assumed to have
double-pane glass and sufficient
heat storage to limit the clear
day temperature swing to 13°F.
For the case with night
insulation, the thermal
resistance is assumed to be R-9.

Trombe Walls

The Trombe wall reference
designs are all assumed to have
double-pane glass. The mass
wall is assumed to be 12 inches
thick and constructed of
masonry or concrete.

Water Walls

The water wall reference designs
are all assumed to have double-
pane glass. The water tank is
assumed to be nine inches
thick, extending continuously in
front of the glazing surface. The
space between the water tank
and the glazing is assumed to be
sealed.

Anytown, USA
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Sunspaces

Data is provided for five
sunspace reference designs as
illustrated on the following
figure. Double glazing is
assumed for all reference
designs. Reference designs
SSA1, SSB1 and SSD1 are
assumed to have opaque end
walls. All are assumed to have a
concrete or masonry floor about
six inches thick and a masonry
or concrete common wall
separating the sunspace from
the living areas of the house.
The glazing for designs SSA1
and SSD1 is assumed to be
sloped at an angle of 50° from
the horizon. The sloped glazing
in designs B and E is assumed
to be at an angle of 30°.

Anytown, USA

SSE1

Sunspace Réference Designs

Data is provided for five types of sunspaces.

Step D. Auxiliary Heat
Performance Level

The auxiliary heat performance
level is calculated by multiplying
the conservation performance
level from Worksheet I, Step E,
times one minus the solar
savings fraction, calculated in
the previous step. This value
represents the amount of heat
that must be provided to the
building by the auxiliary heating
system(s).

- Step E. Comparative Auxiliary

Heat Performance

The calculated auxiliary heat
performance level may be
compared to the performance
level for a typical basecase
building in the area. This may
be taken from Table G and is
23,099 Btu/yr-sf.

Tab!ePG—fBase Case BAtﬂ;(ﬁiary Heat

Baseeé;;mance( (yze,oga
Alternatively, the o
performance level may be
compared to a previous
worksheet calculation made for
a typical builder house.

If the auxiliary heat
performance level calculated in
Step D were larger than the base
case auxiliary heat performance,
the designer should consider
increasing the size of the solar
systems, adding additional solar
systems or increasing insulation
levels. ’

)
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Worksheet III: Thermal Mass/Comfort

A. Heat Capacity of Sheetrock and Interior Furnishings

Unit Total
Heat Heat
Floor Area Capacity Capacity
Booms with Direct Gain : 464 X 4.7 = ___ 2181
Spaces Connected to Direct Gain Spaces — 949 X 4.5 = 427
6452 _  BW/FF
Total
B. Heat Capacity of Mass Surfaces Enclosing Direct Gain Spaces
Unit Heat
Mass Description Capaci Total Heat
(include thickness) Area [Table H] Capacity
Trombe Walls X 8.8 =
+ Water Walls X 10.4 =
Exposed Slabin Sun 103 X 13.4 = 1380
Exposed Slab Not in Sun 187 X 1.8 = 247
X =
X =
X =
1627 BturF
Total
C. Heat Capacity of Mass Surfaces Enclosing Spaces Connected to Direct Gain Spaces
Unit Heat
Mass Description Capacity Total Heat
(include thickness) Area [Table H] Capacity
Trombo Walls X 3.8 = '
Water Walls T X 4.2 =
: Face Brick 4" 111 X 3.7 = 411
: % —
X =
411 Btu/°F
Total
D. Total Heat Capacity
Btu/°F
(A+B+C)
E. Total Heat Capacity per Square Foot
8490 =+ 1504 = 56 Btu/°F-sf
Total Heat Conditioned
Capacity Floor Area
F, Clear Winter Day Temperature Swing
Total Comfort
Projected Area Factor
[Worksheet 1] [Table 1]
Direct Giain ' 69 X 866 = 59754
Sunspaces or 163 X 200 = _ 48787
Vented Trombe Walls 108,491 + 8490 = 12.8 °F
Total Total
Heat

G. Recommended Maximum Temperature Swing

Capacity

13 oF
Compare Line F to Line G

Anytown, USA
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Worksheet III:
Thermal
Mass/Comfort

This worksheet is used to
calculate the thermal
mass/comfort performance level,
which is the temperature swing
expected on a clear winter day
with the auxiliary heating
system not operating. A high
temperature swing would
indicate that inadequate thermal
mass is provided in the building
design, which not only creates
discomfort but decreases solar
heating performance.

The general procedure of the
worksheet is to calculate the
effective heat capacity of mass
elements located within the
conditioned space of the
building. The total effective heat
capacity is then combined with
the direct gain projected area to
estimate the clear winter day
temperature swing. Note that
thermal mass elements located
within unconditioned spaces
such as the sunspace are not
included in this calculation.

Anytown, USA

Step A. Heat Capacity of
Sheetrock and Interior
Furnishings

The first step is to estimate the
effective heat capacity
associated with low-mass
construction and interior
furnishings. To complete this
step it is necessary that two
sub-areas be identified within
the building: those areas that
receive direct solar gains and
those areas that are connected
to rooms that receive direct solar
gains. This is because the mass
of sheetrock and furnishings
located in direct gain rooms is
more effective. Rooms that are
separated from direct gain
spaces by more than one door
should not be included in either
category.

Sunspace

In the example building, the
master bedroom, dining area
and kitchen are all direct gain
spaces. The secondary
bedrooms, bathrooms and
master bedroom closet are
directly connected to the direct
gain spaces. The utility room
and entry foyer are not
considered in this calculation
since they are not connected to
a direct gain space. These areas
are illustrated for the example
building.

The direct gain space is
multiplied by 4.7 and the spaces
connected to direct gain spaces
are multiplied by 4.5. These
products are summed and
represent the effective heat
capacity associated with the
sheetrock and interior

furnishings.
Unconditioned Direct Gain Spaces
Garage Spaces Connected to Direct Gain Spaces

Building Sub-areas for Calculating Effective Heat Capacity
Worksheet il requires that the building be divided into sub-areas.

N



~

~—

PASSIVE SOLAR DESIGN STRATEGIES

75

Step B. Heat Capacity of Mass
Surfaces Enclosing

Direct Gain Spaces

The heat capacity of thermal
mass elements (other than
sheetrock and furnishings) that
enclose the direct gain spaces is
considered in this step. The
surface area of each element is
measured from the building
plans and multiplied by the unit
heat capacity. The unit heat
capacity is printed directly in
the table for Trombe walls, water
walls, and exposed slabs-on-
grade. The unit heat capacity
for other mass elements is
selected from Table H1. Note
that thermal mass located in the
sunspace is not included in this
calculation.

H1~Mass Surfaces Enclosing
Direct Gain Spaces -

Thlcknefs (inches)

e
n

Material 1

Poured Conc.
Conc. Masonry
Face Brick
Flag Stone
Builder Brick
Adobe
Hardwood
Water

8
1.
0.
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Exposed slabs-on-grade
include those with a surface of
vinyl tile, ceramic tile or other
materials that are highly
conductive. Slabs that are
covered with carpet should not
be considered to be exposed.
The exposed slab area should be
further reduced, when
appropriate, to account for
throw rugs and furnishings.

The exposed slab area is
then subdivided into two areas:
that which is expected to be in
the sun and that which is not.
As a rule-of-thumb, slab area
should be considered in the sun
only when it is located directly
behind south glazing. In any
event, the slab area assumed to
be in the sun should not exceed
1.5 times the south glass area.

In the example building, the
slabs-on-grade located in the
kitchen and dining room are
located within direct gain
spaces. Some of this area is
considered to Be in the sun and
the remainder not. These
surface areas are entered in the
table and multiplied by the
appropriate unit heat capacity.
The products are then summed
at the bottom of the table.

Step C. Heat Capacity of Mass
Surfaces Enclosing Spaces
Connected to Direct Gain
Spaces
The same type of calculation is
performed for mass surfaces
that enclose spaces connected
to direct gain spaces. The
primary difference is the unit
heat capacity figures taken from
Table H2 instead of Table H1.
In the example building, the
fireplace wall and hearth are
considered in this category.
This area and the unit heat
capacity is entered in the table
and multiplied by each other.
This represents the total
effective heat capacity of mass
elements that enclose the
spaces connected to direct gain
spaces.

H2-Rooms with no Direct Solar Gain
Thickness (inches)

Material i 2 3 4 6 8 12
Poured Conc. 1.7 3.0 3.6 3.8 3.7 36 34
Conc. Masonry 1.6 2.9 3.5 3.6 34 32
Face Brick 1.8 31 3.6@35 34 32
Flag Stone 1.9 31 34 32 81 30
BuilderBrick 1.4 2.6 3.0 3.1 29 27 27
Adobe 12 24 28 28 26 24 24
Hardwood 05 11 13 1.2 1.1 1.0 141

Anytown, USA
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Step D. Total Heat Capacity
The total heat capacity is the
sum of the heat capacity from
Steps A, B and C. This
represents the effective heat
capacity of all thermal mass
within the building.

Step E. Total Heat Capacity
per Square Foot

The total heat capacity
calculated in Step D is divided
by the total floor area of the
building to get the total heat
capacity per square foot. The
floor area used in this
calculation should not include
the sunspace or other
unconditioned spaces. This
value is calculated here for
convenience, but it is not used

until Worksheet IV is completed.

Anytown, USA

Step F. Clear Winter Day
Temperature Swing
The clear winter day
temperature swing is calculated
in Step F. The projected area of
all direct gain glazing is entered
in the first row. This includes
all direct gain systems either
with or without night insulation.
In the second row, the projected
area of sunspace glazing and
Trombe walls vented to the
indoors is entered. Unvented
Trombe walls and water walls
are not included in this
calculation since solar gain from
these systems does not
contribute to the temperature
swing of the conditioned space.
The appropriate comfort
factor is entered in the second
column, selected from Table I.
The projected areas are
multiplied by the appropriate
comfort factors and summed.
This sum is then divided by the
total heat capacity from Step D
to yield the clear winter day
temperature swing.

Table I-Comfort Factorg (Btu/sf)
Direct Gain
99,

Sunspaces and
Vented Trombe Walls

Step G. Recommended
Maximum Temperature Swing
The comfort performmance target
for all locations is 13°F. If the
comfort performance level
calculated in Step F had been
greater than 13°F, additional
thermal mass should be added
to the building or direct gain
glazing should be reduced.
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Worksheet IV: Summer Cooling Performance Level
A. Opaque Surfaces

. Radiant Barrier Absorp- Heat Gain
Heat Loss Factor tance Factor
Description [Worksheet I] [Table J] [Table K] [Table L] Load
Ceilings/roofs 30 X 1.00 X 047 X 47.0 = 663
17 X 1.00 X 047 X 47.0 = 376
X X X =
Walls 40 X na 070 X 263 = 736
X na X =
Doors 35 X na 0.30 X 26.3 = 28
1803  kBtuir
. Total
B. Non-solar Glazing
Rough Frame Net Area Shads Factor Heat Gain
Description Area Factor [Table M] Factor [Table L] . Load
North Glass 40 X 0.80 X 0.67 X 37.0 = 995
X 0.80 X X =
East Glass 6 X 0.80 X 0.80 X 68.9 = 331
X 0.80 X X =
West Glass 6 X 0.80 X 0.80 X 732 = 351
X 0.80 X X =
Skylights X 0.80 X X =
X 0.80 X X =
. 1677  KkBtuiyr
Total
C. Solar Glazing
Solar System Rough Frame Net Area Shade Factor Heat Gain
Description Area Factor [Table M) Factor [Table L] Load
Direct Gain 88 X 0.80 X 0.83 X £5.0 = 3214
X 0.80 X X =
Storage Walls X 0.80 X X =
X 0.80 X X =
Sunspace 208 X 0.80 X 0,83 X 122 = 1685
X 0.80 X X =
4899 kBtu/yr
Total
D. Internal Gain
2250  +( ___940 X 38 ) = __5070 KBtu/yr
Constant Variable Number of
Component Component Bedrooms
) [Table N} [Table N]
E. Cooling Load per Square Foot
1,000 X 13,449 + 1504 = __ 8942  Btulyr-sf
(A+B+C+D) Floor Area
F. Adjustment for Thermal Mass and Ventilation
No night vent with no ceiling fan 736  Btulyr-sf
[Table Q]

G. Cooling Performance Level
8206 Btu/yr-sf

H. Comparison Cooling Performance (From Previous Calculation or from Table P)
9766 Btufyr-sf

Compare Line G to Line H

Anytown, USA
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Worksheet IV:
Summer Cooling
Performance Level
Worksheet IV is used to
calculate the summer cooling
performance level. This is the
heat that would need to be
removed from the building by an
air conditioner in order to
maintain comfort during the
sumnmer. ’

The worksheet accounts for
four sources of cooling load:
opaque surfaces exposed to the
sun, non-solar windows, passive
solar systems, and internal gain.
These loads are then adjusted to
account for ventilation and
thermal mass.

Step A. Opaque Surfaces

Not all opaque surfaces
contribute to the cooling load of
the building; only those surfaces
exposed to sunlight
{ceilings/roofs and walls) are
included in the calculation. For
each ceiling and wall surface
listed on Worksheet I and
exposed to the sun, the heat
loss should be carried over to
this worksheet along with a
consistent description. This
heat loss is then multiplied by a
radiant barrier factor when
appropriate (from Table J), the
absorptance (from Table K) and
a heat gain factor (from Table L).
The end product of this
calculation is an estimate of the
annual cooling load that is
associated with each surface in
thousands of Btu per year
(kBtu/yr).

Anytown, USA

Table J-Radiant Barrier Factors
Radiant Barrier 0

No Radiant Barrier (1o

Table K-Solar Absorptances

Color Absorptance
Gloss White 0
Semi-gloss White
Light Green
Kelly Green ;
Medium Blue 0.51
Medium Yellow 0.57
Medium Orange 0.58
Medium Green 0.59
Iéight guﬂ Brick 0.60
are Concrete 08
Red Brick (6.70
Medium Red 080
Medium Brown 0.84
Dark Blue-Grey 0.88
Dark Brown 0.88

Table L~Heat Gain Factors

Ceiling/roofs
Walls and Doors
North Glass
East Glass
West Glass
Skylights
Direct Gain Glazing
Trombe Walls and 12.2
Water Walls
Sunspaces
SSA1 39.3

SSBt . @

ssct -

SSDf :

SSE 39.3
In the example building, four

. lines of the table are completed,

two for the ceiling/roof types,
one for the exterior walls with
brick veneer and one for the
entrance door. The wall that
separates the house from the
garage and the door in this wall
are not included, since they are
not exposed to sunlight.

~, |Multiply by 0.8 for low-e glass, 0.7 for tinted glass

The heat loss from each of
these elements is carried over

from Worksheet I. Note that the
door heat loss is reduced by half

since one of the two doors does
not receive sunlight. The
proposed building does not have
a radiant barrier in the attic, so
the radiant barrier factor is 1.00.
Absorptances are selected based
on the exterior building colors
and the heat gain factors are
from Table L.

Step B. Non-solar Glazing
Cooling load associated with the
windows that do not face south,
i.e. those that are not part of one
of the solar systems, is
calculated by multiplying the
surface area in each orientation
times the net area factor, a
shade factor (from Table M) and
a heat gain factor {from Table 1).
This calculation gives the
annual cooling load for each
non-solar glazed surface. The
total for the building is the sum
of the cooling load for each
surface.

Table M-Shading Factors

0.80 035 060 08T
100 030 050 054 045
120 024 040 046 038

and 0.6 for low-e tinted glass.

The rough frame area is
generally entered in the table
and adjusted by the net area
factor. If the net glazing area is
entered instead, then the net
area factor is 1.00.

Projection
Factor South  Egst Noth W
0.00 @ %ﬁ) 1.00 ?
0.20 93 £
040 UES 0819 081 .0
060 049 071 0704 0.68

N
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Table M gives the shade
factor for overhangs. The
overhang shade factor depends
on the orientation of the window
and the projection factor. The
projection factor is the overhang
projection divided by the
distance from the bottom of the
window to the bottom of the
overhang, as illustrated below.

Overhang Projection Factor

The projection factor is the overhang
projection divided by the distance between the
bottom of the window and the bottom of the
overhang.

The north windows have a
height of four feet and the
bottom of the overhang is about
six inches above the window
head. The overhang projection
is 1.5 feet. The projection factor
is calculated by dividing the
overhang projection by the
distance from the bottom of the
window to the bottom of the
overhang. This is about 0.33. A
shade factor of 0.84 is used in
the calculations, which is
interpolated between the values
for a projection factor of 0.2 and
0.4

If the example building had
tinted glazing, glazing films or
external shading devices, the
shade factors from Table M
should not be used. Sunscreen
and glass manufacturers
usually rate the shading effect of
their devices by publishing a
shading coefficient. The
shading coefficient is a number
between zero and one that
indicates how much solar heat
makes it through the window
compared to an unshaded 1/8
inch clear pane. This shading
coefficient may be used in the
calculation instead of the value
from Table M.

The overhang on the east
and west is at the eave, well
above the window, and does not
provide any useful shading. For
these windows, the shade factor
is 1.00. .

- Each glazing area is
multiplied by the net area factor
and the appropriate shade
factor. The products are
summed at the bottom of the
table.

Step C. Solar Glazing

The solar systems addressed on
Worksheet II reduce heating
energy, but they also can
increase cooling energy. The
cooling energy impact of the
solar systems is calculated in
this step. Each solar system
listed on Worksheet II should be
carried over to this worksheet.
The cooling energy for each
system is calculated by
multiplying the total surface
area (not the projected area)
times the net area factor, the
appropriate shade factor (as
discussed above) and a heat
gain factor (from Table L). This
calculation gives the annual
cooling load for each passive
solar system.

A shade factor of 0.83 is
used because of south
overhangs. This is based on a
projection factor of about 0.2 as
discussed above,

The annual cooling load
associated with all the passive
solar systems is summed at the
bottom of the table.

Anytown, USA
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Step D. Internal Gains

The last component of cooling
load is from internal gain.
Internal gain is heat given off by
lights, appliances and people.
Some of the cooling load
associated with internal gain is
considered to be constant for all
houses regardless of the number
of bedrooms or size. This is
because all houses have a
refrigerator and at least one
occupant. Another component
of cooling load from internal
gain is considered to be variable
and depends on the number of
bedrooms. These components
are accounted for separately in
the calculation.

Both the constant
component and the variable
component are taken from Table
N. The variable component is
multiplied by the number of
bedrooms in the house and
added to the constant
component to yield the total
cooling load from internal gain.

Table N-Internal Gain Factors
Constant Component kBtulyr
Variable Component 0/ kBtuiyr-BR

Step E. Cooling Load per
Square Foot

This step sums the cooling load
associated with opaque
surfaces, non-solar glazing,
passive solar systems and
internal gain (Steps A, B, C and
D). The sum is then divided by
the floor area of the building
and multiplied by 1,000 to
convert the cooling energy into
terms consistent with the base
case cooling performance.

Anytown, USA

Step F. Adjustment for
Thermal Mass and Ventilation
The total cooling load calculated
in Step E is adjusted in this step
to account for the effects of
thermal mass and ventilation.
The adjustment depends on
the total heat capacity per
square foot calculated on
Worksheet III, Step E, but also
depends on whether or not the
building has night ventilation or
ceiling fans. The adjustment is
entered in the blank in Step F.

Table O-Thermal Mass and Ventilation
Adjustment (Btu/yr-sf)

Total Heat Night  Night NoNight No Night
Capacity Ventw/ Ventw/ No Vent w/ Vent w/ Noj
per SF Ceil. Fan Ceil. Fan Ceil. Fan Ceil. Fan

400 2,320 -1,600

0.0 4,250
10 5550 1480 3620  -520
20 6240 2080 4310 080
30 6510 2420 4680 410
40, 6800 2600 4820, 600
b ) 6910 2700 @p 700
6,960 2,760 Y 760
D 6990 2790 5060 790
80 7010 2810 5080 810
90 7010 2820 5080 820
100 7020 2820 5090 820

Total heat capacity per square foot is calculated on
Worksheet |Il, Step E.

The example building has a
total heat capacity per square

‘foot of 5.6. It has neither night

ventilation nor ceiling fans.
Night ventilation is a
building operation strategy
where windows are opened at
night when the air is cooler.
The cool night air allows heat to
escape from the thermal mass
elements in the building. The
cooler thermal mass elements

~ help keep the building

comfortable the following day
when air temperatures rise.

Step G. Cooling

Performance Level

The suminer cooling
performance level is calculated
by subtracting the adjustment
in Step F from the cooling load
per square foot calculated in
Step E. This is an estimate of
the amount of heat that must be
removed from the building each
year by the air conditioner.

Step H. Comparison Cooling
Performance

The cooling performance level
for the proposed design may be
compared to the base case
cooling performance level for the
area, given in Table P.

Table P-Base Case Cooling

Performance (Btu/sf-yt]
Base Case W B

Alternatively, the cooling

. performance level may be

compared to other building
designs considered by the
builder to be typical of the area.
In this case, the worksheets
would first be completed for the
typical design and the results of
these calculations would be
entered in Step H.

If the cooling performance
level of the proposed building
(Step G) is greater than the base
case or typical-design
conservation performance level,
the designer should consider
measures to reduce the cooling
performance level. Such
measures might include
reducing non-solar glass,
providing additional shading or
increasing thermal mass.

2
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Glossary

Auxiliary Heating System: a term for
the system (gas, electric, oil, etc.) which
provides the non-solar portion of the
house's heating energy needs, referred to

as the "auxilary heat."

British Thermal Unit (Btu): a unit used
to measure heat. One Btu is about equal
to the heat released from burning one
kitchen match.

Conservation: in addition to energy
conservation in the general sense, the
term is used to refer to the non-solar,
energy-saving measures in a house
which are primarily involved with
improving the building envelope to guard
against heat loss -- the insulation, and
air infiltration reduction measures.

Direct Gain: a passive solar energy
systemn in which the sunlight falls
directly into the space where it is stored
and used.

Glazing: often used interchangeably with
window or glass, the term actually refers
to specifically just to the clear material
which admits sunlight, and so can also
be plastic. Double and triple glazing
refer to two or three panes.

Indirect Gain: a passive solar system in
which the sunlight falls onto thermal
mass which is positioned between the
glazing and the space to be heated, i.e. a
Thermal Storage Wall or Trombe Wall.

Low-Emissivity: the term refers to a
surface's ability to absorb and re-radiate
heat. A material with a low emissivity
absorbs and re-radiates relatively small
amounts of heat. Low-emissivity or "low-
e" glass sandwiches a thin layer of
metallic film or coating between two
panes of glass. The low-e glass blocks
radiant heat, so it will tend to keep heat
energy inside the house during the
winter, and keep heat energy outside the
house during the summer.

Passive Solar: a whole building design
and construction techniques which help
a building make use of solar energy by
non-mechanical means, as opposed to
active solar techniques which use
equipment such as roof-top collectors.

Phase-Change Materials: materials such
as salts or waxes which store and release
energy by changing "phase”. Most store
energy when they turn liguid at a certain
temperature and release energy when
they turn solid at a certain temperature:
some remain solid but undergo chemical
changes which store and release energy.
Phase change materials can be used as
thermal mass, but few products are
comurmnercially available at this time..

Purchased Energy: although the terms
are often used interchangably, a house's
"purchased energy” is generally greater
than its "auxilary heat" because heating
systems are seldom 100% efficient, and
more energy is purchased than is
actually delivered to the house.

R-Value: a unit that measures the
resistance to heat flow through a given
material. The higher the R-value, the

better insulating capability the material

has. The R-value is the reciprocal of the
U-factor.

Radiant Barrier: reflective material used
in hot climates to block radiant heat,
particularly in a house's roof.

Shading Coefficient: a measure of how
much solar heat will be transmitted by a
glazing material, as compared to a single
pane of clear uncoated glass, which has
a shading coefficient (SC) of 1. For
example, clear double-pane glass might
have an SC in the range of .88.
Reflective glass might have SC's of .03-
.06. In general. lower shading
coefficients are desirable when heat gain
is a problem.

Sunspace: passive solar energy system
sometimes also referred to as an isolated
gain system, where sunlight is collected
and stored in a space separate from the
living space, and must be transferred
there either by natural convection or by
fans.

Suntempering: an increase of south-
facing glass to about 7 percent of a total
floor area, without additional thermal
mass beyond the "free" mass already in a
typical house -- gypsum wall board,
framing, conventional furnishings and
floor coverings.

Temperature Swing: a measure of the
number of degrees the temperature in a
space will vary during the course of a
sunny winter day without the furnace
operating; an indicator of the amount of
thermal mass in the passive solar
system.

Thermal Mass: material that stores
energy, although mass will also retain
coolness. The thermal storage capacity
of a material is a measure of the
material's ability to absorb and store
heat. Thermal mass in passive solar
buildings is usually dense material such
as brick or concrete masonry, but can
also be tile, water, phase change
materials, etc.

Thermal Storage Wall: a passive solar
energy system also sometimes called
Trombe Wall or indirect gain system; a
south-facing glazed wall, usually made of
masonry but can also be made of
containers of water.

Trombe Wall: a thermal storage wall,
referred to by the name of its inventor,
Dr. Felix Trombe.

U-Factor: 4 unit representing the heat
loss per square foot of surface area per
degree °F of temperature difference (see
R-value above).

Salt Lake City, Utah
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SUMMARY FOR SALT LAKE CITY, UTAH

Examplels\::; I-:’elat Erlletr.gy Savings Examples of Heat Energy Savings
1 500 of Sei Ts;tg '°: Passive Solar-Direct Gain
’ ngle Story House 1,500 sf Single Story House
Base Base
0, 0, 9,
Auvalues Case 20% 40% 60% Case 20% 40% 60%
Cailing/Roof 29 34 43 61 R-values
Walls 17 20 26 39 Ceiling/Roof 29 32 38 47
Walls 17 19 23 29
Basement Wall 5 6 9 17
Glass 18 18 27 a3 Basement Wall 5 6 8 11
: : . Glass 1.8 1.8 1.8 27
Air Changes/Hour 0.50 0.34 0.36 0.34 Air Changes/Hour 0.50 0.49 0.35 0.37
ﬁvl:ssts Area (percent of total go(;; area)2 o 2.0% 2.0% Glass Area (percent of total floor area)
"o “op peo peh West 30% 20% 20% 20%
North 3.0% 4.0% 4.0% 4.0% o, o o, o
East 3.0%  40%  40%  4.0% North 80%  40%  40%  4.0%
South 3.0% 3.0% 3.0% 3.0% East 3.0% 4.0% 4.0% 4.0%
: : : ) South 3.0% 7.4% 9.3% 12.0%
Percent Solar Savings 5ot T 2% T Added Thermal Mass
° ° ° ° Percent of Floor Area 0.0% 2.4% 13.6%  30.0%
Performance (Btu/yr-sf)
Conservation 43615 36685 28510 20,049 Solar System Size (square feet)
o South Glass . 45 111 138 180
Auxiliary Heat 40,259 32,965 24905 16,814
Cooling 11643 6.357 6468 3079 Added Thermal Mass 0 36 204 450
Percent Solar Savings
8% 20% 27% 39%
Performance (Btu/yr-sf)
Conservation 43,615 41,174 34395 27,558
. Auxiliary Heat 40,259 32,942 24857 16,744
Examples of Heat Energy Savings Cooling 11643 7,811 8600 6283
Suntempered:
1,500 sf Single Story House Summary: Insulation and tightness have been increased. South-
facing glazing has been substantially increased. For these
Base examples, added mass area is assumed to be six times the added
Case  20%  40%  60% south glass area.
R-Values
Ceiling/Roof 29 32 42 53
Walls 17 19 26 33
Basement Wall 5 6 10 13
Glass 1.8 1.8 1.8 27
Air Changes/Hour 0.50 0.46 0.37 0.35
Glass Area (percent of total floor area)
West 3.0% 2.0% 2.0% 2.0%
North 3.0% 4.0% 4.0% 4.0%
East 3.0% 4.0% 4.0% 4.0%
South 3.0% 6.7% 6.7% 6.7%
Solar System Size (square feet)
South Glass 45 100 100 100
Percent Solar Savings
8% 18% 22% 28%
Performance (Btu/yr-sf)
Conservation 43615 40,465 32,121 23,436
Auxiliary Heat 40,259 32,945 24878 16,790
Cooling 11,643 7,533 7,495 4,136
Summary: Insulation values and tightness of the house (as
measured in ACH) have been increased. The window area has been
slightly decreased on the west, increased slightly on the east and
north, and increased significantly on the south.

Salt Lake City, Utah
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Examples of Heat Energy Savings
Passive Solar-Sunspace
1,500 sf Single Story House

Base

Case 20% 40% 60%
R-Values
Ceiling/Roof 29 28 33 39
Walls 17 16 20 23
Basement Wall 5 4 6 7
Glass 1.8 1.8 1.8 2.7
Air Changes/Hour 0.50 0.45 0.39 0.35
Glass Area (percsnt of total floor area)
West 3.0% 2.0% 2.0% 2.0%
North 3.0% 4.0% 4.0% 4.0%
East 3.0% 4.0% 4.0% 4.0%
South (windows) 3.0% 3.0% 3.0% 3.0%
Sunspace 0.0% 5.4% 8.5% 13.0%
Solar System Size (square feet)
South Glass 45 45 45 45
Sunspace Glass 0 81 126 195
Sunspace Thermal Mass 0 244 380 586
Percent Solar Savings

8% 26% 35% 48%
Performance (Btu/yr-sf)
Conservation 43,615 44668 38696 32,172
Auxiliary Heat 40,259 32,897 24792 16,656
Cooling 11,643 8,452 9,336 7,377

Summary: Insulation (for the 40 and 60% savings) and tightness
have been increased. North and east-facing glazing have been
increased slightly. The sunspace assumed here is semi-enclosed
(surrounded on three sides by conditioned rooms of the house, as in
Figure SSC1 of the worksheets), with vertical south glazing. The
common wall is a thermal mass wall made of masonry. Sunspace
glazing is assumed to be double.

Examples of Heat Energy Savings
Passive Solar-Thermal Storage Wall
1,500 sf Single Story House

Base

Case 20% 40% 60%
R-Values : ]
Ceiling/Roof 29 28 33 38
Walls 17 16 19 23
Basement Wall 5 4 6 8
Glass 1.8 1.8 1.8 1.8
Air Changes/Hour 0.50 0.45 0.43 0.34
Glass Area (percent of total floor area)
Waest 3.0% 2.0% 2.0% 2.0%
North 3.0% 4.0% 4.0% 4.0%
East 3.0% 4.0% 4.0% 4.0%
South 3.0% 3.0% 3.0% 3.0%
Thermal Storage Wall 0.0% 6.9% 11.1% 17.0%
Solar System Size (square feet)
South Glass 45 45 45 a5
Thermal Storage Wall 0 103 166 255
Percent Solar Savings

8% - 26% 38% 52%
Performance (Btu/yr-sf)
Conservation 43,615 44,777 40,112 35,002
Auxiliary Heat 40,259 32,925 24,816 16,669
Cooling 11,643 7,256 - 7,507 4,680

Summary: In the case of a Thermal Storage Wall, south-facing
glazing and thermal mass are incorporated together. The estimates
here assume a 12-inch thick concrete Thermal Storage Wall with a
selective surface and single glazing.

Cooling Potential

Basecase 11,643 Btu/yr-sf

Energy
Savings Percent

Strategy (Btu/yr-sf) Savings
No Night Ventilation!

without ceiling fans 0 0%

with ceiling fans 2,410 21
Night Ventilation !

without ceiling fans 2,760 24

with ceiling fans 5,460 47
High Mass2

without ceiling fans 790 7

with ceiling fans 450 4

1 With night ventilation, the house is ventilated at night when
temperature and humidity conditions are favorable.

2A "high mass" building is one with a thermal mass area at least
equal to the house floor area.
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TECHNICAL BASIS

Technical Basis for
the Builder
Guidelines

How the Builder
Guidelines Were
Produced

The text of the Builder Guidelines book is
generated by merging two computer files.
The first is a word-processor file
containing the text; it does not change
from location to location. The second
contains numbers and text and is
location dependent. This second file is
produced by running a computer
program that calculates performance
numbers based on long-termn monthly
weather and solar data compiled by the
National Oceanic and Atmospheric
Administration for a particular location.
The merge operation slots the numbers
and text in the second file into their
correct locations in the first file. This is
then laser printed to produce the
camera-ready manuscript.

More than a Decade of
Experience

The concentrated effort of research,
design, construction, monitoring, and
evaluation of actual buildings that
started at the First Passive Solar
Conference in Albuquerque in 1976 has
continued up to the present. It is
estimated that more than 200,000
passive solar homes have been built in
the United States during this time. This
wealth of experience has been reviewed
by NREL, the Technical Committee of
PSIC, and by the Standing Committee on
Energy of the National Association of
Home Builders and is distilled into these
Guidelines.

Analysis Procedures

The analysis procedures used throughout
the Guidelines were developed using
simple, well-established methods for
estimating the performance of passive
solar heating and natural cooling
strategies. These procedures (described
below) were developed at the Los Alamos
National Laboratory with funding from
the U.S. Department of Energy Solar
Buildings Program. See the references for
more information.

Salt Lake City, Utah

Annual Heat Loss
(Worksheet I)

The heat-loss calculation is based on a
straightforward summation of the
traditional elements that make up the
building heat-loss coefficient (excluding
the solar components). The worksheet
procedure estimates the annual heat loss
by multiplying the heat-loss coefficient
by annual degree days (times 24 to
convert from days to hours). Degree days
for each month were determined using
an appropriate base temperature that
accounts for an assumed thermostat
setting of 70 degrees, an assumed
internal heat generation of 36 Btu/day
per sq ft of floor area, and the total
building loss coefficient. This forms the
basis of the table of heating degree day
multipliers. The result of the worksheet
is an estimate of the annual heat
required to maintain comfort, excluding
both positive and negative effects
resulting from the solar components. In
this estimate, no solar heating credit is
given to east, west, and north windows,
because it is assumed that these will be
protected by vegetation or other shading
in accordance with the Builder Guideline
recommendations. This is a conservative
assumption because there will always be
sorme solar gain through these windows.

Annual Auxiliary Heat
(Worksheet II)

The tables of passive solar savings
fractions are calculated using the solar
load ratio (SLR) method (references 1 and
2). Monthly solar savings fraction (SSF)
values are determined using correlation
fits to the results of hourly computer
simulation calculations for a variety of
climates. These 12 values are converted
into an annual value and entered into
worksheet Tables F1-F4. The SLR method
gives answers that agree within about
5% of the hourly computer simulations
and within 11% of the measured passive
solar performance of 55 buildings
monitored under the Solar Buildings
Program. The SSF estimates account
properly for both solar gains and heat
losses through the solar aperture and.
thus, correct for omitting the solar
components from the calculation of
annual heat loss.

1. J. Douglas Balcomb, Robert W. Jones,
Robert D. McFarland, and William O.
Wray, "Expanding the SLR Method",
Passive Solar Journal, Vol. 1, No. 2,
1982, pp. 67-90. Available from the
American Solar Energy Society, 2400

Central Ave. Unit B-1, Boulder, CO
80301.

2. J. Douglas Balcomb, Robert W. Jones,
Robert D. McFarland, and William O.
Wray, Passive Solar Heating Analysis,
American Society of Heating,
Refrigerating, and Air-Conditioning
Engineers, 1984. Available from
ASHRAE, 1719 Tullie Circle, NE, Atlanta,

- GA 30329.

3. J. Douglas Balcomb and William O.
Wray, Passive Solar Heating Analysis,
Supplement One, Thermal Mass Effects
and Additional SLR Correlations,
American Society of Heating,
Refrigerating, and Air-Conditioning
Engineers, 1987. See ASHRAE address
above.

Temperature Swing
(Worksheet III)

The temperature swing estimate on
worksheet III is based on the diurnal
heat capacity (dhc) method (reference 3).
The method is an analytic procedure in
which the total heat stored in the
building during one day is estimated by
summing the effective heat storage
potential of the all the various materials
in the building for a 24-hour periodic
cycle of solar input. Rooms with direct
gain are assumed to have radiative
coupling of the solar heat to the mass.
Rooms connected to rooms with direct
gain are assumed to have convective
coupling, which is rather less effective,
especially for massive elements. The dhe
of the sheetrock, framing, and furniture
is approximated as 4.5 or 4.7 Btu/°F per
sq ft of floor area. Worksheet Tables H1
and H2 list the increased value of diurnal
heat capacity for various conventional
materijals that are often used to provide
extra heat storage, assuming these
materials replace sheetrock.
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The only numbers in worksheet IIT
that are location dependent are the
comfort factors, taken from Table I. The
direct-gain comfort factor is 61% of the
solar gain transmitted through vertical,
south-facing double glazing on a clear
January day. The driving effect of
sunspaces and vented Trombe walls is
assumed to result in one-third this value,
based on data from monitored buildings.
The origin of the 61% factor is described

in the references.

Annual Auxiliary Cooling
(Worksheet IV)

The purpose of including the summer
cooling estimates in the Builder
Guidelines is to (1) determine if design
elements added to promote passive solar
heating will cause excessive summer
cooling loads and (2) provide a rough
estimate of the effectiveness of solar
shading and natural cooling strategies.
The analysis method is based on a
modified monthly degree-day procedure
in which the day is divided into day and
night periods (reference 4}. All estimates
are derived from correlations based on
hourly computer simulations. Solar,
conduction, and internal gains are
estimated for each half-day period in
each month. Delay factors are used to
account for heat carryover from day to
night and night to day. The results are
estimates of annual sensible cooling
delivered by the air conditioner and do
not include latent loads.

Because the the original Los Alamos
monthly procedure is too complex to be
implemented in a worksheet, a simplified
procedure is adopted on worksheet IV.
Heat Gain Factors and Internal Gain
Factors in Tables L and N are the
calculated annual incremental cooling
loads resulting from a one-unit
incremental change in the respective
heat input parameter (that is, a one-unit
change in UA, glazing area, or number of
bedrooms). The combined heat load
resulting from all inputs is summed and
then adjusted for thermal mass and
ventilation. This correction includes a
constant required to match the
calculated cooling load of the base-case
building. This linearized procedure gives
accurate estimates for cooling loads that
are less than about 150% of the base-
case building; however, it underestimates
very large cooling loads in poorly
designed buildings.

The adjustment factors for
ventilation properly account for
maintaining comfort in hot and humid
climates. Ventilation is restricted to
times when the outside dew-point

temperature is less than 62 °F. This
restriction avoids ventilation when high
humidity might cause discomfort

4. Robert D. McFarland and Gloria
Lazarus, Monthly Auxiliary Cooling
Estimation for Residential Buildings,
1A-11394-MS, Los Alamos National
Laboratory, NM 87545, 1989.

Not for Sizing Equipment

All heating and cooling values given in
the Builder Guidelines Tables and
numbers calculated using the worksheets
are for annual heat delivered or removed
by the mechanical heating or cooling
system. You cannot directly use these
nurmbers for sizing the capacity of this
equipment. The methods developed by
the American Society of Heating,
Refrigerating, and Air Conditioning
Engineers for sizing equipment are well-
established and are recommended. The
purpose of the guidance provided in
these booklets is to minimize the
operating time and resources consumed
by this equipment.

Using the Worksheets in
Nearby Locations

The applicability of worksheets [ and II
can be extended somewhat by using the
base-65 °F degree-day value for a site
which is close to the location for which
the worksheet tables were generated. We
recommend limiting such applications to
sites where the annual heating degree-
days are within plus or minus 10% of the
parent location and where it is
reasonable to assume that the solar
radiation is about the same as in the
parent location. The procedure is simple:
Use the measured base-65 °F degree-day
value in worksheet I, line F, instead of
the degree-day value for the parent
location.

Worksheet Il depends only slightly
on location. The only variables are the
Comfort Factors in Table I, which only
change with latitude. Thus, this
worksheet can be used anywhere within
4 degrees of latitude of the parent
location.

The cooling estimate obtained from
worksheet IV is specific to the location.
Within the same vicinity and within plus
or minus 20%, the result could be
adjusted, based on a ratio of cooling
degree days. However, this adjustment is
not done automatically within the
worksheet.

Getting Data

Heating and cooling degree-day data can
be obtained from the National Climatic
Center, Asheville, NC. Refer to
Climatography of the United States No.
81 which lists monthly normals for the
period 1951-1980 on a state-by-state
basis. More than 2400 locations are
listed in this data base.
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