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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 el1m1nate 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-conservtng 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 Destgn 
Strategies Is a package in three 
basic parts: 

• The GuldeUnes 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 Ezample 
demonstrates how to complete 
the worksheets for a typical 
residence. 

2. Passive Solar 
RemodeUng -- 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 Ufestyle. 

Environmental Trends 
PaSSive solar techniques 

have been available for 10 years, 
but there has been llmited 
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 'IV. 
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 s1m1lar 
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 20010 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 
economics. 

"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: afiluent, college 
educated, and female. This 22% 
of the population tends to be 
professionals and executives, 
Uve 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 
w1lling 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 beUeve 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 cUent 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 m1n1m1zes the 
impact on the environment. 
Passive solar is the natural 
solution to home heating and 
cooling and appeals to the 
segment of the pubUc 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. 

3 
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 
f1n1shed 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. 

Tampa, Florida 
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Passive solar has become a 

win-win solution for the 
remodeler and home owner. 
Passive solar addresses the 
concerns about preseIVtng 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 desJgned 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 infonnation 
about increasing the energy 
efficiency of homes and applying 
refinements of that lmowledge. 

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 Tampa, " 
Florida, but there is also 
information in each section of 
the booklet which will be useful 
in any climate. 
• Part One introduces PassflJe 
Solar Design Strategies, and 
presents the performance 
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potential of several different 
passive solar systems in the 
Tampa 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. 
• 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. 
• Part Three gives more speciftc 
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 
Thre"e 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: 
• Conservation Performance 
Level 
• Auxiliary Heat Performance 
Level 

• Summer Cooling 
Perfonnance 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 sfhome. Insulation levels 
typical of existing homes in 
Tampa 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 Tampa, FlOrida is from 
the less than 1,000 heating 
degree-days region. The floor 
construction is assumed to be 
slab-on-grade, because this is 
typical in Florida. 

The examples show how to 
achieve energy-use reductions 
using two basic strategies: 
• Suntemperlng: 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. 
• Passlve SOlar: using three 
different design approaches: 
Direct Gain, Sunspace, and 
Thennal 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 
infonnation 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 Tampa, FlOrida, and two 
pages expla1n1ng 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 Tampa, Florida, and 
are a very important part of this 
package because they allow you 
to compare on paper different 
passive solar strategies or 
combinations of strategies, and 
the effect that changes will have 
on the overall perfonnance 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 perfonnance 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 Thennal Storage 
Wall. 

The Worksheets provide a 
way to calculate quickly and 
with reasonable accuracy how 
well a desJgn is likely to perfonn 
in four key ways: how well it will 
conseIVe 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 ~00l1ng load (need for air 
conditioning) will be. 

The Worksheets are 
supported by '1ook-up" tables 
contatntng 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 
perfonnance indicators: 
• 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 
thennal units per square foot 
per year (Btu/sf-yr) - the lower 
the heat loss, the better. 

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. 
• Worksheet m: Thermal 
Mass/Comfort: determines 
whether the house has adequate 
thermal mass to assure comfort 
and good thermal perfonnance. 
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. 
• Worksheet IV: Summer 
CoollDl Performance Level: 
indicates how much air 
conditioning the house will need 
in the sununer (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 
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6 
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. 
• The Worked Ezample: To 
assist in understanding how the 
design strategies outlined in the 
Guidelines affect the overall 
performance of a house, a 
worked example is inch.lded. 
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 
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significantly, depending on 
climate, the specffic 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 
SavIDgs 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 23.8%, 
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 heattng 
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 12.0 M1llion Btu. 
Just to pick from one of the 
alternatives, the energy 
conscious sunspace remodel has 
an estimated total annual 
heating uSe of 9.2 Million Btu. 
With the combined performance 
of conseIVation and passive 
solar features, the remodeled 
home uses less energy (even 
including the additional square 
footage) than the original 
existing home. 

Please Dote that 
throughout the GuldeUnes and 
Worksheets the gIaz1ng areas 
given are for the actual net 
area of the glass itself. A 
commOD rule of thumb is that 
the Det glass area is 80 
percent of the rough frame 
opening. For ezample, if a 
south glass area of 100 sf is 
desired. the required area of 
the rough frame opeDing 
would be about 1215 sf. 
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Performance Potemlal of Passive Solar Strategies for Remodeling 
In Tampa, Florida 

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 14.2 not applicable 
(45 sf of south-facing double glass) 

Sumempered 42.1 66,872 
(105 sf of south-facing double glass) 

Direct Gain (145 sf of south glass) 
Double Glass 53.7 61,460 

Sunspace 
(145 sf of south glass) 50.6 55,n2 

Thermal Storage Wall- Masonry/Concrete 
(145 sf of south glass) 56.3 66,358 

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 all newly constructed walls and the stated 
passive solar features. 

4. EstabUshing the 
Energy Performance 
of the Existing 
Structure 
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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 seIVice 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. 

Tampa, Florida 
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If you cany out the SUlVey 

yourself. you may use the 
GuidelJne worksheets 
(particularly Worksheet I) to 
determine what infonnaUon is 
required. In general. you will 
attempt to determine rough 
areas of windows. walls. and 
other elements of the envelop of 
the house. In addiUon. 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 wallinsulaUon 
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 
infonnation. you may guess 
insulation levels based on the 
year of construction. Ceilings 
typically have Rll 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. Rll; 
d) after 1980. RI3-RI6. 

Table A accompanying the 
Remodeler GUidelJnes 
Worksheets may be used for 
estimating the effective R-value 
of various type of windows. 
doors. and wall sections. 

Air 1nflltration 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 

1. Why Passive Solar? More than a Question of 
Energy 

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

3. Improving Conservation Performance 

4. Mechanical Systems 

o. South-Facing Glass 

6. Thermal Mass 

7. Orientation 

8. Site Planntng for Solar Access 

9. Interior Space Planntni 

10. Putting it Together: The House as a System 
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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 desJgn, 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 
sigrilllcantfy 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 
quaUfted 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: hJgh-
efficiency heating equipment can 
account for stgnificant energy 
savings - but It won't be as 
much fun on a winter morning 
as breakfast in a brJght, 
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-
efficiency. 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 400A> 
less energy for heating than 
"conventional" houses. with 
some houses saving much more. 
• occupants of passive solar 
homes are pleased with the 
performance of their homes (over 
90% ''very satisfied"). but they 
rank the comfort and pleasant 
living environment as Just as 
important (in some regions, 
more important) to their 

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

interiors, open floor plans 
• Comfort: quieter (no operating noise), strong construction, warmer in 

winter, cooler in summer (even during a power failure) 
• Value: high owner satisfaction and greater resale value 
• Low Maintenance: durable, reduced operation and repairs 
• Investment: independence from future rises in fuel costs, will continue 

to save money long after any initial costs have been recovered 
• Environmental Concerns: clean, renewable energy to combat 

growing concerns over global warming, acid rain, energy imports, and 
ozone depletion 
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satisfaction, and in their 
decision to buy the house, as 
energy censiderations. 
• passive solar home owners 
and lenders perceive the 
resale value of passive solar 
houses as hI&h. 

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

The strategies presented here for 
enhancing energy fall into three 
general categories: 
• Energy CODServatlon: more 
effiCient insulation levels, control 
of air inftltration, glazing type 
and location, mechanical 
eqUipment, and appliances. 
• SuntemperiDl: a moderate 
use of passive solar techniques; 
modestly increasing south-facing 
window area, but without adding 
thermal mass. 
• 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 immecUatel,. clear 
Is that these categories 
overlap. For inatance, a good 
energy-conservation package 
Is the neces&ary' starting point 

of all well-cleslgned 
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 gIaas 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 masomy, 
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 peIform 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 
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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 peIformance; 
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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3. Improving 
Conservation 
Performance 

The techniques described in this 
section relate to Worksheet I: 
Conservation Perfol'llUUlce 
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: 
• Non-solar glazing 
• Insulation 
• AIr lDftltration 

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 tnstaUtng the 
insulation can have almost as 
much effect on energy 
perfonnance as the R-value, so 
careful construction supervision 
Is important. An inspection just 
before the drywallts hung 
identifies improvements which 
are easy at that time but w1ll 
make a big difference in the 
energy use of the home for years 
to come. 
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The thermal reSistance of 
ce~/roofaa.eDlbUe.,~ 

and Ooon Is affected not only by 
the R-value of the insulation 
itself, but also the resistance of 
other elements in the 
construction assembly -
fr.wrr.Ung,sheathing,intertor 
drywall, and so on. The 
Worksheets include tables that 
show Equivalent Constniction 
R-Values which account for 
these and other effects. For 
instance, ventilated crawlspaces 
and unheated basements 
provide a buffertng 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 m1n1m1zed 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. 

In8ullltion In an Attic 
~nl!ulation shouJd ~xtend 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 
w1ll increase the R-value. 
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Slab edge lDaulatlon 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'. walla 
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. 

Checklist 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 walls; 

" 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 slabs and seal; 

" 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 13 
and 14). 
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Air Illfiltration 

Sealing the house carefully 
to reduce air 1nflltration - air 
leakage - is as necessary to 
energy conselVation as addlng 
insulation. Air w1ll 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, w1ll 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 - w1ll probably 
be necessary to avoid such 
problems in houses with less 
than 0.35 ACH (calculated or 
measured). 
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Non-Bolar 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 
s1gnJftcant, usable amount or 
hardly worth measuring w1ll 
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 stgniftcant 
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 m1nimfzed with careful 
attention to shading. 

But most of the reasons 
people want windows have very 
little to do with energy, so the 
best design w1ll often be a good 
working compromise between 
energy efilc1ency and other 
benefits, such as bright livtng 
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 effic1ency. 

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 !mown 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 given 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 
signJficant 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 while. 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, fall, 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 (HV AC) will 
interact all year round and so 
the most effective approach will 
be to design the system as an 
integrated whole. HV AC design 
is, of course, a complex subject, 
but the three areas below are 
particularly worth noting in 
passive solar houses: 
• System sizing. Mechanical 
systems are often oversized for 
the relatively low heating loads 
in well-insulated passive solar 
hpuses. 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 
addttiDns 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. 
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• Night Setback. Clock 
thermostats for automatic Itlght 
setback are usually very effective 
- but in passive solar systems 
with large amounts of thermal 
mass (and thus a large capacity 
for storing energy and releasing 
it during the night), night 
setback of the thermostat 
greater than 5 to 8 OF may not 
save very much energy. 
• 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 tum 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 
untnsulated 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 requtre 
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 
summer 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 sufficient 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 
masomy, 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 
masomy. 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. Algac1des 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 masomy 
materials typically used in 
passive solar have s1milar 
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-OF) (lb/ft3) (Btu/in-sf-OF) 

Poured Concrete 0.019 - 0.24 120 - 150 2.0 - 2.5 

Clay Masonry 
Molded Brick 0.19 120 - 130 2.0 - 2.2 
Extruded Brick 0.19 125 - 135 2.1 - 2.3 
Pavers 0.21 130 - 135 2.2 - 2.3 

Concrete Masonry 
Block 0.21 80 - 140 1.3 - 2.3 
Brick 0.22 115-140 1.9 - 2.3 
Pavers 0.22 130 - 150 2.2 - 2.5 

Gypsum Wallboard 0.26 50 0.83 

Water 1.00 62.4 5.2 

Wood, soft 0.39 22 - 41 0.72 - 1.33 

Tampa, Florida 
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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 
perfonn almost as well, and 
orientations up to 30 degrees off 
- although less effective - will 
still provide a substantial level of 
solar contribution. 

In Tampa, magnetic north as 
indicated on the compass is 
actually 1 degree 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 
perfonnance reduced, but 
summer air conditioning loads 
also significantly increase, 
especially as the orientation goes 
west. The wanner 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. 

Tampa, Florida 
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8. Siting the Addition 

The basic objective of site 
planning for maximum energy 
perfonnance 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 solt;U' 
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 lmowledge of 
where it comes from and when, 
then you lmow which is the best 

location of your house for the 
solar collection component. 

~ 2 Story Buildings Allowed 

Ideal SolIII' Access 
Buildings, trees or other obstructions should 
not be located so as to shade the south wall 
of solar buildings. At this latitude, A = 7 ft., B = 12ft, andC = 27ft 

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 southern 
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 
patterns on smaller lots to make 
the best compromise. 

Protecting solar access is 
easiest in subdivisions with 
streets that run within 25 
degrees of east-west, because all 
lots will either face or back up to 
south. Where the streets run 
north-south, creation of east-
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west cul-de-sacs wUl help ensure 
solar access. 

.. l!! ..... 
~J 

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

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

Other ideas from effective 
passive solar houses: 
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• Ortentthg 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. 
• 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. 
• 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. 

Tampa, Florida 
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10. Putting it 
Together: The House 
as a System 

Many different factors will affect 
a house's overall penormance, 
and these factors all interact: 
the mechanical system, the 
insulation, the house's 
tightness, the effects of the 
paSSive solar features, the 
appllances,and,ve~ 

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 penormance. 
Some energy savings are 
relatively easy to get. Others 
can be more expensive and more 
d.ifilcult to achieve, but may 
provide benefits over and above 
good energy penormance. 

A 8enalble enel'lJ-efBclent 
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. 

Tampa, norida 
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Checklist for Good Design 

" 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 help you choose the best options available. 
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" 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 perlormance 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". 

" 3. Reduced air Infiltration: Air tightness is not only critical to energy perlormance, but it also makes the 
house more comfortable. 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 alternative approach to 
achieving improved energy efficiency without requiring air quality controls such as air to air heat exchangers, 
which would be needed if the house were made extremely airtight. By the same token, passive solar homes 
are not necessarily more "leaky" than conventional ones. 

" 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. 

" 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 perlormance. Using different types 
of glazing for windows with different orientations is worth considering for maximum energy perlormance; 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. The building retrofit should consider appropriate 
replacement windows. 

" 6. Proper shading of windows: If windows are not properly shaded in summer - either with shading 
devices, 'or by high-perlormance 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.·Addltlon of thennal 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. 

" 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 

" 9. Selection and proper sizing of mechanical systems, and selection of energy-efficient appliances: 
High-perlormance 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 perlormance. 

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. 

Tampa, Florida 
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• 

Part Three: Strategies for Improving 
Energy Performance in Tampa, 
Florida 
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 - Suntempertng, 
Dtrect 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: 
• Insulation levels (ceilings, 
floors, walls and foundations); 
• Tightness (measured in atr 
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); 
• The "percent solar savings" 
(the part of a house's heating 
energy saved by the solar 
features); 
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• Three numbers 
corresponding to those on the 
Worksheets: Consexvation, 
AuxUlary Heat, Thermal 
Mass/Comfort, and Cooling 
Performance (see page 4). The 
Example tables then show how 
the house desJgn 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 
desJgned to show an effective 
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 spec1ftc desJgn. 

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 
ex1stlngconstruction. 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 enttre 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: 
• begin with good basic 
energy-conaervation, 
• take maximum advantage of 
the building site through the 
right orientation for year-rollnd 
energy saviIlgs, and 
• have Increased south-laclDl 
glass to collect solar energy. 

Suntempertng is the smplest 
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 
suntempertng Is a veIY low-cost 
strategy. 

Of course, even though the 
necessity for precise sizing of 
glazing_and thermal mass does 
not apply to suntempertng (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 conselVation measures, 
room lay-out, siting, glazing type 
and so on are still mportant for 
perfonnance and comfort in 
suntemperetl 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 11 30 
Walls 7 19 
Slab Edge 0 0 
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 
14% 42% 

Performance (Btulyr-sf) 
Conservation 11,763 8,099 
Auxiliary Heat 10,095 4,686 
Cooling 12,230 11,676 

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. 

Tampa, Florida 
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3. Direct Gain 

The most common passive solar 
system is called direct gain: 
sunlight through south-factng 
glazing falls directly into the 
space to be heated. and is stored 
in thennal mass incorporated 
into the floor or interior walls. 

Direct GIIln 
Direct gain is the most common passive solar 
system in fflsidfHItiaJ 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 
difilcult to provide enough 
thennal mass for year-round 
comfort. 

So the total south-facing 
glass area in a direct gain 
system should be between 7% 
(the maximum for suntempered 
houses) and 12%. depending on 
how much thennal mass wUl be 
used in the design. as discussed 
below. 
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Glazing 
Double glazing is recommended 
for direct gain glazing in Tampa. 
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 wUl 
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 
Thennal 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). quany tile. and dark-
colored ceramic tile. 

For houses built with 
crawlspaces or basements, the 
incorporation of Significant 
amounts of heavy thennal mass 
is a little more difilcult. Thennal 
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 thennal storage. 
Another option is to switch to 
another passive solar system 
type such as attached slab-on-
grade sunspaces or thennal 
storage walls built directly on 
exterior foundation walls. 

Sunlit thennal mass floors 
should be relatively dark in 
color. to absorb and store energy 
more effectively. However. mass 
walls and ce1l1ngs should be 
light in color to help distribute 
both heat and light more evenly. 



PASSIVE SOLAR DESIGN STRATEGIES 

Ratlo of Glass to Mass. The 
following procedure can be used 
to determine the maximum 
amount of direct-gain glazing for 
a given amount of thennal mass. 
If the amount of direct-gain 
glazing to be used is already 
lmown, thennal mass can be 
added until this procedure 
produces the desired 
proportions: 
• 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 thennal 
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 thennal 
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 perfonnance as 
well. 

1:40 for Floor 
notinSul 

lIa .. Locatlon and Effectlvenes. 
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 thennal 
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 perfonn about 
eight percent better than a four-
inch floor. 

The following figure shows 
the effectiveness of thennal 
mass in relation to density and 
thiclmess. The vertical axis 
shows how many square fe~t of 
mass area are needed for each 
added square foot of direct gain. 
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As you can see, perfonnance 
increases start leveling off after a 
few inches of thennal mass. 

40 
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lIa .. Thh:kn ••• 
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 m: Thermal 
Mass/Comfort should be used 
to make sure the house has 
adequate thennal mass. 
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Examp~es Of Heat Energy Savings 
Passive Solar-Dlrect Gain 

1,500 sf Single Story House with 800 sf Addition 
Energy 

Conventional Conscious 
Remodel Remodel 

R-value. 
Ceiling/Roof 11 30 
Walls 7 19 
Slab Edge 0 0 
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% 6.3% 

Added Thermal Ma •• 
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 
14% 53% 

Performance (Btulyr-sf) 
Conservation 11,763 8,088 
Auxiliary Heat 10,095 3,747 
Cooling 12,230 6,963 

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. 

Tampa, Florida 
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4. SUDspaces 

The sunspace is a very popular 
passive solar feature, adding an 
attractive living space as well as 
improved energy perfonnance. 
There are many variations on 
the basic theme of the sunspace, 
and the possibilities for 
sunspace design are 
extraord1nar1ly 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 sunUght is 
collected in an area which can 
be closed ofT 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 rught, 
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 rughts. 

Sun_".ce_ 
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. 
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The sunspace-floor is a good 

location for thennal 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. 

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

Glazing 
Single-glazing may be used for 
sunspaces, although double-
glazing will further improve 
comfort, in tenns of energy 
savings, The perfonnance 
potential table on page 7 shows 
the relative perfonnance 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 necessmy, 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 
Perfonnance 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 
perfonnance in winter. 

Tampa. Florida 

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 wallis probably adequate. 
However. insulating the common 
wall to about R-IO 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 thennal storage 
in the sunspace is insufilcient. 

Common wall constructed of 
masonry may be used for 
thennal 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. 

Some solar energy may be 
~erred from the sunspace to 
the rest of the house by' 
conduction through the common 
wall if it is made of thennal 
mass. But energy is mainly 
transferred by natural 
convection through openings in 
the common wall - doors, 
windows and/ or vents. 
• Doors are the most common 
opening in the conunon wall. If 
the only openings in the wall are 
dOOlways, the total area of the 
door should be at least 150/0 of 
the sunspace south-glass area. 
• 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 wallis 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 sununer 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 sununer 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-8unspace 

1 ,500 sf Single Story House with an 800 sf Addition with Sunspace 
Energy 

Conventional Conscious 
Remodel Remodel 

R·Values 
Ceiling/Roof 11 30 
Walls 7 19 
Slab Edge 0 0 
Glass .9 1.8 

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 
14% 50% 

Performance (Btu/yr-sf) 
Conservation 11,763 8,088 
Auxiliary Heat 10,095 3,995 
Cooling 12,230 7,534 

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. 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. 
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5. Thermal Storage 
Wall 

The Thennal 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 walllnstead 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, thiclmesses and other 
factors, but typically, energy 
stored in a Thennal Storage Wall 
during the day is released 
during the evening and 
nighttime hours. 

The outside surface of a 
thennal 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 
Thennal Storage Wall is much 
less - roughly 63% less - than 
from a comparable area of direct 
gain glazing. 
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Thermal Stora~ Wall 
A thermal storage wBlI is an effective passive 
sola~ system. especially to provide nighttime 
heating. 
A masonry Thennal 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 Thennal 
Storage Walls, experience has 
demonstrated that they are 
ineffective. Vents between the 
Thennal 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 perfonnance of the 
structure with an 800 sq. ft. 
addition designed with a thennal 
storage wall. Existing masonry 
walls may be transfonned into 
thennal 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 thennal storage 
walls if there is adequate 
foundation width and strength 
to support the masonry wall. 

Glazing 
Double glazing is recommended 
for Thennal Storage Walls unless 

a selective surface is used. In 
this case, single glazing perfonns 
about the same as double 
glazing. 

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

Selective Surfaces 
A selective surface is a special 
adhesive foU applied to the 
exterior side of the mass of 
Thennal 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 Tampa, FlOrida, a selective 
surface will improve Thennal 
Storage Wall perfonnance by 
about 34%. 

Mass Material and 
Thickness 
In general, the effectiveness of 
the Thennal Storage Wall will 
increase as the density of the 
material increases. 

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

Density Thickness 
Material (Iblcf) (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 
masoruy. 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) ofwater 
should be provided for each 
square foot 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-Thennal Storage Wan 

1,500 sf Single Story House with an 800 sf Addition 
Energy 

Conventional Conscious 
Remodel Remodel 

R·Values 
Ceiling/Roof 11 30 
Walls 7 19 
Slab Edge 0 0 
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 
14% 56% 

Perfonnance (Btu/yr-sf) 
Conservation 11,763 8,088 
Auxiliary Heat 10,095 3,534 
Cooling 12,230 5,531 

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 modHied portions of 
the home. 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. 
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6. Combined Systems 

Although the previous sections 
have presented separate 
discussions of four cUtferent 
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 ~ 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 
excellentperfonnance,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. 

• 
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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 light 
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 
perfonns 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 
perfonnance 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 
strategies is shown in the 
following table for Tampa. 

lVorksheetrv:CooUn, 
Performance Level indicates 
the total annual cooling load. 
and so can give an idea of how 
the passive solar features 
increase the cooling load and 
how much reduct10n is possible 
when natural cooling techniques 
are used. 

It should be noted that the 
Cooling Perfonnance numbers 
presented in the Examples for 
each pass1ve solar strategy 
assume that the design also 
includes the recommended 
natural cooling techniques. This 
is especially true of the higher 
percentage reduct10ns; these 
assume better heating 
perfonnance. but also better 
shading and other natural 
cooling strategies. 

Cooling Potential 
Existing Structure 22,077 Btu/yr-sf 

Strategy 

No Night Ventilation1 
without ceiling fans 
with ceiling fans 

Night Ventllatlon1 
without ceiling fans 
with ceiling fans 

High Mass2 
without ceiling fans 
with ceiling fans 

Energy 
Savings 

(Btu/yr-sf) 

o 
3,870 

1,090 
5,570 

250 
140 

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

Percent 
Savings 

0% 
18% 

5% 
25% 

1% 
1% 

2 A "high mass" building is one with a thermal mass area at least equal 
to the house floor area. 
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Glazing 
As mentioned earlier, poorly 
placed windows can increase air 
conditioning loads dramatically. 
It is generally best in terms of 
energy performance to carefully 
size non-solar glazing as 
indicated in the following table. 

Recommended Non-south 
Glass Guidelines 

Orientation 

East 
North 
West 

Percent 
of Total 

Floor Area 

4% 
4% 
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 Tampa 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 119,090 Btu/yr-sf. 
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Added Window Cooling Load 

Added Annual 

Orientation 

North 
East 
South 
West 
Skylights 

Cooling Load 
(Btu/yr-sf) 

59,490 
103,070 
81,380 
119,090 
207,530 

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 of 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 
perfonnance, unless they are 
very close to the house and the 
low branches can be removed, 
allowing the winter sun- to 
penetrate under the tree canopy . 

. However, in many cases the 
trees around the house are 
bigger selling points than the· 
energy effiCiency and the buUder 
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 whUe 
leaving in as many trees as 
possible (see page 18, Siting the 
Addition). 

Land.".plng for Summer Shade 
Trees and other landscaping features may be 
effectively used to shade east and west 
windows from summer solar gains. 

Other landscaping ideas for 
summer shade: 
• Trellises on east and west 
covered with vines. 
• Shrubbery or other plantings 
to shade paved areas. 
• Use of ground cover to 
prevent glare and heat 
absorption. 
• Trees, fences, shrubbery or 
other plantings to "channel" 
summer breezes into the house. 
• Deciduous trees on the east 
and west sides of the house. as 
shown above, to balance solar 
gains in all seasons. 
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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 detennfne the optbnum 
overhang size. 

In Tampa, an ideal overhang 
projection for a four foot high 
window would be 9 inches and 
the bottom of the overhang 
would be 9 inches above the top 
ofthe window. 

South Overhang Sizing 
In Tampa, an ideally sized south overhang 
should allow full exposure of the window 
when the sun has a noon altitude of 43 
degrees (angle A) and fully shade the window 
when the sun has a noon altitude of 80 
degrees (angle B). 

Tampa, Florida 
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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. 

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

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

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

Ceiling Fan Sizes 

Largest Room 
Dimension 

12 feet or less 
12 - 16 feet 
16 - 17.5 feet 
17.5 -18.5 feet 
18.5 or more feet 

Minimum Fan 
Diameter 
(inches) 

36 
48 
52 
56 

- 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 
The prevailing wind direction is 
form the north east during the 
cooling season. . Windows, 
stairwells, transoms and other 
elements should be located for 
maximum cross-venUlation 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 venUlation can help 
keep houses cool and 
comfortable at the beg1nn1ng and 
end of the cooling season and 
thus shorten the time when air 
conditioning is required. But 
natural ventilation can seldom 
do the enUre cooling job, 
especially for less than ideal 
sites with little natural air 
movement. The effectiveness of 
natural ventialaUon is also 
limited by the willingness of the 
home owner to operate the· 
house. 

VentIl.tIon 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 venUlaUon, especially 
in houses with sites or designs 
that make natural ventilaUon 
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 
approx1mately'lO ACH. A rule of 
thumb: for rooms with eight foot 
ce1ltngs. total floor area 
multiplied by 1.34 will equal the 
necessary CFM ,of the fan. For 
10 foot ceilings, multiply floor 
area by l.67. 
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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 600A> relative humidity and 
a temperature of less than 76"F. 

Natural venUlation and 
whole-house fans are effecUve at 
removing heat, but not at 
moving air. Ce1ling fans. on the 
other hand, can often create 
enough of a breeze to maintain 
comfort at higher temperatures, 
and st111 use less power than 
required by air conditioning. By 
using natural cooling st~tegtes 
and low-energy fans, the days 
when air-conditioning is needed 
can be reduced substantially. 
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Worksheet Reference Tables 

'hbIe A-&q ....... Dt"..... """""'ce 01 AM ........ 
.-ftI .... (br ... ..,/Btu) 

A1-c.1kIp/RocIh 
Attic nulation R-vIIut 
~ A-30 A-38 A-G A-8O 

27.8 35.9 48.9 57.9 
Framed nulalion A-value 
~ A-19 A-22 A-30 A-38 
2x6 8116"oc 14.7 15.8 16.3 
2x68124-OC 15.3 16.5 17.1 
2118 8116"oc 17.0 18.9 20.6 21.1 
2x88124-OC 17.6 19.6 21.6 22.2 
21110 8118"oc 18.1 20.1 24.5 25.7 
2x108l24-OC 18.4 20.7 25.5 26.8 
21112 at 18"oc 18.8 21.0 26.5 !l.1 
21112 at 24-OC 19.0 21A 27.3 31.4 

A2-frIrnIcI Willi 
Si Ie w::H Insulation R-value 
Framing R-11 R-13 R-18 R-25 
2x4 8116"oc 12.0 13.6 
2x4 8124-OC 12.7 13.8 
2x6 8116"oc 14.1 15.4 17.7 19.2 
2x68124-OC 14.3 15.6 18.2 19.8 
Double 
Wall Total Thickness ~nches) 
Framing 8 10 1 14 

25.0 31.3 37.5 43.8 
The R-value of insulating sheathing should be added 10 
fie value& in thi& table. 

A3-bu1lllcl Floon 
nulalion R-value 

Framing R-11 R-18 R-30 R-38 
2x6s at18"oc 18.2 23.8 29.9 
2x6s at24"oc 18.4 24.5 31.5 
2xBs at 18"oc 18.8 24.9 31.7 36.0 
2xBs at 24"oc 18.9 25.4 33.1 37.9 
2111 0 8118"oc 19.3 25.8 33.4 38.1 
21110 at 24"oc 19.3 26.1 3404 38.8 
21112 8118"oc 19.7 26.5 34.7 38.8 
21112 at 24"oc 19.6 26.7 35.5 41.2 
The&e R-value& Indudelhe buffering effect of a 
ventilated crawlspace or unconditiorled ba&ernenl 

A4-WIndowI 
Metal 

Standard Frame wI 
Wood Metal Thermal 
Frame Frame Break 

Double 
114" space 1.8 1.4 1.5 
11Z' space 2.1 1.6 1.8 
lovi-e 3.1 2.2 3.0 

Triple 
114" space 2.7 1.8 2.1 
11?' space 3.3 2.2 2. 7 

These R-values are for !he entire rough frame window 
opening. When s1Drm &aSh is added, an additional 1.1 
may be added. One haR "e R-value of moveable 
insulation may also be added, when appropriate. 

Table A-coatbnaed •• 

A5--Doon Solid wood with 2.2 
Weaflerstripping 

==riuid 6.9 

Table .......... ter Beat I.-. 
I'acton ........... D-Gn4. uuI 

au ........ (Btu/Ia-J'.ft) 
Healed I.klhea1ed nulated 

Perimeter SIabs-on- Base- Base- Crawl-
Insulation Grade menls menls spaces 
None 0.8 1.3 1.1 1.1 
A-5 0.4 0.8 0.7 0.6 
R-7 0.3 0.7 0.6 0.5 
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-Bea~ pe,ree DaJS 
(J'-day) 

C1--HNdng DIg," Days (Bale 15"f) 
Tampa 739 

C2-HNIIng DIg," DIy UlplIe, 
Passive Solar 

Heatl.o&s GIazjng Area per 
per Square orr square Foot 

Foot .00 • .10 .15 .20 
12.00 1.34 1.36 1.38 1.39 1.39 
11.50 1.32 1.34 1.36 1.38 1.38 
11.00 1.30 1.32 1.35 1.37 1.38 
10.50 1.27 1.30 1.33 1.35 1.37 
10.00 1.24 1.28 1.31 1.33 1.35 
9.50 1.21 1.25 1.28 1.31 1.34 
9.00 1.18 1.22 1.26 1.29 1.31 
8.50 1.14 1.18 1.23 1.26 1.29 
8.00 1.()9 1.14 1.19 1.23 1.27 
7.50 1.04 1.10 1.15 1.20 1.24 
7.00 0.96 1.05 1.11 1.16 1.21 
6.50 0.89 0.98 1.06 1.12 1.17 
6.00 0.81 0.91 1.00 1.07 1.13 
5.50 0.73 0.83 0.92 1.01 1.08 
5.00 0.64 0.75 0.84 0.93 1.03 
4.50 0.55 0.65 O.n. 0.86 0.95 
4.00 0.63 0.57 0.67 0.78 0.87 
3.50 0.47 0.55 0.60 0.70 0.80 
3.00 0.30 0.48 0.53 0.61 0.72 
2.50 0.18 0.32 0.50 0.52 0.63 
2.00 0.02 0.20 0.39 0.51 0.54 

Table D-IIue CUe CoDserntlOD 
PeIfonaaDce (Btu/JI'1fl 

Base Case 9,604 

TabIe~Al'ea 
.Aaq.tmeDt I'acton 

Deanlll off Solar System Type 
'True 00, !'!!J. 8SA SSB, 
South WW, ~ SSD SSE 

o 1.00 0.77 0.75 
6 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 0.81 0.69 0.68 
30 0.87 0.66 0.65 

Table J'--S01u 8JStem &ana, 
Jl'ractlODS 

Load 
Collector 

Ratio 
400 
3lO 
200 
150 
100 
80 
60 
50 
45 
40 
35 
30 
25 
20 
15 

F1-D1r.ct Gain 
DGC1 J)(;.c..'"1... 
Double lovi-e 
Glazing Glazing 

0.22 0.21 
0.28 0.28 
0.41 0.40 
0.51 0.50 
0.67 0.66 
0.75 0.75 
0.84 0.84 
0.88 0.89 
0.90 0.91 
0.92 0.93 
0.94 0.95 
0.95 0.87 
0.96 0.98 
0.97 0.99 
0.98 1.00 

F2-Tnxnbe Willi 

DGC3 
R-9 Night 
Insulation 

0.23 
0.30 
0.43 
0.54 
0.71 
0.80 
0.88 
0.92 
0.94 
0.95 
0.96 
0.97 
0.98 
0.98 
0.98 

TWF3 TWA3 TWJ2 TWI4 
Load Unvented Vented Unvented Unvented 

Collector Non- Non- Selec- ~ght 
Ratio selective selective live Insulation 
400 0.19 0.22 0.28 0.21 
3lO 0.24 0.28 0.36 0.29 
200 0.33 0.37 0.49 0.41 
150 OA1 0.45 0.59 O.SO 
100 0.54 0.58 0.73 0.65 
80 0.62 0.65 0.80 0.73 
60 0.71 0.75 0.88 0.82 
50 0.77 0.80 0.91 0.87 
45 0.80 0.83 0.93 0.89 
40 0.83 0.86 0.95 0.92 
35 0.87 0.89 0.97 0.94 
30 0.90 0.92 0.98 0.96 
25 0.93 0.95 0.99 0.98 
20 0.96 0.97 1.00 0.99 
15 0.99 0.99 1.00 1.00 

Tampa, Florida 



General Project Information 

Project Name AoorArea 
Location pate 
Designer 

Worksheet I: Conservation Performance Level 

A. Envelope Heat Loss 
Construction 
Description 

Ceilings/roofs 

Walls 

Insulated Floors 

Non-solar Glazing 

Doors 

B. Foundation Perimeter Heat Loss 

Description 

Slabs-on-Grade 
Heated Basements 
Unheated Basements 
Perimeter Insulated Crawls paces 

C. InOltration Heat Loss 

D. Total Heat Loss per Square Foot 

Builcing 
Volume 

24 

E. Conservation Performance Level 

Total Heat 
loss per 

Square Foot 

R-value Heat 
Area [Table A) Loss 

+ = 
+ = 
+ = 
+ = 
+ = 
+ = 
+ = 
+ = 
+ = 
+ = 

Btul"F-h 
Total 

Heat Loss 
Factor Heat 

Perimeter [Table B) Loss 

X = 
X = 
X = 
X = 

Btul"F-h 
Total 

X X .018 = Btul"F-h 
Air Changes 

per Hour 

X + = BtulDD-sf 
Total Heat Loss Floor Area 

(A+B+C) 

X X = Btu/yr-sf 
Heating Degree Heating Degree 
Days [Table C) Day Multiplier 

[Table C) 

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

Compare Line E to Line F 

Pa •• lve Solar Design Strategie. 



Worksheet n: A1Jxlliary Heat PerformaDce Level 

A. Projected Area of Pa .. lve Solar GIazlng 
Solar System Ro~rame Net Area Adjustment P ·acted 

Reference Code Factor Factor [Table EJ ~rea 
X 0.80 X = 
X 0.80 X = 
X 0.80 X == 
X 0.80 X = 
X 0.80 X = 
X 0.80 X = 
X 0.80 X = 

sf 
Total Area Total 

Projected 
Area 

+ = 
Total Floor Total Projected 

Projected Area Area per 
Area Square Foot 

B. Load CoUector Ratio 
24 X + = 

Total Total 
Heatless Projected 

[Worksheet IJ Area 

C. Solar SaviDgs Fraction 
System 

Solar System Projected 
Solar Savings 

Fraction 
Reference Code Area [TableF] 

X = 
X = 
X = 
X = 
X = 
X = 
X = 

+ = 
Total Total Solar 

Projected Savings 
Area Fraction 

D. AwdUary Heat Performance Level 

[ 1- ] X = Btulyr-sf 
Solar Conservation 

Savings Performance 
Fraction Level [Worksheet I, 

Step E) 

E. Comparative AuxIliary Heat Performance (From Previous Calallation or from Table G) Btulyr-sf 

Compare Line D to Line E 

PSIC'. Worbheet. for Home Builder. 



Worksheet m: Thermal Mass/Comfort 

A. Heat Capacity of Sheetrock and Interior FumlahlDll 
Unit Total 
Heat Heat 

AoorArea Capacity Capacity 

Rooms with Direct Gain X 4.7 = 
Spaces Connected to Direct Gain Spaces X 4.5 = 

Btul"F 
Total 

B. Heat Capacity of Mass Surfaces Enclosing Direct Gain Spaces 
Unit Heat 

Mass Description ~:eci~) Total Heat 
(include thickness) Area Capacity 

TrombeWalis X 8.8 = 
Water Walls X 10.4 = 
EX(!Qsed Slab in Sun X 13.4 = 
EX(!Qsed Slab Not in Sun X 1.8 = 

X = 
X = 
X = 

Btul"F 
Total 

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

Mass Description 
(include thickness) 

TrombeWalis 
Water Walls 

D. Total Heat Capacity 

E. Total Heat Capacity per Square lI'oot 

lI'. Clear WInter Day Temperature swing 

Direct Gain 
Sunspaces or 
Vented Trombe Walls 

Total 
~~ected Area 
(Worksheet II) 

X 
X 

Comfort 
Factor 

[Table I) 

= 
= 

G. Recommended Maxtmum Temperature swing 

Area 

X 
X 
X 
X 
X 

+ 
Total Heat 
Capacity 

+ 
Total 

Unit Heat 
C=ci~ [T Ie ) 

3.8 
4.2 

Conditioned 
Floor Area 

Total 
Heat 

Capacity 

Total Heat 
Capacity 

= 
= 
= 
= 
= 

Btul"F 
Total 

Btul"F 
(A+B+C) 

= Btul"F-sf 

= OF 

Compare Line lI' to Line G 

Pa .. lve Solar Design Strategies 



Worksheet IV: Summer CooUn, Performance Level 

A. Opaque Surfaces 
Radiant Barrier Absorp- Heat Gain 

Heat Loss Factor tance Factor 
Desaiption (Worksheet I) [Table J) [TableK) [Table L) Load 

Ceili!:!9s1roofs X X X = 
X X X = 
X X X = 

Walls X na X = 
X na X = 

Doors X na X = 
kBtulyr 

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 = 
Skk:lights X 0.80 X X = 

kBtulyr 
Total 

C. Solar Glazing 
Solar System Rough Frame Net Area Shade Factor Heat Gain 
Desaiption Area Factor (Table M] Factor (Table L] Load 

Direct Gain X 0.80 X X = 
Stora~Walis X 0.80 X X = 
Suns~ce X 0.80 X X = 

X 0.80 X X = 
kBtulyr 

Total 

D. Internal Gain +( X ) = kBtu/yr 
Constant Variable Number of 

Component Component Bedrooms 
(Table N] (Table N] 

E. Cooling Load per Square Foot 1,000 X + = Btulyr-sf 
(A+B+C+D) Floor Area 

F. Adjustment for Thermal Mass and Ventilation Btulyr-sf 
(Table 0) 

G. CooUng Performance Level Btulyr-sf 
(E -F) 

B. Comparison CooUng Performance (From Previous calculation or from Table P) Btulyr-sf 

Compare Line G to Line H 

PSIC'. Worksheet. for Home Builders 



F3-w.., WII. 
Load WW~ WWB4 WWC2 

Collector ND~ht ~t SeIec:tiYe 
Ratio NiAaion InlIion Surface 
G Q.25 0.27 0.27 
300 0.31 0.36 0.36 
200 0,42 0.48 0.48 
150 0.51 0.68 0.68 
100 0.65 0.74 0.73 
80 0.72 0.81 0.80 
eo 0.81 0.89 0.88 
50 0.86 0.82 0.82 
45 0.88 0.114 0.94 
40 0.91 0.96 0.95 
36 0.93 0.97 0.97 
so 0.95 0.98 0.98 
25 0.97 0.99 0.99 
20 0.99 1.00 1.00 
15 1.00 1.00 1.00 

F4-8uIWplCn 
load 

Collector SUn&pace Type 
Ratio. SSAI SSBI sse1 SSDI SSEI 
G 0.29 0.24 0.22 0.34 O'SO 
300 0.35 O.SO 0.28 0.42 0.37 
200 0.45 0.39 0.38 0.54 0.48 
150 0.53 0.47 0.47 0.62 0.57 
100 0.65 0.59 0.60 0.75 0.70 
80 0.72 0.65 0.67 0.81 0.76 
60 0.80 034 0.76 0.88 0.84 
50 0.85 0.79 0.82 0.82 0.88 
45 0.87 0.82 0.84 0.93 0.90 
40 0.89 0.85 0.87 0.95 0.93 
35 0.92 0.88 0.90 0.87 0.95 
SO 0.94 0.81 0.93 0.98 0.86 
25 0.97 0.84 0.96 0.99 0.98 
20 0.98 0.97 0.98 1.00 0.99 
15 1.00 0.99 0.99 1.00 1.00 

Table G-Bue Cue AuzlIiuy Beat 
Performaoce (Btu/Jr...t) 

Base Case 7,162 

Tampa, Florida 

Passive Solar Design Strategies 

Table B-Ualt Beat Capacltles 
(Btu/F..t) 

Hl ....... Surf .. EnoIoIIng DIrtoI Gain ..... 
MaIeriaI 

ThicIcness (1I1CheI) 
2 3 4 6 8 12 

POUI8d Cone. 1.8 4.3 6.7 8.8 11.3 11.5 10.3 
Cone. Masonry 1.8 42 6.5 U 10.2 10.0 8.0 
Face Brick 2.0 4.7 7.1 8.0 10.4 8.9 8.0 

~~ 2.1 4.8 7.1 8.5 8.6 8.0 7.6 
1.5 3.7 6.4 6.5 6.6 6.0 6.8 

Adobe 1.3 3.2 U 5.5 SA 4.9 4.8 
Hardwood 0,4 1,4 1~ 13 1.5 1.5 1.5 
Water 6.2 10.4 15.6 20.8 31.2 41.6 62.4 

H2-R00IIII with no 01,,01" Olin 

Material 1 
Thickne&& (1I1CheI) 

2 3 4 6 8 12 
Poured Cone. 1.7 3.0 3.6 3.8 3.7 3.6 3.4 
Conc.Masonry 1.6 2.9 3.5 3.6 3.6 SA 3.2 
Face Brick 1.8 3.1 3.6 3.7 3.5 SA 3.2 

~~ 1.9 3.1 SA 3.4 3.2 3.1 3.0 
1.4 2.6 3.0 3.1 2.9 2.7 2.7 

Adobe 1.2 2.4 2.8 2.8 2.6 2.4 2.4 
Hardwood 0.5 1.1 1.3 1.2 1.1 1.0 1.1 

Table I--Comfon Facton (Btu/~ 
DiredGain 870 
SUn&paces and 290 
Vented Trombe Walls 

Table .J--RadlaDt Banter Jl'acton 
Radiant Barrier 0.75 
No Racfl811t Barrier 1.00 

Table K-801ar AIIeorptaDcee 
Color Absorptance 
Gioia White 0.25 
Sam' lola White O.SO 
k1ght '"818811 0.47 
Kelly Green 0.51 
Medium Blue 0.51 
Medium Yellow 0.57 
Medium Orange 0.58 
Medium Green 0.59 
!,ight Buff Brick 0.60 
Bare Concre\e 0.65 
Red Brick 0.70 
Medium Red 0.80 
Medium Brown 0.84 
Dark Slue-Grey 0.88 
Dark Brown 0.88 

Table L-Beat Oaba Facton 
Ceili/9nIO!I 742 
Wells Inc! Doors 36.3 
NorI1 GIaI& 68.5 
EIItGlal& 103.1 
WastG_ 118.1 

~~n~ 207.5 
81.4 

Trombe Walla and SO.2 
WatarWalls 
S~ 70.5 

SSB1 70.5 ssel SO.2 
SSD1 70.5 
SSE1 70.5 

Table I1-8ba.ua, Jl'acton 
PI!Iiection 

Facu South Ea&t North West 
0.00 1.00 1.00 1.00 1.00 
0.20 0.89 0.94 0.91 0.94 
OAO 0.73 0.83 0.83 0.84 
0.60 0.61 0.70 0.74 0.71 
0.80 0.55 0.60 0.66 0.61 
1.00 0.49 0.51 0.58 0.52 
1.20 0.44 0.43 0.50 0.44 

l"\v~"'I'~ ,~ 0.90 fot. UU-e... 

Table N-lDtemal o.iD Facton 
Constant Component 3,770 kBtulyr 
Variable Component 1,580 kBtulyr·BR 

Table o-Tlaermal ..... aad 
VeatUatlOD ~ .. tmeDt (Btu/Jr..t) 

Total Heat Night Night No Night No Night 
CeDacitv Vent wI Vent wI No Vent wI Vent wI No per Sf' Ceil. Fan Ceil. Fan Ceil. Fan Ceil. Fan 

0.0 5,470 1,420 3,760 330 
1.0 6,610 2,190 4,900 1,100 
2.0 7,080 2,600 5,380 1,510 
3.0 7:l8O 2,830 5,580 1,730 
4.0 71£0 2,950 6,660 1,850 
5.0 711¥J 3,010 6,690 1,920 
6.0 7,410 3,050 6,710 1,950 
7~ 7,410 3,060 6,710 1,970 
8.0 7,420 3,070 6,710 1,980 
8.0 7,420 3,080 5,710 1,990 

10.0 7,420 3,080 5,720 1,990 
T otaJ heat capacity per &quare foot is calculated on 
Worksheet U~ Step E. 

Table P-Bue Cue eooliDa 
Performaoce (Btu/.f-Jr) 

Base Case 18,290 



Worksheet InstructloDs 
Oeaenl 
The Worksheets prov1de a calculation 
procedure to esUmate the performance 
level of paaa~ 80lar building designs. It 
fa recommended that the results be 
compared to Workaheet c:a1culaUons for 
the builder'sSWIcaI houae. Peri>rmance 
1evcla for the NAMB baae cue uecd in 
the gukleUnea are also provided for 
comparlaon. 

A aeparate worksheet fa prov1ded for 
the four aeparate performance levds and 
asaocfated baae caaes. 

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

The Door area used in the 
calculations should not include 
sunapaces. garages or other 
unconditioned spaces. 

Ww .... eet i-CoDHrfttiOD 
PerfanDaDce Lenl 
1b1s is an esUmate of the amount of heat 
energy needed by the but1d1ng each year 
from both the solar system and the 
awdliaIy heating system. 

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

Rough frame dfmensions are 
generally used to measure window area .. 
The R-values In Thble A4 are for the 
rough frame window area. 

Heat Ioas from pass~ solar systems 
fa aduded. The surface area of direct 
gain glazing. Trombe walls, water walls 
and the walls that separate sunapaces 
from the house are ignored. 

Step A includes consideration of 
insulated Doors over crawlspaces, 
unheated basements or garages. 
R-values are provided in 'IBb1e A3 that 
account for the buffering effect of these 
unconditioned spaces. When insulation 
fa not installed In the Door assembly, but 
rather around the perimeter of a 
crawlspace or unheated baaemcnt, Step 
B should be used. 

The perimeter method of Step B fa 
used for sJabs-on-grade. the below-grade 
portion of heated basements. unheated 
basements (when the Door fa not 
insulated), and perimeter insulated 
crawlspaces (when the Door fa 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 sunapaces 
should not be Included. 

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

PSIC'. Wor .... eets for Home Builders 

Should the estimated conaervatlon 
performance level be greater than 
desired, the designer .hould consider 
additional but1d1ng insulation or 
reducing non-80uth glasa area. 

Wwbbeet D 'plu .. , Beat 
Pelfonauaoe Lnel 
1b1s fa an estimate of the amount of heat 
that must be provided each year from 
the auxWary heating system. It 
accounts for savings due to 80lar energy. 

In Step A ,the user may enter the 
rough frame area of solar glazing. since it 
fa generally easier to measure the rough 
frame area than It fa the net glazing area. 
The worksheet includes a net area factor 
of 0.80 to account for window frames 
and mull1ons. If the designer enters the 
net glass area. then the net area factor fa 
1.00. 

The projected area of the 80lar 
systems may be calculated using the 
adjustment factors in'IBble E or by 
making a acaled elevation drawing of the 
building facing exactly south and 
measuring the glazing area from the 
scaled drawing. 

The projected area per square foot fa 
calculated as the last part of Step A. 
1b1s Is used to determine the heating 
degree days adjustment used on 
Worksheet L Step E. 

The load collector ratio fa calculated 
In Step B. 1b1s fa uaed 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 6rst and last columna of Step A 
are simply carried down. 

The solar savings fraction fa 
determined separately for each type of 
passive solar system by looking up 
values in 1BbIes Fl through F4. The 
sunspace system types are shown 
beneath Table F4. 

If the awdlfaJy heat performance level 
calculated In Step D fa larger than 
desired, the designer should consider 
increasing the size of the solar systems 
or adding additional solar systems, i.e. 
thei"Dlal storage walls. 

Wwbheet III-Comfort 
PeIfOl'lDUlce Left. 
1b1s fa the temperature swing expected 
on a clear winter day with the awdliaIy 
heating system not operating. 

1b1s 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 rece~ 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 sunapaces 
are not included. 

An exposed slab fa 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 ruIe-of-thumb, exposed slab area 
.hould be considered to be in the sun 
only when It fa located directly behind 
eouth glazing. 'The max1mum slab area 
that .. aaaumed to be in the sun ahould 
not exceed 1.15 tfmes the adjacent IOUth 
gIa.aa area. 

In Step F, the projected area of solar 
glazing ca1cuIated on Worksheet II fa 
UIIed to calculate the comfort 
performance level. The projected area of 
_ter walla and unvented Trombe walls 
is excluded in this step. 

A high temperature awing indicates 
inadequate thermal mass or too much 
cUrc:ct gain solar glazing. If the comfort 
performance level fa greater than desired 
(l3"F recommended). additional thermal 
mass should be added to the building or 
direct gain glazing ahould be reduced. 

W.bheet 1V~1IIIUDer CooIlD8 
PelfanDaDce !.eftl 
This is an estimate of the annual cooling 
load of the butldlng-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 80lar gains. They use the 
rough frame area since this fa easier to 
measure. The worksheets include a net 
area factor of 0.80 to account for window 
fnunes and mull1ons. If the net window 
area is used, the net area factor fa 1.00. 

Table M gives the shade factor for 
windows with overhangs based on a 
projection factor. The projection factor Is 
the ratio be~ 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. 

ProJOCbOO _ ~ 
Factor - B 

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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42 
The Worked Ezample 

Description of 
Eumpie BulIdlDg 
AI, 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 des1gn features have 
been Incorporated into the house 
to help illustrate how to handle 
different situations In the 
worksheets. 

The building selected has 
typicaltnsulation 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 
ACH. 

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. 

Garage 

Master 
Bedroom 

4050 

4040 

Great Room 

28' 

Floor Plan 

WORKED EXAMPLE 

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. 

3040 3040 

Bedroom 

5030 

o 2 4 8 12 ........ 
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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. 

Worksheets 

Tampa, Florida 
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General Project Information 

Project Name ~VES.5:?C..et!= F:eM~t- e~ .wFI~oo~r~A!!.!ire~a_----!I2>:::....:.I-='2-=--_ScsI..':':"-':;';..,:FT--=-:..... ___ _ 
Location lAM ~. E~II:::~, .!i!D!!!ate~ __ --=-I./.../:::!5~/_'L..?'::::"" ______ _ 
Designer 

Worksheet I: Conservation Performance Level 

A. Envelope Heat Loa. 
Construction R-value Heat 
Description Area [TableAJ Loss 

Ceilings/roofs '(2.'~:l ~I~I!~{![ +-~~ ~N l~~~ + 17·4 = 80 
IN'WAiloN A.~ 5j ~~-ro~A~<;'~ + = 

12'11 lbi ~c;.1icl~ CA~ C0lU~ 41..0 + 10."2- = 41 
+ = 

I,,--.l.a.i... ... s: ~ . .,. + 'f2.. 0 ~~~-ntLN" ~ ~ 4'2.0 + Ct·? = (pI? 
WAU..~o~~. J2. . ., ~~~ :ZjZo + ~.~ = 12."2-

Non-solar Glazioa 1:'oOa..9 . G:oL.A'Z..eP Il~""'='~ ~'2. + \.4 = ~Z 
WIN.t:::o'oN,? + = 

Doors C;.G:Ut:> ~ ~ 40 + '2..2- = Ie, 
CWWJo,~~LP~ + = 

~3 Btu/oF-h 
Total 

B. Foundation Perimeter Heat Loss 
Heat Loss 

Factor Heat 
Description Perimeter [Table BJ Loss 

Slab§:Qn-Gmdg \~4 X o.!;O = \'?'? 
Hegms! Basements X = 
Unhgl~ Buimints X = 
Perimeter Insulams! QIlIWI§D8C8s X = 

\~'? Btu/°F-h 
Total 

C. IDflItration Heat Lou l#'tcp X o·v,7 X .018 = II? Btu/°F-h 
Building Air Changes 
Volume per Hour 

D. Total Heat Loss per Square Foot 24 X c,'1''3 + \1?04 = \I·o~~ Btu/DD-sf 
Total Heat Loss Floor Area 

(A+B+C) 

E. Conservation PerfOl'llUlDce Level 

II."~ X 7' ?c::r X \':'0 = IOCP'2-4 Btu/yr-sf 
Total Heat Heating Degree Heating Degree 
Loss per Days [Table CJ Day Multiplier 

Square Foot [Table CJ 

F. Comparison Conservation Performance (From Previous Calculation or from Table 0) l '2.1~O Btu/yr-sf 

Compare Line E to Line F 

Tampa. Florida 
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· Worksheet U: AuzUlary Heat Performance Level 

A. Projected Area of PalSlve Solar GlazlDl 
Solar System Rou~rame Net Area Adjustment Pr~ected 

Reference Code Factor Factor [Table EI rea 

D~ CI ~ X 0.80 X 0."'2> = CP'"1 
X 0.80 X = 

S'5I cl 2o~ X 0.80 X a.ere> = l <.P 3 
X 0.80 X = 
X 0.80 X = 
X 0.80 X = 
X 0.80 X = 

'Z.:Iu> "2..~'2.... sf 
Total Area Total 

Projected 
Area 

~~'2.... + lC"::o4 = O·I? 
Total Floor Total Projected 

Projected Area Area per 
Area Square Foot 

B. Load Collector Ratio 
24 X (P9? + '2~'2- = 72 

Total Total 
Heat Loss Projected 

[Worksheet II Area 

C. Solar SaVinI- Fraction 
System 

Projected 
Solar Savings 

Solar System Fraction 
Reference Code Area [Table F] 

l2s;;j CI ~9 X O·t?? = ?7· "r? 
X = 

S'S> CI 1 u'? X 0."11.. = In.~ 
X = 
X = 
X = 
X = 

t??~1 + 2?2. = o·c.p7 
Total Total Solar 

Projected Savings 
Area Fraction 

D. Auxiliary Heat Performance Level 

[1 - a.~] ] X IOCpt.4 = ~ac..p Btulyr-sf 
Solar Conservation 

Savings Performance 
Fraction Level [Worksheet I, 

Step E] 

E. Comparative Awlxlllary Heat PerformaDce (From Previous Calcula~on or from Table G) IO'2-~1 Btu/yr-sf 

Compare LlDe D to Line E 

Tampa, Florida 
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Worksheet m: Thermal Mass/Comfort 

A. Heat Capacity of Sheetrock and Interior FurnlshlDgs 
Unit Total 
Heat Heat 

Floor Area Capacity Capacity 

Rooms with Direct Gain 4u;a4 X 4.7 = '2..1~1 

Sgaces Connected to Direct Gain Sggces 949 X 4.5 = 4Z-11 
cp4'=>2- Btu/oF 

Total 

B. Heat Capacity of Man Surfaces Enclosin. Direct Gain Spaces 
Unit Heat 

Mass Description C~ci~ Total Heat 
(include thicki1ess) Area [T Ie ] Capacity 

Trombe Walls X 8.8 = 
Water Walls X 10.4 = 
Exggsed SlAb in §!In IO~ X 13.4 = I:,~o 

Exggsgg S1IR ~gl in ~un \-07 X 1.8 = 2.47 
X = 
X = 
X = 

lC21..1 Btu/OF 
Total 

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

Mass Description C~ci~ Total Heat 
(include thicki1ess) Area [T Ie ] Capacity 

TrombeWalis X 3.8 = 
Water Walls X 4.2 = 

X = 
~e- ~ICI:"- 11\ X ::'·7 = 111 

X = 
411 Btu/OF 
Total 

D. Total Heat Capacity BtuFF 
(A+B+C) 

E. Total Heat Capacity per Square F~t ~,o + I~O+ = I?CJ> Btu/OF-sf 
Total Heat Conditioned 
Capacity Floor Area 

F. Clear WInter Day Temperature swiIlg 
Total Comfort 

P~ected Area Factor 
orKsheet II] [Table I] 

Direct Gain (P:I X E;]o = ~~:'O 

Sunse!!ces or I c.p 3 X 290 = 411..10 
Vented Trombe Walls ~01200 + 8490 = 11-·(.p OF 

Total Total 
Heat 

Capacity 

G. Recommended Madmum Temperature Swill. 
Compare Line F to Line G 

Tampa. Florida 
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WMuheet IV: Summer Cooling Performance Level 

A. Opaque Surfaces 
Radiant Barrier Absorp- Heat Gain 

Heat Loss Factor tance Factor 
Description [Worksheet I) [TableJ) [Table K) [Table L) Load 

Ceilings/roofs ~Q X \.00 X 0.41 X :]4. t = '2."7<=fo 
~I X \.00 X 0·47 X 14.2- = 14~o 

X X X = 
Walls l]~ X na 0·]0 X !!C,p.~ = 442..1 

X na X = 
Doors Of X na 0,=0 X 3(p·3 = 9~ 

2>]~<=t kBtulyr 
Total 

B. Non-solar Glazing 

Rout:arame Net Area Shade Factor Heat Gain 
Description Factor [Table M) Factor [Table L) Load 

North Glass 40 X 0.80 X o· '07 X oj.!? = lCP<5cp 
East Glass (P X 0.80 X \.00 X lO~.1 = ~j~ 
West Glass Cs2 X 0.80 X 1. 0 0 X 10". I = t;;,1'2::. 
Sk~ljghts X 0.80 X X = 

211.? kBtu/yr --,.ot-a1--

C. Solar GJaziD. 
Solar System Rough Frame Net Area Shade Factor Heat Gain 
Description Area Factor [Table M) Factor [Table L) Load 

Direct Gain e!::» X 0.80 X o·8"'f X e\·4 = SICO 
Storage Walls X 0.80 X X = 
Suns~ce 'Z.O~ X 0.80 X o.e,~ X ~.'2.. = 4472-

X 0.80 X X = 
4'572. kBtu/yr 

Total 

D. Internal Gain ?170 +( , ~e>C!:) X ~ ) = E>c;,\O kBtu/yr 
Constant Variable Number of 

Component Component Bedrooms 
[Table N) [Table N) 

E. Cooling Load per Square lI'oot 1,000 X 2..,5# + 1«?o4 = \4Ci;>44 Btu/yr-sf 
(A+B+C+D) Floor Area 

lI'. ~ustment for Thermal Mall and VentUatlon ~7D"L Btu/yr-sf 
[Table 0) 

G. CooUng Performance Level 1~94'l- Btu/yr-sf 
(E -F) 

H. Comparison CooUn. Performance (From Previous calculation or from Table P) '2:W7Z Btu/yr-sf 

Compare Une G to Line H 

Tampa, Florida 
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Table A-EqulVaieDt Tbenaal 
Ped'ol'llUUlce of MMlDbU. 

R-value. (br-I'-u/Btu) 

Attic Truss 
Construction 

Framed Rafter 
Construction 
2x6 at 16"00 
2x6at24"oo 
2x8 at 16"00 
2x8 at 24"00 
2xl0 at 16"00 
2xl0 at 24·00 
2x12 at 16"00 
2x12 at 24·00 

~~Ie 
Framing 
2x4 at 16"00 
2x4 at 24"00 
2x6 at 16"00 
2x6 at 24·00 
Double 
Wall 
Framing 

A1-Ce11lngalRoof. 
Insulation R-value 

R-19 R-30 R-49 R-«I 
@ 27.9 46.9 57.9 

Insulation R-value 
R-ll R-19 R-30 R-38 
~.2 14.7 16.3 
';Uj" 15.3 17.1 
10.7 17.0 20.8 21.1 
10.8 17.6 21.6 22.2 
11.2 18.1 24.5 25.7 
11.2, 18.4 25.5 26.8 
11.1 18.8 25.5 30.1 
11.5 19.0 27.3 31.4 

R-7 

CW 
7.0 
7.0 

Insulation R-value 
R-l1 R-19 R-25 
12.0 
12.7 
14.1 17.7 19.2 
14.3 18.2 19.8 

Total Thickness (inches) 
8 10 12 14 

25.0 31.3 37.5 43.8 
The R-value of insulating sheathing should be added to 
the values in this table. 

Table A--coDtbaued •• 

A5-000ra 
Solid wood with /2,2\ 
Weatherstripping '-..:::) 
Metal with rigid 5.9 
foam core 

Table &-Perimeter Beat LaM . 
J'acton for SIaM-oD-Grade aad 

BuemeDq (Btu/b-I'-ft) 
Heated Unheated Insulated 

Perimeter 
Insulation 

~n- Base- Base- Crawl-
Grade ments menlS spaces 

None 
R-5 
R-7 
R-ll 
R-19 
R-30 

tlii'I .. 8 1.3 1.1 1.1 'OJ'' 0.8 0.7 0.6 
0.3 0.7 0.6 0.5 
0.3 0.6 0.5 0.4 
0.2 0.4 0.5 0.3 
0.1 0.3 0.4 0.2 

Table C-Beat:iq Degree Day. 
(I'-day) 

C1-H1atlng Degree Day. (8 .. 65°F) 
Tampa 739 ./ 

C2-HeatJng Degree Day Multiplier 
Passive Solar 

Glazing Area per Heat Loss 
per Square 

A3-InIuIllld FlOOI'I Foot .00 
orr Square Foot 
. .10 .15 .20 

Insulation R-value 11.34 
Framing R-l1 R-19 R-30 R-3B II.~ 1. rHh 
2x6s at 16"00 18.2 23.8 29.9 - . ~ 
2x6sat24·00 18.4 24.5 31.5 - 10'00 1'24 
2x8s at 16"00 18.8 24.9 31.7 36.0 950 1'21 
2x8sat24·00 18.9 25.4 33.1 37.9 9'00 1'18 
2xl0at 16"00 19.3 25.8 33.4 38.1 8'50 1'14 
2xl0 at 24·00 19.3 26.1 34.4 39.8 8'00 1'09 
2x12 at 16"00 19.7 26.5 34.7 39.8 750 1'04 
2x12 at 24·00 19.6 26.7 35.5 41.2 7.00 0:96 
These R-values include the buffering effect of a 6.50 0.89 
ventilated crawlspace or unconditioned basement 6.00 0.81 

Double 
1/4· space 
lfl'space 
Low-e 

A4-Wlndow. 

Wood 
Frame 

1.8 
2.1 
3.1 

Metal 
Standard Frame wI 

Metal Thermal 
Frame Break 

cw 
2.2 

1.5-
1.8 
3.0 

Triple 
1/4· space 2.7 1.8 2.1 
1 fl' space 3.3 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. 

Tampa, Florida 

5.50 0.73 
5.00 0.64 
4.50 0.55 
4.00 0.53 
3.50 0.47 
3.00 0.30 
2.50 0.18 
2.00 0.02 

1.36 1.38 1.39 1.39 
1.34 1.36 1.38 '1.38 
1.32 1.35 1.37 1·.38 
1.30 1.33 1.35 1.37 
1.28 1.31 1.33 1.35 
1.25 1.28 1.31 ·1.34 
1.22 1.26 1.29 1.31 
1.18 1.23 1.26 1.29 
1.14 1.19 1.23 1.27 
1.10 1.15 1.20 1.24 
1.05 1.11 1.16 1.21 
0.98 1.06 1.12 1.17 
0.91 1.00 1.07 1.13 
0.83 0.92 1.01 1.08 
0.75 0.84 0.93 . 1.03 
0.65 0.77 0.86 0.95 
0.57 0.67 0.78 0.87 
0.55 0.60 0.70 0.80 
0.48 0.53 0.61 0.72 
0.32 0.50 0.52 0.63 
0.20 0.39 0.51 0.54 

Table D--Bue Cu. CODHrvatloD 
PerfOl'llUUlce (Btu/yr-sf) 

Base Case 12,730 

Table E-ProJected Area 
AdjuatlDeDt Facton 

Degrees
rue 

off Solar System Type 
T 00, TW, SSA SSB, 

South WW, sse SSD SSE 
0 1.00 0.77 0.75 
5 

~ 
0.76 0.75 

10 0.75 0.74 
15 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-801ar Sy.tem SavlDg 
FractloD8 

Fl-Dlreot Gain 
Load DGCl 1>~c..L. OOC3 

Col/ector Double Low-e R-9Night 
Ratio Glazing Glazing Insulation 
400 0.20 0.20 0.22 
300 0.26 0.26 0.28 
200 

~?~ 
0.37 0.40 

150 0.47 0.51 

1~ct 
0.63 . 0.63 0.68 

0.72 0.77 
0.82 0.82 0.86 
0.86 0.87 0.90 

45 0.88 0.89 0.92 
40 0.91 0.92 0.94 
35 0.93 0.94 0.96 
30 0.94 0.96 0.97 
25 . 0.96 0.97 0.98 
20 0.97 0.99 0.98 
15 0.98 0.99 0.98 

F2-Trombe Walla 
TWF3 TWA3 TWJ2 TWI4 

Load Unvented Vented Unvenled Unvented 
Collector Non- .Non-· Se18O- Night 

Ratio selective selective tive Insulation 
400 0.17 0.21 0.26 0.20 
300 0.22 0.26 0.33 0.27 
200 0.31 0.35 0.46 0.38 
150 0.39 0.43 0.56 0.48 
100 0.51 0.55 0.70 0.62 
80 0.59 0.63 0.77 0.70 
60 0.68 0.72 0.86 0.79 
50 0.74 0.78 0.90 0.85 
45 0.78 0.81 0.92 0.87 
40 0.81 0.84 0.94 0.90 
35 0.85 0.87 0.96 0.93 
30 0.88 0.90 0.97 0.95 
25 0.92 0.94 0.99 0.97 
20 0.95 0.97 1.00 0.99 
15 0.98 0.99 1.00 1.00 



1'2. 

F3-Wat,r Walil 
Load WWA'3 WWB4 WWC2 

Collector No NiQht Ni ht Selective 
Ratio Insulaaon Insu~tion Surface 
400 0.23 0.25 0.25 
300 0.29 0.33 0.33 
200 0.40 0.46 0.46 
150 0.48 0.57 0.56 
100 0.62 0.71 0.71 
80 0.69 0.79 0.78 
60 0.78 0.87 0.86 
50 0.83 0.91 0.90 
45 0.86 0.93 0.92 
40 0.89 0.95 0.94 
35 0.92 0.96 0.96 
30 0.94 0.98 0.98 
25 0.96 0.99 0.99 
20 0.98 1.00 1.00 
15 0.99 1.00 1.00 

F4-Sulllpac .. 
Load 

Collector Sunspace Type 
Ratio SSA1 SSBl SSCl SSDl SSEl 
400 0.28 0.23 0.21 0.33 0.28 
300 0.33 0.28 0.26 0.40 0.35 
200 0.43 0.37 0.36 0.51 0.46 
150 0.51 0.45 i 0.60 0.54 

(j) 0.63 0.56 .57 SS'0.72 0.67 
0.69 0.63 0.64' 0.79 0.74 
0.78 0.72 . 0.86 0.82 
0.83 0.77 0.79 0.90 0.86 

45 0.85 0.80 0.82 0.92 0.89 
40 0.88 0.83 0.85 0.94 0.91 
35 0.90 0.86 0.88 0.96 0.93 
30 0.93 0.89 0.91 0.97 0.96 
25 0.96 0.93 0.94 0.99 0.97 
20 0.98 0.96 0.97 0.99 0.99 
15 0.99 0.98 0.99 1.00 1.00 

Table G--Bue Cue AuzIIluy Beat 
PerfOl'llWlce (Btu/,..-si) 

Base Case 10,239 

Table 1I-11Dlt Beat Capacitiea 
(Btu/F-sf) 

H1-Maas Surf8C81 Enclosing Direct Gain 
Space. 

Thickness (inches) 
Material 2 3 4 6 8 12 
Poured Conc. 2.2 4.3 6.7 8.8 11.311.5 10.3 
Cone. Masonry 2.2 4.2 6.5 8.4 10.210.0 9.0 
Face Brick 2.0 4.7 7.1 9.0 10.4 9.9 9.0 
FI~tone 2.1 4.8 7.1 8.5 8.6 8.0 7.6 
Bui Brick 1.5 3.7 5.4 6.5 6.6 6.0 5.8 
Adobe 1.3 3.2 4.8 5.5 5.4 4.9 4.8 
Hardwood 0.4 1.4 1.8 1.7 1.5 1.5 1.5 
Water 5.2 10.415.6 20.8 31.2 41.6 62.4 

H2-R00IIII wlth no Direct Solar Gain 

Material 
Thickness (inches) 

2 3 4 6 8 12 
Poured Cone. 1.7 3.0 3.6 3.8 3.7 3.6 3.4 
Cone. Maonry 1.6 2.9 3.5 ~ 3.6 3.4 3.2 
Face Brick 1.8 3.1 3.6 3.7 3.5 3.4 3.2 
FI~Stone 1.9 3.1 3.4 . 3.2 3.1 3.0 
Bui der Brick 1.4 2.6 3.0 3.1 2.9 2.7 2.7 
Adobe 1.2 2.4 2.8 2.8 2.8 2.4 2.4 
Hardwood 0.5 1.1 1.3 1.2 1.1 1.0 1.1 

Table !-Comfort Facton (Btu/sf) 
Direct Gain 870 -
Suns~ and 290 ,/ 
Vented Trombe Walls 

Table J-RadiaDt Burler Facton 
Radiant Barrier 0.66 
No Radiant Barrier ® 

Table K--801ar AHorptaDcea 
Color Absorptance 

Gloss White I Semi-gloss White 0.30 
Light Green . 0,.47 
Kelly Green 
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 0 .. 70 
Medium Red 
Medium Brown 0.84 
Dark Blue-Grey 0.88 
Dark Brown 0.88 
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Table L-Heat OaiD Facton 
Ceiling/roofs 
Walls and Doors 
North Glass 
East Glass 
West Glass 
Skyligh1B 
Direct Gain Glazing 
Trombe Walls and 

Water Walls 
S~ 

SSBl 
SSCl 
SSDl 
SSE1 

70.5 

~ 
70.5 

Table II-Sbadlng Facton 
Projection 

Factor South East North 
0.00 1.00 1.00 1.00 
0.20 0.89 0.94 0.91 
0.40 0.73 0.83 0.83 
0.60 0.61 0.70 0.74 
0.80 0.55 0.60 0.66 
1.00 0.49 0.51 0.58 
1.20 0.44 0.43 0.50 

West 
1.00 
0.94 
0.84 
0.71 
0.61 
0.52 
0.44 

Table N-1Dtema1 OaiD Facton 
Constant Compon~tutyr 
Variable Component 1,580 kBtu,yr-BR 

Table o-Therma1 ..... and 
VeatUatioa Adjustmeat (Btu/,..-sf) 

Total Heat Night Night No Night No Night 
Capacity Vent wI Vent wI No Vent wI Vent wI No 
per SF Ceil. Fan Ceil. Fan Ceil. Fan Ceil. Fan 

0.0 5,470 1,420 3,760 330 
1.0 6,610 2,190 4,900 1,100 
2.0 7,080 2,600 5,380 1,510 
3.0 7,280 2,830 5,580 1 5101.. 
4.0 7,360 2,950 ,850 
5.0 7,390 3,010 1,920 
6.0 7,410 3,050 1,950 
7.0 7,410 3,060 , 1,970 
8.0 7,420 3,070 5,710 1,980 
9.0 7,420 3,080 5,710 1,990 

10.0 7,420 3,080 5,720 1,990 
Total heat capacity per square foot is calculated on 
Worksheet III, Step E. 

Table P-Bue Cue Coo1lDg 
Performance (Btu/If-,..) 

Base Case 22,077 

Tampa, Florida 
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PASSIVE SOLAR DESIGN STRATEGIES 

Glossary 

AuzUlary BeatiDC system: a term for 
the system (gas, electric, oil, etc.) which 
provides the non-solar porUon of the 
house'. heating enerllY need., referred to 
as the "awdlaIy heat." 

Brlthb Tbenaal Valt (Btu): a unit used 
to measure heat. One Btu Is about equal 
to the heat released from burning one 
kitchen match. 

eoaaervatloo: 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 infiltration reduction measures, and 
so forth. 

Direct Gala: a passive solar system in 
which the sunlight falls directly into the 
space where it Is stored and used. 

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

Low-Eml.lIlvlty: 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-emlssMty or "low-
e" glass sandwiches a thin layer of 
metallic fihn 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. 

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

Pbue-Cbaqe Ilaterial8: materials 
such as salts or waxes which store and 
release energy by changing "phase"; most 
store enerllY when they tum liqUid at a 
certain temperature and release energy 
when they tum 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 commerclally 
available at this time .. 

Purchased Eaer".: although the terms 
are often used interchangably, a house's 
"purchased energy" Is generally greater 
than its "awdlaIy 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) 

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

Sbadlq CoetBoieat: a measure of how 
much solar heat will be transmitted by a 
g1azfng material, as compared to a sfugle 
pane of clear uncoated glass, which has 
a shading coefficient (SC) of 1. For 
example, clear double-pane glass might 
have an SC in the range of .88. 
Reflective glass might have SC's of .03-
.06. In general, lower shading 
coeffiCients are desirable when heat gain 
is a problem. 

SUlUlpace: 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. 
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SuatemperiDg: 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. 

T~aaes~: 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 Mau: 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 Storate WaUl 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. 

TI'ombe WaUl a thermal storage wall, 
referred to by the name of its inventor, 
Dr. Felix Trombe. 

V-Value: a unit representing the heat 
loss per square foot of surface area per 
degree 'F of temperature difference (see 
R-value above). 

Tampa, Florida 
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Example Tables 

Examples of Heat Energy Savings 
Base Remodel 

1,500 sf Single Story House with 800 sf Remodel 
Addition 

Existing Conventional 
Structure Remodel 

R·valuea 
Ceiling/Roof 
Walls 
Slab Edge 
Glass 

Air ChangeaJHour 

11 
7 
o 
.9 

0.75 

GI ... Area (percent of total floor area) 
West 3.0% 
North 3.0% 
East 3.0% 
South 3.0% 

Percent Solar Saving. 

Performance (Btulyr-sf) 
Conservation 
Auxiliary Heat 
COOling 

20% 

12,730 
10,239 
22,077 

11 
7 
o 
.9 

0.75 

2.0% 
2.0% 
2.0% 
2.0% 

14% 

11,763 
10,095 
12,230 

Example. of Heat Energy Savings 
Suntampered 

1,500 sf Single Story House 

Energy 
Conventional Conscious 

Remodel Remodel 
R·Value. 
Ceiling/Roof 11 30 
Walls 7 19 
Slab Edge 0 0 
Glass .9 1.8 

Air ChangeaiHour 0.75 0.50 

Gla .. 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 Saving. 

Performance (Btulyr-sf) 
Conservation 
Auxiliary Heat 
Cooling 

14% 42% 

11,763 
10,095 
12,230 

8,099 
4,686 
11,676 

Summary: Insulation values and tightness of the house (as 
measured in ACH) have been increased. South glazing area has 
been increased. 

SUMMARY FOR TAMPA. FLORIDA 

Example. of Heat Energy Savings 
Passive Solar-Dlrect Gain 

1,500 sf Single Story House with 800 sf Addition 

Energy 
Conventional Conscious 

Remodel Remodel 
R·value. 
Ceiling/Roof 11 30 
Walls 7 19 
Slab Edge 0 0 
Glass .9 1.8 

Air ChangeaiHour 0.75 0.50 

Gla •• Area (percent of total floor area) 
West 2.0% 2.0% 
North 2.0% 2.0% 
East 2.0% 2.0% 
South 2.0% 6.3% 

Added Thermal Ma .. 
Percent of Floor Area 0.0% 

Solar Sy.tem Size (square feet) 
South Glass 45 
Added Thermal Mass 0 

Percent Solar Saving. 

Performance (Btulyr-sf) 
Conservation 
Auxiliary Heat 
Cooling 

14% 

11,763 
10,095 
12,230 

11.5% 

145 
264 

53% 

8,088 
3,747 
6,963 

Summary: Insulation and tightness have been increased. South-
facing glazing has been substantially increased. For these 
examples, added mass area is assumed to be six times the added 
south glass area. 
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Examples of Heat Energy Savings 
Passive SOlar~unspace 

1 ,500 sf Single Story House with 800 sf Addition 

Energy 
Conventional Conscious 

Remodel Remodel 
R-Value. 
Ceiling/Roof 11 30 
Walls 7 19 
Slab Edge 0 0 
Glass .9 1.8 

Air ChangesJHour 0.75 0.50 

Gla •• Area (percent of total floor area) 
West 2.0% 2.0% 
North ~.O% 2.0% 
East 2.0% 2.0% 
South (windows) 2.00/0 2.0% 
Sunspace 0.0% 4.3% 

Solar Sy.tem Size (square feet) 
South Glass 45 
Sunspace Glass 0 
Sunspace Thermal Mass 0 

Percent Solar Saving. 

45 
100 
300 

14% 500/0 

Performance (Btulyr-sf) 
Conservation 
Auxiliary Heat 
Cooling 

11,763 
10,095 
12,230 

8,088 
3,995 
7,534 

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 sse 1 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 Storag~ Wall 

:;'1 

1 ,500 sf Single Story House with 800 sf Addition 

Energy 
Conventional Conscious 

Remodel Remodel 
R-Value. 
Ceiling/Roof 11 30 
Walls 7 19 
Slab Edge 0 0 
Glass .9 1.8 

Air ChangesJHour 0.75 0.50 

Glaa. Area (percent of total floor area) 
West 2.0% 2.0% 
North 2.00/0 2.0% 
East 2.0% 2.0% 
South 2.0% 2.0% 
Thermal Storage Wall 0.0% 4.3% 

Solar Sy.tem Size (square feet) 
South Glass 0 
Thermal Storage Wall 0 

Percent Solar Saving. 

Performance (Btu/yr-sf) 
Conservation 
Auxiliary Heat 
Cooling 

14% 

11,763 
10,095 
12,230 

o 
100 

56% 

8,088 
3,534 
5,531 

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 22,077 Btu/yr-sf 

Energy 
Savings Percent 

Strategy (Btu/yr-sf) Savings 

No Night Ventilation 1 
without ceiling fans 0 0% 
with ceiling fans 3,870 18 

Night Ventilation 1 
without ceiling fans 1,090 5 
with ceiling fans 5,570 25 

High Mass2 
without ceiling fans 250 
with ceiling fans 140 

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

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

Tampa, Florida 



58 
Technical Basis for 
the Bunder 
GuideUnes 

Bow the Builder 
Guidelines Were 
Produced 
The text of the Builder Guidelines book 
is generated by merging two computer 
meso The first is a word-processor Ole 
conta1n1ng the text; it docs not change 
from location to location. The second 
contains numbers and text and is 
location dependent This second Ole 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 
Adm1n1stration for a particular location. 
The merge operation slots the numbers 
and text in the second me into their 
correct locations in the first Ole. This is 
then laser printed to produce the 
camera-ready manuscript 

More than a Decade qf 
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 distllled into these 
Guidelines. 

Analysis Procedures 
The analysis procedures used 
throughout the Guidelines were 
developed using Simple. well-establ1shed 
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 Beat Loss 
(Worksheet I) 
The heat-loss calculation is based on a 
straightforward snmmation of the 
traditional elements that make up the 
building heat-loss coefilc1ent (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 thennostat 
setting of 70 degrees. an assumed 
internal heat generation of 36 Btu/day 
per sq ft of floor area, and the total 
building loss coefilc1ent 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 w1ll be 
protected by vegetation or other shading 
in accordance with the Builder Guideline 
recommendations. This is a conservative 
assumption because there w1ll always be 
some solar gain through these windows. 

APPENDIX 

Annual Auxiliary Beat 
(Worksheet II) 
The tables of passive solar savings 
fractions are calculated using the solar 
load ratio (SLR) method (references 1 and 
2). Monthly solar savings fraction (SSF1 
valueS are determined using correlation 
fits to the results of hourly computer 
simulation calculations for a varie~ of 
climates. TheSe 12 values are converted 
into an annual value and entered into 
worksheet Tables FI-F4. The SLR 
method gives answers that agree within 
about 5% of the hourly computer 
simulations and within 11 % of the 
measured passive solar perfonnance of 
55 buildings monitored under the Solar 
Bu1ld1ngs Program. The SSF estimates 
account properly for both solar gains 
and heat losses .through the solar 
aperture and. thu.s. correct for omitting 
the solar components from the 
calculation of annual heat loss. 

Temperature Swing 
(Worksheet III) 

The temperature swing estimate on 
worksheet III is based on the diurnal 
heat capac1~ (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. 
espec1ally for massive elements. The dhc 
of the sheetrock, framing. and furniture 
is approximated as 4.5 or 4.7 Btu/OF per 
sq ft of floor area. Worksheet Tables HI 
and H2 list the increased value of 
diurnal heat capaci~ for various 
conventional materials that are often 
used to provide extra heat storage. 
assuming these materials replace 
sheetrock. 
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The only numbers in worksheet III 
that are location dependent are the 
comfort factors, taken from Table I. The 
direct-gain comfort factor is 61% of the 
solar gain transmitted through vertical, 
south-facing double glazing on a clear 
January day. The driving effect of 
sunspacea and vented Trombe walls ts 
assumed to result in one-third this 
value, based on data from monitored 
buUdings. The orlg1n of the 61% factor ts 
described in the references. 

Annual Auxiliary Cooling 
{Worksheet IV1 
The purpose of including the summer 
cooling estimates in the BuUder 
Guidelines is to (1) determine if design 
elements added to promote passive solar 
heating will cause excessive summer 
cooling loads and (2) provide a rough 
estimate of the effectiveness of solar 
shading and natural cooling strategies. 
The analysts method ts based on a 
modified monthly degree-day procedure 
in which the day ts d1v1ded into day and 
night periods (reference 4). All estimates 
are derived from correlations based on 
hourly computer simulations. Solar, 
conduction, and internal gains are 
estimated for each half-day period in 
each month. Delay factors are used to 
account for heat carryover from day to 
night and night to day. The results are 
estimates of annual sensible cooling 
deUvered by the air conditioner and do 
not include latent loads. 

Because the the original Los Alamos 
monthly procedure ts too complex to be 
implemented in a worksheet. a simplifled 
procedure ts adopted on worksheet IV. 
Heat Gain Factors and Internal Gain 
Factors in Tables L and N are the 
calculated annual incremental cooling 
loads reSUlting from a one-unit 
incremental change in the respective 
heat input parameter (that ts. a one-unit 
change in UA, glazing area, or number of 
bedrooms). The combined heat load 
resulting from all inputs 1s summed and 
then adjusted for thermal mass and 
ventilation. This correction includes a 
constant required to match the 
calculated cooling load of the existing 
buUding. This linearized procedure gives 
accurate estimates for cooling loads that 
are less than about 150% of the existing 
building: however, it underestimates very 

large cooling loads in poorly designed 
buildings. 

The adjustment factors for 
ventilation properly account for 
maintaining comfort in hot and humid 
climates. Ventilation ts restricted to 
times when the outside dew-point 
temperature is less than 62 OF. This 
restriction avoids ventilation when high 
hUmidity might cause discomfort. 

Notfor Sizing Equipment 
All heating and cooling values given in 
the Builder Guidelines Tables and 
numbers calculated using the 
worksheets are for annual heat deUvered 
or removed by the mechanical heating or 
cooling system. You cannot directly use 
these numbers for stztng the capacity of 
this equipment. The methods developed 
by the American Society of Heating. 
Refrtgerating, and Air Conditioning 
Engineers for sizing equipment are well-
estabUshed and are recommended. You 
may wish. however, to supply a copy of 
the design worksheets to the mechanical 
contractor so they can learn what R-
values and glass areas are specified. 
This will allow them to more accurately 
size the equipment to be used. The 
purpose of the guidance provided in 
these booklets ts to m1n1mize the 
operating time and resources consumed 
by this eqUipment. 

Using the Worksheets in 
Nearby Locations 
The appUcabWty of worksheets I and II 
can be extended somewhat by using the 
base-65 OF degree-day value for a site 
which ts close to the location for which 
the worksheet tables were generated. We 
recommend Umtt1ng such appUcations to 
sites where the annual heating degree-
days are within plus or minus 10% of the 
parent location and where it is 
reasonable to assume that the solar 
radiation ts about the same as in the 
parent location. The procedure is simple: 
Use the measured base-6S OF degree-day 
value in worksheet I, line F, instead of 
the degree-day value for the parent 
location. 

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

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

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

Tampa. Florida 
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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 
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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 
perfo~ance 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 aclear winter 
day with the auxiliary heating 
system not operating. The units 
are OF. 
Worksheet N: Summer Cooling 
Performance Level: the 
estimated annual cooling load of 
the building. The units are 
Btu/yr-sf. 

INTRODUCTION 

The estimates from 
Worksheets I and II 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. 

61 
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. 

~r--~2~O~' --.....;*~i ~ __ ..!:2=2-'--~r· ...... · .... · .............. g4.' ............ : ............. .. 

;.. .,... 

Garage 

Master 
Bedroom 

14' 
8088 

4040 

Bedroom 

Great Room 

Suns pace 

8088 

o 2 4 8 12 
FLOOR PLAN ----
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PASSIVE SOLAR DESIGN STRATEGIES 

General pro~ect Information 
~:Area 1504 sf 

Worksheet I: Conservation Performance Level 

A. Envelope Heat Loss 
Construction 
Description 

Q!!iliog~L[QQt~ B-;36 io 8!liQ 
B-;3Q io Qrull!!Qml Q!!iliog 

WiillI~ B-l!:!± B-Z SIl!!iillIliog io BigiQ IO~!JliiI!iQO 
B-1!:! io ~iilmg!! 

IO~!JliiI!!!Q EIQQ[~ B-1!:! io EIQQ[ Qll!![ ~!!ois!Q Q[5nIl1~I2ii1Q!! 

~Qo-~QliiI[ ~Iiili:iog OQ!Jbl!! !:aliilZ!!Q WQQQ E[iillD!! liZ' iili[ giill2 
- L.QY:l-i; (!!:;;- 4Q) 

OQQ[~ M!!!iilllI:li!1l EQiillD QQ[!! 

B. Foundation Perimeter Heat.Loss 

Description 

Sliilb~-QO-!:a[iilQ!! B-Z 
H!!iilis!Q BiilS!!ID!!O!S 
Uoll!!ru!!Q Eliil~!!ID!!O!~ 
E!![iID!!t!![ IO~!Jliilt!!Q Qmll:ll~I2ii1Q!!~ 

C. Infiltration Heat Loss 
1246;3 
Building 
Volume 

D. Total Heat Loss per Square Foot 
24 

E. Conservation Performance Level 

H!2 
Total Heat 
Loss per 

Square Foot 

X 

X 

X 

Area 

]Q64 
42Q 
!:!!:!2 
14Q 
Z64 

f22 

4Q 

Perimeter 
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Q f2Q 
Air Changes 

per Hour 

2~6 
Total Heat Loss 

(A+B+C) 

nQ;3 
Heating Degree 
Days [Table C] 

+ 
+ 
..,... 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

X 
X 
X 
X 

X 

+ 

X 

R-value 
[Table A] 

;3f2!:! 
24f2 
24Z 
lZZ 
2f26 

16 

f2!:! 

Heat Loss 
Factor 

[Table B] 

Q;3Q 

.018 

lf2Q4 
Floor Area 

Qn 
Heating Degree 
Day Multiplier 

[Table C] 

F. Comparison Conservation Performance (From Previous Calculation or from Table O) 

63 

Heat 
Loss 

= ;3Q 
= ]I 

= 4Q 
6 

= ;3Q 
= 

2!:! 

= Z 
= 

1121 Btu/OF-h 
Total 

Heat 
Loss 

2f2 
= 
= 
= 

2f2 Btu/oF-h 
Total 

112 Btu/OF-h 

= 4Z!2 Btu/DD-sf 

= lZQn Btu/yr-sf 

2f2 ;3!2Q Btu/yr-sf 

Com are 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 corriponents 
in the example building are not 
considered in the calculation: 
• 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 solar savings fractions 
in Worksheet II take these losses 
into account. 
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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 AI, A2, A3, A4 
and A5. A separate table is 
provided fQr 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. 

A 1-Ceilings/Roofs 
Attic Insulation R-value 
Construction R-30 I!1J R-49 R-60 

27.9 35 46.9 57.9 
Framed Insulation R-value 
Construction R-19 R-22 R-30 R-38 
2x6 at 16"oc 14.7 15.8 16.3 -
2x6 at 24'oc 15.3 16.5 17.1 -
2x8 at 16"oc 17.0 18.9 20.6 21.1 
2x8 at 24"oc 17.6 19.6~ 22.2 
2x10 at 16"oc 18.1 20.1 24. 25.7 
2x10 at 24"oc 18.4 20.7 . 26.8 
2x12 at 16"oc 18.8 21.0 25.5 30.1 
2x12 at 24 'oc 19.0 21.4 27.3 31.4 

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. 
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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 detennined 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. 

Single Wall 
Framing 
2x4 at 16"oc 
2x4 at 24"oc 
2x6 at 16"oc 
2x6 at 24"oc 
Double 
Wall 
Framing 

A2-Framed Walls 
Insulation R·value 

R-11 R-13 R-19 R-25 
12.0 13.6 
12.7 13.9 ~ -
14.1 15.4 17. 19.2 
14.3 15.6 . 19.8 

Total Thickness (inches) 
8 10 12 14 

25.0 31.3 37.5 43.8 

..... The R·value of insulating. sheathing should be 
added to 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 
2xlO floor joists at 16 inches on 
center; the crawlspace beneath 
is ventilated. 
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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-lnsulated Floors 

Framing 
2x6s at 16"oc 
2x6s at 24"oc 
2x8s at 16"oc 
2x8s at 24"oc 
2x10 at 16"oc 
2x10 at 24"oc 
2x12 at 16"oc 
2x12 at 24"oc 

Insulation R·value 
R-11 R-19 R-30 R-38 
18.2 23.8 29.9 
18.4 24.5 31.5 
18.8 24.9 31.7 36.0 
18.9 4W 33.1 37.9 
19.3 25.8 33.4 38.1 
19.3 .1 34.4 39.8 
19.7 26.5 34.7 39.8 
19.6 26.7 35.5 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 b~en 
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. 

A4-Windows 
Air Gap 

1/4 in. 1/2 in. 1/2 in. argon 
Slandar'd Metal Frame 
Single .9 
Double 1.1 
Low-e (e<=0:40) 1.2 

Metal frame with thermal break 

1.2 
1.3 

Double 1.5 <t.!> 
Low-e le<=0.40} 1.6 '. 
Low-e e<=0.20} 1.7 

Wood frame with vinyl cladding 
Double 2.0 
Low-e (e<=0.40l 2.1 
Low-e le<=0.20 2.2 
Low-e e<=0.10 2.3 

2.1 
2.4 
2.6 
2.6 

1.2 
1.3 

1.7 
I.S 
2.0 

2.2 
2.5 
2.7 
2.9 

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

AS-Doors 
Solid wood with 2.2 
Weatherstripping 
Metal with rigid C1i) 
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. 

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 (Btuth·F·ft) 
Heated Unheated Insulated 

Perimeter Siabs-on- Base· Base- Crawl· 
Insulation Grade ments ments spaces 
None 0.8 1.3 1.1 1.1 
R 5 ~ 0.8 0.7 0.6 
R:7 0.3 0.7 0.6 0.5 
R·11 . 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 

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 multip1ying 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. 
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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;oF-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 OF colder outside than 
inside. This total heat loss, of 
course, does not include heat 
loss from the solar systems, 
including direct gain glazing. 

The result of Step D, 
however, is the annual heat loss 
per degree day per square foot. 
This value is calculated by 
mUltiplying the total heat loss 
by 24 hours/ day and dividing 
by the conditioned floor area. 

Anytown, USA 
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Step E. Conservation 
Performance Level 
Once the total heat loss per 
square foot is calculated, the 
conservation perfonnance 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. 

C1-Heating Degree Days ~ 65°F) 
Raleigh·Durham ~ 

This value is from TMY weather tapes and 
should be used for Worksheet Calculations. 
It will vary from long term averages. 
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The heating degree days are 
selected from Table C 1 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). 

C2-Heating Degree Day Multiplier 
Passive Solar 

Heat Loss Glazing Area per 
per Square per Square Foot 
Foot .00 .05 .10 .15 .20 

8.00 1.03 1.05 1.07 1.09 1.11 
7.50 1.01 1.04 1.06 1.07 1.10 
7.00 0.99 1.02 1.04 1.06 1.08 
6.50 0.97 1.00 1.02 1.04 1.06 
6.00 0.94 0.97 1.00 1.03 1.05 

~ 
0.90 0.94 0.98~. 1.03 

.00 0.86 0.91 0.95 . 1.01 
~5 Q~ Q~ Q~ Q9 Q~ 

. 0 0.77 0.83 0.88 . 2 0.96 
3.50 0.72 0.78 0.83 0.88 0.93 

The conservation 
perfonnance level for the 
example building is compared to 
the base case conservation 
perfonnance 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 perfonnance level for the 
area, given in Table D. 

Table D-Base Case Conservation 
Performance (Btu/v. • 

Base Case 25,38 

Alternatively, the 
conservation perfonnance 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 
per.(onnance level of the 
proposed building (Step E) is 
greater than the base case or 
typical-design conservation 
perfonnance level. the designer 
should conSider additional 
building insulation or reduced 
non-solar glass area. 

) 
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Worksheet II: Auxili Heat Performance Level 
/ ) A. Projected Area of Passive Solar Glazing 
I. 

Solar System Rough Frame Net Area Adjustment Projected 
Reference Code Area Factor Factor [Table E] Area 

Q~QI ee X 0.80 X ~e fl~ 

SSQI 2Qe X 0.80 X ~e jfl~ 

X 0.80 X 
X 0.80 X = 
X 0.80 X = 
X 0.80 X = 
X 0.80 X = 

2~fl 2~2 sf 
Total Area Total 

Projected 
Area 

2~2 -;- jf!Q4 = jf! 
Total Floor Total Projected 

Projected Area Area per 
Area Square Foot 

B. Load Collector Ratio 
24 X 2~a + 2~2 = ~Q e~ 

Total Total 
Heat Loss Projected 

[Worksheet I] Area 

C. Solar Savings Fraction 
) System 
/ Solar Savings 

Solar System Projected Fraction 
Reference Code Area [Table F] 

Q~Qj fl~ X 44 ~Q ~fl 

SSQl jfl~ X 4f! = Z~~f! 

X = 
X = 
X = 
X = 
X = 

jQ~ Zj + 2~2 Q 4f! 
Total Total Solar 

Projected Savings 
Area Fraction 

D. Auxiliary Heat Performance Level 

[1 - Q4f! jx 1ZQ~Z = ~Q4~ Btu/yr-sf 
Solar Conservation 

Savings Performance 
Fraction Level [Worksheet I, 

Step E] 

E. Comparative Auxiliary Heat Performance (From Previous Calculation or from Table G) 
23 Q99 Btu/yr-sf 

Com are 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 proj ected 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 FI 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 
"DGC 1" because night 
insulation is not proposed. The 
reference code for the sunspace 
is "ssc 1" 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 
adj ustment 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 
True D SSA SSB, 
South ,S SSD SSE 

o 1.00 0.77 0.75 
5 c$? 0.76 0.75 
10 0.98 0.75 0.74 
15 . 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 

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. 

, 
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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 
e9-ch 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 "DGC 1 ", 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 DGCI DGC2 DGC3 

Collector Double Low-e R-9 Night 
Ratio Glazing Glazing Insulation 
200 0.10 0.11 0.13 
155 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 0.37 0.43 0.51 ar 0.47 0.56 

~ 0.52 0.62 
. 9 0.58 0.69 

20 0.55 0.65 0.77 
15 0.62 0.74 0.85 

F4-Sunspaces 
Load 

Collector sunsEace Type 
Ratio SSAI SSBI SCI SSDI SSEI 
200 '0.17 0.14 0.11 0.19 0.15 
155 0.20 0.17 0.14 0.23 0.19 
100 0.26 0.22 0.19 0.30 0.26 
80 0.30 0.25 0.23 0.35 0.30 
60 0.35 0.30 0.28 0.42 0.36 
50 0.39 0.34 0.32 0.46 0.40 
45 0.42 0.36 0.35 0.49 0.43 
40 0.44 0.39 0.38 0.52 0.46 

~ 
0.48 0.42 0.56 0.49 
0.52 0.46 ~ 0.60 0.54 
0.56 0.50 .0 0.65 0.59 

20 0.62 0.56 0.57 0.72 0.65 
15 0.70 0.64 0.65 0.79 0.73 
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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 
SSAl, SSB 1 and SSD 1 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 SSAI 
and SSD 1 is assumed to be 
sloped at an angle of 50° from 
the horizon. The sloped glazing 
in designs B and E is assumed 
to be at an angle of 30°. 

Anytown, USA 
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Sunspace Reference 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. 

Alternatively, the 
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. 

\ 
) 
I 
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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 

BQQIDl! lIlli!b Qi[~Q! !:aiilie 424 X 4.7 2H~1 

QRiilQ~l! QQee~Q!~g !Q Qi~Q! !:aiilie QRiilQ~l! ~4~ X 4.5 = 42Z1 
2452 Btu/OF 
Total 

B. Heat Capacity of Mass Surfaces Enclosing Direct Gain Spaces 
Unit Heat 

Mass Description capaci~ Total Heat 
(include thickness) Area [Table ] Capacity 

nQIDb~ WslIIl! X 8.8 
, wm~[Wiillll! X 10.4 = 

E~RQl!~g Qliilb ie Que lQa X 13.4 = laaQ 
E~RQl!~g Qliilb IlIQ! ie Que laZ X 1.8 = 24Z 

X = 
X = 
X = 

122Z Btu/OF 
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 

I[QIDb~ WslIIl! X 3.8 
W~[WiillIl! 

. X 4.2 = ) EiilQ~ 6[iQis 4" III X 3,Z = 4ll 
X = 
X = 

4ll Btu/OF 
Total 

D. Total Heat Capacity 
a4~Q Btu/OF 

(A+B+C) 

E. Total Heat Capacity per Square Foot 
a4~Q + 15Q4 = 52 Btu/OF-sf 

Total Heat Conditioned 
Capacity Floor Area 

F. Clear Winter Day Temperature Swing 
Total Comfort 

Projected Area Factor 
[Worksheet II] [Table I] 

Qi~Q! !:aiilie 2~ X a22 = 5~Z54 

Quel!RiilQ~l! Q[ 12a X 2~~ = 4a zaz 
~e!~g nQIDb~ WslIIl! lQa 4~1 + a4~Q = 12 a OF 

Total Total 
Heat 

Capacity 
G. Recommended Maximum Temperature Swing 

13 OF 

) Com are 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. 

COMFORT PERFORMANCE LEVEL 

In the example building, the 
master bedroom, dining area 
and kitchen are all direct gain 
space.s. 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 
Garage 

1i)))1 Direct Gain Spaces 
I,l@ililm Spaces Connected to Direct Gain Spaces 
moo Spaces Not Connected to Direct Gain Spaces 

Suns pace 

Building Sub-areas for Calculating Effective Heat Capacity 
Worksheet 11/ requires that the building be divided into sub-areas. 

) 
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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 H 1. Note 
that thermal mass located in the 
sunspace is not included in this 
calculation. 

H1-Mass Surfaces Enclosing 
Direct Gain Spaces . 

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

Thickness (inches) 
1 2 3' 4 6 8 12 

1.8 4.3 6.7 8.8 11.311.5 10.3 
1.8 4.2 6.5 8.4 10.210.0 9.0 
2.0 4.7 7.1 9.0 10.49.9 9.0 
2.1 4.8 7.1 8.5 8.6 8.0 7.6 
1.5 3.7 5.4 6.5 6.6 6.0 5.8 
1.3 3.2 4.8 5.5 5.4 4.9 4.8 
0.4 1.4 1.8 1.7 1.5 1.5 1.5 
5.2 10.415.6 20.8 31.241.6 62.4 

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 De 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. 
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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 H 1. 

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 

Material 
Poured Conc. 
Conc. Masonry 
Face Brick 
Fla~Stone 
Builder Brick 
Adobe 
Hardwood 

Thickness (inches) 
1 2 ~ 4 6 8 12 

1.7 3.0 3.6 3.8 3.7 3.6 3.4 
1.6 2.9 3.5 ~.6 3.4 3.2 
1.8 3.1 3.6 3.7 .5 3.4 3.2 
1.9 3.1 3.4 . 3.2 3.1 3.0 
1.4 2.6 3.0 3.1 2.9 2.7 2.7 
1.2 2.4 2.8 2.8 2.6 2.4 2.4 
0.5 1.1 1.3 1.2 1.1 1.0 1.1 
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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. 
,(he 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 Fact~r Btu/sf) 
Direct Gain 
Suns paces and 99 
Vented Trombe Walls 

COMFORT PERFORMANCE LEVEL 

Step G. Recommended 
Maximum Temperature Swing 
The comfort performance 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 Coolin Performance Level 
'\ 

A. Opaque Surfaces 
Radiant Barrier Absorp- Heat Gain j Heat Loss Factor tance Factor 

Description [Worksheet I] [Table J] [Table K] [table L] Load 

Q!2i1iDg:!lrQQf:! ~Q X j QQ X Q !lZ X !lZQ = !2!2~ 

lZ X j QQ X Q!I:Z X !lZQ = ~Z!2 

X X X = 
W§II:! !lQ X na QZQ X 2!2~ = Z~!2 

X na X = 
OQQ[:! ~fi X na Q~Q X 2!2~ = 2a 

jaQ~ kBtu/yr 
Total 

B. Non-solar Glazing 
Rough Frame Net Area Shade Factor Heat Gain 

Description Area Factor [Table M] Factor [Table L] Load 

t!/Q[tb !:al~:!:! !lQ X 0.80 X Q !2Z X ~ZQ = ~~fi 

X 0.80 X X = 
ESI:!t !:a lSi:!:! !2 X 0.80 X Q aQ X !2a ~ = ~~j 

X 0.80 X X = 
W!2:!t!:aI~:!:! !2 X 0.80 X QaQ X Z~2 = ~fij 

X 0.80 X X = 
Slsllligbt:! X 0.80 X X = 

X 0.80 X X = 
j!2ZZ 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 
) 

Oi[!2Qt !:a~iD aa X 0.80 X Q a~ X fifiQ = ~2g 

X 0.80 X X = 
StQ[~g!2 llll~lI~ X 0.80 X X 

X 0.80 X X = 
S!.ID:!J2~Q!2 2Qa X 0.80 X Qa~ X j22 = j!2afi 

X 0.80 X X = 
!la~~ kBtu/yr 
Total 

D. Internal Gain 
22fiQ +( ~!lQ X ~ = fiQZQ kBtu/yr 

Constant Variable Number of 
Component Component Bedrooms 
[Table N] [Table N] 

E. Cooling Load per Square Foot 
1,000 X j~ !I!I~ + jfiQ!I a~!l2 Btu/yr-sf 

(A+B+C+D) Floor Area 
F. Adjustment for Thermal Mass and Ventilation 
No night vent with no ceiling fan Z~!2 Btu/yr-sf 

[Table 0] 
G. Cooling Performance Level 

a2Q!2 Btu/yr-sf 
(E -F) 

H. Comparison Cooling Performance (From Previous Calculation or from Table P) 
9Z!2!2 Btu/yr-sf 

Com are Line G to Line H 
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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 
summer. 

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 suIface in 
thousands of Btu per year 
(kBtu/yr). 

Anytown, USA 
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Table J-Radiant Barrier Factors 
Radiant Barrier 
No Radiant Barrier .0 

Table K-Solar Absorptances 
Color 
Gloss White 
Semi-gloss White 
Light Green 
Kelly Green 
Medium Blue 
Medium Yellow 
Medium Orange 
Medium Green 
Light Buff Brick 
Bare Concrete 
Red Brick 
Medium Red 
Medium Brown 
Dark Blue-Grey 
Dark Brown 

Ceiling/roofs 
Walls and Doors 
North Glass 
East Glass 
West Glass 
Skylights 
Direct Gain Glazing 
Trombe Walls and 

Water Walls 
Sunspaces 

SSAl 
SSBl 
SSCl 
SSDl 

Absorptance 

I 
0.51 
0.57 
0.5B 
0.59 
0.60 

~ 
0.B4 
O.BB 
O.BB 

39.3 

.~ 
SSEl 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. 

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 L). 
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 
Projection 

Factor South 
0.00 ~ 0.20 . 
0.40 . 3 
0.60 0.49 
O.BO 0.35 

~
st North 21 

. 1.00 . 

.93 ~ .93 . 4I1o,~ 
0.B1 1 9' O.Bl • c;1JC7 
0.71 0.7 '67 0.6B 
0.60 0.6f 0.56 

1.00 0.30 0.50 0.54 0.45 
1.20 0.24 0.40 0.46 0.3B 

-... Multiply by O.B for low-e glass, 0.7 for tinted glass 
and 0.6 for low-e tinted Qlass. 

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. 

) 
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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 
proj ection factor is the overhang 
projection divided by the 
distance from the bottom of the 
window to the bottom of the 
overhang. as illustrated below. 

A 

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

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

Constant Component 
Variable Component 

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. 
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SUMMER COOLING PERFORMANCE LEVEL 

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

Total Heat Night Night No Night No Night 
Capacity Vent wI Vent wI No Vent wI Vent wI N 
per SF Ceil. Fan Ceil. Fan Ceil. Fan Ceil. Fan 

0.0 4,250 400 2,320 -1,600 
1.0 5,550 1,480 3,620 -520 
2.0 6,240 2,080 4,310 080 
3.0 6,610 2,420 4,680 410 

dP 6,800 2,600 4,8 600 
. 6,910 2,700 ,0 700 

6.0 6,960 2,760 5,0 760 
. 6,990 2,790 , 60 790 

8.0 7,010 2,810 5,080 810 
9.0 7,010 2,820 5,080 820 
10.0 7,020 2,820 5,090 820 

Total heat capacity per square foot is calculated on 
Worksheet III Ste 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 summer 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. 

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. 
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