
Chapter 6 

EnergymEff icient Walls 

Cost Codes: R = reduced 
N = negligible 
S = small (<$0.25/ftz of floor area) 
M = medium (>$0.25 and <$1.00/ft2 of floor area) 
H = high (>$1.00/ft2 of floor area) 

Recommendations 

1. Reduce the number of framing 
members. 

2. Fill gaps with insulation. 

3. Prevent insulation compression. 

4. Use wall details designed for energy 
efficiency. 

5. Air-tighten walls and minimize the 
use of potentially harmful building 
materials. 

6. Apply light-colored exterior finishes. 

Maximum Combined Total 
1 
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Heating 
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0-1 0 
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- 

20 



Marketing Energy-Efficient Walls 

To sell the energy benefits of walls built to include designed to protect the wall material in cold 
the recommendations in this chapter, let buyers climates. Point out that research shows 
know how your walls are constructed differently vapor barriers are unnecessary in Florida 
than those of other builders. Inform them that many 
locations often are not insulated when walls are 
built, but you have made sure these locations are 
insulated in your homes. Show photos you have 
taken of exterior wall corners and partition wall tees 
during construction of your house and make com- 
parisons with other builders' homes. Explain that 
many builders leave 2- to 4-inch uninsulated gaps 
the entire height of the wall at corners and tees, and 
that more heat can escape or enter through those 
gaps than through the rest of the wall. 

Point out that most homes have wiring in the center 
of the wall, causing insulation around the wiring to 
be compressed and lose effectiveness. Show photos 
of what you have done to prevent that problem. 
When it comes to walls, time-of-construction photos 
can be your best sales tool. The photographs will 
help buyers see what they're getting. Most of them 
will associate these energy-efficient construction 
details with quality. 

Tell your clients that humid summer air leaking into 
the house accounts for one-fourth of the air condi- 
tioning energy bill. They will react favorably to 
your attempts to block the entrance of moisture. 
Again, show photographs of air infiltration barriers 
(defined later in this chapter), caulking or other 
measures you have used to reduce air leakage 
through floors, ceilings and walls. 

You may also need to explain that an infiltration 
barrier blocks the moisture-laden air that increases 
their home's humidity, whereas a vapor barrier is 

Show clients photos of the efforts you take 
to construct energy-efficient homes. 

because of our mild winters. And give them a dollar 
estimate of how much this fact has saved them. 

If you are using concrete block construction and 
have insulated it to more than the minimum levels 
usual in your area, be sure to say so, and explain the 
difference in terms of R-value. If you have applied 
a stucco finish or sealer on the block, point out that 
the finish seals the block against air leakage. 



Constructing Energy-Efficient Walls 

Wood-frame and concrete-block walls account for 
more than 95% of Florida home construction. 
Other wall types - brick, log, post-and-beam, etc. 
- are too infrequently used to include in this dis- 
cussion. A recurring question is: Which is more 
energy-efficient - concrete block or wood frame? 
Wood-frame walls generally are better insulated but 
tend to have greater air leakage than concrete block 
walls. Concrete block can absorb and store more 
heat and therefore may prevent rapid temperature 
changes in the house. So the question has no simple 
answer. It is more important to construct wood- 
frame or concrete block walls well than to speculate 
about which one may perform better. 

Wood-Frame Walls. There are six key ways to 
improve the energy-conservation aspect of wood- 
frame walls: 

Reduce the amount of wood in the walls. 
Reduce or eliminate any gaps in wall insulation. 
Prevent compression of insulation around wiring. 
Choose walls designed for higher R-value levels 
of insulation. 
Air-tighten the wall. 
Use a light-colored exterior finish or use wall 
radiant barriers with brick veneer. 

Concrete Block Walls. To improve the energy effi- 
ciency of concrete block walls: 

Use insulation with high R-values. 
Prevent compression of insulation around wiring. 
Prevent or reduce gaps in the insulation. 
Properly apply a light-colored, good-quality 
exterior stucco or sealer paint. 

These methods are discussed in the following 
sections. 

1. Reduce quantity of wood 
Using less wood saves not only money, but energy 
too. The resistance of wood to heat flow is only 
about one-third that of insulation. For example, a 
2x4 has an R-value of about 4.4, while a 3%-inch 
fiberglass batt has an R-value of 11 or 13. There are 
many opportunities to reduce the use of wood 

without jeopardizing the stability or quality of 
your homes. 

Framing. There are well-engineered and tested 
methods for reducing the number of framing 
members. Excellent resource books are available 
from the Department of Housing and Urban Devel- 
opment and The National Forest Products Associa- 
tion. (See the "For further information" section at 
the end of this chapter.) 

By using 24-inch-on-center rather than 16-inch-on- 
center framing, you can reduce the number of fram- 
ing members by approximately 30%. Your costs can 
be further reduced by Zfoot and 4-foot-wide win- 
dows so that extra framing members are not neces- 
sary. If you use wood siding, refer to the manufac- 
turer's recommendations for stud spacing. In some 
instances, wood siding may warp if supported only 
every 24 inches. Most gypsum manufacturers also 
recommend 5/8-inch gypsum with 24-inch-on- 
center studs. 

Corners. Most corners in exterior walls are made 
with three studs, leaving a U-shaped channel facing 
the outside. This channel should be filled with insu- 
lation. However, because the wall sheathing nor- 
mally is installed before the insulation, this void is 
often not filled. A desired alternative, illustrated on 
the next page, is a two-stud corner which permits 
the insulation to be installed from the inside. 
Further, since there is insulation where there other- 
wise would be a stud, the cost of a stud is saved. 
Note there are two methods of connecting drywall: 
Either clips or a 1x4 nailer can be used. 

Tees. A typical tee for joining a partition wall to 
the exterior frame uses three studs, leaving a 3%- 
inch-wide U-shaped channel facing the exterior. 
The channel usually goes uninsulated. Instead, the 
partition wall can be attached to the exterior frame 
with the use of only two studs. A better alternative 
is the one-stud tee, consisting of the leading stud of 
the partition wall plus a 1x6 or two 1x4s used as 
drywall nailers. Drywall clips can also be used to 
join drywall pieces where there is no exterior fram- 
ing member. See details on page 6-5. 
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Plan view of 
two-stud corner using 

Plan view of 
two-stud corner using 
wood nailer 

Insulation can extend 
into corner and be 
installed from the inside 

attach drywall 

Cut-away perspective of 
two-stud corner using 

drywall clips 

Cut-away perspective of 
two-stud corner using 

wood nailer /I 

Wood nailer 

An energy-efficient corner is constructed using two studs. 
Drywall can be attached using drywall clips or nailer strip. 
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An energy-efficient partition wall is constructed by toe-nailing the leading stud to the frame. 
Insulation fills wall area. Drywall is attached using a nailer or drywall clip. 

2. Fill gaps in wall insulation be insulated to the same R-value as the ceiling. Sta- 
In addition to insulating at tees and corners, it is ple the insulation so it will not fall out. Also, always 
important that insulation is provided around and use blocking between studs at the ceiling height to 
above window frames and doors. If you are build- prevent air leakage from the attic into the wall and 
ing a home with 9-foot or higher ceilings, be sure to then into the house via electrical outlets. In a kit- 
install insulation the full height of the wall. Any chen, treat the drop wall above cabinets in a similar 
wall section that adjoins an attic space should manner. 

Insulate below, above and 
around window frames. 

8' high 
ceiling 

/ / 10'."'gh Attic 
8, high cewng 

ceiling 
Cripple wall or 
vertical chord 

A ++:- of modified truss 

Insulate to 
ceiling R-value t 

'/2" drywall 10' high 
ceiling 

Conditioned 4 Conditioned 
space I -%J space 

8' high 
ceiling 

Insulate walls between attic and 
conditioned space. 
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3. Prevent compression around wiring 
Insulation that is compressed is less effective than if 
allowed to expand to its recommended thickness. 
For example, a 3 M-inch fiberglass batt with an R- 
value of I I at full thickness has only an R-value of 7 
at a thickness of 2 inches. Unfortunately, in a typical 

Back side of 4 T 
exterior 
sheathing 

coustical sealant 
tal nail guard at - Concrete or wood floor 

I ' ~astener 
Electric wiring 

A Back side of 
exterior 
sheathing 

2x4 studs 

2x4 bottom 
plate 

coustical sealant 

oncrete or wood floor 

314" 

2x4 
bottom 
plate 

bottom 
plate 

\ Fastener 
Electric wiring 

Use notches for wiring to prevent insulation 
from being compressed. 

situation the electrician drills his holes and runs wire 
through the center of the stud thickness, and the 
insulating contractor places the insulation on one 
side of the wiring so that it is compressed to half its 
thickness. To overcome this problem: 

Have the electrician place the wire in a notch at 
the bottom inside corner of the wall (make sure 
nails used on baseboard trim go into floor or 
stud), or through a notch at the bottom center of 
the studs (see drawing). 
Have the insulating contractor tear apart the 
insulation and place it behind and in front of the 
wiring. 
Place patches of insulation behind the wiring; put 
the insulation batt in front of the wiring. 

4. Use wall details designed for 
energy -efficiency 

There are many methods of improving the insulation 
characteristics of walls. By using larger dimensioned 
lumber or different types of insulation, the R-value 
of the wall can be increased. The illustration on the 
next page shows seven different types of wood-frame 
wall construction. 



Constructing Energy-Efficient Walls 
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House wrap 
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2x4 
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2x6 

%"gypsum 

Siding 

Fiberglass 
ball 

House wrap 

2x6 
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Foil board 
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3%" 
fiberglass 
batt 
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Plan views of energy-efficient stud wall construction. 

Wall A - Standard. This wall includes an air infil- 
tration barrier (see the next section of this chapter). 
It uses faced or unfaced R-11 batt insulation. 
Generally, unfaced is less expensive than faced insu- 
lation and can be used whenever the drywallers will 
be following closely behind. Some builders expe- 
rience problems with unfaced insulation falling or 
blowing out of the wall before the drywall is 
installed. To minimize problems, select friction-fit 
unfaced batts. The walls B-G are improvements 
over typical wall construction. 

Wall B - R-13 Batts. You can purchase R-13 batts 
for 2x4 walls. This creates a wall with a higher R- 
value (compare wall B with wall A). 

Wall C - Exterior Insulation Board. Many codes 
require some type of wall bracing. Usually a simple 
diaphragm panel (for example, wood sheathing or 
%-inch foil-faced laminated paper sheathing) is 
used. However, a M-, 3/4- or 1-inch board insulation 
with a structural rating provides bracing and does a 

thickness. (See the next page for characteristics of 
many types of insulation.) Wall D above, shows 
board insulation used instead of fiberglass batts. 
Foil-faced board insulation can gain added R-value 
by having an airspace next to it. Wall D obtains an 
R-value of 10.8 for the insulation (if phenolic type) 
and an R-value of 3.3 for a 1%-inch airspace that 
serves as a channel for wiring. Caulk the foil-faced 
board insulation to the 2x4 studs to form an infiltra- 
tion barrier. Use an insulation product not degrade- 
able by moisture. 

Wall E - Radiant Barrier Walls. Foil facing an 
enclosed airspace is referred to as a radiant barrier. 
In wall E an airspace has been created especially for 
that purpose. It is most appropriate for east- and 
west-facing walls heated by the summer sun. 

Wall F - 2x6 Construction. To enable greater 
thickness of insulation, walls can be constructed 
with 2x6s instead of 2x4s. That permits 57% addi- 
tional insulation. 

better job of insulating at the same labor cost. Insu- Wall G - 2x6 With a Radiant Barrier. For the lation boards that are not rated as structural may be areas of the state where winter is of little 
used in conjunction with plywood bracing to 
achieve the same R-value. Foil-faced board insula- concern, a radiant barrier on unshaded walls may be 

about as effective as an extra thickness of insulation. tion that is properly caulked can serve also as an 
Wall G shows the use of 2x6 construction with infiltration barrier - as can foil-faced laminated 

paper sheathing. Foil-faced products that are sealed normal 3%-inch fiberglass insulation and foil-board 
on the outside to obtain a 2-inch airspace as a 

also create a vapor barrier. radiant barrier. This is an alternative to wall 
Wall D - Board Insulation in Wall. Most board type E. In South Florida, it is best to vent radiant- 
insulations reduce the heat transfer through a wall barrier walls by providing an inlet vent at the 
twice as well as fiberglass insulation for any given bottom of the wall and a screened outlet into the 
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Generic Building Insulation Comparison 

Adapted from U.S. Navy's Building Insulation Material Compilation, 1980. 

Generic insulation 

Batts and blankets 
Fiber glass 

Rock wool 

Boards 
Cellular glass 

Mineral fiber with binder 

Polyurethane and 
polyisocyanurate foam 

Phenolic foam 

Fiber glass 

Expanded polystyrene foam 

Perlite 

Mineral fiber with foam 

Wood fiber 

Insulating concrete 

Loose fill 
Cellulose 

Fiber glass 

Rock wool 

Perlite 

Vermiculite 

Foam in place 
Polyurethane/ 
polyisocyanurate 

Urea-based mixtures 

Reflcctive insulation 
Two-layer 
Three-layer 

R/inch 

3.2 

3.6-3.7 

2.63 

3.45 

Unfaced: 
6.2-5.8 

Faced: 7.1-7.7 

Faced:8.3 

4.25 

Extruded: 5.0; 
Molded: 
3.9-4.4 

2.8 

3.7-7.3 

2.1-2.4 

0.8-2.0 

3.2-3.7 

2.2 

2.9 

2.5-3.7 

2.4-3.0 

5.8-6.2 

4.2 

R-5 
R-7.5 

Disadvantages 

Facings may be combustible 

Facings may be combustible 

High cost, low R per inch, 
freeze-thaw damage possible 
when in contact with water 

Moderate wst, modest R per inch 

Moderate cost, combustible 
(polyisocyanurate less so than 
polyurethane), nonstructural 

Combustible 

High cost, binders may burn out 

Combustible, nonstructural 

Low R per inch 

Foam is combustible 

Combustible 

Low R per inch 

May settle 0-20% if installed 
at too low a density 

Low R per inch 

Modest R per inch, may settle 

Moderate cost, combustible 
(polyisocyanurate less so than 

polyurethane), may shrink 

Moderate cost, combustible, 
improperly installed foam may 

shrink significantly and/or cause 
lingering formaldehyde vapors 

Dust on reflective surfaces may 
reduce performance, best when 

used with conventional insulation, 
best when vented 

Ib/ft3 

0.6-1.0 

1.5-2.5 

8.5 

15 

2.0 

2.5 

3.0 

0.8-3.0 

11 

N/A 

25 

20-40 

2.2-3.0 

0.6-1 .O 

1.5-2.5 

2-11 

4-10 

2 

0.6-0.9 

N/A 

Advantages 

Low cost, noncombustible 
without facings, stable 

Low cost, noncombustible 
without facings, stable 

High compressive strength, 
noncombustible, impermeable 

to moisture, stable 

Provides structural support, 
fire resistant, stable 

High R per inch, may provide 
infiltration seal, low 

moisture absorption, stable 

High R per inch, may provide 
infiltration seal, low 

moisture absorption, stable 

Good R per inch, low combustibility, 
good awustical absorption, stable 

Good R per inch, may provide 
infiltration seal, low moisture 

absorption, stable 

Low combustibility, stable 

Mineral board acts as fire 
barrier to protect foam, can provide 

structural support, stable 

Availability, can provide 
structural support, stable 

Noncombustible, can provide 
structural support, stable 

Low cost, good R per inch, 
availability 

Low wst, noncumbustible 

Low cost, noncombustible 

Low cost, noncombustible, stable 

Low cost, noncombustible, stable 

High R per inch, may provide 
infiltration seal, low moisture 

absorption 

High R per inch, may provide 
infiltration seal 

Low cost, noncombustible, can 
provide infiltration seal, 

very effective as a radiant heat barrier 
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attic space, as shown below. Check building codes Wall A in the drawing below shows 1 M inches of 
for fire safety standards of vented airspaces. fiberglass batt being inserted between 2x2s. All 

conventional block construction techniques apply. 

Wall B shows one of two methods of using a board 
insulation product on the inside surface of the block. 
Here, board insulation goes up first, next to the 
block, and furring strips are then nailed through the 
insulation into the block. Wall B is no thicker than 
wall A but has a much higher R-value. 

Wall C shows a similar wall, but the furring strips 
go up first, followed by the insulation board. The 
drywall is attached with fasteners pressing through 
the insulation into the furring strips. Since the insu- 
lation is not in contact with the block, it tends to 
stay drier and may be less affected by mortar chemi- 
cals. Dryness is of more concern with brick con- 
struction, where you should use wall C and not 

Radiant barrier wall B. 

Wall D displays a method for making concrete 
block walls work as the thermal mass for passive 
heating and cooling (see Chapter 4 for details). In 
this wall, insulation is attached to the outside of the 
wall, and building paper, lath and stucco are applied 

Vented radiant barrier wall section. 

Concrete Block Walls. Concrete block walls are 
typically constructed with less insulation than wood- 
frame walls. Energy-efficient block wall construc- 
tion requires more insulation than the traditional % 
inch of fiberglass. A sealer or sealing paint or stucco 
finish serves as an air infiltration barrier; house 
wraps are not necessary. 

Stucco - or paint 

- 8" concrete 
block 

1-1 %" 
c fiberglass 

insulation 

+ Drywall 

+- 2x2 

Stucco 
or paint 

3/4" airspace 
for wiring 

V4" board 
insulation 

Drywall 

1 x2 

over the insulation: use insulation products that are 
highly resistant to moisture absorption, such as 
extruded polystyrene. The block can be painted on 
the inside with a texture paint for maximum contact 
between room air and the concrete block. Run wir- 
ing in conduits through the holes in the block or 
limit wiring to interior partition walls. As an alter- 
native, furring strips and drywall can be used, but 
this will reduce the effectiveness of the thermal mass. 

Stucco - or paint 

, 3/4" airspace 
for wiring 

, 3/4" board 
insulation - Drywall 

c 1x2 or 
1 x4 

I Plan views of energy-efficient block wall construction. 

Stucco I 
Lath 

1" board 
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Airspace use 
for wiring 4 
Texture paint 
applied to 
block on 
inside 
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5. Air-tighten the wall 
Air leakage is a major factor in air-conditioning and 
heating costs. Infiltration is air leakage into or out 
of a building by non-purposeful means, such as 
through cracks in the floor, walls or ceiling. When 
the heat and humidity of outside air are not desira- 
ble, the infiltration of this air into the building is 
unwanted and can produce discomfort, energy 
waste, or both. 

To prevent significant air infiltration, seal all points 
of potential leakage. Leakage frequently occurs at 
the sole plate and at the ceiling. Chapters 5 and 8 
cite the locations that require sealing. 

Concrete block walls can be effectively sealed 
against air infiltration by a uniform application of 
exterior stucco or sealer and paint. 

Wood-frame walls can be sealed in one of four ways: 
sealing the exterior sheathing 
using continuous house wrap 
sealing the drywall 
applying a layer of stucco. 

Frequently it is least expensive to seal the sheathing. 
House wraps can be installed quickly on many wall 
sections but care must be taken to obtain a proper 
seal at windows, doors and exterior electrical and 
plumbing outlets. These first two methods should 
not be interchanged on a given house and there is no 
proven advantage to doing both. Air-tightening the 
drywall may prove to be more difficult or costly, as 
it may require a skilled drywaller with knowledge of 
the method. However, this method is appropriate 
for ceilings and garage (or other nonconditioned) 
partition walls. The following details of how to air- 
tighten frame walls to reduce air infiltration are 
adapted from a checklist developed by the Jackson- 
ville Electric Authority. Air infiltration barriers are 
required by the energy code for practice No. 2. 

Wall Sheathing Techniques. Seal: 
the sheathing directly to the foundation wall or 
the sheathing to the bottom plate and the bottom 
plate to the foundation wall. 

The energy code requires that suitable long-life 
materials be used when installing infiltration barriers 
for practice No. 2 houses. JEA recommends 

oil-based (OB) acoustical sealant for most circum- 
stances. Where the sealant is used in conjunction 
with gypsum board, JEA recommends a water- 
based acoustical sealant. Information on 
which sealants are best with which materials can be 
obtained from manufacturers and distributors. 

Apply the sealant on the outside. For off-grade 
floors, seal the sheathing directly to the floor deck. 
Seal the sheathing to the top plate. 

Seal the joints of the sheathing (where two panels of 
sheathing meet) using one of the following methods 
for plywood, waferboard or foamboard sheathing: 

From the wall cavity side, seal the sheathing to 
both sides of the framing member at joints 
between panels. 
After the sheathing has been placed, seal the joint 
between the side of the stud and the sheathing. 
Seal the joint between the two sheathing boards. 

2x4 stud 

& 
Sealant 

Sealant 

'18" 

'Sealant 4 Sheathing 

Sealant locations for sheathing joints. 

5 Sheathing 

Seal sheathing to top and bottom plates and 
air-tighten drywall at the ceiling. 



Constructing Energy-Efficient Walls 

In one-story buildings the joints will occur most fre- 
quently at studs. In two- or three-story buildings, 
the joints will occur most frequently at studs, plates, 
joints and truss members. It is difficult to obtain a 
good seal for wood panel sheathing on multistory 
buildings; therefore use the house wrap method of 
air-tightening when using wood panel sheathing. 

Seal the sheathing at post corners, using the approp- 
riate method: 

Foam sheathing: Seal the sheathing joints at the 
corners. 
Wood panel sheathing: From the wall cavity 
side, seal the sheathing to the two corner studs 
which contact the sheathing, then seal the access- 
ible joints between the studs and nailers of the 
corner. For three-stud corners and two-stud 
corners there will be a total of three seals; for 
"California" corners (two studs plus a one-by 
nailer), a total of four seals. 

Seal the wall sheathing to the window frames using 
the appropriate method: 

Foam sheathing: Seal the mounting fins to the 
sheathing or seal the window casement directly to 
the sheathing. 
Wood panel sheathing: Seal the window case- 
ment or mounting fins directly to the sheath- 
ing, using sealant or a non hardening foam 
caulking. 

House Wrap Sealing Techniques. Use acoustical 
or other appropriate sealant to seal (a) the house 
wrap directly to the foundation wall or (b) the house 
wrap to the bottom plate and the bottom plate to 
the foundation wall. Apply the sealant on the out- 
side. For off-grade floors, seal the house wrap 
directly to the floor deck. 

Seal the house wrap to the top plate. 

Seal the seams of the house wrap by lapping and 
either (a) taping with a recommended tape or (b) 
using sealant between the two pieces being lapped. 

Seal the house wrap to the window frames. Seal the 
mounting fins to the house wrap using a recom- 
mended tape, or seal the window casement directly 
to the house wrap using a sealant or a non- 
hardening foam caulking. Note: Install flashings 
around windows and doors when a house wrap 
is used. 

Sealing the Drywall. Another sealing method is 
referred to as the airtight drywall approach (ADA). 
In this method the gypsum board should be sealed 
to top and bottom plates and door and window 
frames; using water-based acoustical sealant. To 
allow acess for applying sealant at the top plate, 
install the wall gypsum board before the ceiling gyp- 
sum board. Seal the bottom of the drywall to the 
bottom plate and the bottom plate to the slab. 

If garage partition walls are the only walls being air- 
tightened in this manner, the air barrier has to be 
connected between the drywall and the sheathing or 
house wrap used on the rest of the house. To do 
this, seal the gypsum board to the outer nailers of 
the end tees of the partition. Then use sealant to 
seal these nailers to the exposed sheathing. 

Indoor Pollution and Fresh Air. Much of what 
you read in the book relates to reducing air infiltra- 
tion - the flow of unwanted unconditioned air into 
the house during periods of heating or cooling. A 
separate question arises: Can a well-sealed house be 
harmful to the occupants' health? Unfortunately, 
there is no certain answer. On the other hand, the 
following findings are well documented: 

Many commonly used building materials are 
made with substances that may increase the risk 
of cancer or respiratory ailments or induce aller- 
gic reactions in some people. 
Many preservatives and pest control treatments 
used for foundations, wood and carpeting may 
have similar effects. 
Chemicals in household cleaners and tobacco 
products may make the air in the house unhealthy. 

These problems have surfaced in recent years 
because (a) the use of chemicals in building products 
and household products has dramatically increased, 
and (b) the effects of such use were not discovered 
until recently. A possible third reason is that houses 
are now tightly constructed and, as a result, less 
outside air is exchanged with the house air. 

Some authorities recommend that the volume of air 
in a home should be replaced about every two to 
three hours to minimize potential problems. This 
translates to a desired air change rate per hour (ach) 
of 0.33 to 0.5 when the house is not being ven- 
tilated. How tight is the average home? Recent 
tests indicate many of Florida's concrete block 
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Healthy Building Materials 
(condensed from Practical Homeowner, February 1987, brand names omitted) 

Problem Solution 

Wood Products 
Formaldehyde outgassing from particleboard, hardboard, paneling Use solid wood where possible or plywood made with exterior- 
plywood, and other manufactured wood products. Particleboard grade glue. 
is used in factory-built kitchen cabinets, shelves, and furniture. 

Purchase products containing formaldehyde far in advance of use 
and store them for several months in a warm, ventilated space. 

Wall Finishes and Wall Coverings 
Vinyl wall coverings may have outgassing from plasticizers. Use wall coverings made of pure paper, linen, or genuine metallic. 
Some wallpaper glues contain fungicides and mildewcides. Use low-toxic wallpaper glues. 
Plaster or drywall walls are generally OK, but Use low-toxic drywall joint compounds. 
drywall joint compound used to fill and smooth the surface 
may contain mildewcides, preservatives, asbestos, 
or formaldehyde. 

Floors and Floor Coverings 
Formaldehyde and solvents in carpets and rugs. Use a carpet sealer; consider untreated natural fiber carpets (nylon 

is the least toxic synthetic). 
Particleboard with formaldehyde resins used for Use formaldehyde-free underlayments, a lightweight water-resistant 
carpet or tile underlayment. concrete board reinforced with fiberglass (cover only with hard 

surface materials). 
Solvents and reactive chemicals are usually present in Use adhesives that are water-based (such as acrylics) and have low 
adhesives for all types of floorings. solvent content; see also "Adhesives". 
Solvents in sealers and finishes for wood floors. Provide adequate ventilation while finish is drying; use natural oil fin- 

ishes (tung, linseed) with low solvent content; use special non-toxic 
cleaners, waxes, and polishes. 

Asbestos in floor tiles. Hazardous when drilled or sawed; use an effective respirator. 

Plasticizers in vinyl flooring materials. Use hard vinyl tiles instead of soft (hard vinyl contains less 
plasticizer). 

Paints, Stains and Finishes 
Oil-based or alkyd paint contains toxic hydrocarbon Allow plenty of time to dry before inhabiting the space; wear 
solvents; stains, varnishes, shellac, and most other OSHA-approved face mask for protection against solvent vapor; use 
finishes pose the same hazard. a large fan for ventilation; use low-solvent water-based latex paint 

or stain. 
Select a low- or non-toxic product. 

Wood preservatives (fungicides and mildewcides). Use naturally rot-resistant woods such as redwood, cedar, or cypress; or 
use low-toxic wood preservatives. 

Adhesives, Glues and Mastics 
Many adhesives contain toxic hydrocarbon solvents. Epoxy-type adhesives are relatively non-toxic when fully cured. 

White glue (polyvinyl acetate) and carpenter's glue (yellow aliphatic 
resin) are safe when dry. 
Use alternative adhesives made from natural and non-toxic 
materials, such as a water-based synthetic rubber sealant or a liquid 
copolymer used as a sealer and waterproofing membrane. 

Insulation Materials 
Fiberglass insulation sheds fiberglass fibers during installation, Wear a particle filter mask. 
causing lung irritation. 

Furniture and Fabrics 
Frequently constructed of particleboard or other wood products Choose furniture made with solid wood, metal, or natural materials 
containing formaldehyde. such as bamboo, wicker, rattan, etc. Apply a sealant, low-toxic paint, or 

a vapor barrier to all accessible areas of particleboard 
furniture. 

Upholstery fabrics may contain formaldehyde, plasticizers, dye Choose furniture with untreated natural fiber fabrics (cotton, wool, 
residues, and fungicides; synthetic fabrics pose the greatest linen, jute, etc.). 
problem, but even natural fabrics may contain some of these 
chemicals. 
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homes, dating back to even the 1960s, have average 
air change rates of less than 0.5. The three levels of 
air-tightening for wood-frame houses cited in the 
Florida energy code are designed to create 1 .O, 0.7 
and 0.4 air changes per hour. There have been few 
actual measurements. 

The best solution to home air pollution is to minim- 
ize the use of materials reported to be potentially 
harmful and to maintain maximum house ventila- 
tion during construction and until occupancy. Prac- 
tical Homeowner magazine (335 E. Minor St., 
Emmaus, PA 18049; 215/967-5 171) has a regular 
column and frequent articles on building materials 
for a "healthy" home. See the "For further informa- 
tion" section at the end of the chapter for specific 
references that name builders and the products they 
used in building non-toxic homes. 

A second solution is to air-tighten the house as 
much as possible and then force ventilation through 
it by using an air-to-air heat exchanger. As conditi- 
oned air leaves the house it pre-cools or pre-heats 
the incoming air. In summer in Florida it is best to 
use a type of heat exchanger called an enthalpy 
exchanger. It exchanges heat and humidity with 
incoming air. That means your air conditioner will 
not have to remove as much moisture as it would 
with a standard heat exchanger. In winter, a stand- 
ard air-to-air heat exchanger will reduce the poten- 
tial for window condensation better than an 
enthalpy exchanger because the drier air is outdoors. 
However, most enthalpy exchangers can be con- 
verted each season to perform like a standard air-to- 
air heat exchanger. 

The third solution is to try to reduce the use of pos- 
sibly harmful materials while also not overly air- 
tightening all structural components of the house. 
What airtightening measures should be left out? 
Let's examine what we know. Radon and possibly 
other harmful gases may come up from the soil and 
enter the house through cracks in the foundation and 
floor, as described in Chapter 5. Clearly, air- 
tightening the floor and sill plate is in the best inter- 
est of a healthful and energy-efficient home. Attic 
air is hotter and more humid than outdoor air dur- 
ing summer days, so air-tightening the ceiling (Chap- 
ter 8) is important. That leaves windows, doors and 
walls. Concrete block walls are fairly air-tight, so in 

concrete block homes it is less necessary to use 
extreme air-tightening measures on windows and 
doors. Wood-frame walls tend to leak more air and 
should be air-tightened. However, if all the founda- 
tion and ceiling air-tightening measures in Chapters 
5 and 8 have been taken, it may not be necessary to 
go to extremes on the walls; or, if you find it easier 
to air-tighten the walls, do not go to extremes on the 
windows or doors. 

Window Glass Condensation. Another potential 
disadvantage of tight houses is increased condensa- 
tion on the inside of window glass in winter. When 
the temperature is low outside and warm inside, the 
moisture produced by people and their activities 
raises the humidity level to a point where water 
condenses on the inside of the glass. This occurs 
mostly in the coldest weather and will be greatest at 
night on windows not well protected by deep over- 
hangs, and during the day on windows that face 
northerly. To reduce potential problems, insulated 
glass can be used. With an outdoor temperature of 
30°F and indoor temperature of 70°F, condensation 
will occur on a single-pane window if the indoor 
relative humidity is greater than 3096, whereas it 
won't occur on an insulated glass window unless the 
indoor relative humidity is higher than 50%. 

There still is much to be learned about air infiltra- 
tion rates and healthy homes. Keep up with build- 
ing publications for the latest news. 

6. Choose light-colored exterior 
finishes 

Everyone knows that white paint reflects more of 
the sun's heat than other colors. The table on the 
next page gives the properties of various paint 
colors. Note that light-colored stucco finishes tend 
to absorb more heat than light-colored smooth 
finishes. Obviously, wall color is less significant if 
the wall is well-shaded by trees or porches. 
However, air conditioning costs for a typical one- 
story home with unshaded white walls will be about 
8% lower than for a home with dark unshaded 
walls. Therefore, choose light-colored finishes for 
your block or frame homes. Light colors also tend 
to make the home appear larger. 
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Measured Solar Absorptance 
of Wall Surfaces 

Paints 
White on plywood 
White on wood siding 
White stucco 
Flesh color stucco 
Cream color 
Whitelgray aluminum siding 
Light gray color 
Medium graylblue color 
Tanlbrown color 

Brick 
Light colored 
Light red 
Burnt red 

Summary 
There are a number of designs for insulating frame 
and block walls that can improve their thermal 
performance. Measures should be taken to eliminate 
gaps in the wall insulation. Block walls should have 
at least R-5 insulation, and frame walls should be 
air-tightened. The desired level of fresh air required 
for a healthy home is unknown. As a precaution, 
low toxic or non-toxic materials should be used 

where and when possible. Exterior walls should be 
painted white or other light color to reflect the 
sun's heat. 

For further information 
Reducing Home Building Costs with OVE Design 
and Construction - Guideline 5,  NAHB Research 
Foundation, Inc., prepared for the Department of 
Housing and Urban Development, 1977. 

National Forest Products Association, 16 19 
Massachusetts Ave., NW, Washington, DC 20036, 
(202)463-2700. 

ASHRAE Handbook of Fundamentals, American 
Society of Heating, Refrigerating and Air- 
Conditioning Engineers, Inc. 

"Allergy Free in Ottawa," John R. Hughes, Fine 
Homebuilding, April/May 1988. 

"Healthy Building," Mark Alvarez, Practical 
Homeowner, February 1 987. 

The Nontoxic Home, Debra Lynn Dadd, Jeremy P. 
Tarcher, Inc., Los Angeles, CA, 1986. 

"Air infiltration control package," Jacksonville 
Electric Authority, 1987. 




