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Air Sealing



Air Sealing

Residential homebuilders today construct most homes, Habitat and others, with no

understanding of air pressure and the forces acting to move air in a home. The Urethane Foam

understanding of stack effect and effects of heating and cooling systems on the
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pressurization of the home are rarely incorporated into the construction
process. In fact, homes today are often intentionally built “leaky.” There
exists a strong belief among homebuilders that homes “need to breathe”
for effective operation, and holes and gaps are left in the building

envelope for this purpose.

Is this belief that homes “need to breathe” and be built leaky correct?
According to Lstibruek (1999, p.31), a home should be built as tight as
possible and then ventilated mechanically. The mechanical ventilation
controls the leakage and the change of air in the home. Remember that air
change is necessary to rid a home of many harmful toxins and pollutants.
Leaky homes, with no controlled ventilation allow for heated air to leave
the house at any rate. Mechanical ventilation balances the need to change

air and to keep air (which has been heated) inside the building envelope.

Building a truly tight home is impossible. Since homes are moving

objects, no matter how tight the materials are at construction time, they
will move. Because of this fact, air sealing the cracks and holes in the building envelope lustration 8.1
with flexible material such as urethane foam is very important to maintaining a safe,

comfortable home that is not allowing conditioned air (which costs money) to leave the Krigger, 1994

home (Illustration 8.1). ( Al Leaxace Local w
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shows even more areas). The rationale for air sealing the home and detail a process for
air sealing implementation is included in this section. However, the mechanical
ventilation issue is not addressed. Further exploration can be made by referencing 4
Builder’s Guide to Cold Climates (Lstibruek, 1999).

Alr sealing is often met with skepticism in the residential construction world. First, air
sealing is not seen as a needed additional step in the construction process. For each
additional step that a contractor has to perform, there is an additional cost. Air sealing
does take some time and, therefore, cost. The second, air sealing stops something that
cannot be tangibly seen, air. Few homeowners can complain about something that cannot
be seen unti! well into the life of the home. The “picture” of air loss only shows itself
when bills from winter heating losses hit the homeowner’s pocketbook and when the

warm air leaving the house condenses on the roof deck causing moisture damage.

According to the Southface Institute (1999), air leakage can account for over 50 percent
of a home’s heating and cooling costs and can contribute to problems with moisture,
noise, dust, and entry of pollutants, insects, and rodents. Habitat International’s own
calculations show that as much as $100 annually can be saved by proper air sealing
(Habitat for Humanity International, 1999).

Southface, 1999
Additionally, air sealing has many other benefits. First, air sealing reduces the

potential for harmful contaminants to come into a house, as seen in Illustration $rsuBticn Rars,

8.4. Air sealing, however, is only effective and safe when combined with an du—s-( —
HVAC system that ventilates the home properly. Second, comfort is improved l-im'-ddy‘ Formaidetydes,
in the home with proper air sealing. Air moves through any hole, large or poten \ \
small. By stopping airflow you effectively cut the potential for drafts that cause l

discomfort in a home. Finally, air carries moisture. Reducing the movement of
moisture from the inside of the home into the wall assemblies reduces the Mokl midaw, radon
chance for building durability failures because of moisture problems.

lllustration 8.4
The practice of air sealing in the building envelope makes especially good sense in
Habitat homes. Being a labor-intensive practice that requires almost no training, air
sealing can fit the needs of most Habitat construction sites -- that is, finding work for lots

of volunteers. Lots of workers equal lots of air sealers. But, in order for air sealing to be
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effective we must understand which holes are most important. To do that, we need to

understand the process of air movement and house pressurization.

The science of air movement and pressurization

Most building materials, especially drywall, are effective airflow barriers.
The key to effective air sealing is to seal the holes and cracks that exist in
between these building materials. Before doing this, we must understand
the concept of the “stack effect” to really understand how air moves in the
home. As the warm air in a house rises, a natural pressure system is
created. This system creates negative pressure at the bottom of the house
and positive pressure at the top of the house (Illustration 8.5). Air
pressure is neutral at the window level. Because of this, the windows are
under the least pressure for air to flow in and out of the house. Irconically,
this is where most air sealing occurs. Home improvement stores advertise
weather-stripping for the windows and caulk for the window joints, but air

is not under great pressure at this point in the house.

Air movement can also be caused by forced air heating systems. These

Krigger, 1994
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systems are common in Habitat homes and therefore should be a concern of Habitat lllustration 8.5

affiliates. The potential for poor heating system installation and operation can cause air

movement and pressure changes when the ducts (which transport the air) are leaky.

These pressure differences are different than those caused by the stack effect. Because of

this, careful attention must be paid to the heating system of the house.

Because of stack effect, air-sealing efforts should be focused on the attic and crawl space

area. According to David Keefe (1995, p.1),
The best opportunities for reducing overall leakage are often
found at the top and the bottom of the house. These areas
experience pressures from warm air rising [stack effect]. They
also tend to have problems other than heat loss. Leaks at the
top of the building, where air usually goes out, often cause
condensation problems. Leaks at the bottom of the house can
carry moisture, radon, or whatever else is in the soil gas, into

the house. Another reason to look at the top and bottom is that
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the rough areas bordering the living space tend to have large

holes that can be fixed relatively cheaply.

Some might argue that the floor stops air movement. This is not correct. The floor stops
some air movement but not all. In fact, according to Lstibruek (1999, p.28), the crawl
space should be treated as part of the conditioned area of the building envelope. Keefe
(1995, p.1) adds that crawl spaces also can leak even though it is often assumed that they
can’t leak because they are covered with dirt. Keefe (1995, p.4) states, “Craw] spaces
can leak —and do. When they leak, they bring in not plain air, but soil gas. At the very
least, this air is wet [potential moisture control issue]. At worst, it can contain radon,

sewage gases, or pesticides.”

But the crawl space and attic are two of the places that are least likely to get air sealed.
They are dirty, cramped spaces and very few people like to work in these spaces.
According to Keefe (1995, p.5), “Whoever worked in those areas was probably not too
concerned with being meticulous; he or she just wanted to get out quickly. The good
news is that a worker with a healthy attitude [most Habitat volunteers] can get good job
satisfaction by attacking such a challenge. It usually turns out not to be as bad as
imagined and helps to foster a “can do” attitude that helps elsewhere. Getting dirty is a

fact of life for effective air sealers.”

Once the effort is made to enter these areas, an understanding of potential air leaks is
necessary to effectively air seal. Places where air can move in the attic and crawl space
include:

Attic

¢ Joints of two pieces of drywall

e Connections of ceiling and wall as observed from the attic

¢ Holes cut in the drywall for electrical outlets and ceiling fan boxes
e  Gaps around attic access doors and openings

e  Gaps around return or supply ducts (if present)

¢ Holes in wall assemblies for electrical wiring

e Plumbing penetrations and rough-in cuts in wall assemblies

Understanding the knplementation of Basic Sulling Sciencs Techniques in Central Indiana Rabitat for Humanity Homes
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Floor and Crawl Space

e Crawlspace vents

e  Connection of bottom wall plate to subfloor

» Joint of subfloor to band joist and band joist to ribbon joist

e  Connection of ribbon joist to top of foundation

e  Gaps that may exist along the perimeter of the crawl space access door

e  Wire and plumbing penetrations through the band joist

Photo: Hill

Once these areas have been identified, a material for air sealing
implementation must be chosen. According to Keefe (1995, p.4), “The
criteria for selecting an air sealing material are straightforward. First,
it must actually stop air. The frequency with which fiberglass
insulation is used as an air barrier points out the need to remember this
fact. Second, it must be relatively permanent for the life of the
building. Third, it should be safe for both installers and occupants.”
The best choice for air sealing cracks and small holes is urethane foam
(Ilustration 8.6). While the initial costs of a foam gun purchase make

the first application seem more costly than caulk, this cost is quickly

recovered after several applications.
lllustration 8.6

Air Sealing practices in Central Indiana Hahitat Affiliates

Few of the Central Indiana Habitat affiliates have implemented the air-sealing techniques
mentioned above. When inspecting attics and crawlspaces it was rare to find any signs of
air sealing with any caulk or urethane foam. Most work was done around the window

areas in the form of weather-stripping and caulking.

Many of the construction coordinators of these homes were under the misconception that
air leakage occurred around the windows of a house. While a source of air leakage, they
usually are not the largest source in the house. Few of the homes had air-sealed fan
boxes, light fixtures, or holes caused by electrical work in top and bottom plates of the

framing. Air sealing was done around wall outlets and light switches, effectively

Understanding the kmplementation of Basic Buliding Science Techniques in Cantral indiana Rabitat for Rumanity Homes
As 1 Practical Exampie for Affordable Nousing Providers



covering up large gaps but missing other, smaller areas that easily could continue to let

air flow through (Illustration 8.7). Photo: Thies

Another common misconception in the field was the thought that “housewrap”
was the answer to air sealing problems. This engineered “paper” is used to
“wrap” the house and prevent air leakage. However, the effectiveness of this
“wrap” remains dependent on the installation of the product. Poor installation
results in missed air leakage sites, effectively rendering the product useless as an
air barrier. Habitat affiliates should not continue to believe that this product is the

only action needed in the process of air sealing.

Recommendations for Habitat affiliates

Developing an air sealing strategy lllustration 8.7

The scheduling of the house’s construction has a major role in the preparation for

effective air sealing in these areas. Many homes have large gaps in the building envelope Missed Areas
that are hidden from view. The space under the bathtub, dropped ceilings, and

mechanical room closets, not to mention all of the attic and crawl space areas, are places

subject to air leakage. Stopping these potential air leaks is a function of effective

planning in the construction process. Looking at design blueprints to identify sites of

“covered” air leakage and assigning team members the responsibility for air sealing are

two effective means of tackling air sealing concerns. Regardless, air sealing must be

done throughout the home construction process. It is not something that can be done at

one time during the construction cycle of the home.
An effective process for Central Indiana Habitat affiliates follows:

Create an air leakage checklist. By creating an air leakage checklist, construction

coordinators and volunteer leaders can effectively maintain a consistent air sealing
strategy. Consulting the Habitat/Southface Institute (1999) “Guide to Air Sealing,” found
in appendix A of this thesis, should make the initial development of this checklist much
easier. This guide has an excellent listing of potential air leakage sites and “trouble”

spots.
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Purchase and maintain one or several urethane foam guns. There are currently many

companies producing products for urethane foam sealing in residential applications.

Each of these companies has several foam gun options. The key to selection is to find a

product that is easy to use and can be used repetitively with little clogging or foam

stoppage. Some of this responsibility lies with the Habitat affiliate. Maintaining a clean

foam gun is important to long term use.

Buy urethane foam in bulk. Bulk purchases of foam make for individual product cost

savings. Consider teaming up with other area Habitat affiliates to reduce the overall cost

of air sealing even more. As a word of caution however, most urethane foams have a

shelf life. Reading and following manufacturers’ recommendations will result in less

wasted product because of shelf life failures.

Create an “Air Sealing Team” on site. Volunteers always want a

special job. Air sealing is a very special job for all the reasons mentioned
above. Dedicate several members as air sealers. Point out areas of

concern and give them the checklist developed above. Remind them that
over sealing is almost never a problem, but the foam is not free. After the
team is done with air sealing, make a quick inspection for holes and gaps

in the building envelope.

Conduct a Blower Door test. According to Keefe (1995, p.3), “Blower

Krigger, 1994

4 . ™
Blower Door Testing

By 3 200 it TN 12 P o
ol et (500 (VT G DT T

L,'m instramentoplled e Ol e eseennoivand Beips

_/
lllustration 8.8

doors offer a way to quantify air sealing results and make it much easier to determine

which areas of the house deserve (air sealing) treatment. Blower doors work (Illustration

8.8 and 8.9) by measuring the relationship between air flow (the fan in the
door) and house pressure (measured on the pressure gauge with the blower
door unit) to determine the size of the holes between the indoors and
outdoors. This process is collectively known as pressure diagnostics.”
Blower door tests are not common in Habitat homebuilding. A potential
option to change this fact is for the affiliate to determine an individual or
company willing to conduct blower door and other pressure diagnostics as
pro bono work. The results could lead to improved air sealing and overall

energy savings.

Southfuce. 1999
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Optimal Value Engineering [OVE)

All the Habitat affiliates in this study are currently using dimensional lumber for framing

members in their homes. Using wood to frame a house (Illustration 9.1) has been

Photo: Hill

standard in Central Indiana for many years. But, the price and
quality of dimensional lumber is not the same as in years past.
Prices in dimensional lumber have increased faster than inflation,
while there has been a decrease in overall quality. This presents
organizations like Habitat with a problem. How does it continue to
provide low cost, quality housing when the product that is used to

frame our homes continues to rise in price and decrease in quality?

One possible solution to this situation would be to change building
materials. Steel studs and engineered wood products are being sold
in the home construction market at competitive prices. These

products have better structural integrity, last longer and have less

waste. However, Habitat affiliates in Central Indiana are
committed to continuing the tradition of wood frame construction. Therefore, this study Mustration 9.1

focuses on ways to improve wood framing through reduction of material and improved

technique.

One possible technique that might be used to reduce the need for dimensional lumber is
called Optimal Value Engineering or OVE. According to the Southface Institute (1999),
“Building experts have performed considerable research on ways to reduce the amount of
framing in our homes. This process is called Optimal Value Engineering or OVE. When
installed correctly there is no loss of structural integrity to the home.” The goals of OVE
follow:

¢ To reduce framing time and lower construction costs.

¢ To save on increasingly scarce dimensional framing lumber.

¢ Toincrease energy efficiency, thus reducing annual energy costs.

All of these goals are important to Habitat homes. Since the resources of Habitat
affiliates are scarce, opportunities for improved design that save money are important.
OVE should be looked at as a way for affiliates to reduce costs. These cost savings can
then be transferred into the better heating and cooling systems, perimeter drains, and air

sealing techniques described above. This section of the thesis is an opportunity to

Understanding the implementation of Basic Buliding Science Technigues In Cantral Indiana Rabitat for Bumanity Nomes
As a Practical Exampie for Affordable Bousing Providers



dam

hies

Ball State Universit

Co“cgc of Architecture and P]anning
DcPar‘tmcnt of urban Planning

May 2000

Optimal Value Engineering



transfer resources to the recommendations, which add cost to the home, made in other

sections.

The science of Optimal Value Engineering

The basic concept of OVE is to use less lumber to frame a house without losing structural

integrity. Often, this concept has been met with opposition from homebuilders because

of the fear that using less lumber will compromise structural integrity. According to the Southface, 1999
Southface Institute (1999) and many other independent research initiatives,

this is not the case, assuming that installation is performed correctly.

There are several techniques within the practice of implementing OVE.
According to the Southface Institute (1999), some of the common approaches
to saving lumber in construction with OVE include:

e  Less comer framing.

e Less framing around partition walls.

e  More energy efficient headers with less material.

¢ Eliminating cripples under windows.

Comer framing is included more for installation of drywall later in the home
building process than for the structural needs of the frame corner. The
traditional corner (Illustration 9.2) has additional studs that are not needed for
structural support (Southface, 1999). The purpose for these additional studs is
to create a “nailing surface” for the drywall at the corner. If we use drywall

clips or some other form of drywall support (Illustration 9.3) in the corner, we

can eliminate the need for that additional lumber material and therefore create

a cost savings.

The partition walls (those that make the hallways and rooms; not load
bearing) of most Habitat homes in Central Indiana contain too much lumber
according to the principles of OVE. Using OVE technique, the number of
studs can be reduced without losing the structure of the frame. The key to
implementation of this technique is the planning and design of the frame

assemblies well before the home is being built in the field. Illustration 9.4a

shows a common wall in Central Indiana Habitat homes. This wall has studs

IHlustration 9.2, 9.3
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Barriers to Implementation in
Central Indiana Habitat Affiliates

The purpose of this research has been to identify whether or not building science
principles are understood and being applied in Habitat affiliates in Central Indiana. As
described in the literature review chapter, there are many categories that implementation
barriers can fall under. In review, these barriers include:

¢ Institutional barriers

e  Economic barriers

e  Organizational barriers

e Behavioral barriers

In this chapter, I address each of these barriers in relation to Habitat and the four areas of
focus that I have chosen for this thesis, exploring the unique situations that exist in

Habitat for Humanity affiliates and suggesting potential alternatives.

Institutional Barriers

The instance of a construction coordinator challenging a building code inspector is rare.
Most Habitat affiliates are not looking to “challenge” codes with the local officials. In
fact, nearly all of the construction coordinators working in Central Indiana are not
building professionals by trade. Rather than “making waves,” they are looking to have
the building inspectors and planning and zoning departments on their side when building
new homes that need inspections. In the mind of most Habitat construction coordinators,
challenging the knowledge of a building inspector can only lead to delayed or stopped

projects and hurt feelings.

Since challenging building codes is not an option to most Habitat affiliates, most simply
follow the codes to what an inspector desires. What occurs however, is that most of the
codes themselves and the inspectors that enforce them do not understand basic building
science principles and techniques. While there are many different codes for different
aspects of homebuilding (plumbing, electrical, framing), there is reluctance among
building code inspectors to take advantage of education learning opportunities. This fact
creates a significant barrier for Habitat affiliates. Codes are the law (even though they
have some building rules that do not follow building science). This fact creates a
“perceived” rule of Habitat that, “We are a Christian organization and we are not going to

break laws (building codes), regardless of whether the codes are right or not.”

Understanding the impiementation of Basic Bullding Science Techniques in Central indiana Habitat for Humanity Homes
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As mentioned above, the institutional barrier of building codes and their content is not the
only problem for building science implementation in Habitat affiliates. Enforcement or
inspection of those codes is also of concem. Many Habitat affiliates experience little or
no detailed code enforcement. Therefore, if a code violation is not detected it cannot be
solved. We then have a two-pronged negative effect of codes. First, assuming that the
codes regulate construction methods incorrectly (especially in the areas of moisture
control and health and safety), following them makes for a house that does not meet its
potential as a quality home. Second, with poor inspection, even the basic content of the

codes may not be met, further harming the quality of the home.

This thesis looks to only alert the reader that codes and their enforcement are a concern.
There currently is research that is being conducted to reform model building codes on a
national level by several organizations. Information about this process can be obtained at

http://www.hud.gov/fhe/modelcodes/. An analysis of this research falls outside of the

scope of this thesis. Regardless of this fact, I want to point out that Habitat affiliates can
often face a tough institutional barrier to building science implementation in code

administration.

Economic Barriers

The discussion at Habitat affiliate’s board meetings is rarely about construction
techniques. Rather, the topic of most concern is the cost of the home. As pointed out in
this thesis, building science implementation is not free. It is, however, cost effective
when analyzed over the life of the home. Unfortunately, very few Habitat boards look at
these life cycle costs. This short-sightedness creates a tremendous barrier to building
science implementation. Since Habitat is mostly concerned with getting the homes to
their potential buyers at the lowest cost possible, the long term costs (health and safety,
durability, comfort and affordability) are often lost in the discussion. Unfortunately this
perspective runs counter to the creed of Habitat. The affiliate provides a simple,
affordable home to those in need, but that home may not be safe or may have durability

problems in a few years because of poor building science implementation.

Undarstanding the implementation of Basic Buliding Science Technigues it Cantral Indiana Habitat for Bumanity Homes
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Building science implementation suffers when Habitat boards are unwilling to look at
these long-term costs. Many do not view opportunities to save resources such as OVE
framing as viable options to make up for the difference in cost between the no building
science changes to a home that has some “new” ideas. The crux of the problem exists in
the need to look at the house as a whole and find areas that can be constructed more

efficiently (e.g. framing) and those that must be improved (e.g. heating system).

A possible analogy is an average company budgeting process. To survive in the
marketplace, companies are forced to eliminate areas of their operations that are wasting
resources. This is similar to how lumber is often wasted in home construction. In the
same fashion, these businesses dedicate those savings to the portions of their budget that
they see as creating benefit for the long term. This might be similar to air sealing and
improved moisture control in home construction. What this analogy shows is that the
Habitat affiliate must review the “true” cost of the home, finding areas for savings (i.e.

framing) and areas that require more resources (i.e. heating system).

Many board members see rethinking the costing of a house as a step back from the
success (quantity of homes) that Habitat has enjoyed since its inception. The thought
prevails, “We have made strides in providing affordable housing. What is wrong with
our construction techniques and house model?” The answer to that question can be found
in looking at the amount of time that most affiliates (and therefore homes) have been in
existence. With most affiliates in Central Indiana being only 10 to 15 years old, there has
been little time to see failure in the buildings that they have constructed. It takes time to

“see” the costs of high-energy bills, poor durability because of little moisture control and

health concerns.

Another economic factor that illustrates this point is that Central Indiana has low energy
costs compared to the rest of the country (Hill, 1999). Energy efficiency therefore does
not translate into big savings in this region and does not create a pressing need for
implementation in home building. Without homeowner complaints about bills and
limited intervention from the International level, local affiliates have no “check” on their

quality of service to homeowners.

Understanding the implementation of Sasic Bullding Science Techniques in Contral Indiana Habitat for Humanity Homes
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Organizational Barriers

When Habitat for Humanity was founded, the plan was for most of the work to be done at
the affiliate level. Because of this, the local affiliates have enjoyed a certain level of
autonomy within the organization. While Habitat for Humanity International advises
affiliates, there is little direct influence in local decisions of building construction
practice. Guides to building construction are published (see appendix A) and
consultation is provided. But, the decisions on how to build still rest in the hands of the

affiliate.

Because of the local affiliate tradition of autonomy, most affiliates do not want to change
their building practices. This creates a barrier to learning anything from the materials
that come from the International level. “We build how we build,” is often the mentality.

This mentality effectively “shuts out™ new suggestions and change.

What is really happening at the local level? Habitat International requests general
consistency (one bathroom, no garage, etc.) in most homes to meet the mission of
providing a simple, affordable house. However, those requirements can be “bent” with
special request. They are appearance and design issues. Rarely is the issue of how a
house is built recommended to the affiliate level. Telling affiliates how to build would be

breaking that sacred “autonomy” of the Habitat grassroots spirit.

So, the decisions are made by the local affiliate. What then are they doing? Most Central
Indiana affiliates’ building committees are not dealing with building science issues. They
are looking at the issues of design and finish work, the details that are seen. The aspects
of building science are left up to the knowledge of the construction coordinators.
Unfortunately, these coordinators also have little concern with the building science
aspects because, as is the reason for the committee, they cannot be seen (and therefore

not heard).

Habitat International has begun efforts to focus the attention on building science issues in
Habitat homes. In 1994 they started the Habitat environmental initiative which focused
on creating sustainability in Habitat homes. According to Habitat (Habitat for Humanity,
1999),

Habitat's Environmental Initiative promotes energy-efficient,

environmentally friendly construction, encouraging good
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stewardship of natural resources and raising awareness of the
environmental impact of house building. The Environmental
Initiative embraces the concept of sustainable building:
meeting the needs of the present without compromising the

ability of future generations to meet their own needs.

Developed by HFHI's Construction and Environmental
Resources department, the initiative provides education and
training to volunteers working with Habitat's many local
affiliates. Emphasizing resource efficiency, construction
materials conservation, energy efficiency and environmental
sensitivity, the initiative helps affiliates achieve higher levels

of sustainable building practices.

The HFHI Green Team, a network of local volunteers across
the United States, is a primary force in accomplishing these
goals. Green Team members champion sustainable building
practices in their area, leaming resource-efficient construction
techniques through training sessions, newsletters and technical

bulletins.

Noting that the International level has begun efforts to establish building science as a

priority in home building, we must then shift our attention to how that information is sent

to the local affiliates. Let’s revisit the typical Habitat affiliate of Central Indiana:

¢  Concemned to bu:ld homes to help those in need by making them as affordable as
possible.

e Have little time to leamn new techniques and often are unwilling to learn because of
behavioral barriers.

*  Are very conservative by nature in this part of the country and are often not in total
understanding of “environmentalist” concerns.

e See involvement from the International level as a intrusion to the “way that things
have always been.”

e Often resistant to change.

Understanding the implementation of Basic Buliding Science Techniques in Contral indiana Rabitat for Humanity Homes
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Because of these factors, it is possible to see why Habitat’s “Environmental Initiative”
and “Green Team” have not been accepted into common building practices. Some board
members may view them as radical ideas that are better suited for the “coasts” or other
more “environmentally” aware parts of the country. The naming of the “initiatives”
themselves and the “environmental terminology” that they use, has the potential to shut
off potential benefactors (the affiliates and construction coordinators) before they even

look at materials on building science.

Habitat International should re-think the terminology that it uses when promoting their
building science materials. Instead of approaching the changes from an environmental
and energy-efficiency standpoint, they should address health and safety and durability
concerns. Put bluntly, having “people in need” getting sick or having a home “fail” is a

far more important issue than energy efficiency.

Additionally, the international level of Habitat must start promoting their materials on
building science not just as “recommendations.” Some teeth for implementation must be

developed. These practices need to become standard, not just options.

Behavioral Barriers

Regardless of all the barriers that have been mentioned above, the one that offers the
most difficult challenge to Central Indiana Habitat affiliates is that of changing the
personal behaviors of the “players” (construction coordinators, construction committees,
affiliates) involved with the house building process. By behavioral barriers I mean the

ability of a person or persons to take on new ideas by allowing new building practices to

take place within the Habitat house.

In order to address this issue, we must look first at the current model for building in

Central Indiana. Most affiliates:

e Have a construction coordinator who is working for Habitat out of love for the
affiliate and the mission of Habitat, not the reward of financial success. In some
cases construction coordinators are not even paid or are only paid per job.

¢ Use volunteers who are usually unskilled, but are very eager to learn. They also
come on the weekends and want to do tangible work such as framing or roofing that

shows some level of completion following the day.
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e  Use more permanent volunteers, who often are retired individuals who have worked
with some form of construction in the past. They hold tight to their “training” in the
past and are reluctant to change. They are often uninformed about the world of
“environmentalism” and energy conservation.

» Have construction committees consisting of local contractors and building
professionals. As established earlier in this research, many of these professionals are
not building using building science principles either. Therefore, their advice as a
committee to the construction coordinators is often incorrect in terms of building
science. The members of the committee are also often older and lack an
understanding and appreciation of “environmentalism” and resource conservation
that was mentioned in regard to the permanent volunteers.

o  Are under the watchful eye of a Board of Directors, which is trying to stretch each

dollar farther for more homes to be built.

Under these conditions, it is evident that change in this model of building can be difficult.
One example was found in the construction of a house by a university in conjunction with
a local affiliate. The university group made the effort to try innovations in building
science and develop a better home. They were conscious of costs and tried to use the
house as a learning tool for future homebuilding activities by Habitat. The local affiliate
saw this effort by the university group to implement building science as an attack against
the construction knowledge of their organization. The affiliate collectively shut out the
effort and missed a great deal of the learning opportunities that might have existed in the
construction of the house. When the project hit some administration problems and some
“new” techniques came in over cost, the affiliate immediately dismissed the idea of
building anything that might be a break from their normal home model. A “told you so”

mentality developed and the benefits of the project were then missed.

The point of this example is to showcase the behavioral barriers that exist with Habitat
affiliates. Is this changing this short-term mentality a possibility in Habitat affiliates? In
order each affiliate to rethink their perspective home cost and changing construction
practices, the link must be established between Habitat’s “mission” and the additional
“burden” of new building science practices. The case must be made that it is the
“responsibility” (in light of the Habitat mission) that an affiliate provides new
homeowners with a home that is safe, durable, comfortable and affordable. If they do not

provide this home, they are not fulfilling their mission.

Understanding the implementation of Basic Buliding Scienca Technigues in Cantral Indtana Habitat for Bumanity Homes
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Afterward

A study of this magnitude certainly will show many deficiencies in an organization such
as Habitat for Humanity. Building a house is a very complicated project and one that
requires a great deal of time, money, and coordination. I know, I have tired it in the past.
However, the benefit that Habitat for Humanity brings to the world cannot be
understated. There is room for improvement. That is to be expected. Continuing to open

up to new ideas is the key to maintaining the goals of Habitat.

When I started this thesis it was my hope to find out if there was any chance that building
science information could be applied to Habitat activities. I believe that I have shown
that to be true in the course of this work. I also believe that anyone can do it and building

science can be effective in its implementation.

There are so many areas in which the study could have gone. In fact, references to other
books and articles that will guide the reader to more knowledge on the subject are
scattered in the thesis. There is knowledge out there! I have only chosen a few areas to
quickly highlight. Hopefully, this work has shown that changes can be made. Areas that
might be tackled in future research that I feel are important to Habitat affiliates:

¢ Mechanical ventilation

e Insulation

e  Pressure diagnostics

e  Windows and solar heating

e  Duct work sealing

¢ Roofing and roof venting

e And about a hundred more....
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Energy
EfFiciency
Pays!

Some low-income families may spend over 15 percent of Affordable for the future

their income on energy to operate their homes. An Atlanta, To be atfordable, housing must be designed and constructed
Ga., community found that the annua! energy bills for newly to last and not require expensive maintenance. Energy-
constructed, affordable homes averaged over $1,200. efficient construction improves building durability by reducing
|ncreasing the energy efficiency of the homes saved over moisture-related problems. When famities spend less on energy
$400 2 year and added less than $500 to construction costs. bills, they can better budget for maintenance and repairs.

. While energy efficiency may modestly increase construction
Cuttmg energy waste saves money and

) i cost, it will help ensure that a house built today wili be decent,
builds community wealth

safe and affordable in the future.
Simple energy efficiency improvements can cut energy costs

by over 40 percent in most affordable housing. The money
that families save on energy can help them make mortgage
payments, and pay for food, clothing and other essentials.

Energy efficiency helps families and their communities. If the

-
900 affordable homes scheduled to be built or renovated in / \ \ /
’

an Atianta community are made energy efficient, the families

j \
will save over $7 mitlion on anergy costs over a 30'year / Th— \ L
——
mortgage period. Studies show that a dollar saved on energy { S
I
stays within the community and generates more wealth. ! - i
: \ (
\ J
Protect the heaith of families and the AR
environment N

All homes should provide a healhy indoor environment. Poor

energy features can contribute to serious health concerns,

especially for children, the elderly, and those suffering from
Some low-income

\
famili
mold, dust mites, radon, combustion byproducts and other / \ \ amilies may spend

) over 15 percent of
cortaminants. They offer fewer entry points for dust and \\\ er 15 perce

. -~ their incom n
pollen, insects, rodents and other pests. ~ /\/_/-) ome of

energy to operate

iliness. Energy-efﬁc:ent homes can reduce health risks from

Homes are not often thought of as causing pollution, but the their home — that's

electricity, fossil fuels and other energy sources they use a big piece of the

contribute to global warming, acid rain, smog and other piel

serious environmental problems. Wasted energy needlessly
pollutes the environment. Energy-efﬂciem homes protect the

planet as well as the pocketbooks of homeowners.

Preparea for U.S. Department of Energy by Soutntace Energy Insutute, Oax Risge Natonal Labooratory. Fiorida Soiar Energy Center. ana Navonal Association of Home Buicers Rescarcn Canter
For more infermation contact’ Energy Efciency ana Renewanie Energy Crearingnouse (EREC) 800-DOE-EREC. PO Box 3048, Mernfia, VA 22116-0121 wwaw.eren doe gov 38 Sounface
Energy Insttute. 241 Pine St. Auarea, GA 30308, 404-872-3549, www.soutnrace.org
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Energy Efﬁciency Makes
Housing Renhab Affordable

In Greene County, Pa., the Habitat for Humanity
affiliate closely monitored energy usage for
remodeled homes. They discovered annual energy
bilts as high as $1,800. The data clearly showed that
the highest energy consumption occurred where little
attention had been given to energy improvements to
the building envelope and HVAC equipment.

By incorporating proper planning and quality control
during remodeling, HFH successfully reduced air leak-
age in the building envelope and duct system and
improved efficiencies of the insulation, water heater

and space-conditioning equipment.

The results were significant. Gas bilts for heat and
hot water dropped from between S60 to $110 per
month to around $30. Electricity costs were reduced
by improving lighting and certain "energy-hog"
appliances, such as old refrigerators and dryers.
lmprovements in water efficiency reduced water and
sewage costs.

HFH has lowered energy use in older homes to about
the same levels as for new, energy-efficient homes.
The key is a "systems” approach that considers all
energy usage, including heating, cooling, hot water,
lighting and appliances. It is also critical to ecucate
homeowners on how to operate their homes in an

energy-efficient manner.

Home energy use

Refrigerator/freezer
o 10% \ Heating and
Lighting \ YauTow Cooling

6% ~—~—u 41%

Water heater
14%

Energy efficiency means quality and
affordability

Many energy features offer additional benefits such as
increased comfort, reduced noise and greater fire safety.
Energy-efﬁciem. homes also experience less condensation,
which protects framing, windows and finish materials. Better
control of moisture and temperature means less movement of

materials which reduces floor squeaks and drywall cracks.

While some energy features add to construction costs, others
can reduce costs. For example, increasing insulation and
sealing air leaks reduce heating and cooling needs, allowing
the use of smaller equipment and ductwork. The savings on
the mechanical systems can pay for the increased cost of
insulation and air sealing. Energy-efﬁcient framing techniques
can reduce lumber costs over 15 percent and prevent mold
growth in outside walls and ceilings.

Geuing the most efficiency for the least cost requires careful
attention throughout the design and construction process.
Most energy-efficient homes have dozens of little improvements
that individually add little to construction cost, yet together
yield big savings.

Energy efficiency and homeownership

If home buyers pay less for energy, they can afford larger
mortgages. Because energy-efficient homes have lower and
more stable utility costs, there is less risk of foreclosure. Some
areas have energy-efficient mortgages which help offset any

added construction costs due to energy improvements.

Energy efficiency is a great investment for homeowners.
When added to a mongage, energy improvements usually
cost less than the savings they offer on utility bills. |ncreasnng
the value of a home is a great investment — paying high
enemy bills is not!

Energy codes

Many state and local governments have mandatory energy
codes. Federal housing programs require that hames comply
with the Model Energy Code. Developers of affordable housing
can be held liable if homes do not comply with energy codes.
While energy codes set minimum standards, it is often wise
to exceed code requirements. The resuits will be more

efficient, healthy, durable, comfortable and affordable homes.

Average household energy expenditures

The average American family spends $1,291 on home
energy per year. Energy use varies according to home

characteristics, occupant lifestyle and climate.

Northeast.ooviieiiiiieeiee i $1,599
Midwest . .ooouiiiiiiie e 1.400
SOUtN 1,366
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What Makes a Home Energy Efficient?

Increasing the energy efficiency of affordable homes does not have to add greatly to construction costs, nor require special

materials or construction skills. However, cutting energy waste; ensuring occupant heaith, safety, and comfort; and improving

building durability does require careful planning, training and quality control during construction.

HVAC

Poor design and installation of heating, ventilation and air
conditioning (HVAC) equipment commonly increase energy
costs 10 - 30 percent in afordable housing. This wastes
money and can endanger the health of families. Proper
design and instaliation of HVAC equipment is usually the top
priority for cutting energy bills.

™ Equipment size
Equipment that is too big (excess capacity) costs more to
buy and operate, and leads to poor comfort, excess
noise and greater poliution. Do not allow ruies of thumb,
such as so much heating or cooling per square foot of
living area, to be used to determine equipment size. To
size equipment, require exact calculations that consider
insulation levels, window type and orientation, and

Air handler and
ductwork located in
living space.

air-sealing measures.

Calculatmg equipment size shou!d take less than an hour
for most affordable home designs, and will prevent the
purchase of costly, oversized equipment and provide

significant savings to home owners for years to come.

Equipment efficiency and energy source

The professional that calculates the size of the HVAC
equipment should also be able to determine estimated
operating costs for various equipment efficiencies and
energy sources. Smaler, high-efficiency models may not

cost considerably more than standard equipment.

While future prices can vary, it is important 10 consider
the cost of energy sources when selecting equipment.
Saving a few dollars on equipment is no bargain if families
will pay hundreds more because the equipment uses an

expensive energy source.

Ventilation

Today's homes need controlied ventilation. Relymg on
cracks in the building envelope to provide proper
ventilation endangers health and safety.

For most affordable home designs, simple, controlled
ventilation systems can be economical to install and
operate. In temperate climates, many affordable housing
providers rely on upgraded bath fans and kitchen range
hoods ducted to the outside. In more severe climates,
heat recovery ventilation and other techniques may be
practical.

A Durham, N.C., affordable housing group locates
ductwork in a haltlway chase. The chase is sealed with
drywall on all sides. The design reduces construction

costs and saves energy.

B Ductwork
|mprovmg the efficiency of ductwork is the single most
important energy measure for most affordable homes.

Poor ductwork can waste hundreds of doliars each year
and cause serious health and safety problems. ltis best
to locate ducts inside the living area — not in attics or
crawl spaces. Do not use building cavities, such as closet
returns, as part of the duct system. Make sure all joints in
the ductwork are sealed permanently with mastic, a thick
paste that provides a durable seal for all types of duct.
Duct tape does not provide an effective seal for duct-

wOork.

After ducts are sealed, ensure they have adequate insula-
tion. The Model Energy Code sets minimums, but higher
levels are often cost effec-
tive. Do not rely on insula-
tion to seal ducts — use

mastic.

Tapes do not provide a
iasting seal. Mastic is

econaomical, easy to apply

and provides a durable seal.

—_—-/
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lmprove energy efficiency throughout the house 0

Ventilate attic.

Specify efficient windows; consider orientation.

Seal all penetrations.

oW

Locate ducts inside conditioned space; if not possible,
ensure ducts are sealed with mastic and insulated.

6. Size heating and coolirg equipment;
choose efficient models.

7. Provide controlled ventilation.

©

Install efficient water heating.
9. Specify efficient lighting for fixtures
used more than four hours daily.

10. Choose efficient appliances.

Air leakage

Excess air leakage in homes can increase heating and cooling
bills by 30 percent and reduce fire safety. Although windows,
doors and outside walls contribute to air leakage, the biggest
holes are usually hidden from view and connect the house to
the attic, crawl space or basement. Reducing air leakage
typically costs less than $200 for an average home and is
required by the Model Ener_gy Code.

Insulation

Afordable houses will not get the full benefits of their
insulation if it is instalied poorly. Gaps and compressed areas
in the insulation can cut savings over 25 percent. Poor
instalfation also leads to condensation and comfort prablems.
The Model Energy Code sets minimum requirements for
insulation levels, but it is often cost-effective to exceed these
levels.

Water conservation

A family of four can spend more for hot water than heating
or cooling. Consider the cost of various fuels for heating
water as well as the efficiency of the water heater. Simp!e
conservation measures, such as low-flow showerheads, tank
insulation jackets, and convection traps in hot and cold water
lines pay back quickly. Replacing inefficient plumbing fixtures

in older homes can save farnilies hundreds of dollars.

Windows

Whie energy-efficient windows cost more than standard
models, they can cut energy bills significantly and lower other
construction costs. High-performance windows can reduce
heating and cooling needs enough to permit smaller, and
cheaper, HVAC equipment and ductwork. The use of energy-
efficient windows greatly improves comfort by increasing
surface temperatures and cutting drafts. They also reduce
condensation, which protects building materials and reduces
mold growth.

Install adequate insutation with no gaps or compressed areas.

Window orientation greatly affects energy use — as much as

25 percent for some designs. Major glass areas should face
south for maximum winter heating. Avoid unshaded glass on
east and west sides to reduce summer overheating. Use
solar shade screens, roof overhangs, awnings, trees and
other landscaping to provide shade.

Lighting

Energy-efficient lighting saves on electric bills, helps keep the
home cooler by reducing waste heat, and lasts longer. Specn!y
compact or tubular fluorescents for interior fixtures that will be
on for four hours or more each day — usually in kitchens,
halways, and some living areas. Energy-efficient fluorescents
provide excellent light quality and are long-lasting. Their extra
cost is repaid in energy savings. Exterior security lighting can
cost hundreds of dollars a year to operate if it is not energy-
efficient. Install only compact fluorescent or high-pressure
sodium fixtures for security lighting and consider motion

sensors or photo cells to operate lights automatically.

Ap pliances

Appliance energy use is usually greatest for refrigerators,
clothes washers and dryers, and dishwashers. Remember,

the true cost of an appliance is the purchase price plus the
cost for energy and water for operation. Providing a cheap,
inefficient appliance will waste the money of low-income
families for years to come. Federal law requires that most
appliances have Energy Guide tags that compare estimated
operating costs between energy-efficient and standard models.

It takes a champion!

Afordable housing programs that have successfully cut energy
waste have a champion who understands the importance of
a systems approach and the need for planning and quality
control. The champion does not have to be an energy or
construction expert, just committed to making housing truly
affordable, healthy, durable and comfortable.

Tﬁr Habitat for Humanity®
International

@ Printed on recycled paper

121 Habitat St., Americus. GA 31709-3498 USA
prone: {800} HABITAT, ext. 2622

www.habiat.org/env

tax: (312) 924-6541

e-mail; Const&Env@nabuat.org

1556/2M/ENV/6-99
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|nsta||ing and using a
whole house fan

Why use a whole house fan?

A whole house fan is a simple and inexpensive method of
cooling a house. The fan draws cool outdoor air inside
through open windows and exhausts hot room air through
the attic to the outside. The resuit is excellent ventilation,

lower indoor temperatures, and improved evaporative cooling.

What are the benefits?

A whole house fan can be used as the sole means of cooling
or to reduce the need for air conditioning. Outside air tem-
perature and humidity dictate times when the whole house
fan would be favorable over air conditioning. If both methods
of cooling are present, a seasonal use of the whole house fan
(dunng spring and fall) may yield the optimum combination of
comfort and cost.

[ First cost benefit
Equipment cost for whole house fan = $150 - $350
Equipment cost for window unit AC = $250 - $750
Equipment cost for central AC = $2,000 - $4,000

M Ventilation
A whole house fan can be used to change the air in
the house and vent odors quickly.

™ Economics of operation
Operating a properly sized 1.5 ton (equivalent to 18,000
Btu/hr), central air-conditioning unit of the minimum
required 10 SEER efficiency costs about $250 per cool-
ing season in an area with 1,250 cooling hours, based on
S$.08/kwh, or roughly 15 cents to 20 cents per hour run
time. A 18,000 Bw/nh- window unit of simitar efficiency will
cost about the same. The greatest variable in cost will be
how the homeowner uses the AC to cool the house.

By contrast, the whole house fan has a motor in the
Yi- to "o-hp range, uses 120 watts to 600 watts and

costs around 1 cent to 5 cents per hour of use.

What are the drawbacks?

M Temperature, humidity and dust
A whole house fan has some drawbacks. the fan can
only cool the inside of a house to the outside tempera-
ture; unlike an air conditioner, it does not dehumidify;

and dust and pollen can be brought into the house.

Maximize your savings
During the winter months (and summer when air conditioning

is used), a whole house fan represents a potential energy loss

l

Whole house fan with attic-side cover. Whole house fans
have either a direct drive motor (pictured) or a belt and puliey
drive to turn the fan blades.

because it is essentially a large, uninsulated hole in the ceiling.

Standard fan louvers do not insulate or seal tightly.

M Buiid and use fan covers

See diagrams for construction details.

Because the louvers are leaky, a cover should be con-
structed to airseal and insulate this hole during the
seasons when the fan is not in operation. The cover
may be installed from the attic side if attic access is
easily available or from the house side. Both covers
could be included in excessively hot or cold climates.
Homeowners must remember to remove cover(s)
before operating the fan and to replace cover(s) during

seasons when the fan is not in use.

Cooling strategies

In the summertime, the air inside a home is heated during the
hot part of the day. At night especially, and during the
morning and late evening, the outside air is often cooler and
can be used to replace the inside air. It is important to open
all or at least several windows, even if only partially, to provide
adequate airflow. Closing windows in unused rooms will

create higher velocity air movement in occupied rooms.

Running the whole house fan whenever outdoor temperatures
are lower than indoor will cool the house. Operate the whole
house fan throughout the evening to cool interior materials,
walls, etc. An approximate rule of thumb would be to use the
whole house fan when outside temperatures are below 85°F.
As daytime temperatures rise, turn off the whole house fan.
The cool room materials (along with ceiling or circulating fans
which create an additional cooling effect) will help keep the

interior more comfortable.

Prepaced for US. Department of Energy by Southface Energy Institute, Oak Rioge Nationar Labooratory, Floraa Soiar Energy Center. ana National Associaton of Home Buiders Research Center.

For more information contact: Energy Etfiency ana Renewabie Energy Ciearingrouse {EREC) 800-DOE-EREC. P.O. Box 3048, Merrfieia, VA 22116-0127 wvw.eren goe.gov 0% Soutnface Energy

Insttute, 241 Pine St.. Auanta, GA 30308, 404-872-3549. www.soutntace.org
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lnstalling a whole house fan

Use house wrap tape, spray foam or caulk

to seal fan frame to truss frame

Truss chord mounting bracket
Line up brackets
Do not cut truss chord

Caulk to seal louver

frame flange to ceiling

Louver cover detail

LOUVER

%'-20 nut WITH HOLE
threaded all

the way up
to ho!d bolt
to the louver

%/ :— F;IG\ID BOARD
@ WASHER

@wme NUT

section. Wing nut
and washer hold
rigid board insulation
tightly against louver.

VELCRO™ - Helps to sea! and attach cover

used in winter

Louver cover materiats list;

* 30" x 30" piece of 1" rigid insulation
* White contact paper

* Dritt with 4" bit

* 1" long, %4"-20 - threaded bott

« =20 wing nut

VELCRO™ with adhesive fasteners

Airseal any
gaps between
fan box and
truss frame
so that when
fan is running,
no attic air is
pulled across
the fan.

Construct "H"
brackets from
2X4's to create
frame support

for fan.

IMPORTANT:
Ensure louvers
function
properly (no

binding or

caulk cracksl
and seams I

stncking]

Mount to louver
section with

VELCRO™ and
bolt with washer

and wing nut,

washer [O}

& wing nut@

Rigid board insulation (" = 1" thick)

covered with white contact paper.
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How to build an attic-side box cover

A typical whole house fan has a 30" diameter blade with a
sheet metal cowling of 31" to allow for blade clearance. An
attic-side box cover may be constructed from a 4’ x 4' piece
of 1" rigid fiberglass duct board. The box will be 33" square
with 1" thick walls (inside dimension of 31" x 31"). It will be
82" deep. Adjust dimensions to actual fan size.

- o .
+—8Y >
8 x T 3r 71
{1 1"of fibergass scraped away i i T
<Gy . without damaging foil ! e B
. ; |
- 7Yy 33" ~:<_7x/2-_>

Labe! Box
"WHOLE HOUSE FAN COVER”

"REMOVE BEFORE OPERATING FAN"
"REPLACE WHEN NOT USING FAN"

1*of fiberglass scraped away !
withaut damaging foil i y

I } :
R VN

1" wide strip
of fiberglass
material

scraped

away without

L. _J cutting silver

Add silver duct tape to comers backing

Attic-side box cover materials list!

* 48" x 48" piece of 1" fiberglass duct board

* Silver duct tape or house wrap tape

s Tools: measuring tape, straight edge, utility knife
* Permanent marker to label box

* Wear gloves and eye protection when working with duct
board

U.S. Department of Energy: Whote House Fan

Use "H” brackets to provide proper
support

When installing a whole house fan, be sure to provide proper
support and seal the unit into the rough opening in the
ceiling. Never cut a truss chord; wooden "H” brackets
installed between the trusses create a framed box o raise the
fan above the truss system. The louvers must be able to
operate freely (open/close} and care must be undertaken to

prevent binding or misalignment.

A

Truss
chords
24"
on
center

22%2"

3 -
L ]
"H" brackets make fan instaliation easy. A fan with a 34"
base (30" b!ade) will work with the dimensions shown.

Helpful reminders
Attach labels to remind users to remove energy-saving covers.
4 Labe! the attic-side box cover
"Whole house fan cover”

"Remove before operating fan”
"Replace when not using fan”

M Lavel the fan switch

=" | WARNING! Do not operate fan |
: without removing cover J
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Selecting a whole house fan

M Fan speed
Two‘speed fans permit the entire house to be ventilated
quickly on high speed (such as when the occupants
first arrive at home) and then provide gentle air
circulation at the lower, quieter speed. Variable-speed
units offer more flexibility in selecting the desired air

moverment.

= Control options
Controls may be simple on/off pull or wall switches,
multi-speed rotary wall switches, or a timer that
automatically shuts off the fan at pre-selected time

intervals.

™ Louvers
Dampers or louvers typically operate automatically
whenever the fan operates. Motorized dampers are
available but are not necessary if the louvers are
correctly installed and maintained. Proper opening and
closing of louvers is critical to a whole house fan's

performance.

™ Motor mounts and noise
A direct drive unit has its fan blades attached directly
to the motor's shaft. ltis usually less expensive and
operates at higher rpm's than its belt-driven
counterpart. A belt-driven unit, which typically features
a motor-driving a slower-moving, larger diameter fan

with four or more blades, may be quieter but will

require maintenance of the pulley and belt.

In addition to sizing a whole house fan correctly, it is
important that ALL penetrations between the attic and
living space are sealed and that the attic is properly
ventilated. A central haliway or a stairway in a two-story
house are the most common locations.

Sizing a whole house fan

Determining the amount of airflow in cubic feet per minute
[cfm) that the whole house fan should provide involves a
simple calculation. Multiply the total gross square footage of
the house [include upstairs area) by the ceiling height
(typically 8 feet). Select a fan that delivers between one half
to one times that amount of cfm at 0.1" static pressure. For
example, a 25'x40’, one-story home is 1,000 square feet and
would need an 8 x 1,000 x Y2 = 4,000 cfm fan or better. A
manufacturer sells a two-speed unit that delivers 4,500 cfm
at the high setting (240 watts) and 3,200 cfm at low (120

wans)] this unit should be adequate.

Installation tips and concerns

™ Seal penetrations and vent attic adequately
Caulk all penetrations between the attic and living
space, i.e., electrical boxes for ceiling light fixtures, loose
attic hatches, large cutouts for plumbing vents, exposed
beams and recessed lights. A whole house fan creates
a positive pressure in your attic, and it is important that
hot, dusty air from the attic is not forced back into the
living space through cracks and gaps. See Air Seeling
Energy Bulletin for why this is important.

Guidelines for sufficient attic vent area is one square
foot of net free vent area per 750 cfm of fan airflow,
(4,500 / 750 = 6 square feet for the example above).
Continuous ridge and soffit vents are usually more
than adequate. Vents with insect screens may have

a net free area equivalent to one half of the total open
area depending upon the size of the holes in the
screen area. Insulation should be instalied directly
against the fan box frame. Biown-in insulation may
require the sides of the fan box to be raised (wuh

bafﬂes) to prevent interference.

M Avoid backdrafts
Care should be taken to avoid backdrafting combustion
appliances that are installed in the conditioned space.
his strongly recommended that combustion appliances
not be installed in such a manner that they use room
air for combustion. The whole house fan is capable of
pulling large quantities of air from the home and,
particularly if not enough windows are open, may easily
backdraft a water heater located inside a louvered
closet door. See Combustion Equipment Safety Energy
Buttetin for why this is dangerous.

M Label your switches
Controls should be placed higher on walls than light
switches to avoid confusion and to keep them out of
the reach of small children. Labels over switches are
recommended to remind users to remove any energy-
saving covers and to open at least two or, more
windows before using.

TrATr Habitat for Humanity®
International

www.hablta(.org/env

121 Habrat Street, Americus, GA 31709-3498 USA
phone: 1-800-HABITAT, ext. 2622 fax: 912-924-6541

e-mail; Const&Env@nabitat.org

1556/IM/ENV/3-99
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Energy-EfFicient
Construction

Building an energy-efficient home requires dozens of decisions
by home designers, builders and subcontractors. Many deci-
sions affect the cost of construction and the profitability of the
project. While energy efficiency requires careful planning and
attention to details throughout the construction process, it

offers substantial benefits to building professionals:

* fewer callbacks due to drywall cracks, nail pops, moisture
damage, and other problems

* reduced liability from failure to comply with building, fire

and energy codes

* enhanced design and construction flexibility due to smaller
and more simple mechanical systems

*  increased markets due to "energy-efficient mortgages” and

other incentives

* greater customer satisfaction because of improved
comfont, less noise, reduced maintenance, increased

durability, and lower oparating costs

* recognition as a professional dedicated to quality and

protecting the environment

House As A System

Successful design and construction professionals follow a
"systems" approach to improving the energy efficiency of their
homes. A systems approach considers the interaction between
the site, building envelope, mechanical systems, occupants,
and other factors. The systems approach recognizes that fea-
tures of one component of the house can greatly affect others.

For example, energy-efficient windows cost more than stan-
dard products. However, energy-efficient windows reduce
heating and cooling needs, which reduces the size of the
mechanical systems. The reduction in size saves money on the
purchase and installation cost of the mechanical equipment

which pays for the better windows.

Home design and construction has changed dramatically over
the past 20 years. Most builders realize that today's homes have
tighter envelopes, increased insulation levels, and higher efficiency
mechanical systems and appliances. However, many building
professionals do not realize that these improvements have not
tapped the full potential for saving energy. When approached
piecemeal and without consistency, some of these improvements
can endanger the health, safety and durability of the buildng.

For example, the increased insulation of today's homes slows
heat flow, but also reduces the ability of the building envelope
to dry. If the envelope is not thoroughly sealed against air

leaks, moisture-laden air can enter and cause problems.

Tighter homes means less infiltration of cold, dry outdoor air.
Whereas many standard homes experience excessive dryness
in winter and require a humidifier, tighter homes may have

excess humidity and need controlled ventilation.

Exterior door frame

Temporary covering

e 7Adjus(able frame

218
15

\Air pressure gauge

Fan

Testing the airtightness of a home using a variable-speed fan
called a blower door can help ensure that airsealing work is effec-
tive. Blowerdoor testing is required by many energy efficiency
certification programs. The test can usually be performed in less
than an hour for simple floor plans and may be offered by utilities,

weatherization agencies, and energy service companies.

Air Barrier

Air leakage can account for over 50 percent of a home's heat-
ing and cooling costs, and contribute to problems with mois-
ture, noise, dust, and entry of pollutants, insects and rodents.
Commonly used sheet materials, such as drywall, sheathing
and decking, are effective at stopping air leakage. The key is
to seal all holes and seams between sheet materials to

create a continuous air barrier.

Many homes have large gaps in the sheet goods. These gaps
are often hidden from view! under the bathtub, above dropped
soffits for kitchen cabinets, or in mechanical room closets.
Avmding these gaps is inexpensive during construction. The
key is to identify problem areas in the design process, assign
the responsibility for sealing the holes, then check to ensure
the airsealing was done effectively.

The first priority to airsealing should be no big holes in the
sheet materials that form the air barrier.

Awsealing does not usually require expensive materials or spe-
cial construction skills. Many affordable housing programs rely
on volunteer labor. However, airsealing must be done through-
out the construction process: during framing, prior to insulating
and installation of interior finish materials, after installation of fix-
tures, and as a part of final punch-out. The materials that form
the air barrier must be designed to provide a seal that will last

the life of the home or be easily reapplied by the homeowner.

Prepared tor U.5. Department of Energy by Soutntace Energy Instrute. Oak Rigge Navona Laboratory, Fionda Sotar Energy Center. and National Association of Home Bulders Research Center.

For more informauon contact' Energy Emiciency ana R Energy C

Instiute, 241 Pine St Anarca, GA 30308, (404) B72-3549. www.soutnface.org

9 (800} DOE-EREC. PO Box 3048. Merrfieia, VA 22116-0127 wwweren.doe.gov 0% Soutnface Energy
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Top view
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The effectiveness of insulation is measured by its R-value—the
resistance to heat flow. The higher the R-value, the greater the

insulating value. The recommended amount of insulation depends

on the building design, climate, price of energy, and cost of mate-

rials and labor. Consult the Model Energy Code for minimum insu-
lation levels—remember, any construction project using federal
dollars must comply with the MEC. Choose insulation materials

based on the installed cost per R-value per square foot.

VANRIN

Seal wiring and
plumbing penetrations
While the amount of insulation installed is important, so is the
quality of installation. Even smal gaps and compressed areas
can reduce insulating levels significantly. A study of attic insula-

Seal g9ap between tion found that just 5 percent voids in the insulation—typical in

electrical box and drywall many homes—could reduce the overall R-value by more than

30 percent.

Many homes experience mold growth at the junction of the
ceiling and exterior walls. The cause of the mold is often too
little attic insulation at the eave. Warm room air hits the cold
ceiling and moisture condenses in the drywall. The damp
drywall is an ideal environment for mold growth.

Insulation Barrier

Insulation reduces heat flow through the building envelope. lis important to seal air leaks before insulating. Commonly
Gaps in insulation waste energy and can lead to condensa- used insulation materials, such as batt and loose-fill products,
tion which can damage building materials and cause growth do not stop air leakage. As air leaks through these materials, it

of molds, dust mites and otner biological contaminants. lowers the R-value. For most affordable home designs, materi-
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IzCheck List for Energy-Efﬁcient Construction

An energy checklist helps ensure a systems approach, The details will vary according to climate, site, house design, materials

selection and other factors. The following checklist is for a home built in a temperate climate with an unconditioned crawl space,

atmospheric combustion appliances, and kitchen and bath fans for ventilation.

Foundation M Cauk, glue or gasket drywalt

™ Grade slopes minimum of 5 percent [M Seal duct boots to floor or drywall

from foundation %4

M Instan 6 mil plastic ground cover in
crawl space, overlap and seal seams

(if required) [@ Seal exterior penetrations (e.g., porch

M Provide radon vent stack

Cf Close craw! space vents

Air sealing

Before drywall is installed: preferred)

B Seal bottom plate of exterior walls %
during construction

@ Seal inside edge of bottom plate after s

and Velcro
exterior walls are erected A
M Air seal behind bathtub before setting

and after insulation is installed using Insulation

plastic, drywall, or other sheet material M Use nsutation hangers (rods) placed every
12 inches 1o hold floor insuation in piace

M Seal windows and exterior doors into

rough opening using non-expanding ¥ Use energy-efficient framing [e.g.,

spray foam or backer rod

(recommended)

M Sea wiring, plumbing and HVAC v Carefully staple kraft paper facing of

penetrations at top and bottom
plates, ceilings and floors
After drywall is installed:
M Seal bathtub drain penetration after insta-
lation and before floor insulation installed [
@ Seal plumbing pipes and electrical
boxes (e.g., receptacles, switches, %4
lights, and circuit breaker box) to drywall
¥ Seal bathroom ventitation fan to drywall
@ Seat attic bypasses and chases {e.g.,
open partition walls, dropped ceilings,
and duct and flue chases)

Verify that the HVAC contractor has
sealed return and supply duct

connections (mastic required)

light fixtures, outside outlets, and
phone and electric service holes)

¥ Seal gaps around whole house fan
frame (backer rod, tape or spray foam

Fabricate whole house fan cover using
rigid foam insulation, contact paper,

Weatherstrip attic access hatch cover

energy corners, T-walls, insulated
headers) to improve coverage

wall insulation batts to side of stud or
front (preferred) to avoid compressing batts
Cut wall insulation batts to fit around
wiring, wall outlets and plumbing
Install soffit dams and rafter baffles to
provide clearance for soffit ventilation
Insulate attic access hatch cover or
construct cover for attic stairs from

rigid foam insulation

Sheathing

% Repair and replace any deficiencies in
the rigid foam insutation
% Tape or caulk sheathing seams or
install housewrap
* Cover and seal housewrap to top
and bottom plates and sills
M Overlap and caulk or tape seams
* Seal all cuts and openings
* Use plastic capped nails and staples
to mechanically hold housewrap to
house

HVAC combustion closet
[ I using a gas furnace or water heater,
isolate equipment closet from
conditioned space
* Insulate and seal combustion closet
walls
¢ |nstall solid (non-louvered) door with
weatherstripping and threshold
* Seal all gas and water line
penetrations through equipment
closet

* Provide inlet ar for combustion

Water heater

M Insulate water heater with jacket

M Install heat traps (check valve or
inverted Ioop) on both hot and cold
water pipes
Insulate all hot water piping in closet
and first two feet of cold water pipe
Insulate water pipes in crawl space for
freeze protection

als other than insulation will form the air barrier. There are
some insulation products, such as rigid form sheathings and
spray-in-place materials, that can reduce air leakage as well
as insulate.

Moisture

Controlling moisture is critical to maintaining the durability of a
building as well as the health of its occupants. When moisture
condenses it can damage fnish materials, reduce the R-value
of insulation, and lead to decay. ngh moisture levels are nec-
essary for the growth of mclds and dust mites which can
endanger human health.

Ground water is 3 common cause of moisture problems in

homes. Ensure proper drainage around the home—usually

slope grade a minimum of 5 percent away from the founda-
tion. Cover bare earth under crawl spaces with a ground
cover. Provide a capillary break under slabs.

Problems can also originate from moisture-laden air leaking
into the building envelope. Airsealing the envelope not only
saves energy but can reduce these moisture problems.
Moisture can diffuse through permeable building materials,
such as drywali. Vapor barriers may be recommended in
some climates to control diffusion of water vapor.

The activities of the homeowner, such as respiration, cooking,
bathing and cleaning, generate moisture. In energy-efficient
homes, it is important to provide for controlled ventilation to
remove this moisture.
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Heating & Cooling

Fuel choice

The choice of energy source for heating and cooling equip-
ment is an important factor in determining cost. Compare
operating costs for all availatble fuel types. Do not let short-

term incentives dictate an expensive energy source.

Equipment size

Energy-efﬁcient homes require less heating and cooling than
standard homes. Therefore, smaller mechanical systems can
be installed, which saves the builder money. It is common for
mechanical systems to be oversized which increases installa-
tion costs, wastes energy, and reduces comfort and moisture
control. Properly sized equipment will tast longer, provide
greater comfort, reduce noise, and save homeowners money.
Require that equipment be sized using Manual J or similar

procedure.

Equipment efficiency

High-efficiency equipment costs more than standard models;
reducing equipment size through energy improvements to the
building envelope offsets this extra cost.

AFUE {annual fuel utilization efficiency}—measures the efficiency
of furnaces. Units range from a low of 78 percent to mid-effi-
ciency of 80 + percent to high-efficiency of over 95 percent.
AFUE does not measure the electrical consumption of the fur-
nace blower. An inefficient blower can waste hundreds of dol-
lars over its life. Use the manufacturer’s data sheets to com-
pare blower efficiency as well as AFUE.

HSPF {heating season performance factor}—measures the effi-
ciency of an electric heat purip in heating mode. Units range
from a low of 6.8 to mid-efficiency of 7.2 to high-efficiency of 8.0.

SEER (seasonal energy efficiency ratio)—measures the cooling
efficiency of an air conditioner or heat pump. Units range from

a tow of 10 to mid-efficiency of 12 to high-efficiency of over 14.

Reducing the size of heating and cooling equipment can help
pay for energy improvemen:s to the building envelope. Reqwre
Manual J calculation of equ:pment size.

Water Heating

The cost of water heating can be as great as for heating or
cooling. Fuel cost is often the prime consideration for water
heating. The right choice can save homeowners several hun-
dred dollars each year on energy bills.

High efficiency water heaters typically pay for their extra cost in
energy savings within a few years. Increase savings with simple
conservation measures, such as a temperature setting of
120°F, anti-convection loogs in hot and cold lines, and tank

insulation.

Avoid locating atmospheric combustion water heaters within the

conditioned space. Specify power vented models.

Ventitlation

Houses need controlied ventilation. In simple designs, spot ven-
tilation provided by bath and kitchen fans may be adequate. For
more detailed designs and severe climates, other ventilation

options may be appropriate.

Ductwork is sealed and insulated

Seal duct

boot to floor

Seal all duct
Jjoints with

mastic

P

f"'g:l"‘\ Make sure all joints in the ductwork are sealed
R TS
P a———;

I
I MASTIC

permanently with mastic, a thick paste that
provides a durable seal for all types of duct.

Duct tape does not provide an effective seal

for ductwork. After ducts are sealed, ensure

they have adequate insulation - R-5 or better.

Ductwork

Many homes rely on forced-air distribution of conditioned air
through ductwork. Studies show that air leakage from poorly
sealed ductwork can waste over 30 percent of a home's heating
and cooling energy. Duct leakage can also create pressure
imbalances in a home which endanger health and safety.

The best solution to cutting energy losses from ductwork
is to locate the ducts inside the conditioned space of the
home. For example, many affordable home designs provide for
ductwork in an airtight plenum located at the ceiling of an interi-
or hallway. Air is distributed to individual rooms from registers

mounted high on interior walls of adjoining rooms.

If ducts cannot be located in conditioned space, then it is criti-
cal to properly seal and insulate them. The 1995 Mode! Energy
Code mandates that all ductwork be sealed with mastic. Duct
tape does not provide a lasting seal for ducts and should not
be used. The code also sets minimum duct insulation levels
based on climate.

Duct leakage can cause pressure imbalances which can draw in
outside air and cause backdrafting of combustion appliances.
Seat connections with mastic.

@ Printed on recycled paper.
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Seal air leaks
and save energy!

What is Air Leakage?

Air leakage, or infiltration, is a major problem in both new and
older homes. Besides wasting hundreds of dollars on energy
bills, air leakage paths can cause building durability
problems, increase the risk of fire spread, permit insect and
rodent entry, and create unhealthy indoor air quality.
Reducing air leakage usually adds little to the materials cost

of a house and does not require specialized labor.

What is the building
envelope?

The building envelope is
the floor, exterior

walls and ceiling

that separate the

inside conditioned

space from the

outside or

unconditioned

space. The building envelcpe

should form a continuous
insulated barrier and a cortinuous air barrier. The two barriers
are usually formed by different materials.

Standard insulation products, such as batt or loose fil
products, do not seal against air leakage. For most
afordable homes, the sheat goods that form the decking,
sheathing, and finish materiais are the primary air barrier.
Seal holes in the materials with durable caulks, gaskets and
foam seaiants.

How does airsealing affect HVAC?

Reducing infiltration can significantly cut heating and cooling
costs. Because infiltration can account for up to 50 percent
of heating and a significant part of cooling loads, by
tightening the building we can often decrease the size and
first cost of the HVAC system.

Annual Energy Costs for 1300 sq. ft. house

Infilt-ation rate Savings
Atlanta, GA High® Low**
Heating 331 $244 367
Cooling $195 $178 $18

* Esumatea 12 ar changes at 50 Pascat pressure difference
Esumated 6 ar changes at 50 Pascal pressure difference

Can a house be too tight?

A teaky house that breathes in moldy, humid crawlspace air,
or dusty attic air, is not heaithy. It is unwise to rely on the
weather for ventilation. During cold or windy weather the
house may have too much air leakage, and during warm or
calm weather, too little.

All houses need controlled ventitation. For simple designs,
effective spot ventilation, such as kitchen and bath fans that
exhaust to the outside, may be adequate. For complex
designs or harsh climates, whole house ventilation may be
appropriate. These systems may incorporate heat recovery,
moisture control and air filtration.

*

- L 4
‘ Bath Fan
Kitchen

Range
Hood

r L]

Kitchen and bath vents provide spot ventilation

An attic access is one of the biggest "intentional’ holes
between living space and non-conditioned space.
Add weatherstripping and an insulated cover.

Preparea tor U.S. Departiment of Energy by Southface Energy Insutute, Qak Riage Natonat Labooratory, Fionda Soiar Energy Center ana Natona: Association of Home Bunaers Research Center.

For more information contact: Energy E y ana Re:

lnsteute. 287 Pine St.. Avanta. GA 30308, 404-872-3549. www.soutnface.org

Energy Ciearingnouse (EREC) 800-DOE-EREC. P.O. Box 3048. Merntieio. VA 22116-0121 www.eren.doe.gov 03 Seutnface Energy
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What are the priorities for airsealing?

It just makes sense to first seal all the big holes, then the
large cracks and penetrations, and finally the smaller cracks
and seams. Many times unseen holes or pathways, called
bypasses, occur at key jurctures in the framing (such as an
attic to kneewall transition) and permit large quantities of air

to leak in and out of a home.

Where are these leakage sites?

Focus efforts on sealing the attic and floors first, as the walls
represent a less serious

problem. Dropped soffit

ceilings, ductwork and

plumbing chases, leaky

recessed light fixtures, wire =
penetrations, and pull-down ]
stairs represent connections

between the attic and the ——

conditioned space. Major

leakage sites in the floor can

be found under the tub

drain and at the numerous

plumbing, HVAC, and wiring
penetrations. In walls, the

bottom and top plates,

fireplaces with chimney

LY
inserts, the band joist \ l | i | /

(for two-story houses), Use backer rod

and the window and door to fill gaps between

rough openings are the window and rough opening

primary culprits.

Exterior sheathing

caulked to top and

bottom plates

Tape or caulk

to seal joint in

exterior sheating\‘
Caulx

NAIAIAIATS \y:
Siil gasket or =]
double-bead of caulk ]

\AVIWAVIVIWAVAW, =

Insulate and

airseal under the

floor or at the

T

| e

‘ hg Sheathing - OK to

f
i
| extend sheathing
|
3

below sill plate
crawlspace walls P

{it vents are present-ciose and seai)

Sea! exterior sheathing jonts, top and bottom plates

Seal plumbing

and electrical \‘
penetrations \
Y ¢

Insulate behind tub with

polyethylene plastic or

sheet material

Seal tub penetration

Seal and insulate before installing bath tubs

Y/
i

Y
=)

Seal

chases

A

-

Seal HVAC

penetrations

Seal electrical

penetrations

Seal dropped soffit ceilings and utility chases l__

Seal
bottom

plate

4///
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Airsealing materials

Use a combination of these different airsealing materials.

M Cautk: Use to seal gaps less
than 1/2". Select grade (interior,
exterior, high Lemperature)

based on application.

Cf Spray foam: Expands to fill

large cracks and small holes.

Sheathin
It can be messy; consider n9 \‘

new, water-based foams.
NOT recommended near

flammable applications (flue
PP ( Piastic-capped
vents, etc). nails to hold

¥ Backer rod: Ciosed cell foam housewrap e |

or rope caulk. Fress into
crack or gap with screwdriver

Seal

or putty knife. Often used

overlap =
with caulk around window 6

and door rough openings.

@ Gaskets: Can be applied

under the bottom plate before

an exterior wall is raised, or Seat housewrap .
Seal to framing

used to seal drywall to below bottom plate

framing.

M Housewrap: Installed over exterior sheathing. Must be

sealed with tape or caulk to form an airtight seal.

Resists liquid water but is not a vapor barrier.

V' Sheet goods (plywood, drywall, rigid foam insula(ion):

These are the solid materials which form the building
envelope. Air will only leak at the seams or through

unsealed penetations.

@ Sheet metal: Used with high-temperature caulk for

U.S. Department of Energy: Airsealing

Seal at top plate or fold

over top plate and

secure with roofing nails

Seal floodlight

at opening

Caulk under
housewrap and sea!
gap between electrical

box and sheathing

Housewraps must be sealed to framing to reduce air leaking

into exterior walls

Desired

ventilation

sealing high-temperature components, such as flues, to \
framing.
s Polyethylene plastic: Inexpensive materia! for airsealing Seal ngid toam insulation
Sea| against kneewall
that also stops vapor diffusion. Must have ail edges
outlet
and penetrations sealed to be effective air barrier.
box to
g Weatherstripping: Used to seal moveable components, drywalt
such as doors and windows. — ]

@ Don't rety on the insulation: The most common
insulation, fiberglass, does not stop air ieakage. In
older houses, dirty fibergiass is a telltale sign of air
movement (it simply acts as a ﬁlv.er). Certain types of
insulation, such as dense-packed cellulose and

urethane foams, can bie effective at reducing air flow.

Good

Seal the entire kneewall for continuty in the
building envelope
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Airsealing checklist
Before drywall

[ Seal bottom plate of exterior walls with caulk or sill seal;

seal inside edge with caulk after walls are up.

Seal band joist area wth caulk, spray foam, or gasketing
between top plate and band joist, and between band
joist and subfloor.

M For bath tubs on outside walls, insulate the exterior wall
and air-seal behind tub with sheet goods before tub is
installed. After the drain is installed, seal the tub drain

penetration with rigid foam insulation and spray foam.

M For dropped soffit cabinets and showers, use sheet
material and sealant to stop air leakage from attic into
soffit and then insulate Alternately, frame and install
drywall for the soffit area after the taped ceiling drywall is

installed.

¥ Seal windows and exterior doors with backer rod and
caulk or spray foam. Be cautious when using (non
Lautex]spray foam as it can expand and pinch jambs and

may void some window warranties.

[ Seal all electrical wire, plumbing and HVAC
penetrations between any conditioned and unconditioned

spaces.

After drywall

¥ Seal electrical switch and outlet boxes to drywall with caulk.
@ Sea light fixture boxes to drywall with caulk or foam.

¥ Seal bath and kitchen ventilation fans to drywall with

caulk or foam.

@ Seal an duct boots to floor or drywall with caulk, foam,

or mastic.

¥ Seal any plumbing penetration through drywall with

caulk or foam.

@ It not done before drywall, seal tub drain penetration
[from crawlspace side:* with plywood or rigid board

insulation and caulk or foam.

® Seal gaps at whole house fan with spray foam or

housewrap tape (ensure louvers function properly).

@ Fabricate whole house fan cover (See Whole House Fan
Energy Butietin). If the fan is turned on while the cover is
in place a fire may result from the motor over heating. A
contact switch should be used with the cover that will not

allow the fan to run while the cover is in place.

For attic hatches, insulate top of board with at least two
inches of rigid foam insulation or fiberglass batt, seal with
weatherstripping. Use these same steps for short and
full-size attic kneewall access doors and include a tight
latch.

M For auic pull down stairs, use rigid foam cover kit;
make stairs airtight using latch bolts and weather

stripping.
Airseal exterior

M Seatl all exterior penetrations, such as porch light fixtures,
phone, security, cable and electric service holes, with

caulk or spray foam.
g Repair or replace any missing sheathing.
I installing housewrap!

™ Seal top and bottom edges past the plates with

housewrap tape or caulk.
¥ Seal housewrap at windows and doors.

™ Minimize cuts in housewrap and caulk or tape to seal all

penetrations.

&

Overlap seams and seal with caulk or housewrap tape.

M If not using housewrap, seal all sheathing seams with

housewrap tape or cautk.

Exterior door frame

Tem porary covering

//-
Ve ‘7 Adjustable frame

N
Noee

Air pressure gauge

Fan

Diagnostic tools

A blower door is a variable-speed fan used to measure how
tight a house is and locate air leakage sites. Otten, an energy
efficiency incentive program, such as the DOE/EPA Energy
Star Program, requires a blower door test to confirm the
tightness of the house.

® Perinted on recycled paper.

Tﬁ'r Habitat for Humanity®
International

121 Habitat St., Americus, GA 31709-3498 USA
phone: {800) HABITAT, ext. 2622

www.habitat.org/env

tax: {912) 924-6541

e-mail: Const&Env@nabuat.org

1556.1/2M/ENV/6-99
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Walit Insulation

Keys to effective wall insulation

Walls are the most complex component of the building enve-
lope to insulate, air seal, and control moisture. The keys to an
effective wall are!

) Air-(ighz construction — all air leaks sealed in the wall

during construction and prior to insulation installation.

M Moisture control — exterior rain drainage system, contin-
uous air barrier, vapor barrier jocated on the appropriate
side of the wall.

= Complete insulation coverage - Optimum Value
Engineered framing to rmaximize insulation coverage, no
gaps or compressed insulation in cavity insulation, contin-
uous insulated sheathirg.

Air sealing

Air sealing reduces convective heat flow and prevents water
vapor in the air from entering the wall. In a 100-square-foot
wall, one cup of water will diffuse through drywall without a
vapor barrier in a year, but 50 cups will enter through a 7"
round hole. Thus, sealing air leaks is about 50 times as
important as installing a vapor barrier.

Moisture control

Air sealing and moisture control make insulation more effec-
tive. ltis a myth that installing vapor barriers is the most
important step for controlling moisture in walis. Most moisture
enters walls through either a fluid capillary action or as water
vapor through air leaks.

Durable roof with

ovarhang

=
A/ . A drainage plane in a
Tape joint

-

- wall system creates an
easy pathway for water
Flash R
windows and | to drain away from the
other !
openings house.
Gulters
connected to
downspouls
that drain
;ﬁ;ey( from St uds and
the house insulation
_TaPe joints
in fcam —»
sheathing
=

T

Extend sheathing
below bottom plate
and seal

Siding primed on all six faces

Hrmant sl Asmasl ba immenon Aeshils,

Prevent rain penetration

Causes of rain leaks through exterior walls include improper
installation of siding materials; poor quality flashing, weather-
stripping, or caulking around joints in the building exterior
(such as windows, doors, and bottom plates): and wind-
driven rain that penetrates the exterior finish, To enhance
protection against rain penetration, create a drainage plane
within the wall system of the home.

Vapor barrier placement by
geographical location

7 tnterior
D Omit vapor barrier
[ Exterior or

no vapor barrier

Perm Ratings of Different Materials

(Rating of 1 orless qualifies as a vapor barrier)

Asphalt-coated paper backing on insulation 0.40
Polyethylene piastic (6 mil) 0.06
Plywood with exterior glue 0.70
Plastic-coated insulated foam sheathing 04w01.2
Atuminum foil (.35 mil) 0.05
Vapor barrier paint or primer 0.45
Drywall (unpainted) 50
Drywall (painted — latex paint) 2t03

Control moisture in walls

Comrolling moisture in all climates involves the following steps!

™ lnstan a polyethylene ground cover on the eanh floor of
houses with craw! spaces and slope the earth away from
the foundation of all houses.

[ Install a vapor barrier which has a Perm rating of less
than one. In most cold climates, vapor barriers should
be placed on the interior (warm-in-winter} side of walls.
However, the map shows that in some southern climates,
the vapor barrier should be omitted, while in hot and
humid climates, such as along the Gulf coast and in

Florida, the vapor barrier should be placed on the exterior
of the wall.

Place a termite shield or other vapor impermeable mem-
brane on the top of the foundation wall. This will prevent
moisture from wicking into the framed wall from the con-

crete foundation wall by capillarity.

Developea witn funding trom tne U.S. Department of Energy ana U.5. Environmental Protection Agency by the Soutnface Energy lnsnaite. for more information contact So wtnface Energy Insutute,

247 Pine St.. Avarea, GA 30308, 404/872-3549, www.soutrface.org

Habitat for Humanity®
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Wan Framing with O.V.E.

Building experts have performed considerable research on
ways to reduce the amount of framing in our homes. The
U.S. Forestr y Products Association and other organizations
have devised a framing system using Optimum Vatue
Engineering (O.V.E.) that reduces unnecessary framing,

yet maintains structural integrity. The goals of O.V.E. are to:

™ Reduce framing time and lower construction costs
o Save on increasingly scarce dimensional framing lumber

™ Increase energy efficiency, thus reducing annual energy
costs

Many builders have been resistant to adopt O.V.E. practices
due to concerns about compromising structural integrity.
With quality installations, the home's framing strength should
not be altered by O.VEE. Approaches include!

M Less corner framing

M Less framing around pertition walls
™ More energy-efficient headers

% Eliminating curtailed studs (cripples)

[Caf Usir\g single top plates via point loading

Comparison Standard O.VEE.
Insulation Voids 3% 0%
Framing factor 15-25% 10-15%
Batt R-value R-13 R-13
Sheathing R-value R-0.5t0 2.0 R-2.5
Effective Average R-value R-111 R-14.6
(30% higher)

Standard corner

Standard T-wall intersection

Q.V.E. corner  z.¢ urmed soswars
<ON RS A5 Ner

for sading
NN

B S

Deysal ard wienor

4 Drpoasil o ta okt
3 erywaiin pace

Standard Framing versus Q.V.E. framing cross-section —
standard method uses unnecessary studs.

Typical standard framing

Window located in

between studs \

% N

Second stud added
due to framing error

N Y
\

—— | Sy [Ny U i | § S SN P W e——

Extra studs for T-wall intersection /
O.V.E. framing

Window sized and located Singls top plate

7

» /
Y

conveniently 1o framing ) \

T
l

}

g8 f‘ [ 7 1

ra

{
"Ladder” for
T-wail intersection

Insulation fully fits cavities
sheathing
Swandard Framing versus O.V.E. framing

2x6 Watl Construction

Many homes in the United States use 2x6's for construction.
In most code jurisdictions, 2x6's can be spaced on 24-inch
centers, rather than 16-inch centers used for 2x4's (some
locations permit 2x4, 24" 0.C.). The advantages of using

wider wall framing are:
M More space provides room for R-19 or R-21 wall insulation

@ Thermal bridging through studs is reduced due to the
higher R-vaiue of 2xB's. Plus, overall thermal bridging is
reduced due to less stud area in wall

M Less framing reduces labor costs

™ There is more space for insulating around piping, wiring,
and ductwork

Disadvantages of 2x6 framing include: the interior finish or
exterior siding may bow slightly between studs due to the
wider spacing; the window and door jambs must be wider
and can add $12 1o $15 per opening, walls with substantial
window and door area may require almost as much framing
as 2x4 walls and leave relatively little area for actual insula-
tion. Also, adding thicker insulated sheathing may be a less
expensive way to increase overall R-value.

Lat-in bracing ailows
for continuous foam
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The economics of 2xB wall insulation depend on the number
of windows in the wall, since each window opening adds
extra studs and requires the purchase of a jamb extender.
Walis in which windows and doors occupy 10% or less of the
total wall area should use 2xB's in areas with significant win-
ters. However, in walls where windows make up over 10% of
the total area, the economics become questionable because
of the cost of jamb extenders and the minor improvement in
average wall R-vatue.

Batt Insulation Characteristics

Thickness Cost
{inches) R-value (C/sq.re)
3% " 12-16
3% 13 15-20
3% 15 (high density) 34-40
6tob " 19 27-34
5% 21 (nigh density) 33-39
88 25 37-45
B 30 (high density) 45-49
9 30 {standard) 39-43
12 38 55-60

This chart is for comparison only. Determine actual thickness, R-vaiue,

and cost from manufacturer or joca! bulding supply.

What type of insulation should | use?

The home designer has an increasing array of insulation
products from which to choose to insulate wood-framed
walls. The wide variety of insulation materials often makes it
difficuit to determine which products and techniques are the
most cost ef fective. Refer to the Model Energy Code {(MEC)

for R-value recommendations.

[ Fiberglass and rock woo! batts. 2x4 walls can use R-13
or R-15 batts; 2x6 walls use R-19 or R-21 products.
Generally, batt insulation is the least expensive, but
requires careful inspection to ensure it has been installed
effectively.

™ Cellulose insulation, made from recycted newsprint,
comes primarily in loose-fill form. It can be installed in
walls via a dry-pack process and a moist-spray tech-
nique. It generally costs more than batt insulation, but
offers reduced air leakage through the wall cavity plus
improved sound deadening.

(%4 Fiberglass and rock wool loose-filt insulation provide full
coverage with 2 "Blow-in Blanket” System (BIBS) which
involves blowing insutation into open stud cavities behind
a net.

g Rigid foam insulation has a higher R-vatue per inch than
fiberglass or cellulose and stops air leaks, but is consider-
ably more expensive. 't is manufactured in sheet good
dimensions and is often used as the outer layer of

insulation.

U.S. Department of Energy: Walt Insutation

G |cynene foam can be blown into walls and has an envi-
ronmental benefit - it is manufactured using carbon diox-
ide rather than more polluting gases such as pentane or

hydro-chlor-fluoro carbons like other foams.

Wall Sheathings

Some builders use Y2-inch wood sheathing (R-0.6) or asphait-
impregnated sheathing, usually called blackboard (R-1 .3), to
cover the exterior framing before installing siding. Instead,
use fz-inch expanded polystyrene (R-2), extruded polystyrene
(R-2.5 1o 3), or polyisocyanurate (R-3.4 to 3.6) foam insulated
sheathing. Sheathing thicker than %" will yield higher R-val-
ues. Advantages of foam sheathing over wood or blackboard
include!

Cf Energy savings and improved thermal comfort by providing
a2 continuous layer of insulation — reduces framing short-
comings

™ Easier to cut and install

M Protects against condensation by keeping the interior of

the wall warmer
@ Usually costs less than plywood

Ensure that the sheathing completely covers, and is sealed
to, the top plate and band joist at the floor. Most sheathing
products come in 9- or 10-foot lengths to aliow complete
coverage of the wall. Once it is installed, patch all holes,
penetrations, and seams with caulk or housewrap tape.
See Airsealing Energy Bulletin.

Because of its insulation advantages over plywood and
oriented strand board [OSB), foam sheathing is best when
used continuously in combination with let-in bracing, which
provides structural support offered by plywood or 0S8B.
Some builders use two layers of sheathing — plywood or
0SB for structure and support, and foam for insulation. When
the total depth of the sheathing material exceeds ' inch,
make cerain the window and door jambs are adjusted for
the total wall thickness.

Let-ln Bracing Opportunities for Wall Framing

Metal T-bracing nailed to studs
saves on the labor cost of 1x4
let-in bracing

2x4 or 2x6 stud

1x4 let-in brace notched
into wall studs

Sav: kert for T-brace

K-tracs when window
or door is rear comer
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Steps for effective wall insulation

1. Review the plans and specifications and identify all walls
between conditioned (heated and cooled) spaces and
unconditioned spaces (exterior, attics, craw! spaces,
unheated garages, and mechanical rooms). Utilize O.V.E.
framing to save energy and dimensional wood lumber.

2. Use diagonal corner bracing (Iet-in bracing) on exterior
walls to substitute for corner plywood sheathing and
allow continuous insulated sheathing. Let-in bracing can
be 1x4 wood or a metal T-brace.

3. Seal all air leaks in walls before insulating, including under
the bottom plate, around windows and doors, band joist
area between floors and all electrical, plumbing, and
HVAC penetrations.

4. I fAixtures such as stairs or shower/tub enclosures cover
exterior walls and do not allow easy installation of insula-
tion after the sheathing is attached, insulate behind these
components in advance and cover with a weatherproof

barrier.

5. Use caulk and backer rod, not insulation, to seal around
window and doeor jambs. Use foam sheathing for insulat-
ing headers to reduce framing heat loss.

6. Face staple batts as side stapling creates channels for
air flow and compresses the insulation, thus reducing the
R-value. If face stapling is not an option, use unfaced
batts or carefully side staple within A" of the stud face.

7. Obtain full coverage of batt, roll, or blown wall insulation.
Cut insutation to fit snugly into non-standard stud
spaces,

lnsulated headers

Oouble —»
top plate

w— /7" toam sheathing
cut to fill void

QQ 1120 s V2 v 1 V= 32"

2" of foam sheathing
or fiberglass batt

8. Siit the insulation around the back or front side of electri-

cal wiring without compressing or tearing the insulation.

9. Notch out the insufation around electrical boxes, but
leave sufficient thickness to insulate behind the box.

10. Use R-13 or R-19 batts for insulating areas during fram-

ing behind shower/tub enclosures and other hidden areas

Wall insulation details

11.

Side stapled

fopaeaion Datt Prefer

stapled no

$'nor% than 4" facei Stapl%d "

insulation ba

fom el Cut out
e e
split around ft s

wall

wire \ <L

outlet

“energy comer”
with drywall clips

Caulk plate or use sill gasket

Floor joist

Insulate and alrseal
band joist area
between floors

Adhesive or caulk

1y . N
and use /2 drywall, plastic, or other sheet materia! for
sealing behind shower-tub enclosures and other areas
that cannot be reached after construction.

Once the interior drywall is in place, seal all penetrations
with durable caulking.

Miscellaneous materials to have on-hand
ln addition to standard framing lumber and fasteners, provide

the following materials during construction:

™ Caulknng or foam sealant for sealing areas that may be

more difficult to seal later

M Foam sheathing for insulating headers

M 1x4 wood or metal T-bracing for let-in corner bracing

[ R-12 or R-19 batts for insulating areas during framing

behind enclosures and other hidden areas

1y
™Y drywall or other sheet material for sealing behind

shower/tub enclosures and other areas that cannot be
reached after construction

Tﬁ.r "abi‘al for "umanity® 121 Habitat St., Amenicus. GA 31709-3438 USA

International

prane: (800} HABITAT, ext. 2622

www,habu(at.org/env

rax: (312) 924-6541

e-mai’ Const&Env@nabrtat.org

1556/1M/ENV/3-99
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Combustion Equipment
Safety

Combustion appliances are efficient
Fuel-fired combustion appliances are often the most efficient
and cost-effective way to produce heat. Combustion appli-
ances today commonly use natural gas, propane, oil,
kerosene, and wood as their fuel. Examples include:

M turnaces ™ ovens

4 space heaters g fireplaces

M water heaters M wood stoves

C4 ranges 1 gas clothes dryers

Although combustion appliances have been used for many
years and have been installed in millions of homes, careful
installation is still required to ensure their safe and efficient

operation, especially in today's more energy-efficient homes.

Problems posed by combustion equipment
During the combustion process, the appliances burn fuel
using oxygen from the air and release exhaust gases such as
carbon dioxide, water vapor, nitrogen oxides, and carbon
monoxide. While most corbustion appliances operate prop-
erly and create no ill-health effects, occasionally a situation
develops which can cause serious medical problems, and
sometimes death. This occurs primarily from carbon monox-

ide poisoning when!

o Combustion appliances malfunction and exhaust high
levels of carbon monoxide either directly into the home,

into the ductwork, or into leaky exhaust flues;

MA negative pressure difference is created in a home that
causes an appliance to backdraft — pull combustion

gases down the exhaust flue and into the home.

What about fuel-burning stoves and ovens?
There is growing evidence that gas-fired stoves and ovens
create high levels of carbon monoxide in homes. There are
five precautions which should help prevent problems from

stoves and ovens.

M Instatt a carbon monoside detector in the living area near
the kitchen.

M Amvays install a kitchen exhaust fan that is vented to the
outside and operate the fan whenever cooking.

M Have the stove or oven, as with all major appliances,

serviced regularly (eve'y 2 years is recommended).
@ Do not use a stove as a space heater.

o Buy a stove with pilotless ignition.

Are unvented gas space heaters safe”?

Most energy and health experts advise against unvented
combustion appliances. Even when operating properly, these
units produce unhealthy exhaust gases such as nitrogen
oxides and excess water vapor. If these units are present,
do not weatherize the home and advise occupants to open
windows a little to ensure ventilation whenever the units are

operating.

Supply

< Return

IR
NSRBI R

Balance the air pressure in the house and provide spot venti-
lation for non-vented combustion appliances, such as gas

stoves.

Negative house pressures affect
combustion appliances

Pressure differences that backdraft an appliance limit the
supply of oxygen to the burner, which cause it to produce
increased levels of carbon monoxide. While clothes dryers
and vent fans may cause negative pressures, a major cause
is due to imbalances created by heating and cooling systems
with duct leakage or poorly designed return ductwork.
Forced-air heating and cooling systems should be balanced
— the amount of air delivered through the supply ducts
should be equal to that drawn through the return ducts. If the
two volumes of air are unequal, pressure imbalances will
occur in the home.

Leaks in the supply side of a duct system can create a nega-
tive house pressure by pushing less air into the house and
pulling more air in through the return side — this increases air
infiltration from the outside and the possible backdrafting of
flues and exhaust vents because the house is attempting to
equalize the pressure by pulling air in from other sources.
Another shortcoming of leaky supply ducts is a general loss
of efficiency and increased energy costs.

Deveopea with tunaing trom the U.S Department of Energy ana .S Environmental Proicction Agency by the Soutntace Energy Insstite, for more information contact Sounface Energy Instrute,

231 Pine St. Avama. GA 32308, 404/672-3549, www.soutnface.org
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Positive pressures may be a probiem too
Ductwork systems that are leaky on the return side have their
own set of problems. the house becomes pressurized, gener-
ating air leakage out of the building envelope. Air from uncon-
ditioned sources, such as a craw! space, is pulled in through
the leaky return system into the living space — air that may
be contaminated with radon, molid, pesticides, or toxic chem-
icals. Positive pressures in cold climates may drive moisture
through walls and cause deterioration. Hot, humid air is
pulled into the ducts in summer — cold air is drawn into the
ducts in winter. If leaky return ducts are located near com-
bustion appliances, such as in an equipmemnt closet or crawl
space, the negative pressure could cause flues and chimneys
to backdraft.

A}———[}U—
i a3 ] e

| ==

Pressure differences in the conditioned space of a home can
affect indoor air quality and energy use.

Special issues with pressure differences
Pressure differences can also result in homes with tight duct-
work if the home only has one or two returns. When interior
doors are closed it may be difficult for the air in these rooms
to circulate back to a central return duct. The pressure in the
closed-off rooms increases, and the pressure in rooms open
to the return decreases. Rooms with one supply and no

return should have.

M a 1-inch gap under the door connecting to an area with a

return.

Rooms with two or more supplies should use one of the
following:

™ a transfer grille installed either in the door or through
the wall between the room and the area with a return
(a wall-mounted transfer grille must be totally sealed from
the rest of the wall ca-/iv.y) and it may contain a sound

baffle to lessen noise transmission between rooms, or
™ a jumper duct that connects the two rooms, or

lz a separate retum.

Carbon monoxide hazards
Carbon monoxide {CO) is a colorless, tasteless, odorless gas
that is poisonous. There are hundreds of deaths in the United

States each year because of CO poisoning.

Foam baifles
damper sound

A transfer grille provides pressure equalization between

rooms

Effects of CO exposure
CO (ppm) Time
35 8 hours

Symptoms

Maximum exposure allowed by
OSHA in the workplace over an
eight hour peried.

200 2-3 hours

Mild headache, fatigue, nausea and

dizziness.

400 1-2 hours

Serious headache—other symptoms
intensify. Life threatening after 3

hours.

800 45 minutes Dizziness, nausea and convulsions.
Unconscious within 2 hours. Death
within 2-3 hours.

1600 20 minutes Headache, dizziness and nausea.

Death within 1 hour.

Install a carbon monoxide detector
Carbon monoxide detectors are
highly recommended in homes

with fuel-burning appliances. The

CARBON MOROXIDE DECTECTOR

LR

detectors signal homeowners via
an audible alarm when CO levels
reach potentially dangerous levels.
Some models have digital readouts
of current CO levels, which are
useful to the homeowner to moni-
tor household air quality, while

some less-expensive models

indicate varying levels of CO with

differing alarms. CO detectors are
either a plug-in variety or can be hard-wired and should be
installed in rooms with direct connection to combustion
appliances, such as kitchens with fuel-burning stoves and
ovens, areas near combustion closets for fuel-burning heat-
ing systems, and rooms with fuel-burning space heaters. A
low wall socket location is preferred for plug-in models since
CO is heavier than air.
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Shelf-system combustion closet

Screened high and low

combustion air ducts
into equipment closet \

Insulated walls

between equipment
icset and home

closet a —

Weatherstripping —ﬁ

Warning:

Dc not store

anything in this closet.
Keep door shut, ]

N

Solid door
(non-louvered)
with child

proof latch N
must seal

tightly against
wealtherstripping
at top, bottom,
and sides

Seal penetrations and under
bottorn plate of walls,

Sealed. ducted return (if the cavity

with mastic and insulated

ﬂ Supply plenum sealed
()

Seal around flue
with sheet metal

= Drywall

Door closes against
solid threshold Return grille

L with filter

Air from
house

is used as a plenum, carefully seal
this area since itis a return duct)

A shelf-system instaliation with a closed combustion closet provides a compact and safe arangement for an atmospheric gas

furnace.

Combustion closet design issues

Too often, combustion equipment closets are connected to
the occupied rooms of the home via air leaks or louvered
doors — this can be dangerous and is not recommended.
Carbon monoxide ang other pollutants present in the com-
bustion closet can leak into the rest of the home and create
dangerous conditions for the homeowners. Also, using room
air for combustion robs efficiency since that air must be
replaced by infiltration. The combustion closet should be air
sealed and 1solated from the rest of the house and ventilated
to the outside.

Combustion equipment closet features
Insulate the interior and exterior walls of the combustion closet,
finish the walls and ceiling with drywall, seal all holes and
leaks between the closet and the rest of the house, and
install a non-louvered, weather-stripped door. In addition,

provide outside air for combustion by installing two ducts in

the closet that are sized for the specific combustion appli-
ances. One duct should extend to within 12 inches of the
floor of the closet, while the other extends to within 12 inches
of the ceiling (check with local codes). The ducts should
extend to the outside, to a ventilated crawl space, or to a
ventilated attic.

The sizes of the outside air ducts depend on local mechanical
and building codes. Typ|ca| sizing methods for appliances in
a2 combustion closet require a given number of square inches
of ductwork per 1,000 Bru/hour of fuel used by the appli-
ances. Consult with local mechanical engineers to design the
combustion air ducts.

Creau’ng a combustion equipment closet serves to separate
the combustion appliance from the living space of the house.
With a guaranteed source of combustion air in the mechanical
room isolated from the living area, the home will be better pro-

tected against backdrafting and carbon monoxide problems.
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Low

Screened high and fow Q l\ Vanted exhaust pipe

combustion air ducts inte |nrol,gh root
closel extend 6'
above insulation

inatvc

Insulation fibers;
dust

11
; Hurmidity, | | Formaldehydes,

: chemicals
| Seal gas and poilen

i plumking

! penelrations

|
== through walls l

Mold, mildew, radon

/ Air quality in air-tight homes
T~ Insulated While any home may encounter pressure imbalances,
walls homes that are more air-tight generate pressure differ-
Child P Insulated ences more easily. However, a few simple design
proot waler healer

measures can prevent these problems and still permit
laich

the virtues of a more air-tight home.

Air tight homes...

Bottem: plate
- \/ sealed M Reduce indoor air problems because they prevent

Door closes agairst sclid threshold pollutants from entering through the attic or crawl
space (or even moist, unfiltered air from outside)

M Provide intentional ventilation for the occupants

™ Save energy by reducing the cost normally required
to heat, cool, and control moisture in outside air

leaking to the inside by infiltration
% Require intentional air for combustion appliances

See Air Sealing Energy Bulletin for more information

A ciosed combustion closet is "a littie piece of the outside

located in the middle of the home.” Fresh air for combustion

is provided from sources not connected with the living space.
Most new furnaces have forced draft exhaust systems,

ni ! I h
Furnaces and water heaters meaning a blower always propels exhaust gases out the flue

. ) to the outdoors, a re unlikel kdraft. Atmospheri
Common combustion appliances, such as furnaces and nd are unlikely to backdraft phenc

. furnaces and water heaters do not have a forced draft fan.
water heaters, require air for combustion and to vent exhaust a

' Atmospheric furnaces are | mmon o |
gases. Most of these appliances are non-direct vent units — P e less co on today due to federa

; efficiency requirem i -
they use air surrounding the appliance for combustion and o Yy requirements but this venting method is sull com

. . mon in many wate rs.
are more affected by pressure differences in the house. °© y water heaters

Others, known as direct vent furnaces, bring combustion air Atmospheric furnaces and water heaters should be isolated
directly into the burner via sealed inlets connected to the from the conditioned space. Those units located in well-
outside. ventilated crawl spaces, basements and attics usually have
Direct-vent combustion appliances can be installed within the plenty of combustion air and encounter no problem venting
conditioned area of a home since they do not rely on inside exhaust gases to the outside.

air for safe operation. Non-direct vent combustion appliances Combustion appliances located inside the house should be
must receive adequate outside air for combustion and carefully instalied in a combustion closet to ensure proper,
exhaust venting. The primary concern with non-direct vent efficient operation and prevent indoor air-quality problems. I
units is that a malfunctioning heater may allow flue gases there are concerns that poor equipment or pressure imbal-
to enter the area around the furnace and be pulled into the ances may cause backdrafting or other indoor air quality
living space. problems, consult with a qualified contractor.

S NG, "abitat for Humanity® 121 Habrtat St., Amerncus, GA 31709-3498 USA
’nternationa’ phone: (B00) HABITAT ext. 2622 tax: (312) 924-6541

www.habltat,org/env e-mail: Const&Env@hanbi tat.org

1556/1M/ENV/3-99



ENERGY BULLETIN SERIES

CEILING AND ATTIC INSULATION AND VENTILATION

Tﬁ’ Habitat for Humanity®
International

Building simple, decent houses with God's people in need

BUILDINGS ror THE 2 1 ST CENTURY

us. Depart.ment of Energy

Ceiling and Attic
Insulation and Ventilation

Insulating ceilings is one of the most cost-effective energy-
efficiency measures. When planning and managing attic

insulation projects, make sure!

™ A air leaks through the top floor ceiling are completely
sealed

M Insuiation levels meet or exceed locat building codes
M Insulation coverage is continuous

Caf Space is provided for both insulation and air flow from

soffit vents at the eave

4 Attic areas intended for storage have sufficient space
underneath for full insulation value

M Attic access doors are insulated and sealed

™ Knee wall areas have adequate insulation and an air-sealing
barrier

Attics over flat ceilings are often the easiest part of the exteri-
or building envelope to insulate. They are usually accessible
and have ample room for insulation, However, many homes

: Ridge vent ?-

use cathedral ceilings or have attic
kneewalls that present unique

insulation requirements. lt is

important to insulate all
types of ceilings
properly.

Attic Ventitation

Most building codes require roof vents to expel moisture in
winter which could deteriorate insulation or other building
materials. In summer, ventitation may reduce roof and ceiling
temperatures, thus saving on cooling costs and lengthening
the roof's life.

However, research studies are investigating whether attic
ventilation is beneficial for all climates. For years, researchers
have believed the cooling benefits of ventilating a well-insulated
attic are negligible. Some experts also question whether
ventilation is effective at moisture removal. Until the research

results are available and accepted, builders should follow locai

code requirements, which usually dictate attic ventilation.

The vent opening combination of continuous ridge vents
along the peak of the roof and continuous soffit vents at the
eave provides the most effective ventilation, Common rules of
thumb are 1 sq ft of net vent opening for every 150 sq ft of
insulated ceiling or 1 sq ft for every 300 sq fi if the insulation
has a vapor barrier. The vent area should be divided equally
between the ridge and soffits.

Cap vents, turbines, and gable vents can supplement a roof
design that has insufficient ridge vent area. Power roof venti-
lators are not recommended as they consume more energy
than they save and create negative pressures that may pull
room air into the attic.

|ncreasing the roof height at the eave

One problem area in many roof designs occurs at the eave,
where there is often insufficient space for full insulation with-
out blocking air flow from the soffit vents. If the insutation is
compressed, its R-value is diminished. If using a truss roof,
consider raised hee! or cantilevered trusses that form elevat-
ed overhangs. These should provide clearance for both venti-

lation and full-height insulation.

In stick-built roofs, where rafters and ceiling joists are cut and
installed on the construction site, an additional top plate that
lays across the top of the ceiling joists at the eave will prevent

compression of the attic insulation and allow for ventilation.

The raised tdp plate design also minimizes windwashing of

the attic insulation — where air entering the soffit vents flows
through the attic insulation. When installing a raised top plate,
place a band joist at the apen joist cavities of the roof framing.
The bana joist helps prevent windwashing, which can reduce
attic insulation R-values on extremely cold days and can add

moisture to the insulation.

A raised top plate increases the area for insulation and venti-
lation at the eaves.

Developea with tunding from tre U.S. Department of Energy ana U.S. Environmenal Protecton Agency by tne Soutnface Energy Instnte, for more information contact Soutnface Energy [nsutute

241 Pine St., Avarxa. GA 30308. 404/872-3549 www.soutnface.org
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Attic insulation techniques

Loose-fill or batt insulation is typically installed in an attic. For
batts with attached vapor retarders, put the backing next to
the ceiling finish. Although installation costs may vary, blowing
loose-fill attic insulaton — fiberglass, rock wool or cellulose
— is usually less expensive than installing batts and provides
better coverage.

Steps for installing loose-fill insulation:

1. Seal all attic-to-home air leaks, especially chases, bypass-
es, and furr-downs. Most insulation, such as fiberglass and
rock wool, does not stop air flow (refer to Airsealing Energy
Bulletin).

2. Follow clearance requirements for heat-producing equip-
ment found in an attic, such as flues or exhaust fans.
Other blocking requirements may be mandated by local
building codes. Use metal flashing, plastic or cardboard
baf fles, or pieces of batt or rigid insulation for blocking.

3. Prior to hanging ceiling drywall, install rafter baffles, to
preserve ventilation from soffit vents at eave of roof. To
ensure full coverage and reduce spillage, use insulation
dams at the soffit, porch, garage and attic access.

4 Insulate over the attic access by attaching a piece of batt

insulation or installing an insulated cover box.

5. Obtain complete coverage of the blown insulation at con-
sistent depths. Follow tha manufacturer’s specifications for
accurate insulation quan:ity (# of bags per sq ft) and avoid
fluffing the insulation.

6. As required by the 1995 Model Energy Code (MEC), make
sure the installer!

* Provices attic rulers to show proper blown depth (facmg
the attic entrance, one for every 300 sq ft).

* Provides an accurate attic "Report Card” showing that
sufficient density was installed.

Blown

insulation \
. «,";\ R

Rafter baffie

A
VAl

/\> Soffit vent

This raised-heel truss shows loose-fill insulation that is
blocked or dammed at the eave with a piece of fiberglass

batt or rigid insulation. A baffle creates a channel for air flow.

Blown

insulatiom' -

Blocking

Block or dam to keep full height blown insulation and to

prevent spillage.

Steps for installing batt insulation

1. Seal all attic to home air leaks, especially chases, bypasses,
and furr-downs. Remember, most insulation such as fiber-
glass and rock wool, does not stop air flow (refer to
Airsealing Energy Bulletin).

2. Biock around heat-producing devices.

w

. Insulate the attic hatch or attic stair as described in Step 4

for loose-fill insulation.

4. Determine the attic insulation area; based on the spacing
of the joists, order sufficient insulation for the attic. Refer to
the MEC for the R-vatue for your area. It is important to
cover the top of ceiling joists or bottom cord of truss with
insulation.

5. Ootain complete coverage of full-thickness, non-com-
pressed insulation, When installing the batts, make certain
they completely fill the joist cavities. Shake batts to ensure
proper loft. I the joist spacing is uneven, patch gaps in the
insulation with scrap pieces. Do not compress the insula-
tion with wiring, plumbing or ductwork (cut slits in the
insulation if necessary).

Energy-efﬁcient cathedral ceilings

Cathedral or vautted ceilings have limited space for insulation
and ventilation within the depth of the rafter. Fitting ina
10-inch batt (R-30) and still providing ventilation is impossible
with a 2x6 or 2x8 rafter. The MEC may allow R-19 cathedral
ceiling insulation for some house designs, depending on the
climatic zone. For most areas, R-25 to R-38 insutation is
recommended, if not required. Choose high density R-30
batts, since they are about the same thickness as R-25

batts, and follow the same installation practice.
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Ceiling insulation R-values

Recommended R-values for geographical location in the
continental United States.

HDD Zone Ceiling R-value
1 (0-500) R-19
2 (501-3,000) R-30
3 (3.001-5,000) R-38
4 {5,001-6,000) R-38
5 {6,001-10,000}) R-49

HDD=Heating Degree Days

(Consult local weather bureau for your cny's actual
heating degree day range)

Cathedrat ceiling insulation techniques
Cathedrat ceilings must provide space between the roof deck
and ceiling for adequate insulation and ventilation. Cathedral
ceilings built with 2x12 rafwers have space for standard R-30
batts and ventilation. A vent baffle should be installed
between the insulation and roof decking to ensure that the

ventilation channel is maintained.

I roof framing provides insiufficient space for required insula-
tion, higher insulation valuas can be obtained, by either fram-
ing furring strips (mat permit additional insulation to be
installed) or by adding rigid foam insulation under the rafters.
Both techniques offer a resistance to the thermal bridging
effect of the wood rafter. The rigid foam insulation must be
covered with a fire-rated rmaterial when used on the interior of
the building. Half-inch drywall usually complies, but check
with local fire codes for confirmation.

Knee walls
Knee walls are vertical walls with attic space directly behind
them. Typically, builders insulate the knee wall and the attic

~ Desired
i ventilan
Kree wall h : \:x
£ W
\\\
\ Altic space NG
LA TR T G
Sed Scal alt edges of rigid
outlet foarn insulation
box 1o
drywall )
Bad
-
Good

Increase insulation and air sealing in knee walls

floor in the attic space. Unfortunately, the knee wall often
receives only R-13 insulation with no protective cover.
Heating and cooling systems and ductwork are often located
in the spaces behind the knee wall. Mechanical equipment
and ducts suffer leakage and efficiency losses due to the
extreme temperature range found in this unconditioned
space.

For energy-efficient renovation of an existing home, effort
should be devoted to adding more insulation and air-sealing
the knee wall. Knee wall insulation should be adequate (refer
to chart); installing and sealing the seams of rigid insulation
achieves this plus helps to prevent attic air from infiltrating
into the house.

In new construction,

a better approach is
to insulate and air seal
the rafter space

along the sloping
ceiling of the knee
wall attic space.

The rafters shouid

receive R-19 to

R-49 insulation,

depending on the
MEC. They should be

covered with a sealed air

barrier, such as drywall or foil-

faced hardboard. The barrier must be caulked to the top
plate of the wall below the attic space and to the top plate of
the knee wall itself. At other cracks and holes must be sealed
as well. The advantage of this technique is that all ductwork
is now located inside the conditioned space and benefits

from the more even temperatures,
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Attic access
Build an insulated attic access cover to provide continu-

ous coverage.

Pull-down attic staircase

Cover box pushes up and Rigid insulation bax
out of the way for access forms lid for pult-down
atlic staircase

Scuttle hole

Hach lid pushes up and
cut of the way for access

cover

$

Radiant heat
barriers lower
attic tempera-
tures and may
be beneficial
in reducing air
conditioning

reguirements.

Radiant heat barriers

Radiant heat barriers (RHB) are reflective materials that can
reduce summer heat gain by the insulation and building
materials in attics and walls. RHBs work two ways: first, they
reflect thermal radiation welt and second, they emit (give off)
very littte heat. RHBs should always face a vented airspace
and be instalted to prevent dust build-up. They are usually
attached to the underside of the rafter or truss top chord

or to the underside of the roof decking and may be cost-
effective in hot climates.

Attic storage areas

Auic storage areas can pose a problem. It the ceiling joists
are shallower than the depth of the insulation, raise the
finished floor using 2x4’s or other spacing lumber. Install

the batts before nailing the flooring in place. If mechanica!
systems are located in the attic, be sure to elevate the equip-

ment to allow for full-height insulation.

Additional wood can be toe-nailed to the ceiling joists to
increase the available depth for insulation when adding
flooring to an attic.

Powered attic
ventilators

create negative

pressures in the

attic. This can
pull conditioned
air from the

living space as

well as contami-

nate the indoor

air with crawl-

space pollutants.

Powered attic ventilator problems

Electrically powered roof ventilators can consume more elec-
tricity to operate than they save on air conditioning costs and
are NOT recommended for most designs. Power vents can
create negative pressures in the home which may have detri-
mental effects such as:

™ Removing conditioned air from the home through ceiling
leaks and bypasses

M Pulling pollutants from the crawlspace such as mold,
radon, and sewer gases into the home

% Backdraftlng fireplaces, water heaters, and fuei-burning
appliances

Tﬁ’r Habhitat for Humanity®
International

www,hablla(.org/env

121 Habrtat SL, Americus, GA 31709-3498 USAa
phane: {800) HABITAT, ext. 2622

tax: {912) 924-6541
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|nsu|ating Foundation
and Floors

General guidelines for foundations

The bottom level of a home, whether slab-on-grade, floor
over a crawl space, or underground basement, is susceptible
to moisture and deterioration problems due to contact with
the earth. The best approaches for preventing these problems
will depend on the local climate and style of construction, but
the same general rules apply to all foundation systems!:

B Keep all untreated wood materials away from the earth.

M Provide rain drainage, such as gutters, to conduct rain

water away from the house in non-arid climates.

Cf Slope the earth away from the house for at least five feet

at a minimum 5% grade (3 inches in 5 feet).
g

M Provide a water managed foundation drainage system at
the bottom of the footing when the foundation floor (lntenor
grade) is below the exterior grade.

M Insulate between the conditioned and unconditioned
portions of the foundat.on system. In termite-prone areas,
extra care should be taken to prevent termites from

tunneling through the insulation.

Methods of insulating slab-on-grade floors
Siabs lose energy primarily due to heat conducted outward
and through the perimeter of the slab. |nsulating the exterior
edge of the slab in most sections of the country can reduce
winter heating bills by 10% to 20%. Stab insulation is recom-
mended in many localities by the Model Energy Code or state
energy codes.

lnsulation approaches to termite-resistant,

Water

Managed
Foundations

1. Damp-proof below-grade portion of foundation
wall — this is to seal the wall against ground
moisture penetration.

2.Install drainage plane material or gravel against
foundation wall — this relieves hydrostatic

pressure and channels water to the drain.

3. Cover perforated drain pipe with gravel and cover
with filter fabric. Locate drain beside footing, not

on top — this creates an underground gutter.

4. Add sill gasket membrane — this serves as a
capillary break to reduce wicking of water from
the concrete and provides air sealing.

5. When backfilling foundation wall, slope earth

away from house 5%.

Drywall —»
slab-on-grade foundations
== Baseboard -« Insulated
Insutated shealhing
sheathing Sill jasket membrane Foam insulation Carpet tack
{also serves as capillary break) reduces thermal tattalc‘;)ed
0 slal .
Copper termite edge loss \ 2[; iisr;ite
flashini ;
° N &mil poly | d {capiiary break)
/]
AN ™~ Copper lermite
flasning
Gravel
base
Rigid insulation
encapsulated or
covered with
mambrane to
protect from L )
termites and Monolithic With stemwall L °
exterior damage slab slab

Developed with tunding from U.S Department of Energy, U.S. Envronmental Protection Agency by the Southlace Emergy Institute, for more information contact Soutntace Encrgy Insttute,

241 Pine St., Auanta, GA 30308, 404/872-3549, www.southlace.org
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The controversy with slab insulation

Over the past decade, reports of termite infestations in
homes with slab insulation have become more frequent.
These pests tunnel undetected through the foam to gain
access to the wood framing in the walls. Some insurance
companies no longer guarantee homes with slab insulation
against termite damage. Recent rulings by national code
organizations prohibit installing foam insulation in contact with
the ground in several Southern states.

An alternative to slab edge insulation is to create a contained
or floating slab with interior foam insulation. This non-mono-
lithic approach provides termite resistance since the insulation
is sealed under and above the slab.

Preventing termite problems is a key goal of any building,
especially where a visual inspection of the foundation is not
possible. Providing effective moisture control systems will
help. In addition, make certain to remove all wood from

around the foundation before backfiliing.

While termite shields are not generally 100% effective, they
should be instailed continuously under the sill plate of the
building to further inhibit termite infestation. The termite
shield should extend beyond other building materials to force
termites intc an exposed area where they can be detected,
Before construction, confer with a pest control company to

approve the design regarding a termite contract.

Insutated Crawl Space Waits — 3 Options

Crawi space insulation

For years, standard building practice was to insulate under-
neath floors over unheated areas. However, studies per-
formed in Tennessee several years ago found that insulating
the walls in well sealed craw! spaces and unconditioned
basements can be an effective alternative to underfloor insu-
lation.

Crawl space wall insulation considerations
u Cover the entire earth floor with sealed 6 mit polyethylene
(recommended for all crawl spaces).

M Eiminate or close the foundation vents.

Cf Provide outside air for combustion to furnaces or water
heaters that are located in these areas via a direct inlet
duct from the outside.

™ Leave a four-inch gap at the bottom of the insulation to

serve as a termite inspection strip.

Insulate and air seal the band joist area.

&K

Seal exterior walls; insulate and seal crawl space access

doors.

Create effective site drainage, this keeps the crawl space

dry—some insulation can easily wick water.

K ®

Review plans for this method of foundation insulation with
pest contro! and loca! building officials to ensure code
compliance.

: ] insutation batt
onxatrennor ( for band joist
opuon for .
icw-termite areas ——— Interior
1 foam
110 2inch
ex:ruded
tystyrene
Ternite shield —, polysty '
; Interior
Stucco covering batt
or cther proteciive : R-11to -
finish over rigid 2 R-19 batt .
insulation ’
Sealed 6 mil polyethylene

Advantages of crawl space wall insulation
[ Less insulation required (around 400 square feet for a

1,000 square-foot craw! space with 3-foot walls).

o Piping and ductwork experience little temperature swing
so they may not require insulation for energy efficiency or

freeze protection.
™ Ar sealing between house and crawl space is less critical.

™ Because the crawl space remains cool in summer, the
home can conduct heat down into the space if there is no
insulation under the floor.

4-inch termite inspection strip

Disadvantages of craw! space wall insulation

M The insulation may be damaged by rodents or pests.

M A radon mitigation system will require ventilation of the
crawl! space to the exterior. Not planning for radon-resis-
tant construction may necessitate air sealing the floor in

order to mitigate the radon through ventiation.

™ I the crawt space has air leakage with the outside, the
home will Iose considerably more heat than standard

homes with underfloor insulation.
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Underfloor insulation Steps in installing underfloor insulation

\
o 2 ™ During the early phases of construction, meet with the
T mechanical subcontractors (plumbing, electrical, and
P —1 2 a\ heating/cooling) to inform them of the imporntance of
E ‘\ ;"‘ ] ‘&/\ /(\:/& - ‘f keeping the space between floor joists as clear as possi-
A : ‘§ ble.
\L——~—~» i ,e_'/——_‘_—;_- 119
= T * ‘1‘ M Run drain tines, electrical wiring, and ductwork below the
Staves cut from Tiger claws _} bottom of the insulation so that a continuous layer can be
rigid board insulation  support nsulation - installed. Be certain to insulate all duct work in uncondi-
:a;:::;“p of ;?;mﬁr:g!:a_rgzﬂ' tioned spaces. For freeze protection, supply plumbing
support insulation may be located within the insulation. The best approach
~~ is to run supply plumbing together in a few joist spaces.
\" B The insulation can be split and run around the piping.
Most floors in conventional homes use 2x10 or 2x12 wood ™ Install a sealed layer of 6-mil polyethylene on the floor to
joists, wood |-beams, or trusses over unconditioned crawl reduc‘e moisture levels in the craw! s';..)ace. Lap polyethyl-
spaces or basements. Insulation is usually installed under- ene 6" up walls, overlap sections 12", and tape seams.
neath the subfloor between the framing members. To meet M Seal all holes and penetrations between the crawl space
the Model Energy Code, homes typically reed R-11 to R-19 or unheated basement and the house.

i . i n climatic zone. . . L .
floor insulation, depending o : H ™ Obtain insulation for the proper joist spacing of the floor

Before insulating floors, make certain to seal all air leaks being insulated. Complete coverage is essential — leave
between the conditioned (heated and cooled) area of the no insulation voids and be certain to insulate the band
home and the unconditioned space [crawl space or unheated joist area.

basement). High priority leaks include holes around bathtub

drains and other drain lines, plenums for ductwork, framing Custem pieces cut or

oversized batts expanded
into gaps between webs

for basement stairs, as well as penetrations for electrical

wiring, plumbing, and ductwork.

Most builders use insulat on batts with an attached vapor - ; e~
barrier for insulating framed floors. The batts should be
installed upwards — flush against the subfloor — to eliminate
any gaps which may serve as passageways for cold air to
flow between the insulation and the subfloor.

The orientation of the vapor barrier depends on the home's Inexoersive iardscape cloth

. . stapled to webs support insutation
location. In most of the country, the vapor barrier should face

upwards. However, in certain regions of the Guif states and

. . . . Web truss floors require a unique solution to supporting
other areas with mild winters and hot summers, it should face

insulation under the floor.
downward.

Are Foundation Vents Necessary?
Most building codes reguire crawl space vents to aid in removing moisture from the crawlspace. However, ventiation in
the winter is undesired in order to keep crawlspaces warmer. Furthermore, warm, moist outdoor air brought into the crawl
space through foundation vents is often unable to dehumidify a crawl space in many summer conditions and, in
fact, can lead to increased moisture levels in the crawl space.

For example, a craw. space kept cool by the ground in the summer may have a temperature of 65°F and 90%
relative humidity (RH‘) — the dew point temperature of the air is 62°F. The dew point of outdoor air at
90°F and 60% RH is about 74°F. Thus, outdoor air brought into the crawlspace will actually increase
the moisture level until water condenses out on cool crawlspace surfaces such as floor joists

and foundation walls. As framing stays moist, mold grows and dry rot develops.

Venting crawl spaces which have air-conditioning ducts is a particular concern. Typically,
the ductwork is leaky, poorly insulated, and creates a cold surface below the air'’s dew o 3-: . . s
point that causes moisture in the air to condense. Often, water accumulates in the duct a ' D'ls:*-'m-‘w:in" *
insulation. Many bui'ding professionals are now recognizing that an unvented crawispace (or closing crawlspace vents
after the crawlspace has had time to dry out after construction) is the best option in homes using proper moisture control

and exterior drainage techniques. However, get local code approva! before omitting vents.
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-

| 1x2 furring strips '\
‘ with 2 layers of foam ——- §
sheathing \

-+ Drywall ——>
to meet fire code

Insulate basement walls with either a stud wall with batt
insulation or a furred-out wall with rigid board insulation.

Should basement walls have insulation?
In most of the country, ail walls between unheated space
(such as the outdoors, crawl spaces, and unfinished base-
ments) and heated rooms should be insulated. Therefore,

rules for insutating basements are as follows!

M Determine if the basement is conditioned — heated
and/or cooled. A conditioned basement either contains
uninsulated ductwork, has supply registers from a central
heating or cooling system, or has its own source of heat-
ing or cooling, such as a space heater or window air

conditioner.

M ¥ the basement is unconditioned, either insulate the
exterior walls of insulate between the basement and the
conditioned rooms of the house (remember to insulate
any ductwork in unconditioned spaces)4 Typical areas to
insulate include the basement ceiling and any walls
between the unconditioned portion of the basement and

adjacent conditioned rooms.

M It the basement is conditioned, insulate the exterior walls.
A variety of approaches exist for insulating basement
walls. The drawing shows two techniques for insulating
the interior of the basement wall — one with batt insula-
tion installed in a conventional stud wall and the other
with two layers of fcam insulation instalted on the inside
of the concrete block. Furring strips should be anchored
to the block wall using standard masonry attachment
hardware such that one layer of foam is between the fur-

ring strips and the second layer covers them completely.

™ In areas with little termite threat, foam insulation can be
used on the exterior. Exterior foam may be less expensive
than interior foam or building interior stud watls with batt
insulation. New insulated concrete foundation (ICF)
systems create stay-in-place foam forms that insulate the
interior and exterior.

Build in radon resistance

Radon is a radioactive gas that occurs in some soils. it can
enter a home through the foundation and floor system. Ir it
occurs in significant concentrations (greater than 4 pico-
curies per liter), it may pose a severe health risk to the home
occupants. To guard against radon problems!

Slab-on-grade or basement
M Use a 4-6" grave! base.
™ Install continuous layer of 6-mit polyethylene.

M Stub in Tee below polyethylene that protrudes through
polyethylene and extends above poured floor height.

™ Pour slab or basement fioor.

[ Seal slab joints with caulk.

Crawl space

™ Instali sealed, continuous layer of 6-mil polyethylene.

M install Tee below polyethylene that protrudes through

polyethylene.
All foundations
™ Install a vertical 3-inch PVC pipe from the foundation to
the roof through an interior wall.
M Connect the Tee to the verticai 3-inch PVC pipe for passive
mitigation.
M Have electrician stub-in junction box in attic.
™ Test the bottom conditioned
room for radon with an EPA-
listed radon test kit or hire a
ualified technician. .
4 Optional blgwer
M If the house has /(ﬂ required)
. Etectrical
high radon con- junction box

centrations,

install an active

radon mitigation

system by
fad
attaching a small Plastic
vent stack
blower to the
PVC pipe in the
attic to expe! the
gasses to the ;
outside. Siab with
M Contact the joints sealed
Envionmental 1
i — Pclyathelene
Protection ‘Oryﬁx elen
and gravel

Agency for more informa-

tion. Perfcrated “T7 fitting

Pianned radon-resistant construction is an inexpensive first-
cost. If needed, it can easily be upgraded if active mitigation
is later required to cure a high-radon problem.
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