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Applicability of the Las Cruces Guidelines

Las Cruces has a very sunny climate with
a significant need for both winter heat
and summer cooling. It is a very favorable
location for passive solar heating. The
amount of time that summer cooling is
needed can be reduced significantly
through the use of shading and natural
cooling strategies. Evaporative cooling is
a very suitable and economical method
for providing the remaining cooling load.

Most of the general guidelines are
applicable throughout the south-central
New Mexico region. However, numbers
which appear throughout the Guidelines
were calculated using weather and solar
data taken from the El Paso SOLMET
data set. The heating numbers were
corrected to account for the somewhat
greater heating degree days in Las
Cruces (3118 HDD) compared to El Paso
(2664 HDD). Thus most numerical values
throughout the Guidelines apply only to
Las Cruces although the cooling values
are actually applicable to El Paso.

The complex topography of New Mexico
leads to an equally complex variation in
long-term weather. Solar radiation is
generally quite high and varies only
slightly throughout the south-central
region; however, temperatures are
somewhat more variable, depending
primarily on elevation.

The annual heating calculations of
Worksheets I and II can be extended to
the area around Las Cruces by using the
base-65 F heating degree day value for
the actual location on line E of Worksheet
I. The approximate zone of applicability is
within the zone outlined on the map
below. Heating degree days for a few
weather-station locations within this
zone are given.

Worksheet III is generally applicable
thoughout New Mexico. The calculations
on Worksheet IV are quite sensitive to
the local climate and are technically
applicable only within the immediate
vicinity of El Paso.

N
i 180La
o et NATL
wora amn ’ FOR.
20m M

) ]
e Soww &
5) Sa e w
) 58 5
ag N %
. 3 & i Apacne
s Jy p— -§ sems - A" Oscurd 3¢
0 WHITE SANDS MISSILE RANGE  Reson ¥

o s MonniCeKo INOT OPEN 10 PUBLIC) . 4

- Winstony,, -

. e
O Px

. Sasg
- -

S '

= 4 s eonant urta ,,,,,..T"lamsa
23 s Patomas 38" - Truth or Consequences :

snngs
sdanodes. gz 3 a A
s Siga=r

‘SIW SIuanY

e -xa
SAN ANDREAS
32 - WA

i )
\ -\ . . g
a\se uecero
W jasa"\sv JGNA ANA 53
. Leasowg O AN, Sicen )
3P s:c3 Man San sugustin /65
T
3 Organg~=
o

fay S5
) Regm Sors. N\ 2%
D L
Jona Al . 7.

_____

= -2

Las L 3 L3 1) 4,
- La Mesa N

1550

Chlmnlrnnﬁ R

Anthony

- Giey wumany Y4
assn 5

jard «Sheman
w .’:v;l"utu

£1 Paso
iAot .

POTRILLO M1 s

PIncaa Viiiy
cna Vel Al C..‘:lumuux

(e

Suniand Park:

G T ..’-3.—.&_:;'?'4-:‘:.._'0!_3" 3

Location Heating
Degree-days
Las Cruces (NMSU) 3118
Hatch 3356
Caballo Dam 3283
Elephant Butte 3133
TorC 3404
White Sands 3539
Columbus 2949
El Paso, TX 2664
La Tuna, TX 2755
Ysleta, TX 2802




PASSIVE SOLAR DESIGN STRATEGIES CONTENTS

Guidelines

Part One. Introduction. . . ... ....... .. ... ...t 1
1. Introduction to the Passive Solar Design StrategiesPackage . . . ... .......... 2
2. PassiveSolarRemodeling . . ... ... ... . ... i e 2
3. Passive Solar Performance Potential . . . ... ... ... ... ... ... ... ... 6
4. Establishing the Energy Performance of the Existing Structure. . . . ... ....... 7

Part Two. Basics of Passive Solar. . . . .. .............. ... ......... 9
1. Why Passive Solar? More than a Questionof Energy . . . .. .............. 10
2. Key Concepts: Energy Conservation, Suntempering, Passive Solar. . . . ... .. .. 11
3. Improving Conservation Performance . . . . ... ... ... ... ... ..., 12
4, Mechanical Systems . . . . . . . . . . i e e e e e e e e e e e 15
5. South-Facing Glass . . . . . . . .. . . i i et it et e et i s e 16
6. Thermal Mass . . . . . . . . . .. i it ittt e et e ettt e e e e 17
7. Omentation . . . . . . . . i e e e e e e e e 18
8. SitePlanning for Solar Access . . . . . . . .. ... .. L e e 18
9. ImterforSpacePlanning. .. ... ... ... .. ... . ... ..., 19
10. Putting it Together: The HouseasaSystem . . . .. ... ... ... v ... 20

Part Three. Strategies for Improving Energy Performance

in Las Cruces, New Mexico. . . ... ... .. ... ... ... . ... 23
1. TheExampleTables. . . . . ... .. . .. it ittt et et 24
2. Suntempering . . . . . . . ... e e e e e e e e 25
3. DirectGain . . . . .. .. . .. e e e e e e e e e e 26
4, SUNSPACES . . . & v vt e e e e e e e e e e e e e e e e e e e 29
5. Thermal Storage Wall . . . . . . . .. ... ... . ... i e 32
6. Combined Systems . . . . . . . . . . . i e e e e e 34
7. Natural Cooling Guidelines . . . . . . . . .. . . ... .. ... 34

Worksheets
Blank Worksheets, Data Tables, and Worksheet Instructions

Worked Example
Description of the Example Bullding . . . . .. ... .. . . ... . ... 41
Filled in Worksheets ., . ... ... ... e 45
Annotated Worksheet Tables . . . . . . . . . .. . . .. ittt 50

Appendix
Glossary of TEeINS . . . . . . i it e e e e e e e e e e e e e e 53
References . . . . . . . .. . e e e e e e e e e e e 54
Summary Tables. . . . . . . .. ... e 56
Technical Basis for the Builder Guidelines . . . . . .. ... ... ... ............. 58

Las Cruces, New Mexico




PASSIVE SOLAR DESIGN STRATEGIES

Acknowledgements

Passive Solar Design
Strategies: Remodeling
Guidelines for Conserving
Energy at Home is an effort by
a unique group of organizations
and individuals. The challange
of creating an effective design
tool that could be customized for
the specific needs of remodelers
in cities and towns all over the
U.S. called for talents and
experience of specialists in many
different areas of expertise.

Passive Solar Design
Strategles is based on research
sponsored by the United States
Department of Energy (DOE)
Solar Buildings Program, and
carried out primarily by the Los
Alamos National Laboratory
(LANL), the National Renewable
Energy Laboratory (NREL) and
the Florida Solar Energy Center
(FSEC).

The National Association of
Home Builders (NAHB)
Remodeler’s Council have
provided invaluable advice and
assistance during the
development of the Guidelines.

This information is based on
Passive Solar Design
Strategies: Guidelines for
Home Builders. PSIC expresses
particular gratitude to the
following individuals: J.
Douglas Balcomb, NREL and
LANL, whose work is the basis of
the Guidelines; Norm Weaver,
Environmental Research Groups
Intermmational, Inc., members of

the NAHB Remodeler’s Council,
especially Bryan Patchan and
Dickson Clements, for the
benefits of their long-term
experience in building energy
efficient retrofits: at US DOE,
John Milihone, Deputy
Assistant Secretary fcr Building
Technologies, Mary-Margaret
Jenior, Program Manager of the
Office of Solar Heat
Technologies, Nancy Carlisle at
NREL. Helen English,
Executive Director of PSIC and
Shari Kaminsky, Project
Manager of the Remodeling
Guidelines. David Johnston,
Lightworks Construction, Inc.
and the National Association of
the Remodeling Industry, who
worked on the Guidelines from
its early stages and was
instrumental in the success of
the first pilot workshop in
Washington, D.C.

Although all the members of
PSIC, especially the Remodelers
Task Group, contributed the
financial and technical support
of the Guidelines, several
contributed way beyond the call
of duty. Stephen Szoke,
National Concrete Masonry
Assocliation, Chairman cof PSIC's
Board of Directors; Bion
Howard, The Alliance to Save
Energy, and Mark Kelley,
Bulilding Science Engineering all
gave unstintingly of their time,
their expertise, and their
enthusiasm.

Las Cruces, New Mexico




Passive Solar
Design Strategies

GUIDELINES

Passive Solar Industries Council
National Renewable Energy Laboratory
Charles Eley Associates

With Support From:

U.S. Department of Energy



PASSIVE SOLAR DESIGN STRATEGIES : 1

Part One: Introduction

1. Introduction to the Passive Solar Design
Strategies Package

2. Passive Solar Remodeling
3. Passive Solar Performance Potential

4, Establishing the Energy Performance of the
Existing Structure
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1. Introduction to the
Passive Solar Design
Strategies Package

The idea of passive solar is
simple, but applying it effectively
does require 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 remodeler’s typical
practice. At the other end of the
spectrum, some passive solar
systems can almost eliminate a
house’s need for purchased
heating (and in some cases,
cooling) 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 remodeler
depends on very specific factors
such as local costs, climate, and
market characteristics.

Passive Solar Design
Strategies: Remodeling
Guidelines for Conserving
Energy at Home is written to
help give remodelers the
information they need to make
these decisions.

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

B The Guidelines contain
information about passive solar
techniques and how they work,
and provides specific examples
of systems which will save
various percentages of energy;
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® The Worksheets offer a
simple, fill-in-the-blank method
to pre-evaluate the performance
of a specific design.

® The Worked Example
demonstrates how to complete
the worksheets for a typical
residence.

2. Passive Solar
Remodeling -- the
connection to the
remodeling market

A passive solar remodel implies
that the proposed remodeling
project incorporates elements
which collect, store, and
distribute solar energy by
natural means related to home
heating and cooling. The
collected solar energy reduces
the use of the conventional fuels
such as gas, oil, and electricity.

The decision to remodel a
house is usually made because
the options of buying a new
house or a different house are
not desirable. Remodeling a
home becomes the perfect
solution to accommodate new
living patterns or larger family
size without leaving your
neighborhood.

There are several reasons to
remodel a home using passive
solar features. The most
common are: to save money, to
save energy, and for a more
comfortable lifestyle.

Environmental Trends
Passive solar techniques
have been available for 10 years,
but there has been limited ’

activity in the marketplace
because design tools have not
been easy to use. In recent
years, the public has become
increasingly aware of
environmental issues such as
acid rain, ozone depletion, and
global warming. This has
created a new market demand
for energy efficient,
environmentally sensitive
housing.

The evidence of the trend has
been appearing in many
disparate places. "Green
Advertising," companies
promoting their products with
enviromental messages, is now
seen on prime time TV.
Recycling is becoming mandated
by munipalities all over the
coutry. Natural foods are
available and highlighted in
chain food stores. Magazines
are devoting special issues to
enviromental topics. Mitchell
Rouda wrote, "The Green
Movement is not a fad but a sea-
change."

The rapid change in
consumer behavior is compelling
for remodelers who are on the
cutting edge of the industry. A
variety of market research
studies have shown similar
finding: 79% of Americans
consider themselves
environmentalists; 76% want
business to do more to protect
the environment, and research
shows that consumers are
willing to pay up to 20% more
for environmentally safe
products. A recent study found
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over 85% of home buyers would
pay up to $1,800 for energy
features if they provided good
econornics.

"American Demographics”
reported on a study conducted
by the Roper Organization. The
study breaks the public into five
environmental types. Of the five
groups, the two that are most
environmentally aware are
dominated by the market sector
most likely to remodel their
house: affluent, college
educated, and female. This 22%
of the population tends to be
professionals and executives,
live in urban areas, already
recycle, read product labels, and
contribute to environmental
organizations. They are always
on the lookout for ways to
individually contribute to
helping clean up the
environment. But they are not
willing to sacrifice comfort and
convenience,

A third group representing
26% of the adult population
polled are also educated and
tend to hold professional jobs.
They are the group most likely to
take action on their own rather
than expecting government to
pass regulations and laws.

Forty percent believe that
individuals can successfully
clean up the environment.

The other two categories
tend to be from the more socially
and economically disadvantaged
segment of the population.
Sixty-nine percent have a high
school education or less, and are
blue collar workers.

In conclusion, energy
efficient, passive solar design is
a perfect "product” to respond to

the emerging market demand for
environmentally safe products.
Well designed and built
additions and remodeling
projects can provide win-win
business opportunities for
astute companies. The "first
win" is the client can save
money on energy bills. The
"second win" is the planet is
protected from pollution, acid
rain, and depletion of the ozone.
In addition, it creates a great
new marketing opportunity for
those companies that seize the
moment and ride the wave of the
"Greening of America."

How does passive solar
design fit into all of this?
Passive solar uniquely blends
amenity value with energy
conservation. It provides
beautiful sunlit spaces while
creating increased comfort.
Trends in home design include
increased glazing and when
installed properly, can reduce
energy use which minimizes the
impact on the environment.
Passive solar is the natural
solution to home heating and
cooling and appeals to the
segment of the public that is
demanding more natural foods,
products and furnishings. The
biggest advantage is that the
investment in good passive solar
design keeps on paying off as
long as the individual owns the
house. Year after year the home
owner reaps tax-free cash flow
from the energy savings and the
aesthetic spaces increase the
resale value of the home. Why
passive solar? It's the smart
market of the 90’s for
remodelers.

According to NAHB's
Remodeler’s Council, residential
remodeling generally has kept
pace with new residential
construction since 1984,
However, during the downturns
in the housing market,
remodeling activity remains
steady or declines less.

Consumer Trends

According to the NAHB, the
most sought features in a house
are 21/2 baths or more, a two-
or three-car garage, masonry
siding, a security system, at
least one fireplace, bay windows,
French doors, built-in shelves,
hardwood floors, high grade
carpeting, an eat-in kitchen, a
dishwasher, a double sink, wood
finished cabinets, a built-in
microwave oven, a walk-in
pantry, and a garbage disposal -
- all of which are easily added to
a home once it is already built.

Many home owners are
concerned that adding a passive
solar feature to their house is
difficult or not within their price
range. On the contrary,
remodeling a home with passive
solar features can be done
quickly and inexpensively. In
some cases, passive solar
remodeling requires some
physical modification of the
home. Although costs can vary
significantly, the homeowner
should expect to invest between
a few hundred and a few
thousand dollars. In a well
designed passive remodel this
initial cost can be offset in a
short period of time by savings
in fuel costs,

Las Cruces, New Mexico .
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Passive solar has become a
win-win solution for the
remodeler and home owner.
Passive solar addresses the
concerns about preserving the
environment, creates a new
marketing opportunity, and has
a very positive impact on the
planet. Many of the early
passive solar houses, built in the
1970's were custom designed for
people who were sensitive to
energy and environmental
concerns. In many cases, the
owner, designer, and builder
were all the same person.
Therefore, the designer-occupant
paid careful attention to the
energy features in their home
throughout the years. These
guidelines provide information
about increasing the energy
efficiency of homes and applying
refinements of that knowledge.

The Guidelines

Some principles of passive solar
design remain the same in every
climate. But the important
thing about passive solar is it
makes better use of the
opportunities in a house’s
surroundings. So, many
fundamental aspects of the
passive solar house’s design will
depend on the conditions in a
small local area, and even on the
features of the site itself. Many
of the suggestions in this section
apply specifically to Las Cruces,
New Mexico, but there is also
information in each section of
the booklet which will be useful
in any climate.

# Part One introduces Passive
Solar Design Strategies, and
presents the performance
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potential of several different
passive solar systems in the Las
Cruces climate. Although in
practice many factors will affect
actual energy performance, this
information will give you a
general idea of how various
systems will perform in your
area.
m Part Two discusses the basic
concepts of passive solar design
and remodel: 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 remodeler’s
most important considerations
should be when evaluating and
using different passive solar
strategies.
s 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 developed based on
the calculations which appear
on the four guideline
Worksheets. On these
worksheets, there are several
summary energy performance
indicators. The example tables
present these summary
indicators for several typical
passive solar strategies. The
three primary performance
indicators are:
m Conservation Performance
Level
® Auxiliary Heat Performance
Level

8  Summer Cooling
Performance Level

Each of these indicators will
be discussed in the next section
which introduces the guideline
worksheets.

All of the examples in part
three are based on adding an
800 sf addition to an existing
1500 sf home. Insulation levels
typical of existing homes in Las
Cruces are assumed. The
remodel adds space on the south
and east of the home. The
addition of attic insulation and
general air tightening (caulking,
weatherstripping, etc.) is
included in the remodel. In these
examples, the energy savings are
achieved by combining the above
energy conservation strategies
with specific passive solar
features and through the use of
a ceiling fan to cut some of the
air conditioning load.

The general target for the
remodel is to bring the existing
structure up to the standard of a
reasonably energy-efficient
house based on a 1987 National
Association of Home Builders
study of housing characteristics,
divided into seven different
regions. The existing structure
used for Las Cruces, New Mexico
is from the 2,500-3,500 heating
degree-days region. The floor
construction is assumed to be
slab-on-grade, because this is
typical in New Mexico.

The examples show how to
achieve energy-use reductions
using two basic strategies:

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

m Passive Solar: using three
different design approaches:
Direct Gain, Sunspace, and
Thermal Storage Wall, and
increased levels of insulation.

For all strategies, the energy .

savings indicated are based on
the assumption that the energy-
efficient design and construction
guidelines have been followed.

The Guidelines section has
been kept as brief and
straightforward as possible, but
more detailed information is
available if needed. Additional
information sources are
identified in the References.
Also included at the end of this
book are a brief Glossary, a
summary of the Example Tables
for Las Cruces, New Mexico, and
two pages explaining some of the
background and assumptions
behind the Guidelines and
Worksheets called Technical
Basis for the Remodeling
Guidelines.

The Worksheets
The Worksheets are specifically
tailored for Las Cruces, New
Mexico, and are a very important
part of this package because
they allow you to compare on
paper dilferent passive solar
strategies or combinations of
strategies, and the effect that
changes will have on the overall
performance 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 performance of
the basic house you remodel,
then fill out Worksheets for that
house plus added insulation
plus a sunspace, and then for a
third possibility such as an
addition with a Thermal Storage
Wall.

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 house’s
annual cooling load (need for air
conditioning) will be.

The Worksheets are
supported by "look-up” tables
containing pre-calculated factors
and numbers for the local area.
Some of the blanks in the
Worksheets call for information
about the house — for example,
floor area, projected area of
passive solar glazing, and so
forth. 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 in the
winter. 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.

® 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 better.

8 Worksheet OI: 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.

2 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

Las Cruces, New Mexico
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Btu/yr-sf — smaller than in a
"conventional" house.

So, the Worksheets provide
you with 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, constructed
of materials and design elements
typical of the area, is a one
story, single-family 1,116 sf
home to which a 696 sf passive
solar remodel is to be added.
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,
are included for additional
support information.

3. Passive Solar
Performance
Potential

The energy performance of
passive solar strategies varies

Las Cruces, New Mexico

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 your 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 house’s need for
purchased energy. For example,
the Percent Solar Savings for the
Existing Structure is 9.8%,
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
single-story house with a slab
floor. The Existing Structure
has 45 sf of south-facing glazing.
For the purposes of this
example, the Suntempered
house has 105 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.

In these performance
examples, the estimated total
annual heating use for the base
case house is 51.0 Million Btu.
Just to pick from one of the
alternatives, the energy
conscious sunspace remodel has
an estimated total annual
heating use of 41.5 Million Btu.
With the combined performance
of conservation and passive
solar features, the remodeled
home uses less energy (even
including the additional square
footage) than the original
existing home.

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.
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Performance Potential of Passive Solar Strategies for Remodeling
in Las Cruces, New Mexico
1,500 sf Single Story House with 800 sf Addition
Yield
Percent Btu Saved per
Solar Square Foot of
Case Savings South Glass
House with Addition 6.3 not applicable
(45 sf of south-facing double glass)
Suntempered 20.6 104,559
(105 sf of south-facing double glass) :
Direct Gain (145 sf of south glass)
Double Giass 27.0 99,058
Sunspace
(145 sf of south glass) 27.3 100,633
Thermal Storage Wall — Masonry/Concrete
(145 sf of south glass) 315 124,858
In these performance comparisons, the 800 sf remodel includes upgrading
the attic insulation throughout the home, air tightening to 0.5 air changes
per hour, upgraded insulation in ali newly constructed walls and the stated
passive solar features.

4. Establishing the
Energy Performance
of the Existing
Structure

In order to estimate the potential
to save energy in a remodeling
project using passive solar
design techniques, it is
important to first make some
assessment of the existing
residence. An initial audit of the
house will alert you to specific
opportunities such as glazing
replacement combined with a
space addition which could
satisfy the home owner’s
remodeling desires and enhance
the energy efficiency of the whole
structure. Many home owners
will appreciate receiving an
"energy scorecard” on the
current state of their residence
as part of your discussion of
remodeling opportunities.
Finally, to take best advantage of
these Remodeler Guidelines,
certain basic information is
needed on the existing house in
order to fill out the worksheet
contained in this package.

There are many sources of
information available to you on
carrying out a residential energy
audit. Under some
circumstances you may want to
refer to your state energy office
to learn about local agencies and
utilities providing this service at
a low cost directly to the home
owner. You may want to learn
more about such diagnostic
techniques as the use of a
blower door and thermography
to rapidly locate air leaks and
other general sources of heat
loss in a structure.

Las Cruces, New Mexico
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If you carry out the survey
yourself, you may use the
Guideline worksheets
(particularly Worksheet I) to
determine what information is
required. In general, you will
attemnpt to determine rough
areas of windows, walls, and
other elements of the envelop of
the house. In addition, you will
make rough estimations of
existing insulation levels and air
tightness in the house.

A common approach in
conducting an audit is to quickly
sketch each facade of the house
and then note on these sketches
the rough dimensions of wall,
windows, etc. as you make
measurements. You also can
note construction details (face
brick vs wood siding, for
example) and landscaping
features which might have
impact on possible solar
additions. Hidden features such
as insulation levels may be
determined by a quick look in
the attic, or crawlspace.
Occasionally you may be able to
determine wall insulation
thickness. This may be done by
pulling off switch plates and
looking into the wall cavity or
cutting into the wall cavity in an
inconspicuous place such as a
closet.

Lacking more specific
information, you may guess
insulation levels based on the
year of construction. Ceilings
typically have R11 insulation if
built before 1970. You may
assume the following wall
insulation levels based on the
year of construction:

a) before 1960, RO - R7;
b) 1962-73, R7;
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c) 1973-80, R11;

d) after 1980, R13-R16.
Table A accompanying the
Remodeler Guidelines
Worksheets may be used for
estimating the effective R-value
of various type of windows,
doors, and wall sections.

Alr infiltration is an
important component of heat
loss in most existing structures.
For estimation purposes, a
moderately tight existing house
will have an air change rate of
approximately one change per
hour. A moderate to leaky
house (with loose windows, little
or no weatherstripping,
foundation cracks, loose siding,
etc.) will have an air change rate
of two to three changes per
hour.



PASSIVE SOLAR DESIGN STRATEGIES

Part Two: Basics of Passive Solar

Why Passive Solar? More than a Question of
Energy

Key Concepts: Energy Conservation,
Suntempering, Passive Solar

Improving Conservation Performance

Mechanical Systems

. South-Facing Glass

Thermal Mass
Orientation
Site Planning for Solar Access

Interior Space Planning

10. Putting it Together: The House as a System
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GUIDELINES PART TWQ: BASICS 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
existing houses 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 owners are also
increasingly sophisticated about
energy issues, although the
average home owner is probably
much more familiar with
insulation than with passive
solar. 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.
Such homes also may be
qualified for relaxed mortgage
lending qualification through
energy efficiency mortgage
programs.

But there are many different
ways to reduce energy bills, and
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some are more marketable than
others. For instance, adding
insulation can markedly 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 add a key
selling point. Windows in
general are very popular with
home owners, 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 morning
as breakfast in a bright,
attractive sunspace.

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

In fact, in some local
markets, builders report that
they don't even have to 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 overall package.

The U.S. Department of
Energy and the National
Renewable Energy Laboratory
(NREL) conducted extensive
national surveys of passive solar
homes, home owners and
potential buyers. Some key
findings:
® passive solar homes work
— they generally require an
average of about 30% to 40%
less energy for heating than
"conventional” houses, with
some houses saving much more.
m 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

interiors, open floor plans

ozone depletion

Advantages of Passive Solar
m Energy performance: Lower energy bills all year-round
m Attractive living environment: large windows and views, sunny

m Comfort: quieter (no operating noise), strong construction, warmer in
winter, cooler in summer (even during a power tailure)

Value: high owner satisfaction and greater resale value
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, energy imports, and




PASSIVE SOLAR DESIGN STRATEGIES

11

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.

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

The strategies presented here for
enhancing energy fall into three
general categories:
® Energy Conservation: more
efficient insulation levels, control
of air infiltration, glazing type
and location, mechanical
equipment, and appliances.
B  Suntempering: a moderate
use of passive solar techniques;
modestly increasing south-facing
window area, but without adding
thermal mass.
m Passive Solar: going beyond
conservation and suntempering
to a complete system of
collection, storage and use of
solar energy: using more south
glass, adding significant thermal
mass, and taking steps to
control and distribute heat
energy throughout the house.
What is immediately clear
is that these categories
overlap. For instance, a good
energy-conservation package
is the necessary starting point

of all well-designed
suntempered and passive solar
houses. There's no use
collecting solar energy if it is
immediately lost through
leaky windows or poor
insulation.

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

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 heat in
materials with a high thermal
capacity for storing heat (e.g.,
brick, concrete masonry,
concrete slab, tile, water).
Beyond modest sun tempering,
the more south-facing glass is
used in the house, the more
thermal mass must be provided.
Otherwise, the solar system will
not perform as expected and
overheating might occur.

With too much glass and/or
insufficient mass, solar energy
can work too well, and the house
can be uncomfortably hot even
on a winter day. Without
sufficient heat storage, design
for proper natural cooling
becomes more difficult.

Although the concept is
simple, in practice the
relationship between the amount

of glazing and the amount of
mass is complicated by many
factors, and has been a subject
of considerable study and
experiment. From a comfort and
energy standpoint, it would be
difficult to add too much mass.
Thermal mass will hold warmth
longer in winter and keep
houses cooler in summer. But
using more thermal mass adds
cost. Thus, adding too much
mass for just thermal storage
purposes can be unnecessarily
expensive while providing
relatively little added benefits.

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 full passive
solar houses: improving
conservation performance;
mechanical systems; orientation;
site planning for solar access;
interior space planning; and
taking an integrated approach to
the house as a total system.
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GUIDELINES PART TWO: BASICS OF PASSIVE SOLAR

3. Improving
Conservation
Performance

The techniques described in this
section relate to Worksheet It
Conservation Performance
Level, which estimates the
house's heat loss. The energy
conservation measures that
reduce heat loss also help
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:

m Non-solar glazing
m Insulation
® Air infiltration

Insulation

Adding insulation to walls,
floors, ceilings, roof and
foundation improves their
thermal resistance (R-value) —
their resistance to heat flowing
into or 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
identifies improvements which
are easy at that time but will
make a big difference in the
energy use of the home for years
to come.
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Baffle

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, sheathing, interior
drywall, and so on. 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. Using pre-
calculated values can reduce the
possiblity of error and makes
using the Worksheets easier.

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. In addition, you
need to provide at least one
square foot of open venting area
for each 300 square feet of attic
area.

Insulation in an Attic

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

In framed ceiling/roof
assemblies (like with cathedral
ceilings), an insulating
sheathing over the top decking
will increase the R-value.
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Slab edge insulation should
be at least two feet deep,
extending from the surface of the
floor. Materials for slab edge
insulation should be selected for
underground durability. One
material with a proven track
record is extruded polystyrene.
Exposed insulation should be
protected from physical damage
by attaching a protection board,
for instance, or by covering the
insulation with a protective
surface like stucco.

A heated basement’s 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
concrete masonry units if used:

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

< N

AN

Chechlist for Minimizing Air Leakage

Tighten seals around windows and doors, and add 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 walis;
Caulk under headers and sills;

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

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

Locate continuous vapor retarders located on the warm side of the
insulation (barriers sealing the openings for mechanical closets used
as return plenums or chases is vital). Air barrier materials should be at
least five times more permiable;

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 the basement slab (or the slab on
grade) and the basement wall;

Remove wood grade stakes from siabs and seali;
Cover and seal sump cracks;

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

Use of air tight drywall methods are also acceptable (see
Reference 11);

Employ appropriate radon mitigation techniques (see References 12).
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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. Air will flow rapidly
through cracks and crevices in
the walls, floors, and ceilings.

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

Increasing the tightness of
the house beyond that may
improve the energy performance,
but it may also create problems
with indoor air quality, moisture
build-up, and inadequately
vented fireplaces and furnaces.
Some kind of additional
mechanical ventilation — for
example, small fans, heat pump
heat exchangers, integrated
ventilation systems or air-to-air
heat exchangers — will probably
be necessary to avoid such
problems in houses with less
than 0.35 ACH (calculated or
measured).
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Non-Solar Glazing
South-facing windows are
considered solar glazing. The
south windows in any house
contribute 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.
However, they can provide safe
egress, asthetic views, and
diffuse sunlight. Relatively
oversized 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 often be a good
working compromise between
energy efficiency and other
benefits, such as bright living
spaces and views.

You know it is time to
replace your window when you
notice some kind of fault in the
window or structural failure
occurs due to corrosion or rot.
Windows are also replaced
because they are poor insulators
or they don't accommodate
functional changes in the use of
a new room. Newly installed
windows should meet or exceed
the current energy codes. A
tight window that reduces air

infiltration is important for
energy efficiency.

Although windows provide a
necessary view to the outside,
they also admit light into the
adjacent room and allow the
penetration of radiant heat
energy. Windows transmit more
energy than any other part of a
house. Windows are known for
having poor insulating qualities
and therefore allow
comparatively large amounts of
heat to escape back to the
outside unless deterred by some
sort of insultating device.

Double-glazing of all non-
solar glazing is advisable. Low-e
glazing on all non-solar windows
may be an especially useful
solution because some low-e
coatings can insulate in winter
and shield against unwanted
heat gain in summer.

Manufacturers often provide
R-values for their windows (the
thermal performance of glazing
can be expressed either as an R-
value or its reciprocal, U-value;
here all thermal performance
values are gdiven in terms of R-
value). A chart is also provided
with the Worksheets to show
approximate window R-values
for various types. (The
Equivalent Glazing R-Value
pertains to the entire rough
frame opening of the window.)
You should use manufacturer
data if available.

North facing 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. Larger
north-facing windows should
have high insulation value, or
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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 facing windows catch
the morning sun. They do not
receive 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 facing 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 built-
in shading, 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
to allow for natural ventilation in
spring, [all, and summer. (See
also Orientation, page 18,
Recommended Non-South Glass
Guidelines, page 36, and
Shading, page 37)

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 and so
the most effective approach will
be to design the system as an
Integrated whole. HVAC design
is, of course, a complex subject,
but the three areas below are
particularly worth noting in
passive solar 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 125%
of the heating or cooling load on
the design day, but no larger.
Comparing estimates on system
sizes from more than one
contractor is a good idea.

Since the mechanized
systems of most houses are
oversized, when passive solar
additions are incorporated into
the retrofit design, the existing
mechanical systems may be
adequate for heating and
cooling. In some cases,
particularly when large additions
are used as the retrofit strategy,
supplemental mechanical
systems may be necessary in the
addition. It is wise to make the
necessary calculations to
confirm the system size in any
case.

m  Night Setback. Clock
thermostats for automatic night
setback are usually very effective
— but in passive solar systems
with large amounts of thermatl
mass (and thus a large capacity
for storing energy and releasing
it during the night), night
setback of the thermostat
greater than 5 to 8 °F may not
save very much energy.

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

In the National Association of
Home Builders’ Energy-Efficient
House Project, all the rooms
were fed with low, interior wall
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.
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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.
However, unwanted solar gains
from the glazing needs to be
controlled to avoid increasing
the cooling requirements. The
design of solar glazing must also
be carefully related to the
amount of thermal mass.
Suntempered houses require no
additional thermal mass beyond
that already in the wallboard,
framing and furnishings of a
typical house. Passive solar
houses typically require
additional thermal mass for best
performance.

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.
Research has shown this limit
(without adding thermal mass)
to be 7% of the house's total
floor area. '
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For direct gain systems in
passive solar houses, the
maximum useful amount of
south-facing glazing is 12% of
total floor area, regardless of
how much additional thermal
mass is provided. Further
details about the most effective
sizing of south glass and
thermal mass for direct gain
systems are provided in Part
Three.

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

For example, a passive solar
system for a 1,500 sf house
might combine 72 sf of direct
gain glazing with 58 sf of
sunspace glazing for a total of
130 sf of solar glazing, or 5% of
the total floor area, well within
the direct gain limit of 7% 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 (installed at a slope), its
winter effectiveness as a solar
collector usually increases.
However, tilted glazing can
cause serious overheating in the
sumimer if it is not shaded very
carefully. Some building codes
require more expensive tempered
safety glass for these
installations. If overhead
sunlight is desired such as in a
greenhouse, operable sky lights
are a useful alternative.
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.
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6. Thermal Mass

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

The preferred thermal mass
in a passive solar system is
usually a conventional
construction material such as
brick, cast concrete, concrete
masonry, concrete slabs, or tile,
and is usually placed in the floor
or interior walls. If the mass
components also perform a dual
function, like acting as a
separation wall or bearing wall,
they can be more cost-effective.

Water has a significantly
. 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). Water systems must
be secured to prevent leaks and
over turning, Algacides are
added to this water for reducing
unwanted growth of organisms.

The thermal storage capacity
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. Thermal
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.

Heat Storage Properties of Construction Materials
Specific Heat Density Heat Capacity

Material {Ib-"F) (Ib/ft3) {Btu/in-sf-°F)
Poured Concrete 0.019-0.24 120 - 150 2.0-25
Clay Masonry

Molded Brick 0.19 120 - 130 2.0-22

Extruded Brick 0.19 125 - 135 21-23

Pavers 0.21 130 - 135 22-23
Concrete Masonry

Block 0.21 80 - 140 13-23

Brick 0.22 115-140 1.9-23

Pavers 0.22 130 - 150 22-25
Gypsum Wallboard 0.26 50 0.83
Water 1.00 62.4 5.2
Wood, soft 0.39 22 - 41 0.72-1.33
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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 Las Cruces, magnetic
north as indicated on the
compass is actually 12 degrees
east of true north, and this
should be corrected for when
orienting south glazing,

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

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. Siting the Addition

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 previously, 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 on
the site. One must consider the
site when remodeling a home
with passive solar features.
Solar heating systems are
dependent upon the availability
of the sun. The best orientation
for solar collection is due south.
Not all houses have the
appropriate solar access or
orientation. Therefore, in
considering the solar retrofit
process, one must determine the
extent of solar availability.

It is important to determine
which surrounding elements or
obstructions will prevent the sun
from reaching the selected area.
Some deciduous trees will allow
a high percentage of solar
penetration through their
branches in winter months and
could be left alone. Once you
have an idea of the amount of
sun available and a knowledge of
where it comes from and when,
then you know which is the best

location of your house for the
solar collection component.

15t
Btjldingscﬂlowed C

@ 2 Story Buildings Allowed

Ideal Solar Access

Buildings, trees or other obstructions should
not be located so as to shade the south wall
of solar buildings. At this latitude, A=8ft, B
=14ft,and C =33 ft.

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 above shows
the optimum situation for
providing unshaded southem
exposure during the winter. See
also the figure on page 37
showing landscaping for
summer shade.

Of course, not all lots are
large enough to accommodate
this kind of optimum solar
access, so it's important to
carefully assess shading
patterms 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-
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west cul-de-sacs will help ensure

solar access.

Solar Access

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

YA

Placement of Additions
A. Addition blocks solar access of exisitng
south wall.

B. Addition adds to solar access of existing

south wall.

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.

When additions are planned,
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 sheltered
away from the wind.

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

Other ideas from effective
passive solar houses:
B  Orienting internal mass
walls as north-south partitions
that can be "charged" on both
sides thus making maximum
use of the mass. The dual
functionality of such walls can
boost the cost-effectiveness of
the construction.
m Using east-west partition
walls for thermal mass, but
make sure the interior space
isn't divided into a south zone
which may get too warm and a
north zone which may get too
cold.
m  Using thermal storage walls
(see page 32); 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 if the home’s
south side faces the street;
® 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.
@ Providing south-facing
clerestories to "charge” north
zones, and to introduce daylight
to inner zones.
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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

v 1. Building assessment: Regardless of the existing house orientation and design, some options for
increased energy efficieny are available. An energy audit or evaluation of the existing structure using the
worksheets will heip you choose the best options available.

v 2. Upgraded levels of insulation: It is possible, of course, to achieve very high energy-efficiency with a
"superinsulated" design. But in many cases, one advantage of passive solar design is that energy-efficiency
can be achieved with more modest increases in insulation, and good natural lighting is maintained.

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. These guidelines will help you achieve a proper "mix".

7 3. Reduced air infiltration: Air tightness is not only critical to energy performance, but it also makes the
house more comfostable. Air infiltration rates may be determined by using a blower door test.

Indoor air quality is an important issue but is too complex for a complete discussion here. The
suntempered and passive solar houses built according to the guidelines provide an aiternative 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. By the same token, passive solar homes
are not necessarily more “leaky” than conventional ones.

v 4. Proper window sizing and location: Even if the total amount of glazing is not changed, rearranging its
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. Too few or too small windows may even
represent a safety hazard for fire egress.

7 5. Selection of glazing: Low-emissivity (low-e) glazing types went from revolutionary to commonplace in a
very short time, and they can be highly energy-efficient choices. But the range of glazing possibilities is
broader than that, and the choice will have a significant impact on energy performance. Using different types
of glazing for windows with ditferent 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 for higher transmission on the south. Thie building retrofit should consider appropriate
replacement windows.

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

7 7. Addition of thermal mass: Adding effective thermal mass — for example, concrete slabs, masonry walls,
brick fireplaces, brick or concrete paved 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.

v 8. Interior design for air distribution: When an addition is used in a remodel, the mechanical distribution in
the addition must be tied into the existing system or supplementary mechanical equipment must be installed to
service the addition. The systems supply air rate (in cubic feet per minute - CFM) must be checked to ensure
effective delivery of air to the rooms

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 Fuel Utilization Efficiency (AFUE).

Well-insulated passive solar homes will have much lower energy loads than conventional homes, and
furnaces and air-conditioning units should be sized accordingly. Oversized systems will cost more and reduce
the house’s performance.

For guides to the selection of energy-efficient appliances, see References 13 and 14. The installation of a
new, more efficient mechanical system may be an ideal option when retrofitting the structure to optimize the
efficiency and adequately condition both existing spaces and additions.
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Part Three: Strategies for Improving
Energy Performance in Las Cruces,
New Mexico

1. The Example Tables

2. Suntempering

3. Direct Gain
4. Sunspaces

5. Thermal Storage Wall

6. Combined Systems

7. Natural Cooling Guidelines
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1. The Example
Tables

In the following sections of the
Guidelines, the primary passive
solar 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 an Existing Structure:

m Insulation levels (ceilings,
floors, walls and foundations);

m Tightness (measured in air
changes per hour, ACH);

# The amount of glass area on
each side (measured as a
percentage of floor area; the
actual square footage for a 2,300
sf house is also given as a
reference point);

B The "percent solar savings"
{the part of a house’s heating
energy saved by the solar
features);

Las Cruces, New Mexico

u  Three numbers
corresponding to those on the
Worksheets: Conservation,
Auxillary Heat, Thermal
Mass/Comfort, and Cooling
Performance (see page 4). The
Example tables then show how
the house design could be
changed due to a remodel and
compared to the Existing Case.

There are, of course, other
ways to achieve energy savings
than those shown in the
Examples. The Examples are
designed to show an eflective
integration of strategies. 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 to which an 800
sf remodel has been added, 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.
The R-values for the
conventional remodel indicate
existing construction. The R-
values for the energy conscious
remodel apply to new or
modified portions of the home.
Also note that R-values are for
assembly equivalents - that is,
for an entire construction
assembly, not just for the cavity
insulation itself, and these
equivalents 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.

All the example tables are
summarized on pages 56 and
57.
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2. Suntempering

Suntempered and passive solar
houses both:

B begin with good basic
energy-conservation,

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

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

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

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

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

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.

Examples of Heat Energy Savings

Suntempered
1,500 sf Single Story House with 800 sf Addition
Energy
Conventional Conscious
Remodel Remodel

R-Values
Ceiling/Roof 12 38
Walis 7 22
Slab Edge 2 2
Glass 9 1.8
Air Changes/Hour 0.75 0.50
Glass Area (percent of total floor area)
West 2.0% 2.0%
North 2.0% 2.0%
East 2.0% 2.0%
South 2.0% 4.6%
Solar System Size (square feet)
South Glass 45 105
Percent Solar Savings

6% 20%
Performance (Btu/yr-st)
Conservation 38,239 24,887
Auxiliary Heat 35,840 19,760
Cooling 12,299 11,437

Summary: Insulation values and tightness of the house (as measured in
ACH) have been increased. Attic insulation has been increased
throughout. For both cases, the R-values of the existing structure (other
than the ceiling) are the same before and after the remodel. R-values for
energy conscious case apply only to new or modified portions of the
home. The window area on the south has been increased.
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3. Direct Gain

The most common passive solar
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,

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
comfiort. 4

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

Las Cruces, New Mexico

Glazing

Double glazing is recommended
for direct gain glazing in Las
Cruces. Night insulation also
improves energy performance
dramatically. In fact, 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 slab-on-
grade type buildings as either
floor covering, walls or veneers
over interior walls. If the mass
is placed in the floor, it will be
much more effective if sunlight
falls 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.

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 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 Glass to Mass. The
following procedure can be used
to determine 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.

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

® 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.

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

1:55 for Suniit Floor 18.3 for
(should not exceed 1:40 for Floor Walls &
1.5 times window area) not in Sun Ceilings

Mass Location and Effectiveness
Additional mass must be provided for south
facing glass over 7% of the floor area. The

- ratio of mass area to additional glass area

depends on its location within the direct gain
space.

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 following figure shows
the effectiveness of thermal
mass in relation to 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.

]

§

-
o
s

Mass Area per éilass Area Ratio
I

o

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.

Worksheet III: Thermal
Mass/Comfort should be used
to make sure the house has
adequate thermal mass.
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Examples of Heat Energy Savings
Passive Solar—Direct Gain
1,500 sf Single Story House with 800 sf Addition
Energy
Conventional Conscious
Remodel Remodel

R-values
Ceiling/Roof 12 38
Walls 7 22
Slab Edge 2 2
Glass 9 1.8
Alr Changes/Hour 0.75 0.50
Glass Area (percent of total floor area)
Waest 2.0% 2.0%
Notth 2.0% 2.0%
East 2.0% 2.0%
South 2.0% 6.3%
Added Thermal Mass
Percent of Floor Area 0.0% 11.5%
Solar System Size (square feet)

South Glass 45 145

Added Thermal Mass 0 264
Percent Solar Savings

6% 27%

Performance (Btu/yr-sf)
Conservation 38,239 24,834
Auxiliary Heat 35,840 18,128
Cooling 12,299 5,406

Summary: Insulation values and tightness of the house (as measured in
ACH) have been increased. Attic insulation has been increased
throughout. R-values for conventional remodel apply to existing structure.
R-values for energy conscious case apply to new or modified portions of
the home.

South-facing glazing has been substantially increased. For this example,
added mass area is assumed to be six times the excess south glass area
treating the 800 sf addition as a stand-alone space.
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4. Sunspaces

The sunspace is a very popular
passive solar feature, adding an
attractive living space as well as
improved energy performance.
There are many variations on
the basic theme of the sunspace,
and the possibilities for
sunspace design are
extraordinarily diverse
{References 17 through 20
include specific design ideas).

The sunspace concept used
in these Guidelines can be used
year-round, will provide most or
all of its own energy needs, and
may 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.

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.

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 or
the planter bed to make sure the
mass in the floor receives
sufficient direct sunlight. If the
windows sills are higher than
that, additional mass will have
to be located in the wall.

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

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

Glazing
Single-glazing may be used for
sunspaces, although double-
glazing will further improve
comfort, in terms of energy
savings, The performance
potential table on page 7 shows
the relative performance of
different types of glazing,
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.
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
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sunspace, special care should be
taken to make sure they can be
effectively shaded during the
summer 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 7, 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.

Las Cruces, New Mexico

Common Wall

There are a number of options
for the sunspace common wall.
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.

Common wall constructed of
masonry may be used for
thermal mass. If the solid
masonry is approximately 4 to 8
inches thick. Another option is
to construct a masonry veneer
over a frame wall.

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

m Doors are the most common
opening in the common wall. If
the only openings in the wall are
doorways, the total area of the
door should be at least 15% of
the sunspace south-glass area.
a8 Windows will also provide
light and views. The window
area in the common wall should
be no larger than about 40% of
the entire common wall area. If
only windows are used, the
operable area should be about
25% of the sunspace’s total
south glass area.

Adding openings to the
common wall will generally
require the addition of structural
headers if the common wall is a
bearing wall. Construction
should only proceed with
appropriate shoring.
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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.

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. Total
ventilation area 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 with an 800 sf Addition with Sunspace

Energy
Conventional Conscious
Remodel Remodel
R-Values
Ceiling/Roof 12 38
Walls 7 22
Slab Edge 2 2
Glass 9 18
Air Changes/Hour 0.75 0.50
Glass Area (percent of total floor area)
West 3.0% 2.0%
North 3.0% 4.0%
East 3.0% 4.0%
South (windows) 2.0% 2.0%
Sunspace 0.0% 4.3%

Solar System Size (square feet)

South Glass 45 45
Sunspace Glass 0 100
Sunspace Thermal Mass 0 300

Percent Solar Savings .

6% 27%
Performance (Btu/yr-sf)
Conservation 38,239 24,834
Auxiliary Heat 35,840 18,060
Cooling 12,299 6,013

Summary: Insulation values and tightness of the house (as measured in
ACH) have been increased. Attic insulation has been increased
throughout. R-values for conventional remode! apply to existing structure.
R-values for energy conscious case apply to new or modified portions of
the home. 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 walil is a thermal
mass wall made of masonry. Sunspace glazing is assumed to be double.
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5. Thermal Storage
Wall

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

Because the summer sun
does not shine directly in,
summer heat gain from a
Thermal Storage Wall is much
less — roughly 63% less — than
from a comparable area of direct
gain glazing,
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Thermal Storage Walil

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 night time 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.
The example demonstrates
passive solar performance of the
structure with an 800 sq. ft.
addition designed with a thermal
storage wall. Existing masonry
walls may be transformed into
thermal stroage walls by adding
glazing to the exterior of the
wall. Adequate support for the
glazing will be a critical design
and construction requirement.
Existing frame walls may be
replaced with thermal storage
walls if there is adequate
foundation width and strength

to support the masonry wall,

Glazing
Double glazing is recommended

for Thermal Storage Walls unless
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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 Las Cruces, New Mexico, a
selective surface will improve
Thermal Storage Wall
performance by about 45%.

Mass Material and
Thickness

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

The optimum thickness of
the wall depends on the density
of the material chosen. The
following chart indicates the
recommended thickness of
Thermal Storage Walls made of
various materials.
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Mass Wall Thickness

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

Water provides about twice the
heat storage per unit volume as
masonry, so a smaller volume of
mass can be used. In "water
walls" the water is in light, rigid
containers. The containers are
shipped empty and easily
installed. Manufacturers can
provide information about
durability, installation,
protection against leakage and
other characteristics. At least
30 pounds (3.5 gallons) of water
should be provided for each
square [oot of glazing. This is
equivalent to a water container
about six inches thick, having
the same area as the glazing.

Examples of Heat Energy Savings
Passive Solar—Thermal Storage Wall
1,500 sf Single Story House with an 800 sf Addition
Energy
Conventional Conscious
Remodel Remodel
R-values
Ceiling/Roof 12 38
Walls 7 22
Slab Edge 2 2
Glass 9 1.8
Air Changes/Hour 0.75 0.50
Glass Area (percent of total floor area)
West 2.0% 2.0%
North 2.0% 2.0%
East 2.0% 2.0%
South 2.0% 2.0%
Thermal Storage Wall 0.0% 4.3%
Solar System Size (square feet)
South Glass 0 0
Thermal Storage Wall 0 100
Percent Solar Savings
6% 31%
Performance (Btu/yr-sf)
Conservation 38,239 24,834
Auxiliary Heat 35,840 17,006
Cooling 12,299 4,562
Summary: Insulation values and tightness of the house (as measured in
ACH) have been increased. Attic insulation has been increased
throughout. R-values for conventional remodel apply to existing structure.
R-values for energy conscious case apply to new or modified portions of
the home. In the case of a Thermal Storage Wali, south-facing giazing 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.

Las Cruces, New Mexico
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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 require a large
south-facing area, and careful
design to make sure the systems
are well-integrated with each
other and with the house’s
mechanical system.

Las Cruces, New Mexico

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.
(See Reference 9)

The additional insulation
that increases winter
performance will also work to
improve summer performance by
conserving the conditioned air as
well as reducing heat gain. 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 ~ Cooling Potential
strategies is shown in the Existing Structure 18,961 Btu/yr-sf
following table for Las Cruces. Energy

Worksheet IV: Cooling Savings Percent
Performance Level indicates Strategy (Bturyr-sf) Savings
the total annual COOhng load, No nght Ventilation?
and so can give an idea of how without ceiling fans 0 0%
the passive solar features with ceiling fans 3,640 19%
increase the cooling load and 1 Night Ventilation!
how much reduction is possible without ceiling fans 1,940 10%
when natural cooling techniques with ceiling fans 6,280 33%
are used. High Mass?

igh Mass

It should be noted that the without ceiling fans 470 2%
Cooling Performance numbers with ceiling fans 400 20/,
presented in the Examples for
each passive solar strategy 1 :Nith night venti:jatrion,.tr}e house is ventilated at night when
assume that the design also emperature and humidity conditions are favorable.
includes the recommended 2 A"high mass" building is one with a thermal mass area at least equal
natural cooling techniques. This to the house floor area.
is especially true of the higher

percentage reductions; these
assume better heating
performance, but also better
shading and other natural
cooling strategies.

Las Cruces, New Mexico




36 GUIDELINES PART THREE: STRATEGIES FOR IMPROVING ENERGY PERFORMANCE

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 2%

As mentioned earlier, 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 Las Cruces 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 97,160 Btu/yr-sf.

Las Cruces, New Mexico

Added Window Cooling Load

Added Annual

Cooling Load
Orientation (Btu/yr-sf)
North 45,810
East 89,600
South 60,860
West 97,160
Skylights 138,850

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 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
treatments 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. What the
remodeler will face is a lot of
existing greenery. Think about
what you already have around
your home. Existing
landscaping is going to present a
series ol options for the owner.
Some cases will work for passive
solar and some will work
against. 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 efliciency 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 18, Siting the
Addition).

Landscaping for Summer Shade

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

Other landscaping ideas for
summer shade:

m Trellises on east and west
covered with vines.

a 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.
m 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 Las Cruces, an ideal
overhang projection for a four
foot high window would be 14
inches and the bottom of the
overhang would be 11 inches
above the top of the window.

DN

South Overhang Sizing .

In Las Cruces, an idea//{ sized south
overhang should allow full exposure of the
window when the sun has a noon altitude of
39 degrees (angle A) and fully shade the
window when the sun has a noon altitude of
76 degrees (angle B).

Las Cruces, New Mexico
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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 o houses and are
excellent for providing shade to
windows. Carporis located on
the east or west are another
option.

Las Cruces, New Mexico

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. In
addition to circulating air in the
summer, celing fans will keep
the warm air off the ceiling in
the winter.

Celling Fan Sizes
Minimum Fan

Largest Room Diameter
Dimension (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

During the cooling season, the
prevatiling wind is from the
south.. 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%.

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. The effectiveness of
natural ventialation is also
limited by the willingness of the
home owner to operate the
house.

Natural Ventilation

Prevailing Breezes

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. Celiling 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.

Las Cruces, New Mexico
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Worksheet Reference Tables

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

A1—Ceilings/Roofs

Insulation R-value
R-19 R-30 R49 R-60

174 279 468 579
Insulation R-value

Attic Truss
Construction

Framed Rafter

Table A—continued ..

A5—Doors
Solid wood with 2.2
Weatherstripping
Metal with rigid- 59

foam core

Table D—Base Case Conservation

Base Case

Performance (Btu/yr-sf)
41,501

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

Heated Unheated Insulated

Table E—Projected Area
Adjustment Factors

Degress off Solar System Type
rue DG, TW, SSA SSB,
South WW, SSC SsD SSE
0 1.00 0.77 0.75
5 1.00 0.76 0.75
10 0.98 0.75 0.74
15 0.97 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

Construction Rt R19 R-30 R-38
2x6 at 16%0c 102 147 163 —
2x6 at 24"oc 104 153 174 —
2x8 at 16"¢ 10.7 170 206 214
2x8 at 24"oc 108 176 216 222
2x10 at 16"oc 112 181 245 257
2x10 at 24*oc 1.2 184 265 268
2x12at 16"0c 11.7 188 255 3041
212 at 24"oc 115 190 273 314
A2—Framed Walls
Single
Wi Insulation R-value
Framing R7 R11 R -
2x4 at 16"0c 65 120 - —
2x4 at 24"oc 66 127 - —
2x6 at 16"o¢ 70 141 177 1982
2x6 at 24"oc 70 143 182 198
Double
Wall Total Thickness (inches)
Framing 8 10 12 14

260 313 375 438

The R-value of insulating sheathing should be added 1o
the values in this table.

A3—Insulated Floors
Insulation R-value

Framing R-11 R-19 R-30 R-38
2x6s at 16"0c 182 238 209 —
2x6s at 24"oc 184 245 315 -
2x8s at16"0c188 249 317 360

2x8s at 24"oc 189 254 331 379
2x10 at 16"0¢ 193 258 334 381
2x10 at 24"oc 183 261 344 398
2x12at 16"0c 197 265 347 39.
2x12 at 24"oc 196 267 355 412

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

Ad—Windows
Metal
Standard Framew/
Wood Metal  Thermal
Frame  Frame Break
Double
1/4" space 1.8 1.4 1.5
1/2" space 21 16 1.8
Low-¢ 3.1 22 30
Triple
1/4" space 2.7 1.8 2.1
1/2" space 33 2.2 2.7

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

Perimeter  Slabs-on- Base- Base- Crawl-
Insulation Grade ments ments spaces
None 0.8 1.3 11 1.1
R-5 0.4 08 0.7 06
R-7 0.3 0.7 0.6 05
R-11 0.3 06 05 04
R-18 0.2 0.4 05 0.3
R-30 0.1 0.3 04 0.2

Table F—Solar System Saving

Table C—Heating Degree Days

(F-day)

C1—Heating Degree Days (Base 65°F)

Las Gruces 3,118
Hatch 3,356
Caballo Dam 3,283
Elsphant Butte 3,133
TorC 3,404
White Sands 3,639
Columbus 2,949
El Paso, TX 2,664
La Tuna, TX 2,755
Ysleta, TX 2,802
C2—Heating Degree Day Multiplier
Passive Solar
Heat Loss Glazing Area per
per Square per Square Foot
Foot .00 .05 10 .15 .20
1200 113 115 146 1147 147
1150 - 113 114 115 116 117
1.00 112 113 114 115 116
1050 110 112 113 114 1145
1000 110 111 112 143 114
9.50 108 110 11 112 118
- 9.00 106 109 110 111 112
850 105 107 109 110 111
800 103 105 107 108 110
750 101 104 106 108 109
7.00 099 102 104 106 108
650 096 1.00 102 1.04 106
600 093 097 100 103 105
5.50 089 084 098 100 103
5.00 0.85 0.90 095 098 1.01
450 079 08 091 095 099
4.00 0.73 081 087 092 096
3.50 066 074 082 087 093
300 058 068 076 083 088
2.50 048 060 069 077 084
200 032 08 062 071 078

Fractions
F1—Direct Gain
Load DGC!  Decz  DGC3
Collector  Double Low-e RO Night
Ratio Glazing Glazing  Insulation
400 0.09 0.09 0.10
300 0.11 0.12 0.13
200 0.16 0.17 0.19
150 0.21 0.22 0.25
100 0.30 0.31 0.35
80 0.35 0.37 043
60 044 047 0.54
50 0.50 053 0.61
45 054 0.57 0.65
40 058 062 0.70
35 0.63 067 0.75
30 0.68 0.72 0.81
25 0.73 0.78 0.86
20 0.79 0.84 0.91
16 0.84 0.90 0.95
F2—Trombe Walls
TWF3 TWA3 TwWJ2  TWK

Load Unvented Vented Unvented Unvented
Coliector Non- Non-  Selec-  Night
Ratio selectve selective tive  Insulation

400 007 0.10 0.10 0.06

300 009 0.12 0.14 0.10
200 044 017 0.22 0.17

150 018 022 0.29 0.23
100 026 0.30 041 0.34
80 0.31 0.35 048 0.40
60 0.39 0.42 0.58 0.50
50 044 0.48 0.64 0.56
45 047 0.51 0.68 0.60
40 0.50 0.54 0.72 0.64
35 0.85 0.58 0.76 0.69
30 0.60 0.64 0.81 0.74
25 0.66 0.69 0.86 0.80
20 073 0.76 0.91 0.86
15 0.81 0.84 0.85 0.92
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General Project Information

Project Name Fioor Area
Location Date
Designer

Worksheet I: Conservation Performance Level

A. Envelope Heat Loss

Construction R-value Heat
Description Area [Table A] Loss
Ceilings/roofs + =
Walls + =
Insulated Floors + =
Non-solar Glazing + =
-+ =
Doors -+ =
-t =
Btu/°F-h
Total
B. Foundation Perimeter Heat Loss
Heat Loss
. Factor Heat
Description Perimeter [Table B] Loss
Slabs-on-Grade X =
Heated Basements X =
Unheated Basements X =
Perimeter Insulated Crawispaces 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) Btu/yr-sf

Compare Line E to Line F
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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 rea Factor Factor [Table E} Area
X 0.80 X =
X 0.80 X =
X 0.80 X =
X 0.80 X =
X 080 X =
X 0.80 X =
X 0.80 X =
- T - |
Total Area Total
Projected
Area
Total Fioor Total Projected
Projected Area Area per
Area Square Foot

B. Load Collector Ratio

24 X =+ =
Total Total
Heat Loss Projected
[Worksheet |} 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 = Blu/yr-st
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
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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
Rooms with Direct Gain X 47 =
Spaces Connected to Direct Gain Spaces X 45 =
Btu/°F
Total
B. Heat Capacity of Mass Surfaces Enclosing Direct Gain Spaces
Unit Heat
Mass Description ngaciﬂ Total Heat
(include thickness) Area [Table H] Capacity
Trombe Walls X 8.8 =
Water Walls X 104 =
Exposed Slab in Sun X 134 =
Exposed Slab Not in 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 C:gacig Total Heat
(include thickness) Area [Table H] Capacity
Trombe Walls X 3.8 =
Water Walis 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
'orksheet Il] [Table I]
Direct Gain X =
Sunspaces or X =
Vented Trombe Walls - = °F
Total Total
Heat
Capacity
G. Recommended Maximum Temperature Swing °F

Compare Line F to Line G
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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
Ceilings/roofs X X X =
X X X =
X X X =
Walls X na X =
X na X =
Doors X na X =
kBtu/yr
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 =
East Glass X 0.80 X X =
West Glass X 0.80 X X =
Skylights X 0.80 X X =
kBtu/yr
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 =
Storage Walls X 0.80 X X =
Sunspace X 0.80 X X =
X 0.80 X X =
kBtu/yr
Total
D. Internal Gain + ( X ) = kBtulyr
Constant Variable Number of
Component Component Bedrooms
[Table N] [Table N]
E. Cooling Load per Square Foot 1,000 X + = Btu/yr-sf
(A+B+C+D) Floor Area
F. Adjustment for Thermal Mass and Ventilation Btu/yr-sf
[Table O]
G. Cooling Performance Level __________ Btulyrst
(E-F)
H. Comparison Cooling Performance (From Previous Calculation or from Table P) Btu/yr-sf

Compare Line G to Line H
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F3—Water Walls

Load WWA3 WWB4 WWC2
Collector ~ No Night Night Selective
Ratio Insulation  insulation  Surface
400 0.10 0.08 0.08
300 0.13 0.12 0.13
200 0.19 0.21 0.21
150 0.24 0.29 0.29
100 0.33 0.41 0.41
80 0.39 0.49 0.48
60 0.48 059 0.58
50 053 0.66 0.64
45 0.57 0.69 0.68
40 0.61 0.78 0.72
35 0.65 0.78 0.77
30 0.70 0.82 0.81
25 0.76 0.87 0.86
20 0.82 0.92 0.91
15 0.89 0.96 0.96
F4—Sunspaces
Load
Collector Sunspace Type
Ratio  SSA1 Bi SSC1 S8SD1 SSE1
400 015 012 009 016 0.3
30 018 015 012 020 017
20 024 02 017 027 028
150 028 024 022 033 0.28
100 036 031 030 043 037
80 041 036 035 049 043
60 049 042 043 057 051
50 054 047 048 0.63 0.56
45 056 050 051 066 060
40 060 053 055 069 063
3 064 057 059 073 067
30 068 062 064 078 072
25 073 067 070 08 077
20 079 073 077 088 083
15 08 081 08 093 089

Table H—Unit Heat Capacities

(Btu/F-sf)
H1—Mass Surfaces Enclosing Direct Gain

Spaces

Thickness (inches)
Material 1 2 8 4 6 8 12
PowedConc. 18 43 6.7 88 11.3 115 10.3
Conc. Masonry 1.8 42 65 84 102100 90
Face Brick 20 47 71 90 104 99 00
Flag Stone 21 48 71 85 86 80 76
BuilderBrick 15 3.7 54 65 66 60 58
Adobe 1.3 32 48 55 54 49 48
Hardwood 04 14 18 1.7 15 15 15
Water 5.2 104156 20.8 31.2 41,6 624

H2—Rooms with no Direct Solar Gain

Thickness (inches)
Material 1 2 3 4 6 8 12
PouredConc. 17 30 36 38 37 36 34
Conc.Masonry 16 29 35 36 36 34 32
Face Brick 1.8 31 36 37 35 34 32
Flag Stone 19 31 34 34 32 31 30
BuilderBrick 1.4 26 30 31 29 27 27
Adobe 12 24 28 28 26 24 24
Hardwood 05 11 13 12 11 1.0 1.4

Table I—Comfort Factors (Btu/sf)

Direct Gain 870
Sunspaces and 290
Vented Trombe Walls

Table J—Radiant Barrier Factors
Radiant Barrier 0.75
No Radiant Barrier 1.00

Table L—Heat Gain Factors
Ceiling/roofs 66.1
Walls and Doors 30.1
North Glass 458
East Glass 80.6
West Glass 97.2
Skylights 138.9
Direct Gain Glazing 609
Trombe Walls and 226
Water Walls
Suns
SSA1 53.6
SSB1 53.6
S8C1 226
8SD1 53.6
SSE1 §3.6

Table M—Shading Factors

Projection
Factor South
000 1.00
020 083
040 064
060 046
080 031
100 021
120 015

MuLTiow Ry 0.80 Fee Lae

East

1.00
0.95
0.82
0.72
0.62
0.52
0.44

North

1.00
0.94
0.87
0.80
0.74
067
0.61

West

1.00
0.95
0.82
0.69
0.57
0.45
0.35

Table N—Internal Gain Factors
Constant Component 1,190  kBtuyr

Variable Component 500 kBtu/yr-BR

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

No Night No Night

Total Heat Night
Capaci

Night

Ventw/ Ventw/No Ventw/ Ventw/No

perSF Ceil. Fan Ceil. Fan Ceil. Fan Ceil. Fan
00 2010 1,70 630 3720
A
I \ - 920 2,720
Table K—Solar Absorptances 30 3870 530 1240 2460
Color Absorptance 40 4,050 -360 1,420 2,200
; 50 4,150 -250 1,520 -2,180
Gloss White 025 60 4210 470 150 2110
Semi-gloss White 0.30
A 70 4,240 -130 1,600 -2,060
Light Green 047 80 4260 100
Kelly Green 051 04 y 1620 -2030
Medium Blue C5 80 4,270 080 1,630 -2,010
mi“"‘ (Y)euow 823 ; aI1:.0 4,270 -060 1,640 2,000
ijum Qrange , otal heat capacity per square foot is calculated on
Medium Green . 0.59 Worksheet Ill, Step E.
Light Buff Brick 0.60
Bare Concrete 0.65
Red Brick 0.70
Medium Red 0.80
Medium Brown 0.84 Table P—Base Case Cooling
Dark Biue-Grey 0.88 Performance (Btu/sf-yr)
Dark Brown .88

Base Case

18,961

Table G—Base Case Auxili
Performance (Btu/yr:

Base Case 37,936

Heat

Las Cruces, New Mexico



Worksheet Instructions

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 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 I—Conservation
Performance Level

This is an estimate of the amount of heat
energy needed by the bulilding 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 systems
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 II,
Step A.

PSIC's Worksheets for Home Builders

Should the estimated conservation
performance level be greater than
desired, the designer should consider
additional building insulation or
reducing non-south glass area.

Worksheet II—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 netl 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
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 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 systems
or adding additional solar systems, i.c.
thermal storage walls.

Worksheet II—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 I 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 bulilding—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.

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 1,116 square foot single family
home is used to illustrate how to
fill in the worksheets. A 696
square foot remodel including
the addition of glazing and mass
in the dining room/kitchen and
conversion of a south patio area
into a semi-enclosed sunspace is
used as an example. 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
typical insulation for an existing
home. The remodel involves: (1)
increasing the ceiling insulation
of the entire structure, {2) much
improved insulation values for
the walls and perimeter of the
addition only, and (3) reducing
the infiltration level of the entire
house from 0.75 ACH to 0.5

The east portion of the house
is slab on grade. The great room
and master bedroom are
constructed over a crawlspace.

The remodel includes a semi-
enclosed 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 with
ceramic tile to provide direct
gain heat storage.

ACH. . B

22

Garage

The house faces 10 degrees
to the east of true south.

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
worksheets. The bottom line on
the work sheets, "comparison
performance" refers to the house
before the remodel.

KenmopeLed E}\L}MN &

4040

Bedroom

4050

Great Room

30

2030

Sunspace

8068 5030

A 8020
8088 8068
I R .. S e 2
0 2 4 8 12
Floor Plan -.-
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WORKED EXAMPLE

insulation

Las Cruces, New Mexico

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.

Las Cruces Worksheets
New Mexico

Las Cruces, New Mexico
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General Project Information

Project Name PAsSWE  Sorng REmedes ExAmPE FloorArea _1@\2. sq, ¥T.
Location Las CRuces NG Wenwes Date evloi|43

Designer L. Axcievs

Worksheet I: Conservation Performance Level

A. Envelope Heat Loss

Construction R-value Heat
Description Area [Table A] Loss

Ceilings/roofs R~V& Edietwwbg NES X VIAZ - . = go
R-V iy ENCTING CATWEDRAL cvawg Wo =+ 10.2 = b A

Walls R\ 2 D0 {MEMNINE FOR, DEMmedE-- w0 + Ay -] = 15
R- \l EnsEvgvees 142 + 2.0 = éé

Insulated Floors - =

Non-solar Glazin LALd: YY" geacc 52 -+ L = 31
‘8

Doors SoL®d wood oot (weainfm) Ko = 2.2

3
i

211 Btu/°F-h
Total

B. Foundation Perimeter Heat Loss

Heat Loss
Factor Heat
Description Perimeter [Table B] Loss
Slabs-on-Grade 194 X _O.80 = \$5
Heated Basements X =
Unheated Basements X =
Perimeter Insulated Crawlspaces X =
\65 Btu/°F-h
Total
C. Infiltration Heat Loss HuG6 x __ 9,80 X .018 = _\3o Btu/°F-h
Building Air Changes
Volume per Hour
D. Total Heat Loss per Square Foot 24 X _S62 + _\sokt = _ g.46&  Bw/ODD-st
Total Heat Loss Floor Area
(A+B+C)
E. Conservation Performance Level
.46 x _3W& X LAt = 31648  Btuyrst
Total Heat Heating Degree  Heating Degree
Loss per Days [Table C] Day Muitiplier
Square Foot [Table C]
F. Comparison Conservation Performance (From Previous Calculation or from Table D) _HAs])  Btulyrst

Roww) (MSVLATION ADDED To ALl AT (PAcECS
¥ ™ Compare Line E to Line F

Las Cruces, New Mexico



Worksheet II: Auxiliary Heat Performance Level

47

A. Projected Area of Passive Solar Glazing

Solar System Rough Frame Net Area Adjustment Projected
Reference Code Area Factor Factor [Table E] Area
Deec g8 X 0.80 X - 18 = £4
5se 08 X 0.80 x _.48 = _\63
X 0.80 X =
X 0.80 X =
X 0.80 X =
X 0.80 X =
X 0.80 X =
A4 232 sf
Total Area Total
Projected
Area
32 + \So4 = e.\5
Total Floor Total Projected
Projected Area Area per
Area Square Foot
B. Load Collector Ratio
24 x S€2. + 232 = 58
Total Total
Heat Loss Projected
[Worksheet [] Area
C. Solar Savings Fraction
System
Solar Savings
Solar System Projected Fraction
Reference Code Area [Table F]
vec) 614 X __ 643 = _24.67
Ss5ct 163 X _o4é = "4.4g
x =
X =
X =
X =
X =
to4. 46 + 232 = 045
Total Total Solar
Projected Savings
Area Fraction
-D. Auxiliary Heat Performance Level
[1—_2.45 X _3\6%8 = _(7101é6  Buyrst
Solar Conservation .
Savings Performance
Fraction Level [Worksheet |,
Step E]
E. Comparative Auxiliary Heat Performance (From Previous Caiculation or from Table G) 37436 Btufyr-sf

Compare Line D to Line E

Las Cruces, New Mexico
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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
Rooms with Direct Gain a4y X 4.7 = 2181
Spaces Connected to Direct Gain Spaces 444 X 45 = _42771
645 2Z.  BwrF
Total
B. Heat Capacity of Mass Surfaces Enclosing Direct Gain Spaces
Unit Heat
Mass Description Cagacia/ Total Heat
(include thickness) Area [Table H] Capacity
Trombe Walls X 8.8 = _
Water Walls X 104 =
Exposed Slab in Sun \6% X 134 = \3go
Exposed Slab Not in Sun 137 X 1.8 = 247
X =
X =
X =
\621 Btu/°F
Total
C. Heat Capacity of Mass Surfaces Enclosing Spaces Connected to Direct Gain Spaces
Unit Heat
Mass Description ngacia Total Heat
(include thickness) Area [Table H] Capacity
Trombe Walls X 3.8 =
Water Walls X 4.2 =
Face Ve W X 31 = __A\l
X =
X =
Ll Btu/°F
Total
D. Total Heat Capacity A4Y4e Btu/°F
(A+B+C)
E. Total Heat Capacity per Square Foot BUuGo  + __\god = _4%.6 Btu/°F-st
Total Heat Conditioned
Capacity Floor Area
F. Clear Winter Day Temperature Swing
Total Comfort
Projected Area Factor
[Worksheet il] [Table ]
Direct Gain 84 X Bl0 = _ gool3o
Sunspaces or 163 X 290 = 4o
Vented Trombe Wails \01300 + fU40 = (2.6 oF
Total Total
Heat
Capacity
G. Recommended Maximum Temperature Swing 3 ¢F

Compare Line F to Line G

Las Cruces, New Mexico
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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 1} [Table J] [Table K] [Table L} Load
Ceilings/roofs Ao X 100 X o4 X 86\ = _ 2485
Kl X (-1 X oM X £6.\ = V24
X X X =
Walls [-12) X na o0 X __3o.\ = _ \gs4
X na X =
Doors a X na 9.3¢0 X 3o0.1 = - &\
$6Gq4 kBtu/yr
Total
B. Non-solar Glazing
Rough Frame Net Area Shade Factor Heat Gain
Description Area Factor [Table M] Factor [Table L} Load
North Glass 40 X 0.80 X 0.40 X _468 = _\3u4q
East Glass 6 X 0.80 X _ lLoo X _g4.6 = 4a3o
West Glass b X 0.80 X Los X _q12 = 461
Skylights X 0.80 X X =
ZzzZ 6 kBtu/yr
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 a8 X 0.80 X __o.8% X __68.9 = =659
Storage Walls X 0.80 X X =
Sunspace 20 X 0.80 X __0.83 X _22.6 = 3121
X 0.80 X X =
48GC kBtu/yr
Total
D. Internal Gain 1nqe +( _sco X _ 3 ) = _Z640 kBluyr
Constant Variable Number of
Component Component Bedrooms
[Table N] [Table N]
E. Cooling Load per Square Foot 1,000 x 11280 + _lod = 11489 Buprsi
(A+B+C+D) Floor Area
F. Adjustment for Thermal Mass and Ventilation \&s 4 Btu/yr-sf
Table O
Nlo witgert VENTILATILON YES cE&uaNg FAN [Table O]
G. Cooling Performance Level {434 Btu/yr-sf
(E-F)
H. Comparison Cooling Performance (From Previous Calculation or from Table P) {ggél Bturyr-sf

Compare Line G to Line H

Las Cruces, New Mexico
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Table A—Fquivalent Thermal
Performance of Assemblies
R-values (hr-F-sf/Btu)

A1—Cailings/Roofs

Attic Truss Insulation R-value
Construction R-19 R30 R49 R-60

279 469 579
Framed Rafter Insulation R-value
Construction R-11 R-19 R-30 R-38
2x6 at 16"0c 6 g:a 147 163 -
2x6 at 24"oc 104 153 174 -
2x8 at 16"0c 107 170 206 211
2x8 at 24"0c 108 176 216 222
2x10at 16%oc 12 181 245 257
2x10 at 24"oc 112 184 2565 2638
2x12at 16"0c 117 188 265 301
212 at 24"0c 15 190 273 314

A2—Framed Walls

Sinﬂle
Wal Insulation R-value
Framing R7 R11 R18 R25
2x4 at 16"c 6.5 - -
2x4 at 24"0c 66 127 —_ -
2x6 at 16"0c 70 144 177 192
2x6 at 24"0c¢ 70 143 182 198
Double
Wall Totai Thickness (inches)
Framing 8 10 12 14

250 313 375 438

The R-value of insulating sheathing should be added to
the values in this table.

+ R0 S MEATHRWIES

A3—Insulated Floors
Insulation R-value
Framing R11 R-19 R30 R-38
2x6s at 16"0c 182 238 299 —
2x6s at 24 o¢ 184 245 315 —
2x8s at 16"0c 188 249 317 360
2x8s at 24"oc 189 254 331 379
2x10at 167oc 193 258 334 381
2x10at 24"0c 193 261 344 398
2x12 at 16"0c 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.

M-~-Windows
Metal
Standard Frame w/
Wood Metal  Thermal
Frame  Frame Break
Double
1/4" space 18 15
1/2" space 2.1 1.6 1.8
Low-e 31 22 30
Triple
1/4” space 2.7 1.8 21
1/2" space 3. 22 2.7

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

Las Cruces, New Mexico

Table A~—continued ..

A5—Doors
Solid wood with G2
Weatherstripping
Metal with rigid 59
foam core

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

Heated Unheated Insulated

Perimeter  Slabs-on- Base- Base- Crawl-
Insulation Grade ments ments spaces
None @ 1.3 11 1.1
R-5 0.4 .8 0.7 0.6
R-7 0.3 .7 06 05
R-11 0.3 0.6 0.5 0.4
R-19 0.2 0.4 0.5 0.3
R-30 0.1 0.3 0.4 0.2

Table C—Heating Degree Days
(F-day)

C1—Heating Degree Days (Base 65°F)

Las Cruces

Hatch 356

Caballo Dam 3,283

Elephant Butte 3,133

Tor 3,404

White Sands 3,539

Columbus 2,949

El Paso, TX 2,664

La Tuna, TX 2,755

Ysleta, TX 2,802

C2—Heating Degree Day Multiplier
Passive Solar

Heat Loss Glazing Area per

per Square per Square Foot
Foot .00 .05 .10 15 20
1200 113 1.15 116 1147 117
1150 1.13 1.14 115 116 117
11.00 1142 1.13 114 1145 1.16
1050 1.10 112 113 114 1.15
10.00 110 1.1 112 148 1.14
9.50 1.08 1.10 1.1 1.13
9.00 1.06 1.09 1.10 @ 1.12

gatss0 105 107 109 110 1.1

8.00 1.03 1.056 1.07  1.09 1.10
750 1.01 1.04 106 1.08 1.09
700 099 102 104 106 108
650 096 100 102 1.04 106
600 093 087 100 103 1.05
550 08 094 098 100 103
5.00 0.85 090 095 0498 1.01
4.50 0.79 0.86 0.91 0.95 0.99
4.00 0.73 0.81 087 092 0.96
3.50 0.66 0.74 082 087 093
300 058 068 076 083 088
250 0.48 0.60 069 077 084
200 032 050 062 071 078

Table D—Base Case Conservation
Performance (Btu/yr-sf)

Base Case
Table E—~Projected Area
- Adjustment Factors
Degrees off Solar System Type
Tue SSA 888,
South SsD SSE
0 1.00 0.77 0.75
5 1 0.76 0.75
10 0.75 0.74
15 0.97 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 d6czDGC3
Collector ~ Double Low-e  R-9 Night
Ratio Glazing Glazing  Insulation
400 0.09 0.09 0.10
300 0.11 0.12 0.13
200 0.16 0.17 0.19
150 0.21 0.22 0.25
1 gg 0.30 N 8217 gig
- . .
60 @ 047 0.54
£8 =50 0550 053 0561
45 0.54 0.57 0.65
40 0.58 0.62 0.70
35 0.63 0.67 0.75
30 0.68 0.72 0.81
25 0.73 0.78 0.86
20 0.79 0.84 0.91
15 0.84 0.90 0.95
F2—Trombe Walls
TWF3  TWA3  TwJ2 Wi
Load Unvented Vented Unvented Unvented
Collector  Non- Non-  Selec- Night
Ratio selective selective  tive  Insulation

400  0.07 0.10 0.10 0.06
300 008 0.12 0.14 0.10
200 014 017 022 017

160 018 0.22 0.29 0.23
100 0.26 0.30 0.41 0.34
80 0.31 0.35 0.48 0.40
60 0.39 0.42 0.58 0.50
50 0.44 0.48 0.64 0.56
45 047 0.51 0.68 0.60
40 0.50 0.54 0.72 0.64

35 085 0.59 0.76 0.69
30 0.60 0.64 0.81 0.74
25 0.66 0.69 0.86 0.80
20 0.73 0.76 0.91 0.86
15 0.81 0.84 0.95 0.92




F3—Water Walls
Load WWA3 WWwB4 WweC2
Collector ~ No Night Night Selective
Ratio Insulation  Insulation  Surface
400 0.10 0.08 0.08
300 013 0.12 0.13
200 0.19 0.21 02
150 0.24 0.28 0.28
100 0.33 0.41 0.41
80 0.39 0.49 0.48
60 048 0.59 0.58
50 0.53 0.66 0.64
45 057 0.69 0.68
40 0.61 0.73 0.72
35 0.65 0.78 0.77
30 0.70 0.82 0.81
25 0.76 0.87 0.86
20 0.82 0.92 0.91
15 0.89 0.96 0.96
F4—Sunspaces
Load
Collector Sunspace Type
Ratio SSA1 SSBf SSC1  SSD1  SSE1
400 015 012 009 016 0.13
30 018 015 012 020 017
200 024 020 017 027 023
150 028 024 022 033 028
100 036 031 030 043 037
80 041 036 035 049 0.;3
60 049 042 057 051
$0 %0 o5 047 46083 036
45 056 050 051 066 0860
40 060 053 055 068 063
3% 064 057 059 073 067
3 068 062 064 078 072
2% 073 067 070 08 077
20 079 073 077 088 083
15 08 081 08 093 089

Table H—Unit Heat Capacities

(Btu/F-sf)
H1—Mass Surfaces Enclosing Direct Gain
Spaces
Thickness (inches)
Material 1 2 3 4 6 8 12
Poured Conc. 22 43 6.7 83 11.3 115 10.3
Conc. Masonry 22 4.2 65 84 102100 90
Face Brick 20 47 71 9.0 104 99 90
Flag Stone 21 48 71 85 86 80 76
Builder Brick 15 37 54 65 66 60 58
Adobe 13 32 48 55 54 49 48
Hardwood 04 14 18 1.7 15 15 15
Water 52 104 15.6 20.8 31.2 416 624
H2—Rooms with no Direct Solar Gain
Thickness (inches)
Material 1 2 83 4 6 8 12
Poured Conc. 17 30 36 38 37 36 34
Conc. Masonry 1.6 29 35 36 34 32
Face Brick 1.8 31 36 35 34 32
Flag Stone 19 31 34 34 32 31 30
Builder Brick 1.4 26 3.0 31 29 27 27
Adobe 12 24 28 28 26 24 24
Hardwood 05 11 13 1.2 11 10 14

Cailing/roofs

Walls and Doors

North Glass

East Glass

West Glass

Skylights

Direct Gain Glazing

Trombe Walls and
Water Walls

Sténssﬂces

Table M—Shading Factors

Table I—Comfort Factors (Btu/sf)

Direct Gain ™
Sunspaces and @
Vented Trombe Walls

Table J—Radiant Barrier Factors

Radiant Barrier o.i B

No Radiant Barrier
Table K—Solar Absorptances

Projection

Factor  South East North West
o R o @
. . ; o 0.
0.40 0.64 0.82 @'q 0.82
0.60 0.46 0.72 0.80 0.69
0.80 0.31 0.62 0.74 0.57
1.00 0.21 0.52 0.67 0.45
1.20 0.15 0.44 0.61 0.35

MocTiowy oy 8.80 fo- Low-e

Table N—Internal Gain Factors
Constant Componeny¥, 199 kBtuyr
Variable Componen(500 JBtu/yr-BR

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

Total Heat Night

Night

No Night No Nignt

Capacgy Ventw/ Ventw/No Ventw/ Ventw/No

per SF Ceil. Fan Ceil. Fan Ceil. Fan Cail. Fan
0.0 2,010 -1,790 -630 -3,720
1.0 3,000 -1,180 360 -3,120
20 3560 -780 920 2,720
30 3870 -530 1,240  -2,460
40 4,050 -360 1420 -2,290 1 )ggq
50 4150 -250 1,5 5

.6 750 4,210 -170 1,570 -2110
70 4240 -130 1,600  -2,060
80 4,260 -100 1,620  -2,030
90 4,270 080 1,680  -2,010
100 4270 060 1,640  -2,000

Color Absorptance
Gloss White

Semi-gloss White

Light Green

Kelly Green .51
Medium Blue 0.51
Medium Yellow 0.57
Medium Orange 0.58
Medium Green 0.59
Light Buff Brick 0.60
Bare Concrete

Red Brick

Medium Red .80
Medium Brown 0.84
Dark Blue-Grey 0.88
Dark Brown 0.88

Total heat capacity per square foot is calculated on
Workshest Il Step E.

Table P—Base Case Cooling
Performance (Btu/sf-
Base Case 18,96

Table G—Base Case Auxili
Performance (Btu/yz-

Base Case 37,936

Heat
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WORKED EXAMPLE
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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, the
air inflltration reduction measures, and
so forth.

Direct Gain: a passive solar system 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, f.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-
" 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: design and construction
techniques which help a butlding 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 liquid at a
certain temperature and release energy
when they turn solid at a certain
temperature, but 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 commercially
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-value. (see below)

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
coeflicients are desirable when heat gain
is a problem.

Sunspace: passive solar 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: a modest form of a direct
gain passive solar system; suntempered
houses increase south-facing glass to
about 7 percent of a total floor area, but
add no thermal mass beyond the "free”
mass already in a typical house --
gypsum 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
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-Value: a unit representing the heat
loss per square foot of surface area per
degree °F of temperature difference (see
R-value above}.
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References

General

1. A Sunbuilder’s Primer, National
Renewable Energy Laboratory - NREL
(formerly SERI).

2. Passive: It's a Natural, NREL.

3. The Passive Solar Construction
Handbook, Steven Winter
Associates/Northeast Solar Energy
Center/National Concrete Masonry
Association/Portland Cement
Association/Brick Institute of America.
Available for $29.95 plus $3.00
handling, from Steven Winter Associates,
Attn: Publications, 6100 Empire State
Building, New York, N.Y. 10001

4. Suntempering in the Northeast, Steven
Winter Associates, Available from them
at the address above for $9.50.

5. Balcomb, J.D. Passive Solar Design
Handbook, Volume 1, II, Ill. Available
from National Technical Information
Service, U.S. Dept. of Commerce, 5285
Port Royal Road, Springfield, Va, 22161,
$32.00 each for I and I, $12.00 for III.

6. Jones, R, et al. Passive Solar Heating
Analysis. This volume supercedes and
expands Volume II, II], and supplements
of the Passive Solar Design Handbook
(Ref. 5). Available from ASHRAE,
Publications;, 1791 Tullie Circle NE,
Atlanta, Ga, 30329, $30.00 for ASHRAE
members, $60.00 for non-members.

7. Living With the Sun (for consumers)
and Building With the Sun (for builders),
PPG Industries.

8. The Passive Solar Information Guide,
PSIC.

" 9. Passive Solar Trends. Technical briefs

from PSIC.

a. Infiltration in Passive Solar
Construction

b. The State of the Art in Passive Solar
Construction

c. Passive Solar in Factory-Built
Housing

d. Radiant Barricers: Top Performers in
Hot Climates
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e. Glazings: The Design Considerations
Aren't As Clear As Glass

f. Ideas for Passive Solar Remodeling
Passive Homes in the Marketplace
{Class C Studies)

h. Daylighting in Commercial
Buildings

i. Human Comfort and Passive Solar
Design

j.  Passive Design for Commercial
Buildings

k. Passive Solar: Principles and
Products

l. Increasing Design Flexibility

m. Utilities and Passive: Predicting the
Pay-off

Insulation

10. NAHB Insulation Manual, National
Association of Home Builders, National
Research Center. Available from NAHB
Bookstore, 15th and M Streets N.W.,
Washington, D.C. 20005. (202) 822-
0200.

11. Lischkoff, James K. The Airtight
House: Using the Alrtight Drywall
Approach, lowa State University
Research Foundation. Available for
$14.95; Attn: Sarah Terrones, EES
Building, lowa State University, Ames,
IA. 50011

Appliances

12. Saving Energy and Money with Home
Appliances, Environmental Science
Department, Massachusetts Audobon
Society/American Council for an Energy
Efficient Economy. Available for $2.00
apiece from ACEE, 1001 Connecticut
Ave. N.W,, Suite 535, Washington D.C.
20036

13. Wilson, Alex. Consumer Guide to
Home Energy Efficiency. American
Council for an Energy Efficient Economy.
Washington, DC.

Energy Efficient Construction

14. Boe, B. and L. Schwartz, T.
Porterfield. Builder's Field Guide to
Energy Efficient Construction. DOE/BP-
1427: October 1990. Oregon State
University, Corvallis, OR 97331.

Site Planning

15. Builder’s Guide to Passive Solar
Home Design and Land Development,
National Fenestration Council. Available
for $12.00 from NFC, 3310 Harrison,
White Lakes Professional Building,
Topeka, KS. 66611

16. Site Planning for Solar Access, U.S.
Department of Housing and Urban
Development/American Planning
Association. Available for $6.50 from
Superintendent of Documents, U.S.
Government Printing Office, Washington
D.C. 20402

Sunspaces

17. Jones, Robert W. and Robert D.
McFarland. The Sunspace Primer: A
Guide for Passive Solar Heating, available
for $32.50 from Van Nostrand Reinhold,
115 5th Avenue, New York, N.Y. 10003

18. Greenhouses for Living, from Steven
Winter Associates, Attn: Publications,
6100 Empire State Building, New York,
N.Y. 10001, $6.95.

19. Concept IV, from Andersen
Corporation, Bayport, MN. 55003, $6.95.

20. Passive Solar Greenhouse Design and
Construction, Ohio Department of
Energy/John Spears, 8821 Silver Spring,
Md., 20910.
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More Information

Conservation and Renewable Energy
Inquiries and Referral Service
(CAREIRS) 1-800-523-2929, Renewable
Energy Information, Box 8900, Silver
Spring, Md. 20907

National Association of Home Builders
Attention: Energy and Home
Environment

15th & M Streets N.W.

Washington, D.C. 20005

National Concrete Masonry
Association

Attention: Energy Engineer
2302 Horse Pen Road
Herndon, Va. 22070

Brick Institute of America
Attention: Energy Engineer
11490 Commerce Park Drive
Suite 300

Reston, Va. 22091

National Renewable Energy Laboratory
Attention: Solar Buildings Program

1617 Cole Boulevard

Golden, Co. 80401

Solar Energy Industries Association
777 N. Capitol Street, NE #805
Washington, DC 20002

National Appropriate Technology
Assistance Service

P.O. Box 2525

Butte, MT 59702

1-800-428-2525

FSEC
300 Street, Road 401
Cape Canavral, FL 32920

Passive Solar Industries Council
1511 K Street, Suite 600
Washington, D.C. 20005
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Example Tables

Examples of Heat Energy Savings
Passive Solar—Direct Gain

Examples of Heat Energy Savings 1,500 sf Single Story House with 800 sf Addition
Base Remodel Ener
1,500 sf Single Story House with 800 sf Remodel Conventional Conserus
Addition Remodel Remodel
R-values
Existing Conventional Ceiling/Roof 12 38
Structure Remodel Walls 7 22
R-values Slab Edge 2 2
Ceiling/Roof 12 12 Glass .9 1.8
Walls 7 7 :
Slab Edge 2 2 Air Changes/Hour 0.75 0.50
Glass .9 9
Glass Area (percent of total floor area)
Alr Changes/Hour 0.75 0.75 West 2.0% 2.0%
North 2.0% 2.0%
Glass Area (percent of total floor area) East 2.0% 2.0%
West 3.0% 2.0% South 2.0% 6.3%
North 3.0% 2.0%
East 3.0% 2.0% Added Thermal Mass
South 3.0% 2.0% Percent of Floor Area 0.0% 11.5%
Percent Solar Savings Solar System Size (square feet)
9% 6% South Glass 45 145
Added Thermal Mass 0 264
Performance (Btu/yr-sf)
Conservation 41,591 38,239 Percent Solar Savings
Auxiliary Heat 37,936 35,840 6% 27%
Cooling 18,961 12,299
Performance (Btu/yr-sf)
Conservation 38,239 24,834
Auxiliary Heat 35,840 18,128
Cooling 12,209 5,406
Examples of Heat Energy Savings Summary: Insulation and tightness have been increased. South-
Suntempered facing glazing has been substantially increased. For these

1,500 sf Single Story House examples, added mass area is assumed to be six times the added
south glass area.

Energy
Conventional Conscious
Remodel Remodel

R-Values
Ceiling/Roof 12 38
Walls 7 22
Slab Edge 2 2
Glass 9 1.8
Air Changes/Hour 0.75 0.50
Glass Area (percent of total floor area)
West 2.0% 2.0%
North 2.0% 2.0%
East 2.0% 2.0%
South 2.0% 4.6%
Sotlar System Size (square feet)
South Glass 45 108
Percent Solar Savings

) 6% 20%
Performance (Btu/yr-sf)
Conservation 38,239 24,887
Auxiliary Heat 35,840 19,760
Cooling 12,299 11,437

Summary: Insulation values and tightness of the house (as
measured in ACH) have been increased. South glazing area has
been increased.
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Examples of Heat Energy Savings
Passive Solar—Sunspace
1,500 sf Single Story House with 800 sf Addition

Energy
Conventional Conscious

Remodel Remodel

R-Values
Ceiling/Roof 12 38
Walls 7 22
Slab Edge 2 2
Glass 9 1.8
Air Changes/Hour 0.75 0.50
Glass Area (percent of total floor area)
West 2.0% 2.0%
North 2.0% 2.0%
East 2.0% 2.0%
South (windows) 2.0% 2.0%
Sunspace 0.0% 4.3%
Solar System Size (square feet)
South Glass 45 45
Sunspace Glass 0 100
Sunspace Thermal Mass 0 300
Percent Solar Savings

6% 27%
Performance (Btu/yr-sf)
Conservation 38,239 24,834
Auxiliary Heat 35,840 18,060
Cooling 12,299 6,013

Summary: Insulation and tightness have been increased. 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 with 800 sf Addition

Energy
Conventional Conscious

Remodel Remode!

R-Valyes
Ceiling/Roof 12 38
Walls 7 22
Slab Edge 2 2
Glass 9 1.8
Air Changes/Hour 0.75 0.50
Glass Area (percent of total floor area)
Wes! 2.0% 2.0%
North 2.0% 2.0%
East 2.0% 2.0%
South 2.0% 2.0%
Thermal Storage Wall 0.0% 4.3%
Solar System Size (square feet)
South Glass 0 0
Thermal Storage Wall 0 100
Percent Solar Savings

6% 31%
Performance (Btu/yr-sf)
Conservation 38,239 24,834
Auxiliary Heat 35,840 17,0086
Cooling 12,209 4,562

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
Existing Structure 18,961 Btu/yr-sf

Energy
Savings Percent
Strategy (Btu/yr-sf) Savings
No Night Ventilation
without ceiling fans 0 0%
with ceiling fans 3,640 19
Night Ventilation'
without ceiling fans 1,940 10
with ceiling fans 6,280 33
High Mass?
without ceiling fans 470 2
with ceiling fans 400 2

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 fioor area.
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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-term 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.

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 Bui'der Guideline
recommendations. This is a conservative
assumption because there will always be
some solar gain through these windows.

Annual Auxiliary Heat
(Worksheet I)

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 119% 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.

Temperature Swing
(Worksheet III)

The temperature swing estimate on
worksheet IIl 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 materials that are often
used to provide extra heat storage,
assuming these materials replace
sheetrock.
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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
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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.
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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.
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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.
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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.
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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
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
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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
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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.
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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°.
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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
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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
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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)
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Material 1

Poured Conc.
Conc. Masonry
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Flag Stone
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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

T’
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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



80

SUMMER COOLING PERFORMANCE LEVEL

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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