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This book is for energy auditors or retrofitters whether they work
in the weatherization program or in the private arena. This book is in-
tended to help instruct in the following certifications:

*  Association of Energy Engineers (AEE). Residential Energy Audi-
tor (REA)

o BPI—Building Analyst (BA), Envelope Professional (EP), and the
Residential Building Envelope Air Leakage Control Installer (RBE-
ALCI).

o RESNET—HERS Rater, Comprehensive HERS Rater (CHERS),
Home Energy Survey Professional (HESP), Diagnostic Home
Energy Survey Professional (DHESP), and Building Performance
Auditor (BPA).

e DOE/NREL—Energy Auditor, Installer, and Quality Control or
Technical Monitor Inspector (with supplemental materials).

If you are in the private arena, you may not have to study Chapter
1 or 5. The book also covers BPI, RESNET, and the Draft DOE/NREL re-
quirements. If you are only interested in BPI, you may not have to study
Chapter 11, which covers RESNET. To find out more about certification
requirements, see Appendix M on certifications.

Your local or state laws or rules may require that any work done on
combustion appliances must be done by a licensed or otherwise qualified
technician. Air-conditioning technicians must be certified by the EPA.

Residential Energy Auditing and Improvement contains procedures
and techniques practiced in industry and the trade. Specific procedures
vary with each task and must be performed by a qualified, and in some
cases, a certified or licensed person. For optimum safety, always refer to
specific manufacturer recommendations, insurance regulations, specific
job site and plant procedures, applicable federal, state, and local regula-
tions, including OSHA regulations, and any authority having jurisdic-
tion, such as the municipality that the work is being done in. The ma-
terial contained in this book is intended to be an educational resource
for the user of the book. Standards and Testing Inc., Stan Harbuck, nor
Donna Harbuck do not assume and hereby disclaim liability to any
party for any claims, losses, damages, or disruption under any legal

xi



principle, including property damage or personal injury resulting from
errors and omissions, negligence, etc. incurred by reliance on this infor-
mation. Statements made in this book are the opinions of the author(s).

Remember that anytime we do anything that might “tighten up”
a home, we reduce the ventilation in a home, and thereby may put the
occupants” health and safety at risk. As a result, we must be sure that the
home still has an adequate minimum ventilation rate (MVR or BTL).

Always make sure that CO detector(s) have been installed in the
home you are working on before starting your work.

Always “test out” (combustion appliance zone (CAZ) and ap-
pliance testing) of a home you have worked on at the end of each day
before leaving the site.

If you smell or suspect a gas leak, do not light a match, use any
electrical appliances, turn lights on or off, or use the phone. These may
produce sparks. Leave the building immediately and tell any others
in the house to leave with these same considerations. From a different
building, call the gas company or a qualified appliance repairperson or
plumber for repairs.

Always follow all applicable laws and regulations, including all
equipment manufacturer’s instructions (including ladders) and OSHA
guidelines. Any work done on refrigerant gas systems must be per-
formed by an OPA approved technician. In addition, some states may
require work done on combustion appliances be done by a licensed or
otherwise qualified technician.

Before working on roofs, consult a physician or your company’s
safety contact.

Caution: If you are opening an electrical panel, always open and
close the panel carefully. Never touch any items in the panel box. Also,
be careful in removing the panel cover so that you do not angle it out
and touch wires in the process.

This publication is designed to provide accurate information about
the subject matter covered. It is sold with the understanding that the
author and publisher are not engaged in rendering legal, accounting, or
other professional services. If legal advice or other expert assistance is re-
quired, the services of a competent professional person should be sought.

The information provided is deemed generally reliable but is not
guaranteed as, for example, special conditions may apply as to specific
situations or as to particular conditions that exist in a given locality.

Be aware that different state or local municipal building codes may

apply to your work and that a perm‘i.t may be required.
X1
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A Tribute to Weatherizers in the
Low Income Weatherization Program

This weatherization training series is dedicated to the many
weatherization workers, managers, administrators and researchers who
exemplified the best in helping the poor and those with fixed incomes
to better overcome the challenge of balancing a budget in tough eco-
nomic times while at the same time helping us as a nation reduce our
dependence on fossil fuels. These weatherizers purposefully devoted
themselves to helping others despite clearly having an opportunity to
work in the private arena for more pay and recognition instead.

It is to these individuals who worked to this end, at a time when
it was not popular, that this weatherization training series is dedicated.
Thank you for devoting yourselves to a life of helping millions of others
over helping yourselves. Our “hats off” to you!

Major credit for the development of our knowledge and under-
standing of saving energy in buildings and as prominent resources for
the information provided must also go to:

—  US Department of Energy (DOE)

—  Environmental Protection Agency (EPA)

—  Lawrence Berkeley National Laboratory (LBL)

— National Renewable Energy Lab (NREL)

—  Weatherization Assistance Program Technical Assistance Center
(WAPTAC)

— U.S. DOE Energy Efficiency and Renewable Energy (EERE)

—  Association of Energy Engineers (AEE)

— National Association for State Community Services Programs
(NASCSP)

—  Affordable Comfort Inc. (ACI)

—  Building Performance Institute (BPI)

—  Residential Energy Services Network (RESNET)

—  Florida Solar Energy Center

Anthony Cox and John Langford should be given special credit
for the careful development of the outline for the curriculum to teach

xiii



weatherization auditing and retrofitting. Their work over many years
represented some of the most significant work and research in the field.
At the same time, others have been major ongoing pioneers in the de-
velopment of energy evaluation and retrofit throughout their lives in-
cluding Terry Brennan, Anthony Cox, John Langford, John Tooley, Max
Sherman, John Snell, Cal Steiner, and Tony Woods. In addition, many,
many individuals from various fields over the years have contributed
in significant ways to advancing weatherization in both the public and
private arenas. While the following list is not intended to be a complete
list of all those that have made significant contributions to the field, it is
intended to give credit to those who have devoted a significant portion
of their lives to advancing energy saving in buildings. Included in this
list are the following: Hal Aranson, Steve Baden, Rana Belshe, Michael
Blasnik, Terry Brennan, Rees Byars, Tony Colontonio, Stephen Cowell,
Anthony Cox, Brett Dillon, Chris Dorsey, Laurel Elam, Philip Fairey, Dr.
Wolfgang Feist, Jim Fitzgerald, Don Fugler, Doug Garrett, Colin Genge,
Suzanne Harmelink, Hap Haven, Skip Hayden, David Hepinstall, Don
Hynek, Rick Karg, David Keefe, Gary Klein, Dick Kornbluth, Jan Kosny,
John Krigger, Joe Kuonen, John Langford, Jim LaRue, Jack Laverty,
Amory Lovins, Joe Lstiburek, Bruce Manclark, Greg McIntosh, Laura
McNaughton, Alan Meier, Neil Moyer, Vikki Murphy, Garty Nelson,
Tomas O’Leary, Michael Lubliner, Collin Olson, Helen Perrine, Andrew
Persily, Lydia Gill Polley, John Proctor, Lester Shen, John Snell, Robert
Sonderegger, Cal Steiner, A. Tamasin Sterner, Nehemiah Stone, Al Thu-
mann, John Tooley, George Tsongas, Michael Vogel, Doug Walter, Linda
Wigington, Tony Woods, and Alexander Zhivov.
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The need for energy savings has never been greater. One area
where such savings can come is in the energy auditing and retrofitting of
homes and other buildings. Saving money for the homeowner, improv-
ing indoor air quality, avoiding moisture problems, promoting build-
ing durability, and increasing comfort are some of the basic benefits of
weatherization. As for saving energy, almost 40% of energy used in the
United States is for heating, cooling, lighting, and otherwise powering
up both commercial and residential buildings. About 20% is used for
heating and cooling buildings. Approximately half of the expenditure
for heating and cooling buildings is wasted due to insufficient insula-
tion, air leaks, and inefficiencies in the heating and cooling equipment.
It is estimated that improving the efficiency of cooling and heating sys-
tems could lead to a savings of five quads of energy per year in the
United States. One quad of energy is the equivalent of one quadrillion
Btus or 1015 Btus. To put this in context, the U.S. uses about 98 quads of
energy a year.

Appropriately guided weatherization work can help prevent mil-
dew or mold, reduce respiratory ailments, and help eliminate odors,
thus improving indoor air quality. It also helps buildings last longer and
improves the comfort in homes by creating a more balanced airflow. A
number of certification programs exist under the Association of Energy
Engineers (AEE), The Building Performance Institute (BPI), the Resi-
dential Services Network (RESNET), and the Department of Energy/
National Renewable Energy Laboratory (DOE/NREL). See Appendix M
for more details.

HISTORY OF ENERGY AUDITING AND RETROFITTING

Much of the early effort of energy auditing and retrofitting was
to help the poor. The Weatherization Assistance Program was created
in 1976, after the first oil embargo but before the DOE was formed.

1



2 Residential Energy Auditing and Improvement

While some local programs with similar goals had been in operation
for a while, this was the formal beginning of the program on a national
scale. The “Winterization” program in Maine provided a model for the
national program. The Community Services Administration originally
administered the program at a national level. Later, the Federal Energy
Administration, a predecessor to the DOE, took over the management.
The program used volunteer labor to staple plastic over windows in
homes. Thus, this early program installed only low-cost measures and
installed very little insulation. Unfortunately with this initial national
program, there was little or no financial or production accountability. In
the early 1980s, the program grew. It continued to use volunteer labor
under the Comprehensive Employment and Training Act in the Depart-
ment of Labor. Often only temporary measures were installed and there
was little or no diagnostic technology to evaluate homes. Because win-
dows and doors were often viewed as major culprits in energy loss, they
were often replaced. Other common practices included adding storm
windows, weather stripping and caulking, and adding some attic insu-
lation. Later studies showed that door and window replacement is not
nearly as cost-effective as retrofit measures involving air sealing and
adding insulation. Project Retrotec used very basic heat transfer calcu-
lations to evaluate difference in R-values in the home. At this stage, the
program addressed the building envelope and workers blew insulation
into attics. Work on houses was completed quickly and with much less
improvement than is common today.

In 1991, the program began tracking the cost-effectiveness of the
installed retrofit measures. In addition, measures to reduce energy use
in the home were expanded to include heating and cooling systems.
Furthermore, the program no longer had to rely on volunteer labor
alone as it was now allowed to pay for the labor involved in retrofit-
ting homes. During this period, some states began using blower door
technology and other diagnostic techniques in very crude ways that
have since been refined. Continuous feedback loops and accountabil-
ity became the standard. When an inspector observed retrofit measures
that did not meet the standards, training could be required for the work
crew. This training could be at a recognized training facility or it could
be on-the-job training. The structured Training and Technical Assistance
(TTA) helped address the shortcomings of the program. At this stage,
some of the components of the program became computerized. In addi-
tion, national and state evaluations were conducted on a regular basis.
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From the 1990s to the present day, diagnostics and testing have become
more common, better refined, and more effective. Highly trained crews
perform the installation procedures. Emphasis is now on cost-effective,
permanent weatherization measures and retrofits.

Computerized energy audits can now provide far more cost-effec-
tive savings. Now, the whole house is viewed as a system involving
mechanicals, the building shell and the baseload. This is far better than
the shell measures originally used in the old program. With the use of
blower door technology, a home can be better air-sealed. A great deal
more attic insulation, including dense pack sidewall insulation, can be
added than used to be the case. This not only helps insulate but also
air seal the walls. Duct sealing and modifications such as adding re-
turns or reconnecting attic ducts is a regular practice today. Even floor
grille replacement is provided. Electric baseload measures are also tar-
geted. These include, but are not limited to, installing compact flores-
cent lamps (CFLs), replacing the refrigerator, and modifying the water
heater. Health and safety measures that are energy-related, such as re-
placing faulty furnaces or relining chimneys, are also provided under
the program.

MISSION OF WAP

The mission of the Weatherization Assistance Program (WAP) as
established by the U.S. Congress is to help reduce the energy costs of
low-income families, especially for the elderly (who occupy 34% of low-
income housing), children, and people with disabilities. The law was
amended in 1990 to include ensuring health and safety. The US govern-
ment through the US Department of Energy (DOE) funds the Weather-
ization Assistance Program. The DOE monies are passed on to “grant-
ees” which include 50 state offices, Native American Tribal Organiza-
tions, the District of Columbia, and 5 US territories. Each of these grant-
ees then distributes the funding to more than 900 local weatherization
agencies nationwide (also known as the “sub grantees”). The War on
Poverty Program created by Lyndon Johnson created an infrastructure
of Community Action Programs (CAPs) that cover specific geographic
areas within a state. These local CAPs have the right of first refusal to
become the local area weatherization agency or subgrantee. Thus, most
local weatherization agencies are CAPs, although other nonprofits and



4 Residential Energy Auditing and Improvement

local government agencies can serve as the local weatherization agency
if the local CAP has turned it down. The money distributed to these
local weatherization agencies or sub grantees from the state offices or
grantees is used to install cost effective, energy-saving measures in low-
income households within the geographical boundaries of the local
weatherization agency.

More than 90% of low-income households in the United States
have an annual income of less than $15,000. More than 13% of low-in-
come households have an annual income of less than $2000. The average
energy expenditure in low-income households is $1871 a year. Accord-
ing to the Energy Information Administration (EIA) within the DOE,
low-income households typically spend 17% of their annual income on
energy while all other households spend only 4%. Energy burden is the
percentage of household income used for energy bills. Therefore, the en-
ergy burden on low-income households is easily four times that of other
households. These facts show the importance of reducing the energy
burden of low-income clients.

Some states have found ways to leverage funds from other federal
programs, sometimes even going through utility companies to further
expand the reach of the WAP. Furthermore, comprehensive weather-
ization and rehabilitation is possible through coordination with the US
Department of Housing and Urban Development (HUD). Compared to
utility-sponsored and local weatherization programs, the DOE program
is more effective. Evaluations have found benefits on many levels in-
cluding the fact that more than 6.4 million homes have been weather-
ized to date and that there is a favorable benefit to cost ratio of 1.8:1. In
addition, an average 32% reduction in energy use for space heating has
been achieved. All these benefits are in addition to the roughly 8000 jobs
nationwide that WAP supports.



The purpose of auditing and retrofitting is to save energy. To do so,
it is important to understand the concept of energy and what it entails.

THE CONCEPT OF ENERGY

The following concepts of energy will be discussed in this section:
potential and kinetic energy, the first two laws of thermodynamics, the
relationship of energy to heat, work and temperature, phase change,
and heat transfer.

Potential Energy

Potential energy is energy that is stored. An example of potential
energy is gasoline in a car’s gas tank. A full gas tank allows a car to drive
for miles while an empty tank has no potential energy. Potential energy
is also like propane gas in a home’s propane gas storage tank. Energy in
the propane heats the home. Potential electrical energy is stored in a bat-
tery to be used later for lights, motors, etc. A bobsled sitting at the top of
a bobsled track has potential energy. Once it is released or pushed from
the top, it begins to convert that potential energy into motion or speed
(kinetic energy). Similarly, water stored behind a dam as in Figure 2-1
has potential energy that is converted to kinetic energy as it is released
into motion through the pipes and turbines that generate electricity.

Kinetic Energy

Kinetic energy is energy that is in motion or in transition. Good
examples are a bicyclist coasting along on a flat road without moving
the pedals, or a car that has run out of gas trying to coast into a gas
station on a flat road. Another example may be a very heavy spinning

5
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DAM

7

Figure 2-1. Dams hold a great deal of potential energy.

metal cylinder that will continue to spin until, over time, friction wears
it down to a stop. Electrical energy running along a transmission line
has kinetic energy that originated at a dam, coal plant, etc. using the
potential energy of the water behind a dam, the fossil fuel energy stored
in coal or other sources, to create the electricity.

THE THERMODYNAMIC LAWS

The laws of thermodynamics explain how and why energy is
transferred. The First Law of Thermodynamics says that energy can
neither be destroyed nor created. In the example of a bicyclist coasting
along a flat road without moving the pedals, ultimately the bicyclist
slows to a stop because of friction in the bearings of the bicycle wheels.
While the bicyclist was only coasting, the kinetic energy the bicyclist
had was not actually lost when the bicyclist slowed to a stop. Rather,
energy was lost in the form of heat in the wheel friction. Since energy
cannot be created, and since there are always losses of energy in any
process, including frictional losses to bearings, no one has ever been
able to create a perpetual motion machine, Figure 2-2.

In the example of the propane gas tank, the propane is converted
to heat by burning it. Even though in reality conversions are not 100%
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efficient, the First Law of Thermody-
namics says that all the heat in the
propane can be accounted for if the
byproducts are carefully measured. If
you did so, you would find that the
energy in the propane has not been
destroyed, nor had more energy been
produced than was originally in the
propane. In other words, no matter
where the heat losses are, energy al-
ways turns up somewhere, somehow,
in one shape, form or another without
disappearing and without generating
energy from nothing. The Second Law
of Thermodynamics as shown in Fig-
ure 2-3 says that heat always moves
from areas of high temperature to areas
of lower temperature. Thus, in a home,
heat moves towards the outside of a
house in the winter when the home is
being heated and towards the inside
of the house in the summer when the
home is being cooled.
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Figure 2-2. Perpetual motion

machines cannot operate per-
petually without the input of
energy.

Hotter

Figure 2-3. Second Law of Thermodynamics

Heat always travels from the hotter side to the colder side.
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RELATIONSHIP OF ENERGY TO HEAT,
TEMPERATURE, WORK, AND POWER

Energy is a measurable quantity of heat, work, or light. On a mi-
croscopic level, molecules in a solid are essentially stationary at lower
temperatures. As heat is added, the temperature of the solid increases
and the molecules move faster. Temperature is a measure of the amount
of heat present. In essence, temperature is measuring the typical mo-
tion of molecules or kinetic energy of molecules in a substance. Heat is
measured in Btus (British thermal units), calories, joules, watt-hours,
barrels of oil, pounds of steam, gallons of propane or therms. A Btu is
the amount of energy it takes to raise 1 gallon of water 1°F. Roughly, it
is the amount of energy in a kitchen match if it burns completely, Figure

2-4. ?

1BTU
R
Kitchen Burned Kitchen
Match Stick Match Stick

Figure 2-4. A kitchen match has about 1 Btu of energy in it.

Heat units can be converted from one unit to another using con-
version factors. For example, knowing that 1055 Joules equals one Btu,
then 2110 Joules represents two Btus. One Btu also represents about
3/10 of a watt-hour or 252 calories. Conversion charts show what num-
ber to multiply or divide one unit by to find the equivalent in another
unit (see Appendix C).

Temperature is measured in Fahrenheit, Centigrade, or Kelvin.
Table 2-1 compares these temperature scales.

Work is energy expended with a result. For instance, raising a one-
pound weight one foot off the floor equals one foot-pound of work as
shown in Figure 2-5. Work and heat are essentially equivalent. The work
expended stirring water in a container actually raises the temperature
of the water. In fact, conversion factors show that one Btu is equal to 778
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Table 2-1. Comparison of Temperature Scales

| Water Boils 212 100 100 373.15)
9 370
360
80
70 350
60 .
50 330
40 320
310
30
20 300
290
10 280
[ Water Freezes 32 0 0 e 273.15)
i ] 0 FAAY
20 260
] 250
[Absolute Zero -459.67 -373.15 0o )
Fahrenheit Celsius Kelvin

foot-pounds of work. The international energy unit, Joule, is a unit used
for both heat and work.

It is good to distinguish energy from power. Power is units of en-
ergy used over a specific time frame; power is energy divided by time.
Some examples of energy units include Btu, foot-pounds, and joules.
Examples of power units include Btu per hour, foot-pounds per minute,
joules per second or watts, kilowatts, horsepower, and tons of refrigera-
tion. Some of these units do not show a time unit built because of the
way they are defined--watts are defined as joules per second, horse-
power is defined as 33,000 foot-pounds per minute, tons of refrigeration
is defined as 12,000 Btu per hour. Thus, while it seems counterintuitive,
watt-hours (wh), horsepower-minutes (hpmin), and ton-hours (tonhrs)
of refrigeration are energy units because the time unit comes from the
original definition of watts, horsepower, and tons of refrigeration. Table
2-2 compares different unite of energy with units of power.

To calculate how much energy is used, multiply the power by the
timeframe over which the power was used. For example, furnaces have
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11b ¢

L= I - T-

Figure 2-5. Work: Raising One Pound One Foot =1 Foot-Lb.

Table 2-2. Comparison of Energy and Power Units

Energy Power (Energy/time)
Btu Btu/hr

Watt Watt-hour

Joule Joule/sec

Ft1lb Ft Ib/min

a Btu rating for power input in Btu/hr. If a furnace has 50,000 Btu/
hour of power (a furnace Btu rating of 50,000/ hour) and it runs for two
hours, it has used 100,000 Btus of energy.

PHASE CHANGE

In dealing with energy and heat, be aware that there are special
rules when substances change from one phase or state to another.
Changing state simply means that even though it is the same substance
(such as water), it is being changed from the solid state (ice) to a liquid
state (water), or from a liquid state to a gaseous state (water vapor) or
vice versa as in Figure 2-6.

Every material, including water, absorbs heat at a different rate
depending upon its state. For instance, the specific heat of solid water
(ice) is 0.49 Btu/1b°F. So, if ice is warmed from 0°F to 32°F, 0.49 Btus
per pound of ice must be added to raise the temperature each 1 degree.
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Evaporated Water
(water vapor)

Ice Cube
(solid water)

Water (melted ice or
liquid water)

Add Heat: Ice >>> Water >>> Vapor
Or
Remove Heat: Vapor >>> Water >>> Ice

Figure 2-6. The Reversible Phases of Water

Thus, with one pound of ice, approximately 16 Btus must be added to
raise the temperature from 0 to 32°F:

(32°F-0°F) x 0.49 Btu/1b°F x 1 1b. = 16 Btu

Likewise, if the temperature of one pound of water is raised from
32°F to 212°F, 180 Btu must be added to that water. This is true because
the definition of 1 Btu is the amount of heat required to raise 1 pound
of water 1°F. In other words, the specific heat of liquid water is 1.0 Btu/
1Ib°F. Now, to take this a step further, to raise the temperature of 1 pound
of gaseous water, otherwise known as steam, from 212°F to 222°F, multi-
ply these 10°F by 0.47 Btu /1b°F which equals 4.7 Btu of heat. The specific
heat of gaseous water (steam) is 0.47 Btu/Ib°F. These phase changes are
shown in Figure 2-7.

Notice that even water in its various phases or states has a differ-
ent specific heat for changing temperatures within each phase. Thus,
it takes more heat to raise 1 pound of liquid water 1°F than it does to
raise 1 pound of either solid (ice) or gaseous (steam) water 1°F. Within
a phase or state, adding or removing heat with the subsequent chang-
ing temperature is referred to as the sensible heat. The specific heat is the



12 Residential Energy Auditing and Improvement

0.47 Btu's/Ib. “F for

A\

212°F Heating System /
- Vaporization Water (Sensible Heat) |/

100°C | Sensible hcal 1 Phase Change Boiling Point
| 1.0 Brw/lbeF
% to heat water /
5| 0°Cto 100 C |
a
E Malting | / | Heat of Vaporization
|2 | Meiting ce 970 Btu's per Ib.

2For0C / | (Latent Heat)
Sensible heat Phase

0.49 Btu's /IB.°F ~Cbﬂgd
for heating ice

144 Btu's/ Ib Heat of Energy Added at Constant Rate

Fusion (Latent Heat)

Figure 2-7. Physical Characteristics of Phase Changes in Water

number of Btus necessary to raise one pound of the substance by one
degree Fahrenheit.

However, in the middle of changing phases, such as going from
ice to liquid water or from liquid water to steam, energy or heat has
to be added just to get the water to change from one state to another.
This is called latent heat. Thus, latent heat relates to a change of phase
or state while sensible heat only relates to changing the temperature of
a substance without changing its phase or state in the process. 144 Btus
per pound of water must be expended to convert ice to liquid water. To
go from liquid water to steam, 970 Btus per pound of water has to be
expended. Different amounts of heat per pound are required to go from
one state to another depending on which material it is. These phase
change amounts or latent heat amounts are much larger per pound of
water than changing the temperature of water between phase changes
by even just 1 °F. The heat required per pound of water to go from ice
to liquid is called the latent heat of fusion. Likewise, the heat required
per pound of water to go from liquid to steam is called the latent heat of
evaporation because it is evaporated.

Phase Change Practical Applications

So why is learning about specific heat, latent heat of fusion, and
latent heat of evaporation so important? This information can be used
in real life with homes and buildings. For instance, it is good to know
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how challenging it is to get liquid water to evaporate out of the house in
terms of energy costs. Thus, depending on how much water leaks into a
house, much more heat will be required to turn the water to vapor than
to raise the temperature of the water or the air. This can factor heavily
into the energy usage in a home including, in the reverse process, the
additional energy used when an air conditioner has to extract moisture
out of high humidity air while cooling the air, as shown in Figure 2-8a.

Cold Copper Coil ————nu___
(with refrigerant

moving inside)

Condensation of water

Figure 2-8a. Condensation Occurring on a Cold Surface

It takes energy to take moisture out of air.

As another example, in a steam heating system water is evaporated
into steam at the boiler. This steam, because of its temperature, rises to
all the radiators located above the boiler to heat the home. Thus, steam
heating systems require heating the water not just to 212° F, but through
the costly latent heat of evaporation of water, to turn it into steam just
above 212° F. Using a similar example, an air conditioner uses a special
liquid, a refrigerant, to take heat out of the house. At the “evaporator
coil,” just downstream of the furnace, the refrigerant turns from a liquid
into a gas (or evaporates), thus pulling heat out of the air around it. In
other words, the refrigerant cools the air around it inside the ductwork.
The refrigerant is typically contained in copper coils or pipe in the
evaporator. There is a heat exchange from outside the copper pipe to
the inside of the copper pipe so refrigerant is not mixed with the air that
is breathed in the home. This, now gaseous refrigerant, goes through a
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pipe to the copper “condenser” coil or pipe outside of the house where
the refrigerant passes through the condenser pipe and changes from a
vapor to a liquid, see Figure 2-8b. The condenser’s copper coils allow
the hotter refrigerant vapor inside the pipe to cool down as it passes
through its coils, the opposite of what happened in the evaporator coil
inside the house.

-8

Figure 2-8b. A Fan Blowing Air Across a Copper Coil

In some larger buildings, owners are able to take advantage of
lower electrical utility fees at night by using an ice or cold-water tank.
Water in the ice or cold-water tank is cooled down using electricity at
night at the lower electrical rates and then, during the heat of the day
when electrical rates are expensive, the “coolness” in the ice or cold-
water tank is used to air condition the building, saving on utilities costs.

HEAT TRANSFER

More than 99% of our energy comes from the sun. Once the solar
radiation reaches earth, other mechanisms become involved includ-
ing conduction, convection, radiation, and chemical reactions (plants
converting solar energy into chemical energy through photosynthesis).
Thus, heat is transferred intentionally or unintentionally through three
processes: conduction, convection, and radiation. Heating homes in
cold climates and cooling homes in warm climates is sometimes done in
a haphazard way. While it is easy to say that the leaks in a home need
to be sealed to a cost-effective level, it is a good idea to stop and look
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at these three very basic methods of heat transfer to better understand
how best to build or retrofit a home for cost-effective energy efficiency.
A stove burner as shown in Figure 2-9 can be used to illustrate all three
transfer processes.

Heat Flow Types

+  Conduction -'Il—p

Convection

S
"

Visible, UV, & Infrared

Figure 2-9. The various types of heat flow.

Conduction

Transfer of heat by conduction involves heat passing through a
solid or liquid object or actual physical contact or touching between two
objects: gases are not involved in conduction. When a pot of water is
placed on top of an electric stovetop coil, heat is transferred from the
burner to the bottom of the pot only where the pot is in direct contact
with the electric coil. Conduction also occurs when the stovetop brack-
ets supporting the burner are heated by direct contact with the burner.
Both of these examples are demonstrated in Figure 2-10. If you look at
a hot piece of iron being worked on by a blacksmith, you will notice
that the piece is hotter on the tip than where the blacksmith is holding
it. There is heat flowing down the iron from the hotter end towards the
cooler end. This heat is being transferred by conduction.

Heat transferred by conduction does not only occur between sol-
ids. If a hot beverage is stirred with a cold spoon, the spoon becomes
warm from being in direct contact with the hot liquid. When you hold
the hot beverage in your hands, heat is transferred to your hands from
the cup. In a home, hot or cold are transferred from outside to inside
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i

Electric Coil Conduction Through Metal in a Coil
Figure 2-10. Examples of Conduction Heating

through the wall materials by conduction. Heat always flows from the
warmer to cooler area, even in conduction. How fast the heat flows is a
function of the conduction coefficient (K-value) for the material through
which the heat is flowing. More specifically, the K-value is the rate that
heat is conducted through a one-inch thick, one square foot slab of the
material, Figure 2-11.

DeltaT= AT=1°F
One square foot of material
Over one hour in time

Figure 2-11. Conductivity Coefficient: Heat Transference Through a Material

Metals tend to conduct heat very well while insulation, including
plastic foam, usually has a very low K-value, or it could not work as
insulation. In fact, the R-value of insulation is just a special type of K-
value for that insulation. At the same time, as R-value goes up, K-value
goes down.
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R1=K|
As R-Value Goes Up, Conductivity Goes Down

Convection

Heat movement within liquids and gases is referred to as convec-
tion. Convection only applies to liquids and gases because convection
requires a medium that moves or can flow. Solids cannot flow.

Referring to the stovetop burner example in Figure 2-12, the hot
bottom of the pan warms water in the pan. Once the water becomes
warm, it rises to the top of the water in the pan because warm liquids
and gases rise. The movement of the warm water to the top and the
movement of cold water to the bottom represent convection. In fact, the
combination of warm air rising and cold air dropping in a given space is
often referred to as a “convective loop.” Hot water and air rise because
they are less dense (or more buoyant) than cold water or air.

Another common example of convection is blowing across the
top of a hot beverage to cool it. Forced convection in this case is being
used much like the fan on a furnace blows air past the hot metal heat
exchangers to heat the air before it is distributed throughout the house.
Another simple example of convection with the stovetop coil is the coil
warming the air above it when there is nothing sitting on top of the coil
as in Figure 2-13. Once warmed,
that air next to the coil rises and
can heat the room by this convec-
tive process. Cooler air is drawn
from below the coil and is heated
as it passes by the coil.

As another example, hot wa-
ter from a water heater is always W
taken from the top of the tank be-
cause that is where the hot wa-
ter rises by convection inside the
tank. The burners at the bottom of
the tank heat the water at the bot- \_/
tom of the tank and it rises to the
top of the tank.

Another example of convec-

Figure 2-12. Convection of Water in a
Hot Pot—Warm goes up. After it cools, it

goes down.
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Figure 2-13. Coil ele-
ments heat the air next

to them, driving the Air Flow

warmer air up and draw-
ing the cooler air from
below.

tion occurs on a hot summer day looking down a hot asphalt road.
Often you can almost see the air warmed by the hot black asphalt rising
off the road. Often this hot air is rising so quickly and intensely that it
distorts what is seen farther down the road so much that this is often
referred to as a “mirage.” An example of convection transfer in a heated
home is a single pane window in winter, as shown in Figure 2-14. The
window cools the air just inside the house and makes the air denser, and
therefore heavier. This cold air then flows down towards the floor.

On a cold winter day, the outside wall covering acts much like the
single pane window. Thus, because the outside wall covering is cold,
the air gap inside the wall is cooled, causing the air to cool and become
denser. This colder, heavier air flows towards the bottom of the wall
inside the wall cavity, as shown in Figure 2-15.

Because the floor/wall junction or corner and the wall/ceiling
junction or corner physically restricts the air next to it from being dis-
turbed, the temperature of the middle section of the wall is closer to the
air temperature inside the house because it is more exposed to the air

Figure 2-14. An ex-
ample of convection _
transfer in a heated

home is a single pane
window in winter.

Net radiation between
The window cools Warm skinand the cold

the air just inside the ‘t’:\m‘t’)(;: surface CV
house and makes the . Y-

air denser, and there-

fore heavier. This

cold air then flows  Aircooled by the
down towards the window drops
floor. towards the floor
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circulation within the house. This difference can be seen in Figure 2-16.
Thus, in the winter, the lower junction of the wall with the floor and the
upper junction of the wall with the ceiling will appear colder because
they have poor mixing of air from the inside of the house. If the house is
air conditioned in the summer, these up-

J per and lower corners of the walls appear
/ warmer in the image.

Remember heat transferring
through a wall is referred to as conduc-
tion. However, where there are gaps in
the wall, for instance, where there is no

Figure 2-15. The airflow pattern on a wall in
winter shows that little heat exchange occurs
at the upper and lower junctions of the wall
\ with the ceiling and the floor where air has
\. a more difficult time affecting the surface
| temperatures.

Figure 2-16. Looking at a typical wall with an infrared camera, you can see
convection at work with the most significant temperature differences at wall/
ceiling, wall/floor, and wall/wall junctures. A window (dark rectangle) sits in
the middle of this short wall. Also a table on the left prevents you from seeing
all the floor/wall junctures.
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insulation between the inside and outside coverings of the wall, convec-
tion can occur.

At the same time, the inside wall covering such as the drywall in a
heated home in winter will be warmer than the air gap or cavity inside
the wall. Thus, just inside the wall next to the inside wall covering, the
air is being heated, thus expanding it, making it lighter. As a result, in
this area, the air flows towards the top of the wall inside the wall cavity.
Therefore, in walls without insulation in the wall cavity, a “convective
loop” begins to form: the warmer air near the top of the wall cavity be-
gins to flow down along the outside wall as it cools from being exposed
to the cold outside wall. The cooler air inside near the bottom of the
wall cavity begins to flow up along the inside wall as it warms (and, in
the process becomes less dense and thereby more buoyant) from being
exposed to the warm inside wall. Thus, it is common to have convective
loops in cavities of walls or other spaces where there is a temperature
difference between inside and outside, as shown in Figure 2-17. The
convective process can be accelerated by forcing air across a surface as
happens when air moves past a furnace heat exchanger. This forced air-
flow increases heat transfer from the heat exchanger so the house heats
faster and more efficiently. (see Appendix G on wall R-values to see a
similar effect of air films.)

Radiation e e conpueTion

The electric stovetop
coil also provides an exam-
ple of radiation as shown in
Figure 2-18. The hot electri-
cal element on a stovetop
coil radiates heat. The closer
you put your hand to it with-
out touching it, the warmer
it feels because of the radia-

Figure 2-17. No Insulation In
Wall (left), With Insulation in
Wall (right) (Radiation applies
to both even though it is not j
shown on the right). Adequate k

insulation eliminates the con- RADIATION

vective loop. INSULATION
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tion from the electrical element. Heat can radiate from the burner all the
way to the ceiling, albeit the amount of radiation received at the ceiling
will be far less than your hand received closer to the element. Thus,
radiation does not require any medium of solids, fluids, or gases for the
transfer of heat or any direct physical contact.
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Figure 2-18. Radiant Heat Extending in All Directions Out From the Coils
Regardless of Medium (this happens even in a vacuum)

A good example of radiation from the weather arena is overnight
temperatures that do not drop significantly when there is cloud cover at
night. Land and objects that have been warmed by the sun during the
day continue to emit radiation into the sky at night. This radiation hits
the clouds and is reflected back to the earth as shown in Figure 2-19.

Other examples of radiant heat in homes include warmth from
fireplaces, warmth from radiators that are part of hot water or steam
boilers, and even warmth from incandescent light bulbs. Everything
radiates or absorbs energy, and typically, most solids are both absorbing
and radiating energy at the same time. The only question is how much
of each. This radiation occurs in addition to any convective or conduc-
tive heat transfer going on along with the radiation.

In the home setting, radiant heat is everywhere. For instance, glass
windows allow radiation to be transmitted through them, while reflect-
ing some radiation and absorbing some as well, see Figure 2-20. The
radiation that is transmitted through glass ends up hitting furniture,
carpet, ceilings, etc.

Once that radiation hits these different materials inside the home,
the process begins again with some radiation being transmitted through
the material, some radiation being reflected, and some being absorbed
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Winter daytime with low sun Winter night time with warm, low
angle and ground snow - lying clouds & ground snow -
lower absorption in ground higher absoprtion in ground

o
J ® @
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SNOwW low absorption snow  high absorption

- .

Yo

50 °F 40 °F 30 °F

Fully Cloudy Night Partly Cloudy Night Clear Night
No Clouds

Figure 2-19. The better the cloud cover at night, the warmer the nighttime
temperatures. Nighttime warmth often carries over to allow the next daytime
temperatures to be warmer too.

as heat. This heat energy is typically re-radiated as infrared radiation
and the cycle begins again. For instance, some visible light will be re-
flected off a white carpet and onto the ceiling. The ceiling then reflects
some visible light to the wall, etc.
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% ﬁRadiation to Indoors

Solar Heat Gain

With Double Pane y
Window
Reflected :>
Heat Absorbed i
by Glass

Net Solar
Transmission

Figure 2-20. Solar Energy Passing Through a Window. Some energy is reflect-
ed; some is absorbed, while some passes through the window (frame missing)

Outside of the solar range, in the “far infrared” or very long wave-
length infrared range, the emissivity can be equal to the amount ab-
sorbed, as when a white “cool” roof emits all the far infrared it absorbs,
(unlike an unpainted metal roof). Mass walls deliver their heat to the
house at night in the far infrared spectrum as well. Thus, for the white
roof and mass walls A=E, where A = absorption and E =
. When an object is exposed to solar radiation (for example, by solar
exposure), and the total radiation the object is exposed to is assumed to
be 100% or 1.0, then, the total of all the radiation transmitted through,
absorbed, and reflected from the object will be 1.0 or 100%. Thus R + A +
T =1.0 where R= reflected radiation, A = absorbed radiation, absorption,
absorbance, or absorptance, and T = transmitted radiation or transmit-
tance (passing through the object). The corresponding characteristics
of the materials involve reflectance, absorbtivity, and transmissivity,
respectively as shown in Figure 2-21. All materials have an emittance
coefficient. This is also known as a material’s emissivity or emissivity
coefficient. The closer the coefficient is to 1 or 100%, the easier it is for
the material to emit radiation when it is hot. The lower the coefficient,
or the closer it is to 0%, the more difficult it is for the material to emit
radiation when it is hot.
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Radiation - Visible, UV or Infrared
Radiation coming in is either:

\/\/\II/

Transmitted - Reflected Absorbed -

(Passes through) (Radiation is absorbed
and becomes heat)

Radiation can also arise out of any
object with heat in it too:

(Radiation is emitted

from the object. The

higher the “emissivity” \/
of the material, the more

radiation is emitted)

Figure 2-21. Examples of Radiation

Remember that metals are good conductors of heat. They have a
high K-value and a low R-value, and cannot be used as insulators. For
instance, if you grab a hot piece of metal, the heat from the metal eas-
ily transfers to your hand. It feels hot, and you pull your hand away to
avoid being burned. In the case of radiation, metals, especially shiny
ones, tend to be poor emitters of radiation energy. They can also reflect
solar rays well and that is why some of the best roof coatings are made
of aluminum or other appropriate metals. Metals have a low emissivity
coefficient. This is the reason a thin metal layer can be on the underside
of roof decking to help keep heat from the shingles from transferring
into the attic space as easily, as long as no insulation is touching the
barrier. Metals are some of the few common substances that reflect both
visible and infrared radiation back away from the building. However,
nothing can touch that thin metal layer where it faces the inside, or the
benefit of being a poor radiation emitter is lost by allowing its high con-
ductivity to transfer heat to whatever it is touching.

Thus, if radiant barriers are placed in walls, floors, ceilings, or at-
tics they cannot touch anything on the side of the radiant barrier that
faces the direction of unwanted heat flow. Thus, in a cold-weather area,
you could place the barrier on the back of the drywall to keep the heat
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in. However, to get the radiant barrier to work properly you will need to
furr out the drywall away from the vapor retarder/barrier or insulation
behind it so that nothing touches the radiant barrier. Similar require-
ments would exist for ceilings, attics, and floors. Perhaps one of the
most fitting uses for radiant barriers would be on the underside of roof
rafters in a pitched roof attic in a cooling climate. Thus, extensive heat
flow from the shingle surface down through into the attic could be re-
duced by placing the barriers on the underside of the roof rafters. In this
case, it is unlikely that anything would ever be touching the exposed
face of the radiant barrier that faces the attic space, and as a result, some
heat from the roof deck would be kept from entering the attic by the
radiant barrier. You can see why radiant barriers are seldom installed:
difficulty in meeting cumbersome application requirements and the risk
that materials could fail or fall into a position of touching the radiant
barrier and, thereby eliminating the benefits of the radiant barrier. In the
end, many consider the installation of radiant barriers as having a low
cost effectiveness.
As another
example in the
building arena,
low E-glass

World's Best
Window Co.

windows help
reduce the emis-
sion of radiation
in the unwanted
direction. Fig-
ure 2-22 shows
an example of
window label.
Low-e film
is placed on the
inside pane of a
two-pane win-
dow in areas
that are primari-
ly heating dom-
inated climates,
but on the out-
side pane in ar-
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eas that are primarily cooling dominated climates, see Figure 2-23.

Most radiation, except for visible light, cannot be seen without the
use of special equipment. In the case of the infrared spectrum, using an
infrared camera can help detect infrared radiation that would otherwise
be unseen with the naked eye. On the other hand, ultraviolet light or UV
represents only 3 to 5% of the light spectrum because of filtration by the
ozone layer, so UV radiation for the most part is ignored. As always, net
radiation radiates from the warmer to the cooler area. Figure 2-24 shows
how net radiation is determined.

Low E Film Low E Film  RadiationIn
Inside Qutside Inside Qutside : Radiation |
| 1 |
Out
Cool Hot Hot Cool : H
] )l ]
Cooling Heating N,et_
Dominant Dominant Radiation
Climate Climate Figure 2-24. Net radiation is
(Warm Weather) (Cold Weather) the difference between the

amount of radiation hitting
Figure 2-23. Placement of Low-e film in Differ- , guyrface and the radiation

ent Climates leaving the surface.

Radiation and Climate Change

Radiation is at the heart of the climate change debate. Pure radia-
tion is how energy reaches the earth from the sun. Fossil fuels such as
oil and coal originated from plants grown by the sun, or from dinosaurs
that ate the plants grown in the sun. Herein lies the dilemma of climate
change: the more we use energy directly from the sun, or so-called re-
newable energy, the less we need to pollute the earth’s atmosphere. The
more we use energy that comes indirectly from the sun, as through fossil
fuels, the more we use energy at a faster rate than it is being produced
by the sun on the planet at the time. Thus, we run the risk that using
fuel created in a previous timeframe will overload the atmosphere with
pollutants during our time frame. The more we create pollutants that
strengthen the “greenhouse effect,” the worse the greenhouse effect will
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become. Figure 2-25 and 2-26 shows how the greenhouse effect occurs.
Some also consider nuclear energy to be a renewable energy because it
also does not generate climate-changing pollution.

The term “greenhouse effect” is used because of the similarities of
this process to the way a greenhouse works. The glass in greenhouses
allows almost all the solar radiation to be transmitted into the green
house through the glass. That solar radiation then warms objects within
the greenhouse as it strikes them. These warm objects then emit infrared
radiation. The glass partly absorbs and partly reflects back this radiation
into the greenhouse, thus, keeping it from escaping out of the green-
house.

Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

More Heat Escap?

Less Heat Escapes
% into space

GREEN HOUSE EFFECT

Figure 2-26. The Green House Effect
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The closer the sun’s rays hit perpen-
dicular to a surface; the more the energy
is absorbed by or transmitted through the
material. The more the sun’s rays hit the
material at an angle, the less the material TS
absorbs or transmits energy and the more
energy is reflected. This concept is shown
in Figure 2-27. For example, a flat roof will
be hotter than a sloped roof when the sun ! > ﬁ
is directly overhead because the flat roof

sits exactly perpendicular to the sun’s rays
coming from directly above.

Figure 2-27. Effect of the

. Sun’s Angle on Whether
Applied Heat Transfer Radiation is Absorbed or
How do the principles of heat transfer Reflected—The closer to

apply to buildings? Heat generated inside a  parallel the ray is, the more
building, say by a furnace, warms the inside likely it is going to be re-
surfaces of the building by both radiation flected.

and convection. Heat is transferred through

the building surfaces themselves mostly by conduction, but also with the
help of convection if there are cavities in the wall, and to some degree by
radiation as well. On the cold outside of a wall assembly, heat leaves the
wall by convection and radiation. An item that is physically touching the
building assembly, like a metal stair, will remove heat by conduction. At
the same time, when conditioned air leaves the building through a leak,
it is replaced by outside air and there is even more significant heat loss.
In the end, one of the most significant sources of energy losses in a home
is by leakage through “bypasses” in the walls, ceilings, floors, windows,
doors, etc. Leakage is considered mass flow or mass transport — we are
taking warm air that has mass (albeit a light mass) and it is being trans-
ported from, for instance, a warm area inside to a cold area outside. In the
process, it cools down, etc. and the heat energy is given up to the outside.

OTHER PERTINENT ENERGY BASICS

This next section discusses other basics in the energy arena, in-
cluding the combustion process, furnaces, air conditioning and insula-
tion.
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The Combustion Process

The combustion process is often used to produce heat for homes.
Air combines with fuel and a heat source (such as a spark), and oxida-
tion or burning occurs to produce heat. This is often called the com-
bustion triangle—oxygen, heat source (spark), and fuel, Figure 2-28.
Combustion products include carbon dioxide, heat, and the often unex-
pected and overlooked byproduct, water vapor.

CH, + 20, — energy + CO, +2H,0
(Burning of natural gas)

This production of water vapor is why households that use por-
table, unvented kerosene heaters experience a buildup of moisture, and
sometimes may have ice on the inside of windows in the winter in cold
weather areas.

)

-
&
2, o

2

Fuel

Figure 2-28. Requirements for Ignition of Burning

Complete combustion occurs when only carbon dioxide (CO,),
water and heat are produced. Complete combustion is very difficult to
achieve, although it can come close. Carbon monoxide (CO) can be a
byproduct when the ratio of fuel to oxygen is either too high to allow
for the complete formation of CO,, or when the temperature of the com-
bustion process is too low to allow for complete burning to occur. If the
fuel is not completely burned in the combustion process and it goes out
the flue, the “fuel burning efficiency” or “burn efficiency” is not 100%.
Even though it is difficult to get all the fuel to burn, only 1% or less of
the energy is usually lost to unburned fuel.
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Primary, Secondary, Dilution, and Excess Air

Air involved in the combustion process can be primary or second-
ary air. Primary air is air that is mixed with the fuel before combustion
begins. In a furnace, there is an adjustable opening just before the burn-
ers to allow primary air to mix with the fuel. Secondary air is additional
air that surrounds the flame after the fuel has already been ignited.
Thus, the air being drawn in next to the flame is considered secondary
air. On ajet burner (Figure 2-29), the air being drawn in through the heat
exchanger opening around the jet of blue flame is secondary air.

Secondary
Air

Primary
Air \l <

7 Flame
Gas L/

Supply

Primar >
Air 5 /l -

Secondary
Air

Figure 2-29. Primary and Secondary Air

On a gas stovetop burner, the secondary air mixes next to the flame
by entering from down below the burner. Part of both the primary and
secondary air is used in the combustion process and part passes through
as excess air (see “excess air” below). Thus, since flue gases are exhaust-
ed to the outside, some energy is wasted by heating gases that are part
of the combustion process and the gases that are just “going along for
the ride.” The losses in energy that occur as a result of the escaped gases
that were part of the combustion process are framed in terms of “sensi-
ble” and “latent” heat losses. The sensible heat losses due to combustion
gases are simply the losses of energy due to heating these gases only to
lose them out the flue. The latent heat losses due to combustion gases
are the losses of energy due to heating the vapor in the air to the higher
temperature only to lose them out the flue. Thus, losses of energy in
combustion gases (gases that are actually part of the chemical reaction
of combustion) are recognized as either sensible or latent energy losses.
Remember, energy is also lost by heating air that is just going along for
the ride. Table 2-3 list the various types of heat losses in furnaces.
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Table 2-3. Types of Heat Losses From Furnaces

Sensible
Latent
Excess Air
Dilution
Cycling
Jacket/Cabinet
Duct Leakage /Poor Insulation

Dilution air is additional air from inside the area where the heating
unit is located. It is mixed farther downstream of the burners and even
past the heat exchangers, where a draft diverter, mixing box, or bell
housing exists. Dilution air is drawn into the draft diverter by a nega-
tive pressure created by the hot gases being pulled up the flue or chim-
ney by the principle that hot air rises. This is lost energy since heated
building air (before it is mixed with the flue gases) is sent out the flue
or chimney. Despite attempting to achieve higher efficiencies over time
by avoiding the use of dilution air, many new boilers and water heaters
still use a draft diverter that must be provided with dilution air. Figures
2-30, 2-31, and 2-32 are diagrams of various draft diverters.

Barometric draft dampers as shown in Figure 2-33 are a special
type of mixer that keeps un-
necessary dilution air from
entering the flue. A special
lever on the damper nor-

mally keeps the damper

closed and only allows it to {

open when there is negative ' !V““ 1
pressure in the flue. This & A
keeps the damper from be- }
ing opened when the flue I
is priming for a while after Dilution Air
the heating unit has been
started. It does this by only
allowing as much dilution Figure 2-30. Older Style Sheet Metal Draft
air to mix in as is necessary  Diverter on the Outside of a Furnace. These
to obtain a good flow of flue were typically installed on-site by a me-
gases out the chimney or chanical contractor.
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7

Vent Connector

\\ Backflow <€

Draft
Built-In
diverter

Furnace
Burners

Figure 2-31. (Left) Side view of standard efficiency furnace with built-in draft
diverter and proper flow of dilution air mixing into the flue with the com-
busted gases (Right) Cutaway view of standard (low efficiency) furnace draft
diverter with backflow of combusted gases

e

Flue Smoke Pipe
/ T or Flue
\
Normal Draw/Flow Normal Draw/Flow
BAROMETRIC
DRAFT DAMPE
(OIL ONLY)
Water -~
Heater Alr
Figure 2-32. Water Heater Diverter With

Proper Flow of Dilution Air Mixing Into

The Flue Figure 2-33. A Barometric Draft
Damper on a Flue For an Oil-Fired
Appliance
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flue. Thus, barometric draft dampers are more efficient than the classic
“wide open” draft diverters.

Excess air is air that is in excess of what is needed for the com-
bustion process and is released along with the rest of the combustion
byproducts above the stovetop burner into open air or out the flue, in
the case of a furnace. The excess air is not only both the primary and
secondary air that is not used in the combustion process, it also includes
the dilution air. Of the primary and secondary air, secondary air repre-
sents the larger of the two in terms of excess air because it is not directly
mixed with the fuel at ignition, as is primary air. If more than the mini-
mum oxygen required for complete combustion is provided, the unused
portion of that oxygen and the rest of the unused air (such as nitrogen)
will become an unused portion that exits along with the byproducts of
combustion as excess air. Along with it goes the energy it took to heat it.
Technically, this unused excess air is only passing through the process
unchanged and without participating in the chemical process, and so
it really is not a product of combustion. At the same time, if the air is
heated in the process and passes out of the flue, it contributes to wasted
energy. The higher the percent of excess air in the combustion process,
the lower the efficiency of the appliance or furnace. An efficiency dia-
gram is shown below in Figure 2-34.

HEATING SYSTEM/FURNACE BASICS

The fundamental process of a heating system includes combus-
tion, heat exchange of the produced heat across an exchanger to a sepa-
rately chambered warm air distributor, and separate ventilation of the
byproducts of combustion out the chimney or flue (Figure 2-35).

You will probably come across three categories of heating units:
low efficiency, medium efficiency and high efficiency. With each de-
creasing level of efficiency, the exhaust flue temperatures are higher and
more heat is lost when the flue gases are exhausted to the exterior.

Low Efficiency Furnace

In low or standard efficiency furnaces (Figure 2-36), a high per-
centage of heat is not extracted from the combustion process. The ex-
haust air coming from the combustion process is hot enough to safely
rise up the chimney or flue on its own. These appliances are typically
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ANNUAL FUEL

< 100%

Figure 2-34. Different Energy Losses to Furnace Operation
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vy

Air that circulates around the house
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Combusted air that goes out of the ﬂuc:
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Heat
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>
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-
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Figure 2-35. Separation of the Bad Air (Combusted Air) From the Good Air
(Circulating Air) by a Heat Exchanger

called atmospheric or “gravity fed” appliances. Unfortunately, this abil-
ity for the hot flue gases to pass out of the house through a flue on their
own makes them inefficient. If more heat had been extracted from the
combustion process, the exhaust would not be hot enough to be able to
rise out of the flue on its own. Another reason these furnaces are so inef-
ficient is that they have a more open clamshell style heat exchanger that
extracts less heat than the restricted convoluted heat exchangers found
in both medium and high efficiency furnaces.

Medium Efficiency Furnace

If a little more heat could be extracted from the combustion pro-
cess, a fan would have to be used to help exhaust the combustion gases
as in a medium efficiency furnace (Figure 2-37). The fan also helps to
pull the air through the convoluted heat exchanger. Medium efficiency
furnaces have no secondary heat exchanger and are therefore less effi-
cient than high-efficiency furnaces.

High Efficiency Furnace

In a high efficiency furnace Figure 2-38), even more heat is ex-
tracted from the gases. These furnaces require a flue fan to push the air
up the flue because it is no longer hot enough to rise up the flue on its
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Figure 2-36. Low Efficiency Furnace

own. In fact, the temperature is low enough that a plastic PVC sprinkle
pipe can serve as the flue for the furnace. So much heat is extracted there
is little sensible, latent or excess air heat loss. High-efficiency furnaces
are also more efficient because they obtain better heat exchange by us-
ing a more convoluted tube or passage way. They are also more efficient
because hot gases pass through both a primary and a secondary heat
exchanger to extract even more heat. In the secondary heat exchanger,
water vapor is extracted from the hot gases in the form of condensate.
Medium and low efficiency furnaces do not have secondary heat ex-
changer that extracts water vapor from the hot gases.

Modern medium and high efficiency furnaces have also become
more efficient because they do not use a standing pilot light, and instead
use an electronic ignition, such as a “hot plate” or spark ignition system.

Energy Losses

All furnaces experience some sensible heat, latent heat and excess
air energy losses. There are additional energy losses from the heating
equipment cycles. For instance, energy is wasted when the thermostat
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Figure 2-37. Medium Efficiency Furnace
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Figure 2-38. High Efficiency Furnace
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shuts off a boiler or furnace because there is typically some heated water
or air left in the system that will not be circulated. If the furnace or boiler
continues to circulate this heated water or air after the burners have been
shut off, some, but not all, of that heat can still be utilized to heat the
home. Thus, although cycling and jacket losses (see Figure 2-40) can be re-
duced, they cannot be completely eliminated. Some factors that affect the
amount of energy wasted from cycling losses include the heat required to
heat the heat exchanger, the number of cycles the furnace will go through
in a day, and how efficient the distribution ductwork or piping is. Thus,
if there is a thick heat exchanger, as with boilers, then the cycling losses
are typically higher than if there is a thin heat exchanger as in furnaces,
Figure 2-39.

Figure 2-39. More heat travels through a material over a given timeframe if the
material, such as a heat exchanger, is thinner.

Furthermore, if there is an oversized furnace in a home, the fur-
nace may not even have to heat up to its optimum temperature before
it has completely heated the home. In this situation, it will cut its cycle
short or “short cycle,” resulting in more losses of energy than if an ap-
propriately sized furnace had been placed in the home. Finally, if there
is an inefficient ductwork system that allows poor flow in the case of a
furnace, then there will be more cycling losses than if the ductwork were
more efficient. Note that these are not losses due to poor duct insulation
or leaks in the ductwork, only whether they are large enough to accom-
modate the airflow through them. These considerations assume that
the furnace is not located in rooms that are being heated. However, if
you are evaluating a room heater, the waste heat resulting from cycling
losses will be kept within the room. As a result, room heaters typically
have lower “off cycle losses” then do central heating systems.

One final source of energy loss in heating systems comes from
“distribution losses.” These losses typically are a result of leaks in
the pipes or ducts (mass transport) and result from the lack of insula-
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tion around pipes or ducts (radiation,

conduction, and convection losses).

You can reduce leaks (the most sig-
T TTT nificant source of distribution losses)
by sealing them. Ducts and pipes can
be insulated and a radiant barrier can
be installed to reduce the losses from
conduction, convection, and radia-
tion. Another example of distribution
losses occurs when the circulation
of air or water flows by the heat ex-
changer too slowly. This kind of a
misfit situation, caused by an inad-
equately sized blower fan or water
circulation pump, results in less heat
being extracted through the heat ex-
changer from the burner gases, which,
in turn, sends more energy out the flue in the process.

T

IRRARRARRARN!

Furnace

Figure 2-40. Furnace “Jacket”
Energy Losses

Efficiency Definitions

If all the energy losses described above are taken into account,
the overall efficiency of the entire heating system can be determined
(including the ductwork), which is often termed the “delivered heating
efficiency” or “seasonal efficiency.” If the distribution losses that occur
from the piping or ductwork are eliminated, this is defined as the annual
fuel utilization efficiency or AFUE. Thus, while AFUE takes into account
unburned fuel, the sensible and latent heat losses of combustion gases,
excess air losses of non-combusted gases, off-cycling or jacket losses,
and the losses of heat through the furnace wall itself, it does not include
losses due to distributing the heat around the house that are caused by
leaks or uninsulated pipes or ducts. The AFUE is 90 to 97% for high ef-
ficiency furnaces and 80 to 90% for medium efficiency furnaces.

Trim back another aspect of energy losses, (not taking into account
cycling losses) to get the steady state efficiency or SSE. It is called steady
state because it evaluates efficiency only once the furnace has fully
warmed up (on at least 10 minutes) and does not take into account the
losses due to cooling down - it does not evaluate transient, but rather
only steady state efficiency. This is why you can only check SSE with a
combustion analyzer after the furnace is fully heated by taking samples
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from the flue, as shown in Figure 2-41. Because the SSE is an efficiency
test that is done on site with the furnace, rather than in controlled circum-
stances off-site, it is considered an “in situ” measurement or test. The SSE
for high efficiency furnaces is 97 to 98%. The next stage of efficiency does
not include the combustion gas losses (sensible and latent losses) or the
excess air losses, leaving only
the fuel burning efficiency
(see Figure 2-34).

Vent Connector

Oil Burners Dilution Air

High-efficiency oil
burners do not condense
moisture out of the flue gases
with a secondary heat ex-
changer because the combus-
tion of oil does not involve
producing as much moisture
as burning natural gas. In-
stead, they achieve an AFUE
of close to 90% using a special
flame retention head oil burn-
er (FRHOB) that is capable of
almost complete combustion
using very little excess air.

In addition, eliminating
the use of the barometric draft damper by using a high-pressure burner
has also added to higher efficiencies in oil burning boilers and furnaces.
Finally, interruptible solid-state igniters and split capacitor motors are
now being used to save electrical energy in oil burners.

Figure 2-41. Checking Steady State Effi-
ciency on a Low Efficiency Furnace

Applied Efficiency

Most homes today are heated with oil, natural gas, or electricity.
Because of the inefficiency in combustion furnaces mentioned above,
you might ask why not use electric heat since electric heating units are
100% efficient. Electrical energy is much more expensive because all
but only a portion of that energy is lost through transmission losses es-
pecially if the electricity is used far away from the dam, coal plant, etc.
where it is generated, as shown in Figure 2-42.
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e

Figure 2-42. Electric power is lost in the process of transmitting it across
power lines.

One of the benefits of on-site generation of energy such as by solar
photovoltaic panels is that there is little transmission loss. Natural gas
must also be transported involving expensive pipeline and pumping
stations. Fuel oil also can be expensive to transport by truck, etc. There-
fore, in addition to combustion efficiencies, all these other factors must
be taken into account, Figure 2-43.

Figure 2-43. Using pipelines and rail to
move energy is expensive.

COOLING UNITS—THE AIR-CONDITIONING PROCESS

There are two basic types of air conditioning units, split and pack-
aged. A split system essentially has a condenser coil outdoors, and an
evaporative coil indoors, typically just downstream of the furnace or
blower. A packaged system (Figure 2-44) combines the condenser coil
and evaporator coil into one unit or box. Single, combined units are
typically mounted on the roof or sit on a concrete slab next to the house
and have ductwork directly connected to the house.
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Figure 2-44. This is an
example of a package s

unit air conditioning
system where both the
evaporator and con- .

I
I

denser are outside. Be-
cause both the evapora-
tor and condenser are
outside, ductwork must
go from the unit to the
inside of the house.

+Ductwork

T
/=

/=

Air conditioners work as follows: Refrigerant gas travels to the
compressor as a saturated vapor. At the compressor, it is compressed to
a higher pressure and temperature. This hot refrigerant vapor is then
routed through the condenser coil or piping, where it is cooled and con-
denses or changes to a liquid. This process is accomplished by running
the hot vapor through the condenser coil with relatively cool air from
outside flowing across the condenser coil or pipe, Figure 2-45.

You may have heard an outside condenser unit fan when you were
walking around a house. This is the fan that blows relatively cool out-

Compressor

High-Pressure Side ;
2 Low-Pressure Side

. Expansion Valve
Sub cooled Liquid . "

Figure 2-45. Condenser Coil—left, Evaporator Coil—right
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side air across the condenser coil to cool the hot refrigerant vapor and
convert it into a liquid.

This condensed liquid refrigerant then passes through an “expan-
sion valve” where it experiences a major reduction in pressure. The
reduction in pressure results in evaporation of a portion of the liquid
refrigerant. This evaporation cools the refrigerant down to a tempera-
ture that is colder than the air temperature inside the home. This cold
liquid and vapor refrigerant mixture passes through the evaporator coil
or piping located inside the home while a fan blows the warm inside
air across the outside surface of the evaporator coil, allowing heat to
be transferred from the air to the refrigerant. As the heat is transferred,
the remaining liquid part of the cold refrigerant mixture is converted
back into vapor as it warms. As the warm, inside circulating air passes
through the evaporator coil, it is cooled and the air in the home is condi-
tioned to a lower temperature. The refrigerant vapor exiting the evapo-
rator coil is routed back into the compressor and the refrigeration cycle
starts over again.

INSULATION AND R-VALUES

The R-value is a number assigned to a material to quantify its
resistance to the transfer of heat. It is typically expressed in terms of re-
sistance per unit of depth. For instance, wood typically has R-1 per inch
of thickness. The R-value is determined by guarded hotbox (Figure 2-46)
testing. This testing is done by keeping an inner box, the guarded, at a
known temperature and placing the material to be tested around it as
part of an outer box. The R-value is determined by noting the tempera-
tures on each side of the material being tested.

The U-value is the inverse of the R-value. The U-value is a measure
of thermal transmittance, not resistance. It is like the K-value. It is found
by measuring how long it takes a known quantity of heat to equalize
across a material. Since R-value is the inverse of the U-value, the follow-
ing equations apply:

R=1/Uand U=1/R

As an example, a material with a U-value of 0.5 would have an R-value
of 2.
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Figure 2-46. A Hot Box for Testing the R-Value of Materials, Including Win-
dows, Doors, Walls and any Other Materials

As general guidelines for R-values of specific materials, Table 2-4
gives a list of materials and their generally accepted R-Value.

Thus, of those listed, polyisocyanurate board has the highest R-
value, but concrete would have the highest U-value because it does not
serve as a very good insulator and has a low R-value.

Determining the actual R-values in a home can be much more
complicated. See Appendix G for a discussion of R-values in reality.

Table 2-4. R-Values of Different Materials

Material R-Value
Fiberglass 3.5 per inch
Cellulose 3.0 per inch
Bead Board or expanded | 3.6 per inch
polystyrene

Styrofoam  or  extruded | 5 per inch
polystyrene

Polyisocyanurate Board 5.6-7.6 per inch
Glass 1 per layer
Wood 1 per inch
Concrete 1 per 8 inches
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In the beginning days of weatherization, it was thought that re-
placing doors and windows would be a major benefit. Over time, it
began to be apparent that tightening a home by insulation would be the
best improvement. Homes are tighter today in many ways: they have
better insulated windows and doors, concrete has replaced stone foun-
dations and floors, drywall and plywood seal better than lath and plas-
ter, and sealing caulks are more durable. Homes of today have more and
bigger fans than before: clothes dryers, central vacuums, whole house
ventilation fans, air handlers instead of gravity fed circulation systems,
stronger kitchen fans, stronger furnace fans, and central air condition-
ing. Homes of today also have weaker draft appliances: higher efficien-
cy heating appliances require less draft, and sealed combustion units
or direct vented appliances bring combustion air directly from outside
rather from inside the home. Finally, homes of today have less drying
potential: insulation in walls and ceilings slows or stops air movement,
single level buildings have a reduced stack effect, etc. People’s habits
have also changed. Instead of weekly baths, most people now take daily
showers. Hot tubs, saunas, indoor pools, and multiple showerheads
also add moisture to the interior of the home today.

WHOLE HOUSE

Unfortunately, as homes have become tighter, safety problems
have often developed. Building science experts believe that the key to
successful weatherization is to treat the whole house as a system. It is
important to understand the interdependency of the components and
systems in a home and their combined effect on energy savings and
health and safety issues.

45
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Here are some examples of how the components of a home are

integrated and how they affect other parts of the home in the process.

1)
2)

3)

An uninsulated attic can make the heating and/or cooling system
work harder.

Leaky canned or recessed light fixtures can increase heat loss and
gain, and cause moisture and ice damming problems.

Exhaust fans can pump air into crawlspaces or attics. Moisture in
this air can condense on the roof deck, floor joists, and other struc-
tural features, which in turn, weakens them, as shown in Figure
3-1.

l I

%

AL
{No | 1Yes
: ] AP = Negative
——
| |
1 I

Figure 3-1. Exhaust air into an attic is not appropriate because it may deposit
moisture as condensation. In addition, any exhaust can create a negative pres-
sure in the home with respect to (WRT) outside, which will pull air from the
outside into the home.

4)

5)

Attached garages have the potential for carbon monoxide poison-
ing.

Combustion appliances that rely on the gravity feed of the hot air
for the exhaust of the combusted gasses out of the flue can poten-
tially cause safety concerns.
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6)  Moisture from showering, faucet aerators, cooking, and moisture
that gets into the house through concrete, soil in a crawlspace,
landscaping sprinklers, poor grading, inadequate gutters, and
down spouts can be a problem.

7)  Air infiltration at windows, doors, and bypasses and air exfiltra-
tion at cathedral ceilings and recessed light fixtures or canned
lights can cause significant problems.

These and other potential problems must be considered when
weatherizing a home. Although the goal of weatherization is to reduce
the heating and cooling load, there has to be enough fresh air for the
occupants. In addition, if the work is not carefully done, there could be
moisture problems that did not exist before weatherization. To make
things worse, the tighter the building, the stronger the interaction be-
comes between components of a home.

In previous times, contractors purposefully left houses leaky to
provide good indoor air quality in the fall and spring. Figure 3-2 dem-
onstrates how older homes leak more than newer homes. However, this
also made them drafty and expensive to cool in summer and heat in
winter. The first energy crisis in the early 1970s inspired many to insu-
late without considering moisture or indoor air quality. In some homes,
the result was rot, mold, and odors.

-<: <]:
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Older Home Newer Home

Figure 3-2. An older home typically has more air leakage than a newer home.

Newer building codes promote and recognize tighter home con-
struction; however, except for some of the most advanced codes, homes
have become tighter without considering some of the potential negative
side effects.
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COMPONENTS OF THE HOUSE

Weatherization is concerned with the building envelope, the ther-
mal boundary and the air barrier. These terms are defined as follows:

The Building Envelope: The building envelope is the outer struc-
ture or shell of the home. It is what separates the interior of a building
from the exterior.

The Thermal Boundary: The thermal boundary is essentially the
insulation in the walls, attic, crawlspace, etc. of a home. Because it is
made of insulation, the thermal boundary can be easily identified. Com-
mon insulation materials include cellulose, fiberglass, and vermiculite.
Insulation acts as a resistor to heat flow or conductive heat loss through
the building envelope, and limits heat flow between the inside and the
outside of the house. Even small areas of missing insulation can make
a big difference in the thermal boundary. Voids in insulation of only 7%
can reduce the effective thermal resistance (R-value) by almost half. As
an example, if there is a roughly 1000 ft? attic space above a home that
is insulated to R-38, the affective R-value falls to 19 when only 70 ft2 of
insulation is removed.

The Air Barrier: The air barrier, also known as the pressure bound-
ary, limits airflow between the inside and the outside of the home, and
thereby reduces the loss of heat and moisture in that air. The air barrier
is typically the interior drywall or lath and plaster in a home. The opti-
mal air barrier should encompass the living space and nothing else. In
other words, the air barrier should not encompass unconditioned areas
of the home. The air barrier cannot always be determined through vi-
sual inspection. The more elaborate the home, the more difficult it is to
have a continuous air barrier, especially around the inside and outside
corners of the walls. As a general rule, the inside wall of a home should
be chosen as the air barrier in cold weather areas and the outside of
the exterior walls should be chosen as the air barrier in warm weather
areas. One of the best ways to determine the condition and location of
air barriers is by using a blower door fan and pressure testing, as will be
discussed in a later chapter.

The air barrier should be in contact with and continuous with
the thermal barrier. If not, there is a risk that air will pass through the
insulation, carrying moisture and heat with it. One way to make sure
that the thermal and air barriers are in contact with each other is to use
materials that serve as both. Such materials include foam board, spray
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foam, and properly installed dense pack cellulose.

In Figures 3-3 and 3-4 are examples of where the air barrier and
thermal barrier are aligned or continuous and where the air barrier and
thermal barrier are mismatched or not aligned.

Thermal Barrier
(Insulation)

l

Air Barrier

—1 (Paint or Vapor|{—

Barrier Inside)
|

_——

A\

Thermal Barrier
(Insulation)

Figure 3-3. A Home With Thermal and Air Barrier Aligned
The air barrier (shown on the inside of this building) and the thermal barrier (shown on
the outside) are aligned because they are right next to each other. The dark line represents
the air barrier while the lighter line represents the thermal barrier or insulation.

Thermal Barri
(Insulation)

Air Barrser
(Paint, Vapor
Barrier, or Well

Air Barrier
(Paint or Vapor
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Thermal Barrier
(nsulation) il | Thermal Barner

Dk lives repuesent The ar harrer whie the lighter lines represent The Thermal baesier o nsulniodinsulation)

Matching Not Matching
Figure 3-4. Thermal and Air Barrier

With the air barrier shown on the inside and the thermal barrier shown on the outside of
these buildings, it is not difficult to see that the crawlspace on the home at the right has the
best air barrier around it even though the floor is insulated and represents the thermal bar-
rier. This mismatch could be due to openings in the floor where plumbing penetrations,
etc., exist, excluding the use of the floor as an air barrier. Use ZPD testing to determine
which parts represent the better air barrier.
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One of the most challenging
air barrier issues comes with “Cape
Cod” style homes as shown in Fig-
ure 3-5. In these 1-1/2 story homes,
it is not uncommon for there to be
relatively free communication of air
from the attic spaces (A and E) into
the vaulted ceilings and knee walls
of the upper floor (D and C respec-
tively), and through them, the floor of
the upper floor (B). In a cold weather
area in the winter, the upper story B
floor often feels cold. This space is be-
tween the upper and lower floors and
should be warm. However, because Figure 3-5.
of air leakage from the attic space all 1% Story Cape Cod Home
the way down into the floor space of
the upper floor, it feels cold.

Fire Barrier: A fire barrier resists fire. It serves a different purpose
than the insulated thermal barrier used in the energy arena even though
it may use rock wool insulation as a true fire resister. It should keep the
underlying materials from reaching 250°F for at least 15 minutes. A fire-
wall or fire partition on the other hand, is rated for at least 15 minutes
and is intended to stay standing during a fire.

THE EFFECT OF AIR ON THE HOUSE SYSTEM

Air Flow

Airflow is measured in cubic feet per minute (CFM), or ft3/min. A
cubic foot is a little larger than the size of a basketball. Therefore, a flow
of 100 CFM would be roughly the equivalent of the air in 100 basketballs
flowing in one minute, Figure 3-6.

Air moves from high to low temperature areas and from high to
low-pressure areas through holes. For every conditioned (heated or
cooled) CFM that goes out of the house, a CFM of untreated outside
air enters the home, but typically at a different location. This condition
is shown in Figure 3-7. Consider this example: Hot air is less dense
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Air Leakage Comparison

1 Basketball
sized amount
of air volume
in one minute
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~ 1 foot
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Figure 3-6. Air Leakage Comparison

than cold air and so it exists
at a higher pressure due to
its buoyancy. Therefore, in
winter, the air wants to find a
way to get cooler. It will find
holes in the house to get out-
side to the cold. When hot air
escapes a home in cold weath-
er, it takes heat energy with
it. Since escaped warmer air
must now be replaced in the
house, cold air will leak in to
replace it. This cold air now
needs to be heated until it is
equilibrated with the warm
air in the house.

These pressure and tem-
perature differences drive air
movement into, out of, and
throughout the home. The
biggest concern is with air
movement between the inside
and outside of the house. Air
movement within the living

N

A
——

ashed lines represent cold air.
Solid arrows represent warm air.

Figure 3-7. Cold Air In, Warm Air Out
In winter, stack effect creates a vacuum in the
lower parts of the home when cold air is drawn
in through leaks in the wall around joints, pipes
and wires or through cutouts in the floor for P
traps, ductwork, vents, etc. In the upper parts
of the home, stack effect creates pressure, which
pushes warm air out of the house. This warm air
is replaced with the cold air from below, which

must be heated.
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space is less important for energy efficiency. The bigger the temperature
or pressure difference between inside and outside, the greater the heat
flow and airflow. Retrofit measures that reduce heating needs are often
more cost-effective than those that reduce cooling needs. The tempera-
ture difference between inside and outside in a colder winter climate
(indoor = 70°F, outdoor = 20°F, AT = 50°F) is typically 2 to 3 times more
than the difference in even the hottest summer climate (indoor = 70°F,
outdoor = 90°F, AT = 20°F).

The temperature difference between inside and outside is known
as the Delta T or AT. The higher the AT, the greater the force of air and
heat to enter or escape the building. Thus, the rate of air and heat trans-
fer increases as the AT increases. To use a winter /summer analogy, the
rate of natural leakage in the summer of a home might be only 40 CFM,
but because of the increased AT in the winter, the rate can increase to 80
CFM, as shown in Figure 3-8.

. 65°F 20°F . 75°F 95°F
: : ‘ ar=45°F |1+ | AT=20°F
80 CFM Leakage 40 CFM Leakage
Dashed arrows represent cold air. Solid arrows represent warm air.
Stack Effect: Reverse Stack Effect:
Cold Air in Below, Wam Air in at the Top,
Warm Air out at the Top Cold Air out Below

Figure 3-8. Winter Makes A House Leakier Than in The Summer
In winter, the negative pressures below and the positive pressure above cause cold air to
be drawn into the lower parts and warm air to be pushed out of the upper parts of a home.
Temperature differences between inside and outside tend to be greater in winter than in
summer, resulting in greater air leakage in winter.

Pressure Differences

The greater the AT, the greater the pressure differences. Pressure
can act on all sides of a home like the pressure inside a balloon. If the
house is pressurized, the air on the inside is denser than the air on the
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outside. Some of the forces that cause pressure differences in homes
include wind, heat, and fans. A driving wind can create a positive pres-
sure on the windward side of a home while creating a negative pressure
on the other sides of the home. The protected or leeward side of the
home will have a negative pressure that sucks air out of the home. The
greater the number of stories, the more a home can be affected by the
higher winds that occur farther above the ground. At the same time,
nearby buildings, fences, trees, terrain (including berms) can protect or
shield a home from the wind and its effects, as shown in Figure 3-9.

SHIELDING

HEIGHT e

Figure 3-9. A home may be exposed directly to the wind or protected, as in this
diagram, with a berm.

Bathroom, kitchen and other exhaust fans, as well as combustion
appliances can create negative pressure in the home that leads to in-
creased infiltration. Some combustion appliances can create a negative
pressure in the home because they take oxygen-rich combustion air
from inside the home and exhaust the resultant oxygen-poor combusted
air out the flue, as demonstrated in Figure 3-10.

Duct leaks can cause even greater negative and positive pressures
than small exhaust fans in different parts of the home. If the duct leak is
in a return air duct, then the negative pressure inside the ductwork draws
air in from around the duct (for example, from the crawlspace air). If the
duct leak is in a supply air duct, then the positive pressure inside the
ductwork will push air out of the duct into the space around the duct, as
in Figure 3-11. Therefore, even though a hole is a set size, flow through
the hole will be greater when pressure differences are greater. Thus, given
the same size hole in a duct, expect a higher flow when the pressure dif-
ferences are greater. Since furnace fans are much larger than bathroom or
other exhaust fans, these effects can be even more dramatic.
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Figure 3-10. Exhaust fans, dryers, and even combustion appliances can create
negative pressures in homes with respect to outside.
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In addition, flow will take the path of least resistance—where the
flow is the easiest—not where you want it to flow. Thus, the “makeup
air” needed to replace air that exhaust fans etc. push out of the house is
provided by air being drawn into the home through leaks in the build-
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ing shell or, in a worst case scenario, being pulled down from inside
the chimney or a combustion appliance flue when there are not enough
leaks available. Pulling bad air back down into the home is a health and
safety issue, as shown in Figure 3-12.

Flue s |
-
Backflow Backflow

al
Backflow

Older Style (pre-'70')
Furnace with
Draft Diverter
Built On-site

Water
Heater

Figure 3-12. Combustion Appliance Backflow is a Health and Safety Hazard

Air Leakage

Air leakage can be classified into two categories: direct and indirect
leakage. Direct leakage occurs where there are direct openings to the
outdoors such as around doors and windows. Other examples of direct
leakage include dryer vents and other places there are penetrations in the
building envelope. With indirect leakage, the air enters one spot, then
moves through some building cavities, and exits at a different location.
This leakage typically travels through an “intermediate zone” that is
either “inside” or “outside” the building. Indirect leakage occurs more
commonly in older homes where there are no top plates on interior walls.
Another good example of indirect air leakage is a porch roof that meets
the side of the house because siding is often very leaky or not present at
these junctures. Cold air is then allowed to flow from the porch attic into
the floor and wall cavities and soffits inside the home. As a result, these
walls and floors feel cold in winter. This is illustrated in Figure 3-13.

Indirect air leakage can occur through bypasses and gaps in the
insulation. This can include the small holes for pipes, wires, or chimney
chases that pass into the attic from the level below. Other problems can
include openings in floors under showers and tubs to accommodate
pipes and P traps, poorly sealed ductwork, poor air isolation between
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Figure 3-13. An example of how air in a balloon frame home can easily make
its way from the leaky outside porch ceiling, through the outside wall sheath-
ing, and even into the interior floor spaces.

the garage and the house, dropped soffits, and fireplaces without glass
doors. Quality testing can track these leaks.

Because air leakage requires both a hole and a pressure difference
across the hole, there would be no need to worry about holes if there
were no pressure differences. A bigger hole or a higher-pressure dif-
ference will create a greater volume of air leakage. To reduce airflow,
reduce the size of the hole or lower the pressure difference. Often if the
size of the hole is reduced, the pressure difference is also lowered as a
result. This is shown in Figure 3-14.

Ventilation
While infiltration and exfiltration are defined as air leakage com-
ing in or going out respectively, ventilation is defined as controlled air
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Smaller holes =| leak Hole sizes bigger = 1 leak
Figure 3-14. Effect of Hole Size

leakage. A good example of infiltration would be cold air coming in un-
der a door in the winter. An example of exfiltration would be warm air
traveling up through recessed can lights into the attic in winter. Natural
or passive ventilation is ventilation that occurs without the use of fans
or other mechanical equipment. Mechanical or intentional ventilation
is the ventilation that results from the use of fans or other mechanical
equipment, see Table 3-1. An example of mechanical ventilation would
be bathroom or kitchen hood fans.

Table 3-1. Natural and Mechanical Ventilation

Natural Ventilation Mechanical/Intentional
Ventilation

Window Leaks Bathroom Fan

Door Leaks Kitchen Fan

Indirect Leaks

Stack Effect

Stack effect is a driving force that creates pressure differences in
the home, as shown in Figure 3-14. Rising warm air escapes out the top
of the house and creates a suction pulling outside air in near the bot-
tom of the house. The positive pressure at the top of the home causes
exfiltration to the attic or to the exterior. Remember that every CFM that
escapes from the home has to be replaced with a CFM from somewhere
else. The corresponding negative pressure that typically occurs in the
lower portion of the building leads to air infiltration there. A good ex-
ample of a useful version of the stack effect would be the proper draft-
ing of a chimney. A simple flue stack allows hot air from a furnace to be
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drawn out of the house because hot air wants to rise.

To better understand stack effect, think of a room with a high ceil-
ing. The air will be quite a bit warmer near the ceiling than it will be
down by the floor. Imagine an even higher building or home with floors
interspersed between the lowest level and the highest ceiling in the
home. There would be even bigger differentials between the tempera-
ture at the highest level and the temperature at the lowest level. As long
as there is communication between the floors in a home with more than
one level, such as through an open stairway, the house tends to be more
like a room with a very high ceiling.

Stack Effect

Warmer air rises
and pushes out
at the top

Neutral <
pressure T ' _
plane _ Creating a suction

that pulls in cooler
air at the bottom

ittt

Figure 3-15. Driving Forces of Stack Effect

These differences in temperature affect the pressure in the home.
For instance, since warm air wants to rise, the flow of air is from the
lower floors to the upper floors. At the same time, this flow creates dif-
ferent pressures at different levels in the home. The air escaping from
the lower floors to the upper floors tends to create a negative pressure
on the lower floors. The warmer air trying to congregate on the upper
floor creates a positive pressure on the upper floors. Thus, there may be
somewhat of a vacuum drawing the air from the outside into the home
on the lower floors, while the upper floors will be pressurized and push-
ing air from the inside to the outside of the home. In the summer, if the
house is being air conditioned, the process can be reversed and is there-
fore referred to as “reverse stack effect” because the cooler air inside the
house wants to drop to the lowest levels, creating the greatest pressure
in the bottom of the house.

Air is typically drawn into the house at the lower levels and forced
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out at the higher levels. There is a point somewhere in between where
the pressure is neutral and no air is going in or out. As it turns out, at
the middle levels of the home, the pressure between indoor and outdoor
is more neutral. It is theorized that at some point a “neutral pressure
plane” exists in the midsection of the home depending upon how leaky
the crawlspace floor is relative to the attic ceiling. The crawlspace floor
and the attic ceiling tend to be places where more air is infiltrated and
exfiltrated, respectively. These two areas are typically targeted for air
sealing.

THE EFFECT OF WATER ON THE HOUSE SYSTEM

Moisture and the Weather—The Water Cycle

The water cycle is an explanation of how water cycles in our
weather pattern from collection (lakes, the ocean, rivers, and other bod-
ies of water), to evaporation, to condensation, to precipitation (rain,
snow, sleet, etc.). Inside homes, the water cycle is typically reduced to
evaporation and condensation. Water movement in the home is typi-
cally referred to as moisture transport—regardless of the water state.

Moisture and Relative Humidity

Condensation is water vapor that has changed to liquid water.
Typically, this occurs when air is cooled down. The higher the humidity,
the greater the risk of condensation when the air is cooled. Evapora-
tion is the opposite of condensation and involves the transformation of
liquid water into water vapor. Absolute humidity tells what the water
vapor to air volume ratio is in a given sample of air. The more moisture
in the air, the higher the absolute humidity. This is sometimes referred
to as the vapor pressure.

Relative humidity is the amount of water vapor contained in a spe-
cific volume of air relative to the maximum amount of water vapor that
the volume of air is capable of holding. This is expressed as a percentage
or ratio. Thus, if the humidity or water vapor in the air is only half of
what the air could maximally hold, the relative humidity is 50%.

Weight of water vapor in air

Relative Humidity =
Maximum weight of water vapor that air can hold
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Relative humidity is affected by temperature. The higher the tem-
perature of the air, the more moisture it can hold. Thus, cold airs holds
less moisture than warm air. Cold winter air typically contains little
moisture and by definition has a low relative humidity. If cold air is
brought indoors and heated, the relative humidity of the air drops even
more. On the other hand, if warm moist inside air leaks into a cold wall
to get outdoors, it can condense inside the wall’s insulation, reducing
the insulation’s effectiveness. If the indoor humidity is below 40% in the
winter, then the risk of condensation forming inside the wall is reduced.

Indoor relative humidity is a function of the moisture generated
in the home from cooking, showers, etc. and how much the home ex-
changes air with the outside. Figure 3-16 shows various sources of in-
door moisture. Outdoor relative humidity is a function of rainfall, wind,
cloudiness, and other weather and environmental factors.

Vapor
creates
pressure

Condensation

Condensati

™~

Kitchen ~Jl Cb:ni‘ =_—|, ; \ - Bathroom

Aquarium\\
(:23

Plam\\{x’ == SJ\\
Wet Clothes ‘_C:D \ (::)_v

Fquy)1?0d s s & &

-, .]l I\L{umidiﬁ:{| -

Condensation

Figure 3-16. Sources of Indoor Moisture

If the relative humidity is 100%, the air is saturated with as much
moisture as it can possibly hold at that temperature, and condensation
begins to occur on all exposed surfaces. This is also referred to as the
dew point. If no hard surfaces are exposed to the 100% relative humidity
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air, then there will be no condensation. The only reason raindrops fall
from clouds that are at 100% relative humidity is that the moisture at-
taches to a speck of dust (a hard surface) that then grows to become the
raindrop.

As a rule, people typically do not handle extremes of humidity
well. For most people 15% to 75% relative humidity is tolerable. In ad-
dition, our tolerance to the upper relative humidity levels drops as we
become more active. In other words, we seem to be able to tolerate 75%
relative humidity when we are sitting, but not when we are running.
Conditions above 75% relative humidity can interfere with our bodies’
natural cooling system. Thus, to be comfortable, the indoor relative hu-
midity should be less than about 60% in the summer. Below 15% relative
humidity, physical problems such as the failure of furniture glue can
occur and medical issues, such as a dry respiratory tract, can begin to
arise.

It is interesting to note that keeping relative humidity below 50%
eliminates and/or reduces many common household pollutant prob-
lems. A relative humidity between 20% and 50% helps avoid breakdown
of immune systems, dust mite invasions, mold growth, and viruses.
Medical studies show that most people are the most comfortable and
healthiest when the relative humidity is between 30% and 50%, absent a
medical condition of the occupant.

Where Does Moisture in the Home Come From?

There are many seemingly innocent sources of water vapor or
humidity in homes. For instance, up to 40 quarts of water vapor per
day can come from building materials during the first year after a
home is built. In addition, water is one of the products of combustion.
Thus, an unvented gas range contributes far more moisture load in
the home than showering and bathing. Each burner on a gas range
produces between one and two pints of water vapor per hour just from
burning natural gas. Likewise, unvented kerosene or gas-fired space
heaters add water vapor to the air at the rate of 7.5 pints per gallon of
fuel burned. Backdrafting combustion appliances can create similar
problems. One quart of green firewood produces 3.5 pints of water
each day. If clothes are hung dry inside the home, each wash load has
about 5 pints of water that need to be dried out. Washing the floor of
a room sends about 4 pints of water into the air per room. Virtually
all the water to grow indoor plants eventually evaporates into the
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room. An aquarium can represent the equivalent of 12 potted plants.
Cooking in pots without lids produces about 1/6 of a pint of water per
person per meal. Humans and pets create about 1 pint of water from
sweat, etc. for every 50 pounds of body weight per day. In fact, under
the right circumstances, in one day, a family of four can give off up to
2.5 gallons of moisture by exhaling and sweating. If dishes are hand
washed and rinsed, about 1/3 pint per person per meal of water goes
into the air. Even faucet aerators create about 0.02 pints of moisture
per minute. A shower can push a quart of water into the air. Table 3-2
summarizes various sources of moisture.

Table 3-2. Moisture Sources and Amounts

Moisture Source Amount in pints
Kerosene heater 7.5/gallon of fuel
Green firewood, qt 3.5

Clothes hung dry, load | 5
Floor washing, room 4
Dishes, hand washed 1/3 per person
Cooking in open pots | 1/6 per person per
meal

Shower 0.5 per 5 minutes

Basements or crawlspaces that have standing water can allow
moisture to migrate its way upstairs. The primary cause of moisture
problems in homes is cracked or leaky foundations. In addition, the
water table (the level of water in the ground) can be an issue around the
foundation. Drainage issues can often be solved by making sure gutters
and down drains are free of leaks and leaves so they can take the water
far away from the house. It can also be helpful to cap the ground next
to the foundation with impermeable clay or concrete. Water table issues
could be addressed by using sump pumps in the basement as long as
the water from the pump is delivered far enough away, and preferably
downhill, from the home. It is very important that a complete drain-
age plane surrounding the house be in place by appropriate lapping
of shingles, building paper, siding, grading around the house, flashing
of windows, doors and other penetrations, and, if necessary, a French
drain system around footings, etc. to appropriately drain water away
and to help avoid moisture intrusion. These various items are shown in
Figure 3-17.
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Figure 3-17. This shows each of the different levels of protecting the house
through drainage planes whether the plane is the roof, the walls, or the base-
ment foundation. Examples of lapping and flashing are also shown that are
critical in protecting the house from water intrusion from outside.

Water gets into the house through four basic transport mecha-
nisms or methods: bulk moisture, capillary action, diffusion, and air
transport—see the example in Figure 3-18. Bulk moisture is defined as
large amounts of water intrusion into the home from wind-driven rain
or subsurface water. Examples of this would be a leaky or ice dammed
roof, or water in the soil getting into the basement or crawlspace. Capil-
lary action is defined as the movement of liquid water across a material
as a function of the surface tension of water and the porosity of the
material. Capillary action carries water up a tree and wicks moisture up
through concrete.

Capillary action can be so strong, that, unbelievably, water can
wick up through a one-inch column of concrete over a mile into the sky.
A good example of this would be with a thin layer of water on the floor
of a bathroom, but the water being drawn up along the drywall on the
wall and wetting it, despite no direct contact of water on the drywall
above the water level.
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Figure 3-18. Types of Moisture

Diffusion is defined as the move-
ment of water vapor through a material
as a function of the driving force across
the material and the porosity of the
material. The driving force needs only
be a difference in the humidity or vapor
pressure of the air on each side of the
material, as shown in Figure 3-19.

Thus, if the humidity outside is
80% and the humidity indoors is 30%,
moisture will be driven into the home
through the wall if there is no vapor
barrier in the wall to prevent it. If a
vapor barrier exists but there are gaps
in it, moisture will pass through these
gaps or holes. Because water vapor
is smaller and lighter than other mol-
ecules in air, it will diffuse through wall

Figure 3-19. Water vapor moves
through permeable barriers
from the area of high concen-
tration (high humidity) to the
area of lower concentration
(low humidity).

materials faster and more easily than air itself.

Air transport is defined as the movement of moisture vapor by
convective air currents and is affected by wind, stack effect, and me-
chanical equipment, such as fans. The permeance rating of a material
is the rate at which vapor diffuses through it. Everything is permeable

to some degree, even 6-mil poly sheeting.

A material that has a “perm”

rating of 1 or less qualifies as a vapor barrier to block the flow of water
vapor. Table 3-3 shows perm ratings of various common materials.
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Table 3-3. Perm Ratings of Some Common Materials

Material Perm Rating
(Perms)
Gypsum board, unpainted 50
4 in. unfaced mineral wool 30
Plaster on metal lath, % in. 15
Plaster on wood lath, % in 11
Gypsum board, latex paint 2-3
Concrete block, 8 in thick 2.4
Insulation facing, Kraft 1.0
Brick, 4 < thick 0.8
Vapor retarder latex paint 0.45
0.006 “ Polyethylene sheet 0.06
Aluminum foil, 0.001 in. 0.01
thick )

Moisture can also get into the home from outside sources includ-
ing abutting dormers, low slope roof additions, roof leaks, ground
slopes that guide water towards the home, and even clogged or poorly
installed rain gutters. Any type of mechanical ventilation including
clothes dryers, whole house fans, central vacuums, bathroom and kitch-
en fans, and even central heating and cooling systems, can create such a
negative pressure in the home that moist exterior air is pulled into wall
and ceiling assemblies. Many homeowners purposefully humidify their
homes for health or comfort reasons. This clearly will elevate the level
of moisture in the home and result in condensation and potential mold.

What Does Moisture Do?

When warm air leaks through the air barrier, it brings moisture
with it, which can cause damage when it condenses on cooler surfaces.
A very good example of warm moist air condensing on cold surfaces
that many of us are familiar with comes from the “ice tea” effect. This is
where, on a hot summer day, virtually without exception, you will find
that droplets of water (condensate) forms on the outside surface of a
glass of ice tea. This is from warm moist air circulating along the outside
surface of the glass and when it is cooled enough by the cold tea glass,
it deposits some of the moisture onto that glass surface. A good example
in the building arena is warm air on the upper floor that escapes into a
cold attic and the moisture in the air condenses on the bottom side of the
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roof decking on the most northerly walls (Figure 3-20). This can cause
mildew or mold and may lead the occupants to believe there is a roof
leak because so much condensation builds up and runs down into the
house.

Figure 3-20. Frost can build up in attics when air leaks into the attic from in-
side the home. This can make the 2 x 4’s look a little as if they have been in a
freezer that has not been defrosted frequently enough.

Far too often, kitchens and bathrooms are not vented to the ex-
terior, but rather to the attic or crawl space, causing further moisture
problems. Exhaust fans are often underpowered, or the fan ductwork is
restricted or leaks, thus leaving more moisture in the house. Moisture
and condensation can lead to rot or corrosion of building materials. This
is one of the ways air and moisture affect building durability.

Humid air from a crawlspace or basement without a ground vapor
retarder can find its way through chimney chases all the way to the at-
tic and damage wood all along the way, including the roof and even
shingles. This water infiltration also can cause rot of wood or corrosion/
rust of metal structural components and reduce the effective R-value of
insulation. Moisture can also lead to mold, dust mites, termites and car-
penter ants. It can also deteriorate mortar and warp wood. Glue can also
fail when there is too much moisture. Likewise, leaky return air duct-
work in the basement will not only draw cold air from the basement or
crawlspace into the home, but also basement or crawlspace moisture
and other pollutants into the home.

Minor to moderate condensation problems commonly occur dur-
ing warm, humid seasons. Condensation appears as a result of the



House As a System 67

warm humid air coming in contact with some of the cool surfaces found
in a basement or crawl space such as the concrete floor, the foundation
walls, or metal ducts providing air conditioning. This condensation can
saturate the building materials and cause mold. In essence, condensa-
tion and mold will form on a surface if the surface temperature is below
the dew point or mold threshold (the temperature below which the rela-
tive humidity becomes 100%).

Mold tends to grow very well in the 70 to 80% relative humidity
range. Any temperature above freezing can potentially allow mold to
grow. Mold can grow on rafters, sheathing, or the underside of flooring
and can lead to structural issues.

High moisture loads can cause severe paint peeling on the exterior
and interior when the moisture works its way through the wall and
forces the paint off the wall. Moisture can also warp tile.

COMFORT AND CLIMATE

Environmental Factors

Most people share a common range of comfort of between 68°F
and 85°F air temperature and a relative humidity of between 15% and
75%. Other factors can also affect comfort. Since air movement increases
the rate of heat transfer, our internal evaporator cooling system works
better if air is moving over us. This makes us feel cooler at the same tem-
perature. For instance, people typically feel cooler on a hot day if there
is some breeze and the relative humidity is low, than they will feel if the
air is humid and still.

Comfort Factors

Mean radiant temperature of objects around us affects comfort.
The transfer of radiant heat occurs without any medium—no air is
required. Perhaps even more importantly, the temperature of the air
around us does not affect mean radiant temperature either. If the surface
temperature of the body is higher than the temperature of surrounding
surfaces, then net heat is radiated to the surroundings, regardless of the
air temperature. Because a window has a colder surface temperature
than a wall in winter, you feel colder when you step in front of a win-
dow. The reverse also happens and explains why, on a cold day, a wood
stove feels so much better. In fact, if you were to pick a day in winter
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and a day in summer when the air temperature in the house is the same
and you used an infrared camera to show the surface temperature of the
walls, you would see the wall temperature in winter is colder and you
would feel colder on the winter day because of radiant heat transfer,
Figure 3-21.

Air
= Temperature

Relative Humidity (Thermometer)

Radiant
Temperature

or Heat from
outside/

solar penetrating
walls, windows,
attic, etc.

Fan

1
Air Movement

Figure 3-21. Radiant heat transfer

You lose more net radiation to a colder wall then to a warmer wall.
Corner rooms are often more uncomfortable because you are exposed to
the radiant surface temperature of exterior walls and windows on two
walls rather than one.

The passive house system places a special emphasis on comfort
related to the radiant surface temperatures of the walls around us by re-
quiring significant insulation in the walls and the elimination of thermal
breaks (see Appendix Q).

Personal Factors

Our bodies attempt to maintain a core temperature of approxi-
mately 98°F by dumping heat if our surroundings are too warm, or by
burning fat if our surroundings are too cold. At the same time, because
we never stop burning fat, we are typically not comfortable unless we
are in the process of losing at least some heat to our surroundings. An-
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other factor that affects comfort is our activity level. The more active
we are, the warmer our bodies will be. For example, a more sedentary
person would typically be more comfortable at a higher humidity and
higher temperature than an active person would. Our bodies” built-in
metabolism also plays a large role. We are in thermal equilibrium when
we are neither warm enough to sweat nor cold enough to shiver, regard-
less of the conditions.

Conditions we are accustomed to can also affect comfort. A Florida
resident might feel colder at 70°F while someone visiting him from
North Dakota in the winter might suggest to him that it is very warm.
Another personal factor is the insulation value of our clothing.

Relative Humidity and Temperature
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Figure 3-22. Temperature affects the relative humidity of air with a constant
amount of water in it.

Many people begin to become uncomfortable when the relative
humidity is greater than 60%. The relationship between temperature
and relative humidity is shown in Figure 3-22. Individuals often find
themselves more comfortable at higher temperatures and lower humid-
ity than at lower temperatures and higher humidity. The key to comfort
is a 62°F dew point. The best range for comfort is between 68 and 76°F
and between 20% and 40% relative humidity, as shown in Table 3-4.

Table 3-4. Comfort Conditions

Comfort Conditions For Humans
Best Temperature 68 to 76°F
Best Relative Humidity | 20 to 40%
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All of these thermal comfort factors interact to determine whether
we feel comfortable or not. Most of us are familiar with the air tempera-
ture factor. If we are surrounded by air that is at a significantly different
temperature than our comfort zone, we are going to be uncomfortable.

POLLUTANTS

Sources of Pollutants in the House

The concentration of pollutants determines the indoor air qual-
ity (IAQ). The possible sources of pollutants include stored household
chemicals (including easily vaporized volatile organic compounds
or VOCs), unvented space heaters, mold/mildew, vehicles and other
equipment in attached garages, plumbing leaks, carbon monoxide and
carbon dioxide, animals in the home, and wet crawlspaces/basements
caused by poor landscaping, exposed dirt floors, standing water, open
sump pumps, and malfunctioning or no gutters. The occupants’ expo-
sure to pollutants can depend on other factors as well, including the
concentration of the pollutant and the natural air change rate in the
home. Low levels of a pollutant in a very tight home are more harmful
to the occupants than low levels of pollutants in a leaky home or one
with a high natural air change rate.

Another concept sometimes mentioned in this arena is indoor en-
vironmental quality or IEQ. IEQ involves all that indoor air quality does
and more. It also includes other health, safety, and comfort issues such
as aesthetics, ergonomics, acoustics, potable water surveillance, Iight—
ing, and electromagnetic frequency levels.

Dealing with Pollutants

There are three primary methods of dealing with pollutants in a
home: elimination, encapsulation, and dilution, see Figure 3-23. The
priority is to first attempt elimination, then encapsulation if elimination
is inadequate, and finally dilution to deal with pollutants if elimination
and encapsulation both have not been successful.

Elimination involves removing the source of the pollution itself.
Some examples include removing an unvented space heater from the
home, properly collecting and disposing of old paint cans or other old
chemicals at a local waste facility, and installing or repairing gutters and
down spouts so they properly divert rain runoff away from a basement.
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Figure 3-23. Ways to Deal With Pollution in a Home

Encapsulation involves containing the pollutant so that it does not affect
air quality. Some examples include putting a poly groundcover over a
dirt crawlspace to help contain moisture from the ground, air sealing
the ceiling of a tuck-under garage and putting auto-closer hinges on the
door to the house from the garage to prevent CO from getting into the
living space, and putting a concrete floor over an exposed dirt crawl-
space to help contain radon gas.

Dilution involves providing adequate ventilation to reduce the
concentration of pollutants to an acceptable level. Some examples of
this include running the kitchen range hood to help exhaust combus-
tion byproducts from an unvented gas range while cooking, or opening
windows while using an unvented space heater to prevent pollutant
buildup. For dilution, the question is “how much outside air is needed
to attain good indoor air quality and how do you get the outside air?”
The amount of outside air needed has been established by ASHRAE
(American Society of Heating Refrigeration and Air Conditioning Engi-
neers). According to ASHRAE standards, outside air can be provided by
mechanical equipment, such as a fan, or by natural air change. Because
of wind and stack effect, some exterior air moves through all buildings.
The amount of air provided through natural conditions depends on a
number of factors including building height, building exposure and lo-
cation, inside to outside temperature difference, wind strength, and the
location, size, and type of holes in the building envelope. Blower doors
can be used to see how much natural air leakage occurs in buildings.
This will help determine if mechanical ventilation is needed to satisfy
the standards for bringing in outside air.
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WHOLE HOUSE FANS

One way of circulating air is a whole house fan, as shown in Fig-
ures 3-24 and 3-25. However, these fans deserve special consideration.
A whole house fan is typically an airplane propeller-type fan placed in
a hall or centrally located ceiling area that is used to draw air out of the
house and into a ventilated attic. Louvers usually open as the fan begins
to operate.

Figure 3-24. A Whole House Fan From the Attic Side

The windows in each room are opened slightly to allow the fan
to pull air from outside the house and through the attic. Whole house
fans are common in the northeastern United States but less common
elsewhere in the U.S. They are mostly effective when there is moder-
ate summer weather so that the combination of air temperature and
the “breeze” it generates in the home combine to have a cooling effect
on the skin without having to use any energy for cooling the air - only
the electricity to run the fan is used. Since they pull a great deal of air
through the house, if they are operated without the windows being
opened wide enough, they can create a very strong negative pressure -
strong enough to backdraft even some of the better drafting combustion
appliances and even those with powered flue fans. This could occur
anytime of the year the fan is used and therefore, the option that seems
to best protect the client is to tell them to consider having it disabled or
removed because if the windows are not opened wide enough, water
heaters can backflow carbon monoxide into the house creating a hazard-
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ous situation. (This would also reduce the possible additional exposure
to radon that a negative pressure in the house might create over time).

iyl
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Figure 3-25. A Whole House Fan in a Hallway Ceiling

COMFORT, SAFETY, AND EFFICIENCY

In summary, qualities that can help make for a comfortable, safe,

and energy-efficient home include the following:

1)
2)

3)

4)

A completely insulated thermal boundary or thermal envelope.

An intact and continuous air barrier that is well sealed. Make sure
that in cold-weather climates, heated air is not escaping to the out-
doors, and in warm weather climates, cool air is not escaping to
outdoors. Also, be concerned about moisture. The air barrier plays
a major role in the movement of heat and moisture in the building.

Continuity or “match up” of air and thermal boundaries such that
they are in contact with each other; thus, the phrase “seal tight,
insulate right.”

Properly sized and efficient equipment for conditioning the living
space and heating water. Bigger is not always better. Proper sizing
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is best evaluated and conducted by an appropriately trained and,
if necessary, licensed heating and air-conditioning professional.

5)  Abalanced and well-designed air, hot water, or steam distribution
system.

6) Good indoor air quality. This is a key health and safety concern.

An interesting question is “What is more important, good air seal-
ing or good levels of insulation?” Good air sealing is the answer. See Ap-
pendix H for results of advanced calculations. The results are obtained
with concepts you will learn as you continue to study this book.
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TYPICAL TOOLS

One of the first tools an auditor needs to become familiar with is
the audit field form. Typically, each weatherization program or inde-
pendent auditor has a form that auditors use to work their way through
the audit process. Building data is collected relating to square foot-
age, age, framing style, insulation location, R-value, moisture, exhaust
equipment, approximate CFM, attic ventilation, and blower door test
results. Heating system data is typically collected on the form including
age, condition, Btu input/output, efficiency, carbon monoxide testing,
and combustion appliance zone/closet testing. Depressurization tight-
ness limit results, and ductwork or delivery system evaluation are also
typically recorded on the form. The form usually lists the major appli-
ances along with their approximate runtime (if available), refrigerator
evaluation, and an analysis of the need for changing from incandescent
bulbs. Client and fuel use information are also included.

Typical equipment used by an auditor includes a blower door, a
manometer or pressure gauge, and a ladder. A number of assorted hand
tools are also helpful including screwdrivers, adjustable wrench, razor
knife, cutting pliers, 25-foot tape measure, digital camera, flashlight,
pen, paper, and a non-conductive plastic crochet hook for fishing insula-
tion samples through small openings. It is good to place smaller tools in
an organized tool case for easier carrying and organization.

There are also some helpful specialized tools that can be used in-
cluding: a rechargeable cordless drill motor with an assortment of driv-
ers, a hammer, a long reach flat blade screwdriver, a reamer to enlarge
any smoke pipe hole when testing heating appliances’ efficiency, pry

75
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bars and nail pullers, “nippers” (Figure
4-1) with the face ground flat to be used
to pull nails from cement board siding,
drill index, both long reach and locking
pliers, and a square and star bit driver for
mobile home siding.
In addition, there are tools that can
help see things in hard to reach locations. Figure 4-1. Nippers
These tools would include: a digital cam-
era that can take pictures anyplace a hand will fit, a borescope (Figure
4-2) that uses a flexible tube for viewing inside cavities, including inside
walls to check for insulation level, and an infrared camera.

Moisture and Relative Humid-
ity Measurement

There are several ways
to evaluate for moisture in a
home. It is best to take measure-
ments more than once and in
more than one location in the
home. Use your eyes to notice
mold or condensation. A mois-
ture meter is used to evaluate
the amount of water in wood
and other wood-based buﬂding Figure 4-2. Borescope. A borescope is

materials. Some moisture me- sed for viewing into areas that are dif-

ters have sharp pins to puncture  feyit to see, such as inside of walls, etc.
the wood for an accurate read-

ing, while others rely on electronics only so the wood can be checked
without damage. Even using a pocketknife that easily penetrates wood
saturated with moisture can be a useful tool to identify moisture issues
if the wood is not finish material.

A moisture meter (Figure 4-3) determines the moisture level be-
tween two sets of probes on the meter. A longer set of probes helps mea-
sure surfaces behind insulation without removing the insulation. The
shorter probes are used to determine the moisture between two points
on an exposed hard surface such as wood. Some moisture meters come
in an electromagnetic form that does not require poking pins into the
material. An electromagnetic moisture meter simply requires touching
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the device on the surface of the suspect material.

To determine relative humidity, a sling psychrometer can be used,
although a simple indoor/outdoor thermometer (Figure 4-4) that pro-
vides relative humidity can be accurate enough for your purposes and
is a lot less fragile than a sling psychrometer. A sling psychrometer is
basically two thermometers side-by-side, one has a cotton wick that
has been wetted around the bulb of the thermometer (wet bulb), and
the other is open to air (dry bulb). By spinning the sling psychrometer
in the air long enough, the temperature stabilizes. When the wet bulb
temperature stabilizes, you have found the wet bulb temperature. The
dry bulb temperature is like the regular air temperature taken with a
thermometer while the wet bulb temperature is what the temperature
would be if, say, you wet your finger and held it to the wind. You can
take these two temperatures and place them on a psychometric chart to
determine dew point and relative humidity (see Appendix E).

Electrical Testing

For purposes of circuit testing and tracing, a live wire tester (Figure
4-5) can help determine if a wire is “hot.” This simple device has a light
that turns red whenever it is placed near a live wire. This is especially use-
ful if you want to check if a wire has been abandoned, such as knob and

if
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Figure 4-3. Moisture Meter.

An electromagnetic version Figure 4-4. Thermometer
might look much the same With Relative Humidity
but without the prongs. Reading
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tube wiring. This tool is also called a non-contact voltage tester, test light,
or electrical sniffer.

A circuit tracer (Figure 4-6) is a two-part tool used to determine
which fuse or breaker controls a circuit. Plug one part into an outlet on
the circuit being checked and move the other part over the circuit break-
ers or fuses in the panel box to determine which breaker or fuse services
that outlet. Some tracers can tell the percent of overload on the circuit.
This information can be used to determine if it is safe to place insulation
around the wire serving the outlet.

A wattmeter (Figure 4-7) and recorder can measure and record
the watts consumed by an appliance. This is very useful for baseload
analysis. Some of these instruments can extrapolate future use from a
two-hour runtime sample.

Figure 4-5. Hot Figure 4-6. Figure 4-7.
Wire Tester Tracer Wattmeter

Combustion Testing and Analyzer

To test combustion appliances special equipment is used including a
draft gauge and a pressure gauge or manometer for measuring the pres-
sure inside the house, the pressure inside flues, and the flow in a blower
door. Other equipment needed includes a long lighter, an inspection
mirror for checking in confined spaces, gas leak detection (Figure 4-8)
bubble solutions, a combustion analyzer, a digital probe thermometer
for checking fan operating temperatures and testing temperature rise, an
inspection mirror, pipe wrenches, an electronic gas leak detector, a smoke
tester for oil burners to measure the amount of smoke produced in the
combustion process, and a smoke pump and smoke test filter paper. It is
probably best to keep combustion appliance test equipment together in
one case if possible. Also, include in the kit drill bits for drilling test holes
in flues and high temperature sealant to seal off these holes.

A combustion analyzer (Figure 4-9) can help determine the safety
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and efficiency of the combus-
tion process in an appliance.
The combustion analyzer can
measure the oxygen and car-
bon dioxide content along
with the flue gas temperature.

It can also calculate the com- < g
bustion or steady-state effi-
ciency of the appliance. True

steady-state efficiency is rep-

SOAP

resented as the percentage of ~Figure 4-8. Gas Leak Detection—Electron-

the total heat generated by ic Gas Detector (left) and Soap Bubble so-

the appliance that is captured lution (right). Usually the soap is only used

by air, steam, or water to help to confirm a leak and avoid a false positive

heat the house. reading by the detector when volatile pipe
sealant has been used.

Smoke

There are a number of techniques using
smoke including the so-called Wizard stick
(Figure 4-10) to check for leaks around the
house. (Note that the chemical-based smoke
generators can create havoc for nearby elec-
tronic equipment.) The smoke is drawn into
the cracks of the wall, etc. when the house is
pressurized. If there is a negative pressure in
the house, smoke can be used to check for leaks
from the attic side. In the attic, the smoke will
stream to openings or leaks that are connected
to the living space below.

BLOWER DOORS

Figure 4-9.
Combustion Analyzer

A blower door with a modern digital manometer or pressure
gauge uses negative pressure and flow readings to give an approximate
leakage rate or hole size of the home’s envelope. Old magnehelic gauges
were the predecessors to the modern day digital manometers and re-
quired considerable operator expertise to arrive at accurate results. Ma-
nometers/gauges give readings for CFM much as a speedometer tells
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how fast a car is going. There
are two common varieties of
more modern manometers or
gauges. The DG-700 is a prod-
uct of “The Energy Conser-
vatory” (EC). Another com-
monly used gauge is the DM-
2, available from “Retrotec.”
Retrotec gauges (Figure 4-11)
can be used on equipment
from other manufacturers as
well as Retrotec equipment,
but gauges from other manu-
facturers do not allow full use
of other equipment.

Figure 4-10. The “Wizard Stick” smoke
generator on the left uses a virtually

Blower doors can also  harmless chemical to generate smoke.
be used to create a positive The smoke tube on the right does not
pressure so that smoke, feel require batteries or refilling with chemi-
or an infrared camera can be cals, but it can produce a smoke caustic
used to help pinpoint leaks enough to deteriorate electronic equip-

in a home. A blower door test ~ment.
before air sealing will tell how

much air sealing can be safely completed and will give a baseline to
compare how well the retrofit helped seal the leaks in the home. A

blower door test can also help identify the air barrier.

Figure 4-12 shows two commonly used blower door systems.
There are a number of components that are part of a blower door system

Ethernet Style UsepclRent Pressure

Cable Cable  Button

Figure 4-11. The backside of a Retrotec manometer
(pressure gauge) where the connectors are color coded
to better assure proper placement of hose connections.
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including a fan, a speed controller, a pressure gauge/manometer, the
hoses that need to be connected to the gauge, an adjustable frame with
a special-made cloth that sits in the doorway. The cloth is placed across
and around the metal frame and then the frame is adjusted so that it fits
tightly in the door. The cloth has a round elastic hole in it near the bot-
tom where the fan is tightly installed. This arrangement allows the fan
to be used on the home without creating significant leaks around the
temporary door.

Figure 4-12. Two Commonly Used Blower Door Systems

The fan serves to pump air and create a negative or positive pres-
sure in the home compared with the outside. A speed controller allows
for control of the speed of the fan to create the pressure you want with-
out having to use a gauge to continue to control it. Once you have found
the right speed to maintain the pressure you want, the speed controller
will maintain that speed.

The pressure gauge or manometer measures the pressure in two
spaces, or a pressure and a flow, at the same time. For instance, if you
want to set a home for -50 Pascals with respect to outdoors, there needs
to be a hose that can tell what the pressure is outside and a hose or open
tap on the gauge that can tell what the pressure is inside. Otherwise,
there is no way of determining how negative the house is with respect
to outside.
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Pressure Gauges

The pressure gauges or manometers are basically designed for
providing two readings at a time: one on Channel A and one on Chan-
nel B. Pressure sensors exist for each channel inside the gauge. “Taps” or
hose connectors on the gauges allow pressure readings to be made from
as far away as a football field length by connecting hoses to the gauges.
Dirt, dust, insects, water, etc. can plug up the hoses and result in some
interesting, but highly erroneous pressure measurements. As a result,
many technicians store their hoses in oversized, air tight, plastic bags
when not in use to assure that they do not develop problems while they
are being stored.

Each channel on the gauge measures a difference in pressure from
one area to another. Thus, you need two taps for each channel to com-
plete a comparison. Each channel has a “reference” and “input” tap. The
pressure read through the input tap is compared to the pressure at the
reference tap. Thus, the phrase “with reference to” or WRT is often used
to indicate what the pressure on the input tap is compared with when
the gauge is sensing a pressure difference. For instance, say you have
connected one end of a hose to the Channel A input tap with the other
open end going to the garage. At the same time, you have connected
another hose to the Channel A reference or WRT tap with the other open
end going into the house. This will give a comparison of the pressure
difference between the house and garage. If you turn on a blower door
so that the house is at -50 Pascals and obtain a reading of 45 Pascals on
Channel A with this setup, you are seeing the pressure change from the
house to the garage by 45 Pascals. Thus, the pressure in the garage WRT
the house is 45 Pascals. Remembering that the gauge’s reference tap
represents the “with reference to” aspect can help you keep a consistent
orientation to how you are taking pressure measurements.

Another important note—if you are standing in an area that is to
be a part of the pressure comparison, you need not connect a hose to the
appropriate tap. This is true whether you are standing in the input area
(in the example above, the garage) or the WRT (in the example above,
the house) area. If you are standing with the gauge in your hand in the
area that is to be the input area, you need not connect a hose to the input
tap on the gauge—you can leave the input tap “open to air.” Likewise, if
you are standing with the gauge in your hand in the area that is to be the
reference or WRT area, you need not connect a hose to the reference tap
on the gauge—you can leave the reference tap “open to air” as shown in
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Figure 4-13. The following diagram shows the set up with the reference
tap on Channel A open to air (except on the blower door gauge on the
upper left where the outdoor hose is connected to the reference tap—the
reason it reads -50 Pa WRT outside):

—=71 50 Pa I- J vl J
0| WRT to ] o
J Do| outside
’/ = house
45 Pa Garage
: WRT to ==
OutS|de house I4ES ,! 1
BHel dp
Inside Outside

Figure 4-13. EC WRT House with Reference Tap Open (no hose)

In addition, you can change a positive to a negative and vice versa
if, after measuring, you want to record the numbers as if the garage
were the WRT or reference and the house were the input. Thus, you
would be able to say that the house with respect to (WRT) the garage is
-45 Pascals, even without taking any additional measurements.

Channel A on gauges is locked into only reading pressures. Chan-
nel B, on the other hand, can be changed by the technician to read pres-
sure (when trying to get two pressure readings from two sets of areas at
a time), flow (as when you are using a blower door fan or a duct blower
fan), or flow extrapolated to a certain pressure (such as “CFM@50 Pa” as
when the house is so leaky the blower door cannot create enough flow
to reach the required pressure and the gauge extrapolates what the flow
would be at a higher pressure). On various different gauges, Channel
B can also be set to show a variety of other readings (Modes) and units
including Effective Leakage Area, Equivalent Leakage Area, air handler
flow, etc.

Converting Flow To Pressure: You can get a flow rate on a fan us-
ing only a pressure sensor in the gauge. This is done using the principle
that air flowing perpendicularly across an opening in a hose will create
a vacuum in the hose. This vacuum or negative pressure is transferred
through the hose to the pressure gauge where the pressure sensors
detect the negative pressure. An electronic calculator in the gauge con-
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verts that negative pres-

sure to a flow rate, which No Fan With Fan
can be read on the gauge Neutral Negative
Pressure

display. The faster the air-
flow caused by the fan,
the higher the negative
pressure. The ends of
hoses are designed and —
carefully manufactured I
into each fan to create this
negative pressure on the
hose(s) connected from |
the fan taps to the gauge
taps, Figure 4-14.

Each different type
of fan may need a differ-
ent equation for the elec-

tronic calculator to con-
vert the negative pressure Figure 4-14. Air flowing across the end of a

hose creates a negative pressure as shown
with this simple water manometer. This is
the same principle that allows a pressure
gauge to convert a negative pressure from a
blower door into a flow rate.

to a flow rate for the fan.
With some exceptions,
most gauges are designed
to be used only with the
fans made by the manu-
facturer who also manufactured the gauge. An exception to this is the
Retrotec gauge that allows the use of other manufacturer’s fans with its
gauge.

Also, by the way, we typically consider pressure testing that in-
volves taking pressure measurements in the home either with or with-
out operating any equipment that is part of the home such as bathroom
fans, kitchen fans, dryers, etc. as operational testing. If you are using
special equipment while taking pressure measurements, such as blower
door fans, duct testing fans, etc., you typically refer to these pressure
measurements as being under imposed conditions.

Proper Gauge Setup: All gauges must be properly set up in ad-
vance of a test to indicate what device (blower door fan, duct blower
fan, flow meter, etc.) is being used. In addition, the gauge must be set
up for other parameters for the gauge to read properly. This includes
setting the gauge for proper “mode” (for example, pressure on channel
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A and flow on channel B) and for the type of narrowing rings or flow
restrictors (the configuration or Config setting) that are on the device at
the time of the test. If the technician does not set up the gauge for the
proper settings to match the device, mode, and configuration that is be-
ing used, gross errors in the readings will occur.

Baselines: Some tests require that a “baseline” pressure measure-
ment be integrated into the gauge calculations so the gauge reads the
proper results. For example, if wind or stack effect creates more of a
positive or negative pressure outside relative to the pressure inside the
house, you do not want the gauge to take into account that artificial
pressure difference when providing a readout of the flow on a blower
door. In that case, the pressure gauges have a way of eliminating those
pressure differences to avoid unnecessary errors in the calculation of
flow and pressure differences. The process for conducting baseline cor-
rections on gauges is described throughout this book in the individual
procedures for each test where it is required.

Time Averaging: Sometimes pressure readings are unstable as a
result of the wind outside, etc. The gauges have a time-averaging func-
tion that averages out the instability to give a more reliable number at a
given point in time.

Other Functions: Many gauges have other useful settings such as
a “hold” button (grabs the numbers that are momentarily on a display
for easier recording on paper), an “autozero” button that helps reduce
drift in the readings, a “set pressure” or cruise control function (keeps
the pressure constant even if the flow must change), etc.

Figures 4-15 and 4-16 are some examples of gauges used. Notice
the “config” symbols represent, for instance, going from the largest flow
ring to the smallest.

Blower Door Theory

There are natural driving forces that create pressure differences
between the inside and outside of a home. These forces include stack
effect, wind effect, and mechanical effects related to combustion and
ventilation. Wind and temperature changes that affect these naturally
occurring pressure differences are generally not considered repeat-
able. In fact, under natural conditions, the pressure differences are far
too small to be measured reliably. Thus, early in the modern history
of energy auditing it was discovered that artificially creating a higher
exaggerated vacuum in homes makes measurement more reliable.
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So, blower doors are used to create an artificially high-pressure dif-
ference between the inside and outside of the home to determine how
leaky a home is. Blower door leakage numbers can then be used to
calculate an estimated leakage in the home under natural conditions. A
blower door test is used for at least two very important reasons: deter-
mining the air leakage rate of the home at -50 Pascals and determining
the location of air leaks in the home.

A blower door test measures the relative pressure difference be-
tween one space and another. This reading is called a pressure measure-
ment “with reference to” abbreviated as WRT. For instance, you should
not say the attic is at 50 Pascals, you should say it is at 50 Pascals with
reference to the inside of the house. With the classic blower door test, a
negative pressure or vacuum of 50 Pascals is obtained in the home WRT
the pressure outside. As part of the test, air leakage is measured under
these depressurized blower door conditions in cubic feet per minute
(CEM) at -50 Pascals. This condition is designated by the term “CFM
50.” Note since vacuum or depressurization is the standard in testing
homes, the negative symbol is left out. This is the amount of airflow
through openings and leaks when the home is depressurized to -50 Pas-
cals.

For larger or especially leaky buildings, more than one fan may be
required. In that case, it is best to use a software program that allows the
results of all fans to be calculated at once (see Appendix O). In addition,
conditions such as the outside temperature can affect the blower door
results. For instance, a home that has 4,000 CFM50 when the air outside
is at 65°F, will show only 3430 CFM50 when the outside air is at -10°F
(Karg ZipTest Pro3™).

In an energy audit, you can also test for pressure under natural or
normal operating conditions without a blower door in use. An example
of this is Combustion Appliance Zone or CAZ testing, which will be
discussed later.

Effective Leakage Area (ELA)

The larger the holes in the home, the larger the amount of air al-
lowed into the home with a negative pressure inside the home. Some-
times clients can better understand when the overall leakiness of a home
is expressed in terms of the “effective leakage area.” In fact, the flow
of air in CFM50 can be converted to the equivalent size of a hole in the
house if all the small holes were added together and placed into one
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R

AP = -50Pa

!

Blower
Door

Figure 4-17. This shows that air leaving the house
through the blower door, creating a -50 Pascal air pres-
sure (vacuum) in the house with respect to (WRT)
outside.

opening. Industry standards indicate dividing the CFM50 by a correc-
tion factor of 10 to come up with the approximate total square inches of
holes in the home represented by the leakage. For example, if the CFM is
5000, then 5000 CFM50/10 = 500 in.? (the hole would be approximately
500 square inches). Since the square root of 500 is approximately 22, the
hole would be roughly equivalent to about a 22” x 22” opening. This
would be the ELA at 50 Pascal pressure.

CFM50 and CFM Natural Calculations

As mentioned previously, CFM50 refers to the level of air leakage
measured when testing the home with the blower door at -50 Pascals.
Since -50 Pascal is not the normal pressure in a home’s natural condi-
tion, there is a calculation involving an “N” factor to find out how much
air leakage there is under natural conditions. Natural conditions are
defined as a 4 Pa difference in pressure between inside and outside.

The N factor is based on the climate zone of the home, the build-
ing height, and how well the home is shielded from the wind by trees,
berms, other homes, etc., as shown in Figure 4-18. The climate zone
number is determined based on the typical local outdoor temperature-
based stack effect, combined with local wind conditions.



92 Residential Energy Auditing and Improvement

HEIGHT -

OCCUPANTS

Figure 4-18. Other N factor considerations—Trees are also an ex-
ample of shielding.

The N factor is found by checking the map (Figure 4-19 and Table
4-1) which were developed by Max Sherman of the Lawrence Berkeley
National Laboratory (LBNL). These zones give an indication of the
wind factors in a given area.

Divide the CFM50 by the N factor to obtain an estimate of the
natural leakage rate in the home. The N factor ranges from 9.8 to 29.4,
but commonly averages around 20. If a home has a high N factor, say
because it is only a one story house surrounded by a heavily wooded
area, then the blower door is creating even more exaggerated conditions
than would exist under natural conditions. If a lower N factor applies,
the blower door reading is closer to the level of the natural leakiness of
the home. 80-90% of homes should be placed in the normal category.
In other words, it should be uncommon to designate homes as well
shielded or exposed.

Figure 4-19. Zones
for Calculating N v

Factor b‘&
o
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Table 4-1. N-Factor Table

# of

Zone Stories> 1 1.5 2 3
Well-

1 shiclded 18.6 16.7 14.9 13.0
Normal | 15.5 14.0 12.4 10.9
Exposed | 14.0 12.6 11.2 9.8
Well-

) shielded 22.2 20.0 17.8 15.5
Normal | 18.5 16.7 14.8 13.0
Exposed | 16.7 15.0 13.3 11.7
Well- - | hs8 232 [206 |18

3 shielded ) ) ) )
Normal |21.5 19.4 17.2 15.1
Exposed | 19.4 17.4 15.5 13.5
Well- -\ h94 1265 [235 |206

4 shielded
Normal |24.5 22.1 19.6 17.2
Exposed | 22.1 19.8 17.6 154

Note that the lower the N factor, the higher the CFM natural
because it is divided by the N factor. Thus, the more exposed,
the more stories, and the higher the climate zone number, the
larger the CFM natural.

As an example, say there is a reading of 4000 CFM50 in the home
and an N factor of 20:

4000 CFM50/20 =200 CFM natural

Thus, under natural conditions, this house would have a natural
air leakage rate of 200 CFM.

Unfortunately, one of the assumptions with using the N factor is
that there is a random assortment of hole shapes and sizes randomly
distributed throughout the building envelope. When a home is weath-
erized, there is a tendency to concentrate on sealing holes in the lower
and upper portions of the building. This takes the randomness out of
the situation, which is something that the N factor does not take into
account.

Air Changes per Hour
You may know the CFM50 in a house, but how do you know it
is acceptable? How can you compare it to other homes? For instance,
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if the blower door test reveals 4000 CFM50, that would be very leaky
for a smaller home, but it could be extremely tight for a much larger
house. To make the comparison, use the concept of “air changes per
hour” or ACH. ACH50 refers to how often the air in a home is re-
freshed when the pressure difference between the inside and outside
of the house is —50 Pascals. ACH50 takes into account the size of the
home. It is calculated by multiplying the CFM50 by 60 minutes/hour
and then dividing by the volume of the home. Figure 4-20 shows how
volume is determined.

ACH = CFM50 x 60min/hrx 1/V

Correspondingly:
CFM50 = ACH/60xV

Height

A typical newly con- @’

structed platform framed  —
house will have an ACH50 of :
5 to 10, while an older balloon-
framed home typically has
an ACH50 of 11 to 15. Some
homes even have an ACH50
of up to 30, making them extremely leaky homes. This means that if you
run the blower door for a full hour, the air in the house would change
30 times. If the N factor is assumed to be 20, divide the 30 ACH50 by
the N factor of 20 and get an ACH natural of 1.5. While any home with
an ACH50 of 11 or more might be considered leaky, any home with an
ACH natural of more than .5 has to be considered a relatively leaky
home.

Length Width

Figure 4-20. Home volume is the height
from the floor to the ceiling multiplied
by the length and the width of the home.

MINIMUM VENTILATION REQUIREMENT (MVR)

The minimum ventilation requirement (MVR) is the rate that ven-
tilation must enter a home from outside when the home’s windows etc.
are closed to provide for adequate healthy indoor air quality at a mini-
mum level. This MVR is the lowest CEM level allowed when a home is
sealed. MVR is based on CFM50, typically with a correction for already
existing exhaust fans. To see how MVR is calculated, see Appendix D.
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Air Sealing Target

In the weatherization program, some local programs have flex-
ibility to set their own target as long as it stays at or above the MVR. For
instance, some local programs set their air sealing targets somewhere
between the MVR and the pre-retrofit blower door reading. Other pro-
grams may require that a reduction in CEM50 of 40% be achieved for the
leakiest homes, 20% for the homes in the middle range of leakiness, and
a 0% reduction in CFM50 for the tightest homes.

Using the Blower Door CFM50

Even if the blower door reading at CFM50 is not used for any
other calculations, it can give an idea of how successfully the house
was sealed if a blower door test is conducted before and after the house
is retrofitted. A blower door test will also tell when it is cost-effective
to spend time finding and sealing leaks in a home. If the blower door
test reveals that the home is already fairly tight and does not leak very
much, time could be better spent improving the baseload energy num-
bers, the insulation, and providing appropriate mechanical measures to
the home. Thus, on a tight home, you may not spend very much, if any,
time looking for or sealing leaks. On the other hand, if you find, through
the blower door test, that a home is extremely leaky, then it could be
very cost-effective to spend time finding and sealing leaks on the home.

Trouble Shooting

If the home is relatively tight, you may have to use “low flow
rings” (Figure 4-21) to help correct for the home’s tightness. The sensors
on the fan require a minimum air speed passing by them to accurately
read the flow. If, as on a tight home, it does not take very much airflow
through the fan to reach the -50 Pascals level, the air speed will be too
slow for the fan to be accurately read. That is why “rings” that look like
flat discs are installed to restrict the fan opening so that even at low flow
rates air passes by the sensors at an adequate speed to be read accu-
rately. This way you can still create a -50 Pascal pressure in a tight home
and get adequate air speed for the fan to read accurately.

There are special adapter rings that can be used to close off the
fan opening on a blower door. These adapter rings allow some of the
tightest homes to be tested by the same fan that tests leaky homes. By
narrowing the opening to the fan, the lower flow of air can still provide
enough speed to allow the fan system to determine the flow rate.
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On the other hand, if it is an
extremely leaky home, even if the
fan is at its highest speed, it some-
times still cannot create -50 Pas-
cals pressure in the home. This is
sometimes referred to as the “can-
not reach 50” situation. Fortunate-
ly, most modern fans and gauges
are able to automatically calculate
what the CFM50 would be had the
fan been able to create a -50 Pascals
pressure in the home. Older fans
or gauges may require the use of
tables to calculate the correction for
this.

If you get unusual readings
on the gauge, make sure that the
flow sensor openings on the center
portion of the fan are not blocked.
Also, check to see that the hose on the outside of the house is not in the
air stream of the fan blowing the air outdoors. Make sure this hose to
the outdoors is placed along the edge of the house at least 5 feet away
from the blower door. Also, make sure that any of the hoses inside the
house do not become drawn into the fan in the process of conducting
the blower door test.

As air flows across the sensor hub on the fan, it causes air pressure
in the sensor opening. In some of the older fans, these sensor openings
were caulked. Caulked seals on older fans can fail. If you happen to be
using one of these older blower doors, you can test this seal by placing
your fingers over the sensor holes while creating suction on the connec-
tor or tap at the top of the fan. If there is no other way to create suction,
you can even suck on the tap and see if you can get your tongue to stick
to the tap. If your tongue sticks then the caulking has not failed.

It should be mentioned that if you only do a blower door test at
one pressure level, such as -50 Pascals, you are only conducting a “single
point blower door test.” This means there is only going to be a blower
door CFM reading at one pressure: -50 Pascals. This type of test should
be distinguished from the so-called “multi-point test” that involves tak-
ing a blower door CFM reading at various pressure levels. For instance,

Figure 4-21. “Low Flow” Rings
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for the benefit of better accuracy, when commercial buildings are tested
with blower door systems, it is generally considered good practice to
measure the CFM at multiple depressurizations such as -25, -35, -45, -55,
-65, and -75 Pascals. This would be called a six-point multi-point blower
door depressurization test. The test could also include similar pressur-
izations of the house.

HOME SETUP AND PREPARATION FOR BLOWER DOOR

The following table gives a step-by-step procedure of how to pre-
pare the house for blower door testing regardless of the type of equip-
ment being used. The two subsequent tables explain the specific proce-
dures to use for two brands of blower doors, EC and Retrotec. Select the
appropriate table that applies for the type of blower door you are using.
Figure 4-22 shows the blower door setup. When you are done with the
testing, always remember to return the house and its appliances to their
original conditions.

Doorway
™~ Blower Door“Sheet”
e —

Snap Pin
Frame
Connection

Connected
Frame

Camber

Velcro

Hook/Slot Frame
Connection

Edged

Velcro Opening
For Wrapping el
Sheet Around Frame Hose to Outside

Figure 4-22. Blower Door Setup
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Table 4-2. Step-by-Step Blower Door Preparation and Set-up for Using a
Blower Door for Either Depressurization or Pressurization

1. If you notice any vermiculite or asbestos insulation in the attic, mold, etc.
inside of the house during your inspection, do not proceed.

If this is a new house being tested under a specific energy efficient home
protocol, follow that protocol instead.

If the house is in an area where the home interior could be exposed to
freezing temperatures during the next year if unheated and the home is
new or has been vacant for a while, obtain permission from the owner
to refill the P traps, floor drains, and toilets with antifreeze if allowed in
your locality.

Notify the homeowner that no one can open or close doors, turn on fur-
naces or air conditioner systems, fans, etc. during the test.

2. Close any vents to the outside, whether powered by a fan or not, includ-
ing fireplace or wood stove dampers and doors.

3. Open all HVAC registers/ diffusers/ grilles and interior doors, including
closet doors. Open the basement door if you see evidence of basement
storage, washer, dryer, etc. Only open an attic doorway or hatch if it
appears the attic space is insulated from the outside (it is conditioned
space), such as finding insulation on the attic side of the roof deck or
between the roof rafters, etc. If there is an attached garage attic and it
looks like it is insulated from the house (the attic is unconditioned space
with insulation on the “floor” of the attic space), open that attic hatch
and the vehicle door. If the crawl or attic spaces are unconditioned,
open crawl space and attic vents, as applicable. If the house has T-bar
type suspended ceilings, or fluorescent light lenses/diffusers, with the
owner’s permission, remove one ceiling tile in each room they exist in,
unless they have insulation laying on top of the ceiling tiles. In that case,
watch the ceiling closely as you slowly depressurize the home to be sure
you are not pulling down/destroying the ceiling tile. If it appears they
are being affected, you have to use the “@ pressure” button (Retrotec)
or “can’t reach 50” factors/“Pressure flow@50” mode (EC)—press the
“Mode” button until ‘@50” shows up on the screen.

4. Close exterior doors and latch all windows (including skylight win-
dows), storm windows, crawlspaces, hatches and attic hatches, unless
specifically instructed otherwise. Seal off and cover any window air
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conditioner units and cat/dog doors. Close doors to rooms/ closets with
furnaces, boilers, water heaters, etc. only if they have open-air access/
makeup /supply from the outside.

Turn off all HVAC system electrical and the water heater to pilot. Turn
off all fans—bathroom & kitchen fans, clothes dryers, central vacuums,
broiler hoods, whole house fans, swamp coolers, window air condi-
tioner units, ceiling fans, solar air panel fans, attic/ crawlspace powered
ventilators, HRV/ERV or other fresh air ventilation systems, etc. Leave
your car keys on top of the water heater as a reminder to turn these ap-
pliances back on—you will not be able to start your car if you do not
return to the water heater to turn it and the other appliances back to their
original setting.

Make sure all fireplace and wood stove fires have been out for at least
24 hours and that all ashes have been cleaned out. If the ashes have not
been removed or you are unable to remove the ashes, completely cover
them with wet newspapers. Close all closeable fireplace and wood stove
doors.

If there is an attached space with combustion appliances that freely com-
municates with the unit you are testing (such as a townhouse that has a
common, unseparated attic or source of outside air, etc. with the unit),
be sure that these other appliances in the other unit are also off to avoid
the same risk there.

Make sure, during the test, all pets, children, small objects, loose papers,
etc. are kept away from around the inside or outside of the door where
you are placing the blower door.

Set-up of Blower Door—Select an exterior door, other than a sliding
door, where to place the blower door. The clearer the area directly out-
side and especially inside of the door, the better the blower air will be
able to flow unhindered. If you cannot create at least 5 feet of open clear-
ance in front of the fan on the inside (if depressurizing—if pressurizing,
the important clearance is on the outside), you can try to use one of the
fan rings to reduce the flow through the fan and still get an accurate
reading.

Open the door and the storm door, if applicable, of the doorway you
have chosen, as much as possible and prop them so they stay open. Con-
nect the door frame pieces together at the snapping connectors to form
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11.

12.

13.

14.

15.

16.
17.

18.

19.

a rectangle and put the middle cross bar in place using the hook/slot
connection.

Fit the adjustable metal blower doorframe in the doorway by first loos-
ening the three knobs on all of the lower, middle and upper horizontal
frame pieces, wedging the frame inside of the doorjambs, and pushing
the side frames away from each other against the side doorjambs. While
holding the frame in place, tighten these same three knobs.

Loosen the knobs on the two side frames, and with your foot over the
lower frame, pull the top frame up to the top of the door frame and
tighten the two side knobs while holding the frame in place.

Now that you have “fitted” the frame for the door, remove it, lay the
fabric or cloth door sheet on the floor and set the frame over the top of
the fabric with the knobs on the frame facing up.

Giving plenty of extra length, attach the long Velcro strip over the top of
the frame.

Pull the bottom of the nylon sheet/panel under the doorframe and at-
tach the two Velcro strips at the bottom so they hold the sheet in place.

Readjust the top Velcro strip so it tightens the sheet from top to bottom.

Pull both sides of the sheet around the sides of the frame and Velcro
them to hold both of them in place.

Fit the frame with the sheet Velcroed to it into the doorframe. Fit the
cross bar into the frame just above the circular fan opening and tighten
the knob to it while pushing the two side frames into the door jamb on
each side. If you tightened everything properly in the first place, you
need only turn the cam levers for each of the five knobs so that the frame
with sheet is tightened into the doorframe against a doorstop. If the
doorframe does not fit tightly into the door, disengage the cams, readjust
the frame so it fits tighter in the door, and then re-engage the cams.

Run at least 5 feet of tubing (red hose for Retrotec or green hose for En-
ergy Conservatory) through the hole in the sheet and along the side of
the house on the outside so that it does not rest in the path of the blower
door air stream. Protect the hose from getting water or dirt in it.

EC Pressurization: If you are pressurizing the building rather than de-
pressurizing it, be sure to run another set of tubing out through the
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21.

other access hole in the door sheet so that one end of the hose will rest
just outside the door sheet and just next to, but not in the stream of, the
blower door fan.

Install the blower door fan, with all the rings and cover plate installed,
facing the house side (or facing outside if pressurizing with a Retrotec
fan) with the handle up, into the round elastic opening in the blower
door sheet. This works easiest if you tip the fan towards you while plac-
ing it next to the opening and then tipping it over the bottom of the elas-
tic opening. You should then pull the rest of the elastic opening around
the top of the fan to fully enclose the opening around the fan casing.

EC fans: Use the “Flow” switch on the fan to select the proper arrow for
flow direction. To depressurize, switch the button towards the arrow
pointing towards the outside of the house. To pressurize, switch the but-
ton towards the arrow pointing towards the inside of the house.

Retrotec fans: Only if pressurizing the house, as indicated above, face the
rings and cover plate towards the outside of the house when placing the
fan in the door.

Pull the fan so it sits perfectly vertical and approximately 2 inches off
the bottom frame by strapping the Velcro strap hanging off the middle
cross-bar through the fan handle and back up on itself.

EC Blower Door Testing - Depressurization

DEVICE CONFIG

No Hose
Connect-
ed Here

Green No Hose
Hose to Connect-
OUtSide Reference Reference ed Here

or WRT or WRT

Figure 4-23. Depressurization
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EC Blower Door Testing - Pressurization

No Hose
Connect- TIME AVG
ed Here

CONFIG

Add’l Hose
to Outside,
Green Placed Next
Hose to to Fan But
Outside | [Sr. Referenc: N?t inits
or WRT orWRT Airstream

Figure 4-24. Pressurization

Table 4-3. Setting up the Energy Conservatory (EC)/Minneapolis™ Blower Door
with DG-700 Gauge (Gauge) for Either Depressurization or Pressurization

1. Before Starting: Be sure to conduct all of the steps in the “Step-by-Step

Blower Door Preparation and Set-up” procedure above.

Make sure your gauge batteries are fully charged or that you have ad-
equate outlets and extension cords to connect the pressure gauge to its
recharger/ transformer.

Attach the hoses to the gauge—red tubing coming from the tap on the
fan to the Channel B input tap (upper right tap) and green tube(from
outside) to the Channel A reference tap (lower left tap). Pressurization: If
you are pressurizing using an EC fan, be sure to connect the other end of
the extra hose you placed just outside the door sheet and just to the side
of the fan (NOT the Green tube). Connect it to the Channel B reference
tap on the lower right of the EC gauge.

. Attach the gauge mounting board and fan speed controller (with the

speed control dial on it) onto the blower door (there is a special short
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11.

12.
13.

14.

15.

door frame attachment that the mounting board can be hung on using a
hook/slot attachment).

Attach the gauge with Velcro on the mounting board.

Insert the female plug from the speed controller into the receptacle on
the fan.

Make sure the fan speed controller dial is turned as counterclockwise
as possible. Plug the regular power cord plug from the speed controller
into a wall outlet.

Check the fan direction switch on the top of the fan so that the arrow
shows the fan will blow air to the outside (depressurization) or towards
the inside, in the rare event you are pressurizing the home.

If your fan speed controller and gauge have “cruise control” capability,
install the low voltage cruise control connector between the gauge (on its
top) and the speed controller (on its side). Otherwise, ignore this step.

Turn on the gauge—Press “On/Off.”
Press the “Mode” button twice to put the gauge in the PR/FL@50 mode.

Check that the device showing in the upper left corner of the display
matches the blower door you are using. It should say “BD3” if you ex-
pect to use the Model 3 blower door. If it does not indicate the blower
door model, press “Device” until “BD3” shows up on the display.

Push “Baseline,” push “Start,” and wait for 20 seconds or until the read-
ing stabilizes, and then push “Enter.” The Channel A display should
now show an “AD]” icon in it to show that the reading will be adjusted
for baseline.

Remove the fan covers.

Press “Config” until the proper flow ring you are using shows up on the
upper right of the display. If you are not using a ring, the config should
show “OPEN.”

Press the “Time Avg” button until you see “5” displayed in the lower
right corner (set it for “10” if it is a windy day).

Turn on the blower door fan to -25 Pa: Turn the fan controller clockwise.
Continue to increase the fan speed until the pressure shown on the left
side of the display (Channel A) shows roughly -25 Pa. You need not at-
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16.
17.

18.

tempt to keep the pressure at exactly -25.
Check around the house to make sure no problems are arising.

If everything seems okay in the house, turn on the blower door fan to -50
Pa:

Manual Control—(if you only have one gauge and need to use it to do
Duct Pressure Pan, ZPD, etc. tests) Turn the fan controller clockwise.
Continue to increase the fan speed until the pressure shown on the left
side of the display (Channel A) shows between -45 and -55 Pa. You need
not attempt to keep the pressure at exactly -50 as the gauge will calculate
a flow reading assuming the pressure were -50. If the flow is fluctuating
more than you would like, press the “Time Avg” button until you have
selected the 10-second averaging period.

Cruise Control: Turn the speed controller dial to the “just on” position
and press the on/off switch to “on” if it has one. Press the “Enter” but-
ton and the cruise control will be triggered. The left side of the display
(Channel A) should display the number 50. Press the “Start” button and
the blower door fan will increase speed until the pressure is approxi-
mately -50.

Read the flow rate that now shows up on the right side of the display
(Channel B). If it shows a series of hyphens—(*----- “) instead, turn off the
fan with the controller and step up to larger flow rings one at a time
until there is adequate flow, the hyphens disappear, and you get a flow
number in its place. Turn off the fan to change flow rings.

If it shows “LO” instead of a number, turn off the fan with the controller
and step down to smaller flow rings one at a time until the “LO” disap-
pears, and you get a flow number in its place. Turn off the fan to change
flow rings.

Be sure to press “Config” until the ring displayed in the upper right corner
of the gauge display matches the ring on the fan. If you are using the
cruise control, press “Clear” before you press the “Config” button and
then follow the instructions in the previous step to restart the fan.

Some suggest that a ring should be added even if the CFM50 is below
2400 whether it shows “Too Low” or not. Restart the fan by following the
instructions starting at “Set Pressure.”
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20.
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This is a good time to check for air leaks as you are going around the
house to do ZPD testing, etc. (see gauges issues below) Locations of
leaks:

Two Gauges Available: Keep this gauge on the blower door. You can use
the other gauge to go around the house to conduct pressure pan, ZPD,
etc. testing.

One Gauge Available: If you have only one gauge, use the manual speed
control dial to set the fan rpm’s so the gauge reads -50 Pascals. Once you
have established the -50 Pascals using your gauge, record the flow and
pressure in the next step and disconnect the tubes going to the blower
door. If you are conducting ZPD testing indoors, keep the hose to out-
side connected to your gauge if it is long enough to reach the zones you
will be testing.

Read and record the CFM number that shows up in the right side of the

middle of the gauge (Channel B). CFM Compeare this recorded
number with the MVR or BAS range that you have already calculated for
this home. MVR/BAS Range: to CFM

BPI-Require 100% continuous of the BAS mechanical ventilation because
the house CFM is lower than the low end of the BAS CFM range? Y — N

Recommend mechanical ventilation that makes up for the differential in
CFM and BAS CFM because the house CFM falls within the BAS CFM
range? Y — N

Weatherization—check with your supervisor—you may be using 62.2-
2007

Turn off the fan by holding down the “On/Off” button or dial down
the manual speed control dial counterclockwise until it stops if you are
using the manual speed control dial. Return the house to normal condi-
tions by returning the combustion appliances and thermostats to their
original settings, unseal window air conditioner units, open fireplace
dampers, etc. Be sure to check that pilot lights have not blown out from
the test. If they have, relight them or have someone else relight them
safely. Watch out for build-up of unburned gas.
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Retrotec Blower Door Fan 1000 Set-Up

*

Depressurization and Pressurization

Yellow Hose to Fan
@] Yellow Hose to Fan | ~ /
/\ . —

Yellow Ethernet-Style Cord to Fan

[ Blue Hose|

Fow 1450 cfm

Connect any hose colors o2
to the same colored taps

on the back. H ﬁ H

Figure 4-25. Fan 1000

Retrotec Blower Door Fans Q46 & Q56 Set-Up
Depressurization and Pressurization

Yellow Hose Yellow [th t
Connect any hose colors toFan S Style Cordte Fan| L R0d Hoseto Outside
to the same colored taps \ 1
4

— /'o-"(mdln Gauge

Figure 4-26. Q46 and Q56
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Table 4-4. Setting up the Retrotec Blower Door—the Q46 and the 1000 Fans
Using the DM-2 Retrotec Gauge (Manometer) for either Depressurization or
Pressurization

1. Before Starting: Be sure to conduct all the steps in the “Step-by-Step
Blower Door Preparation and Set-up” procedure above.

Make sure your gauge batteries are fully charged or that you have
adequate outlets and extension cords to connect the pressure
gauge to its recharger / transformer.

Attach the hoses to the gauge from the fan and the red outside
hose. Plug the colored hoses into the appropriately colored nipples
on the DM-2 gauge—only yellow-to-yellow, red-to-red.

2. Connect the black low voltage (smaller) cord (if the battery is low on the
gauge) and the yellow ethernet-style cable on the umbilical cord to the
DM-2. Connect the other end of these cords to the fan.

3. Turn on the gauge by pressing and holding down the “On/Off” button.

Once the gauge is on, press “Auto Zero” button until “On” shows in the
upper right corner of the display.

If the number below the “n” value on the right side of the top line of the
display does not show “0.65,” press the “Setup” button repeatedly until
you have selected the “n” value option. Then press “Enter,” type “0.65”
(use the numbers & period button—same as the “@ Pressure” button) in
as the n exponent, press “Enter” again and then “Setup.”

4. Connect the ethernet-style data cable, the DM-2 low voltage power con-
nector, and the yellow hose on the other end of the umbilical into the
yellow fan connections. Press “Exit” if the status light on the fan turns
red. This should make it turn steady green.

5. Plug the black power cord into the fan connection for it, and the wall
plug on the other end into a wall outlet.

6. Press “On/Off” and then “Exit.” If you do not see “Retrotec 2000” in the
display’s lower right hand corner, hit “Mode” once and then “Device”
until it shows up.

7. If you do not see “Open” in the display’s lower left corner, hit “Range/
Config” until it shows up there.



108

Residential Energy Auditing and Improvement

10.

11.
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14.
15.

16.

17.

18.

. If the display upper right corner does not show “On,” hit “Auto Zero”

once.

If you do not see “4s” just below the “Time” setting on the top line of the
display, push “Time Avg” until it shows up. If it is windy, set it for 10
seconds instead.

Push “Baseline” and wait for 20 seconds or until the reading stabilizes,
and then push “Enter”

Press “Mode” until “Flow” appears on the display’s left edge at the
“Mode” mark.

Remove the fan covers.

Press “Set Pressure” input “25” using the number buttons and then press
“Enter” to bring the pressure to 25.

Check around the house to make sure no problems are arising.

If everything seems okay around the house, you need to set the blower
door to stay at -50 Pascals if possible. Push “Set Pressure,” “50,” and
“Enter” to bring the pressure up to 50 Pascals.

If the display reads “Too Low,” press “Exit” to stop the fan, add the larg-
est ring if there is no ring on it or use the next smaller size ring if there
is a ring on it, press “Range/Config” until the size matching the ring
is in the display’s lower left corner. Some suggest that a ring should be
added even if the CFM50 is below 2400 whether it shows “Too Low” or
not. Restart the fan by following the instructions starting at “Set Pres-
sure.”

If the pressure reading is not matching the pressure you set it at—say,
you can only get up to 40 Pa but you need to reach 50 Pa—press “Exit”
to stop the fan, remove a fan ring and push “Range/Config” until the
remaining ring size shows up on the display’s lower left corner. Restart
the fan by following the instructions starting at “Set Pressure.” If you
still cannot reach the target pressure, press “@ Pressure” to have the
gauge calculate what the flow would be at the target pressure even
though you are not able to actually reach it with the fan configurations.

This is a good time to check for air leaks as you are going around the
house to do ZPD testing, etc. (see gauges issues below) Locations of
leaks:
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20.

Two Gauges Available: Keep this gauge on the blower door. You can use
the other gauge to go around the house to conduct pressure pan, ZPD,
etc. testing.

One Gauge Available: If you have only one gauge, setup and use the
manual speed control dial to set the fan rpm’s so the gauge reads -50
Pascals. Once you have established the -50 Pascals using your gauge,
record the flow and pressure in the next step and disconnect the tubes
going to the blower door. If you are conducting ZPD testing indoors,
keep the hose to outside connected to your gauge if it is long enough to
reach the zones you will be testing.

Read and record the CFM or CFM50 number that shows up in the middle
of the gauge. CFM

Compare this recorded number with the MVR or BAS range that you
have already calculated for this home. MVR/BAS Range: to

BPI-Require 100% continuous of the BAS mechanical ventilation because
the house CFM is lower than the low end of the BAS CFM range? Y N

Recommend mechanical ventilation that makes up for the differential in
CFM and BAS CFM because the house CFM falls within the BAS CFM
range? Y N

Weatherization-check with your supervisor—you may be using 62.2-2007

Turn off the fan by holding down the “On/Off” button or dial down the
manual speed control dial counterclockwise until it stops if you are
using the manual speed control dial. Return the house to normal condi-
tions by returning the combustion appliances and thermostats to their
original settings, unseal window air conditioner units, open fireplace
dampers, etc. Be sure to check that pilot lights have not blown out from
the test. If they have, relight them or have someone else relight them
safely. Watch out for buildup of unburned gas.
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Retrotec Blower Door Fans Q4E, Q5E and QMG Set-Up
Depressurization and Pressurization

|Power Cord for Gauge|

“Umbilical” Line
(keeps hoses pro-
tected and together]

Red Mose to Outside

Green Hose to Green Tap on
Variable Speed Drive

Yellow Ethernet

No Blue Hose Style Cord to Fan
Connect any hose colors
to the same colored taps

Panel on Top
of Fan

Yellow Ethernet
Style Cord

[Dashed Yellow and Green Hoses Show Older Model Setup |

Figure 4-27. Q4E, Q5E, and QMG

Table 4-5. Setting up the Retrotec Blower Door Q4E, 5E, or QMG Using the
Retrotec DM-2 Gauge for Either Depressurization or Pressurization

1. Before Starting: Be sure to conduct all of the steps in the “Step-by-Step
Blower Door Preparation and Set-up” procedure above.

Make sure your gauge batteries are fully charged or that you have ad-
equate outlets and extension cords to connect the pressure gauge to its
recharger/ transformer.

Attach the hoses to the gauge from the fan and the outside hose. Plug
the colored hoses into the appropriately colored nipples on the DM-2
gauge—only yellow-to-yellow, red-to-red, green-to-green.
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Connect the low voltage (smaller) power cord (if the battery is low on
the gauge) and the yellow ethernet-style cable on the variable speed
drive (VSD) umbilical cord to the DM-2.

Turn on the gauge by pressing and holding down the “On/Off” button.

Once the gauge is on, press “Auto Zero” button until “On” shows in the
upper right corner of the display.

If the number below the “n” value on the right side of the top line of the
display does not show “0.65,” press the “Setup” button repeatedly until
you have selected the “n” value option. Then press “Enter,” type “0.65”
(use the numbers & period button—same as the “@ Pressure” button) in
as the n exponent, press “Enter” again and then “Setup.”

Connect the DM-2 low voltage power connector, and the ethernet-style
data cable on the other end of the VSD umbilical into the VSD on the
right side in that order from top to bottom. Then connect the yellow
hose, and the green hose on the same end of the VSD umbilical to the
yellow and green hoses, respectively, on the fan umbilical using two
male-to-male hose connectors.

Older models: Connect the yellow hose, and the green hose on the other
end of the VSD umbilical into the VSD on the right side in that order
from top to bottom. Then plug the fan umbilical cord’s yellow and green
hoses into the VSD right next to where the fan power cord plugs in at the
bottom with yellow below the green.

Plug the fan umbilical cord’s fan side hoses into their respective colored
connectors on the fan and the power cord into the fan power connection
(push it in and turn it clockwise to get it to lock into place).

Connect the plug end of the power cord for the VSD into a wall outlet
and the other female end into the variable speed drive.

Press “On/Off” and then “Exit” on the gauge. If you do not see Retrotec
“3000SR” in the display’s lower right hand corner, hit “Mode” once and
then press “Device” until it shows up.

If you do not see “Open” in the display’s lower left corner, hit “Range/
Config” until it shows up there.

If the upper right corner of the display does not show “On,” hit “Auto
Zero” once.
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19.

20.

If you do not see “4s” just below the “Time” setting on the top line of the
display, push “Time Avg” until it shows up. If it is windy, set it for 10
seconds instead.

Push “Baseline” and wait 20 seconds or until the reading stabilizes, and
then push “Enter.”

Press “Mode” until “Flow” appears on the display’s left edge at the
“Mode” mark.

Remove the fan covers.

Press “Set Pressure” and input “25” using the number buttons and then
press “Enter” to bring the pressure up to 25.

Check around the house to make sure no problems are arising.

If everything seems okay around the house, push “Set Pressure,” “50,”
and “Enter” to bring the pressure up to 50 Pascals

If the display reads “Too Low,” press “Exit” to stop the fan, add the larg-
est ring if there is no ring on it or use the next smaller size ring if there is
a ring on it, press “Range/Config” until the size matching the ring is in
the display’s lower left corner. Some suggest that a ring should be added
even if the CFM50 is below 2400 whether it shows “Too Low” or not.
Restart the fan by following the instructions starting at “Set Pressure.”

If the pressure reading is not matching the pressure you set it at—for
example, you can only get to 40 Pa but you need to reach 50 Pa—press
“Exit” to stop the fan, remove a fan ring and push “Range/Config” un-
til the remaining ring size shows up on the display’s lower left corner.
Restart the fan by following the instructions starting at “Set Pressure.”
If you still cannot reach the target pressure, press “@ Pressure” to have
the gauge calculate what the flow would be at the target pressure even
though you are not able to actually reach it with the fan configurations.

This is a good time to check for air leaks as you are going around the
house to do ZPD testing, etc. (see gauges issues below) Locations of
leaks:

Two Gauges Available: Keep this gauge on the blower door. You can use
the other gauge to go around the house to conduct pressure pan, ZPD,
etc. testing.



The Auditor’s Tools and How to Use Them 113

21.

22.

One Gauge Available: If you have only one gauge, set up and use the man-
ual speed control dial to set the fan rpm’s so the gauge reads -50 Pascals.
Once you have established the -50 Pascals using your gauge, record the
flow and pressure in the next step and disconnect the tubes going to the
blower door. If you are conducting ZPD testing indoors, keep the hose to
outside connected to your gauge if it is long enough to reach the zones
you will be testing.

Read and record the CFM or CFM50 number that shows up in the mid-

dle of the gauge. CFM Compare this recorded number
with the MVR or BAS range that you have already calculated for this
home. MVR/BAS Range: to CFM

BPI-Require 100% continuous of the BAS mechanical ventilation because
the house CFM is lower than the low end of the BAS CFM range? Y N

Recommend mechanical ventilation that makes up for the differential in
CFM and BAS CFM because the house CFM falls within the BAS CFM
range? Y N

Weatherization-check with your supervisor—you may be using 62.2-2007

Turn off the fan by holding down the “On/Off” button or dial down
the manual speed control dial counterclockwise until it stops if you are
using the manual speed control dial. Return the house to normal condi-
tions by returning the combustion appliances and thermostats to their
original settings, unseal window air conditioner units, open fireplace
dampers, etc. Be sure to check that pilot lights have not blown out from
the test. If so, relight them or have someone else relight them safely.
Watch for build-up of unburned gas.

MEASURING EXHAUST FAN FLOW

Exhaust fan flow is used to help calculate the MVR. You can de-

duct exhaust fan flows from the MVR (see MVR section in Appendix D).
To measure exhaust fan flow, use an exhaust fan flow meter that is really
nothing more than a calibrated pressure pan as shown in Figure 4-28. In
fact, the flow meter will function as both a flow meter and a pressure
pan if you completely close the adjustable opening on the flow meter. A
gauge is also needed to use this device. It only works for measuring the
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intake on an exhaust fan; it can-
not be used to measure any fan’s
discharge. Set the flow meter pan
completely over the fan intake
when the fan is on. You only need
to adjust the flow meter’s open-
ing until you get an appropriate
reading on the gauge (see test
procedures below).

Because you may not know
whether you need to utilize fans
to get the MVR, you may decide
to wait until it is conspicuous
that you need fan flow before

Door Opening

Movable/Closable
Door

Figure 4-28. Exhaust Air Flow Meter

spending time conducting this test. Thus, you may find that this test
will only need to be done by retrofitters and then only if they discover a
need for fan flow to help with MVR. Some auditors, if they do not find
a need to actually measure flow in exhaust fans, will conduct only the
tissue paper test to make sure it seems to be minimally working—seeing
if a single layer of tissue paper is able to stay up against an exhaust fan

grille with the exhaust fan on.

EC Exhaust Fan Flow Testing

DEVICE

Hose to

CONFIG F Iow

Meter

No Hose
Connect-
ed Here

TIME AVG

Exhaust Fan

Flow Meter
Box

No Hose
Connect-
ed Here

Reference
or WRT

No Hose
{ ] Connect-

Reference
or WRT

ed Here

Figure 4-29. EC Exhaust Fan Flow Testing
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Retrotec Exhaust Fan Flow Testing

| No Red Hosel | No Yellow Hose|

No Blue Hose e Green Hose to
- Exhaust Flow Meter

Connect any hose colors
to the same colored taps
on the back.

Exhaust Fan
Flow Meter
Box

Figure 4-30. Retrotec Exhaust Fan Flow Testing

Table 4-6. Exhaust Fan Flow Testing Procedure Using the EC Exhaust Fan
Flow Meter with either a Retrotec or EC Gauge

1. Make sure your gauge batteries are fully charged or that you have
adequate outlets and extension cords to connect the pressure gauge to its
recharger/ transformer.

Connect some tubing on one end to the Exhaust Fan Flow Meter box
tap/ connector.

2. EC Gauge: Connect the other end of the tubing to the Channel B Input
tap (upper right tap).

Retrotec Gauge: Connect the other end of the tubing to the green tap on
the back of the gauge.

3. If it is not already set in the E1 position, set the small adjustable door
opening on the flow meter to the E1 setting by gently and slowly push-
ing down on the metal snap pin button until the door slides so that the
snap pin ends up in the “E1” setting of the door.

4. Screw in a painter’s roller pole extension into the end of the flow meter
handle and attach the handle to the flow meter by way of the Velcro sur-
faces.

5. EC Gauge: Press the “On/Off” button. Press the “Mode” button once to
set the gauge in the “PR/FL” mode as shown in the lower left corner of
the display. Then press the “Device” button repeatedly until the “EXH”
appears in the upper left corner of the display. Finally, press the “Con-
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fig” button repeatedly until “A1” shows in the upper right corner of the
display.

Retrotec Gauge: Switch on the gauge by pressing and holding down the
“On/Off” button and then the “Exit” button immediately thereafter.
Once the gauge is on, press “Auto Zero” button until “On” shows in the
upper right corner of the display. Then Press the “Mode” button repeat-
edly until PrA/PrB appears in the left edge of the display.

. Turn on the exhaust fan you are testing. Create an airtight seal against

the wall or ceiling around the fan as you place the flow meter completely
over the fan grille and housing. Watch the pressure or flow reading on
the gauge to see if it is relatively stable. If it is not stable:

EC: Press the “Time Avg” Button until “10” shows up in the lower right
corner of the display.

Retrotec: Set the time average to 10 seconds by pressing the “Time Avg”
button until “10 s” shows up just below the “Time” title near the upper
right corner of the display.

. EC: Read the fan flow on the Channel B display.

Retrotec: Read the pressure for “PrB,” find that pressure on the chart be-
low, and move to the right on the chart from there to find the equivalent
flow at that pressure under the “E1” column (for example, a pressure of
2.2 Pascals represents a flow of 65 CFM for the E1 setting).

Both EC and Retrotec:

If the flow is above the minimum of 44 CFM and below the maximum of
124 CFM (the range where the E1 box setting is accurate): Jump to the last
step of this procedure and record the door setting, the flow rate, and the
location of the fan you have tested. You are done.

If the flow is above the maximum of 124 CFM: Consider using a card-
board box with a specifically known larger size opening to test the fan
flow (see Retrotec’s description of the cardboard box procedure in its
residential manual.)

If the flow is below the minimum of 44 CFM: Change the position of
the adjustable flow meter door to E2 and make the following changes on
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the pressure gauge:

EC: Press the “Config” button until “B2” shows up in the upper
right corner of the display. Retest.

Retrotec: Retest, read the pressure for “PrB,” find that pressure on
the chart below, and move to the right on the chart to find the equivalent
flow at that pressure under the “E2” column (for example, a pressure of
2.2 Pascals represents a flow of 31 CFM for the E2 setting).

Both EC and Retrotec: If you have a flow above 21 CEM, record the
results below. You are done.

If you cannot obtain a flow above 21 CFM: Change the position of the
adjustable flow meter door to E3 and make the following changes on the
pressure gauge:

EC: Press the “Config” button until “C3” shows up in the upper
right corner of the display. Retest.

Retrotec: Retest, read the pressure for “PrB,” find that pressure on
the chart below, and move to the right on the chart to find the equivalent
flow at that pressure under the “E3” column (for example, a pressure of
2.2 Pascals represents a flow of 15 CEM for the E3 setting).

Both EC and Retrotec: If you have a flow above 10 CFM, record the
results below. You are done.

If you cannot obtain a flow of 10 CFM or more, the flow meter does not
have a small enough adjustable door to accurately test that small of an
exhaust fan flow. You can record the flow as “smaller than 10 CFM” or
consider using a cardboard box with a specifically known smaller size
opening to test the fan flow (see Retrotec’s description of the cardboard
box procedure in its residential manual.) Otherwise, the fan may need
repair.

8. Door Setting: E1 E2 E3 (circle one)
Flow: CFM

Location of fan:
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Table 4-7. Exhaust Fan Flow Pressure-to-Flow Conversion Chart

Meter Flow (CFM) | Meter Flow (CFM)
Pressure Pressure
(Pa) (Pa)

El1 | E2 | E3 El E2 | E3
1.0 44 121 |10 | 4.6 94 44 | 22
1.2 48 |23 | 11 | 4.8 96 45 | 22
1.4 52 125 ]12 |5.0 98 46 | 23
1.6 55128 |13 ]5.2 100 |47 |23
1.8 59 |28 |14 |54 102 |48 |23
2.0 62 29 |14 |5.6 103 49 |24
2.2 65 |31 1558 105 50 | 24
2.4 68 [32 16 | 6.0 107 51 |25
2.6 71 133 |16 |6.2 109 52 |25
2.8 73 13517 | 6.4 111 52 125
3.0 76 36 |17 | 6.6 112 53126
3.2 78 |37 |18 | 6.8 114 54 126
3.4 81 [38 119 |7.0 116 55127
3.6 8313911972 117 56 | 27
3.8 85140 |20 |7.4 119 56 | 27
4.0 87 |41 |20 |7.6 121 57 |28
4.2 90 |42 |21 |78 122 58 | 28
4.4 92 143 |21 ]8.0 124 59 |28

DUCT TESTS

Duct Blower or Fan

Another tool is the duct blower, a miniature version of a blower
door fan, see Figure 4-31. A duct blower can be used to check how
badly ductwork is leaking in a more quantitative way as CFM than
with a pressure pan test. It is generally considered more accurate in
determining duct leakages than a pressure test, but is much more
costly. In addition, it is more commonly used to evaluate new con-
struction ductwork because better sealing can be achieved when all
the ductwork is exposed when a home is under construction (see New
Construction chapter). The ducts can be either pressurized or depres-
surized (exposed to a vacuum) to a 25 Pascal level when doing a duct
blower test. This is referred to as the CFM25 total or CFM25_total.
While the traditional test involves pressurization of the ducts, some
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believe that depressurization is more accurate because it will not push
out the taping /masking over the registers or return grilles when used.

If you combine the duct blower with a blower door test, you can
distinguish the duct leakage to the indoors from the duct leakage to
the outdoors or CFM250ut or CFM_out, a very important difference.
Duct leakage to the outdoors or unconditioned spaces represents a
more significant loss of energy than duct leakage to the indoors or
conditioned spaces.

Figure 4-31. Two Types of Duct Blowers
Upper: Attached to a return air duct
Lower: Attached to a fan compartment of a furnace.

The following table is a step-by-step process for preparing the
house and ducts for testing regardless of the type of duct blower be-
ing used. The two subsequent tables explain the specific procedures
to use for two types of duct blowers. Select the appropriate table that
applies to the type of duct blower you are using. When you are done
with the testing, return the house and its appliances to their original
conditions.
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Table 4-8. General Step-By-Step Duct Blower Set-up

1. If you notice any vermiculite or asbestos insulation in the attic or
mold, etc. inside the house during your inspection, do not proceed.

If this is a new house being tested under a specific energy efficient home
protocol, follow that protocol instead.

If the house is in an area where the interior of the house could be ex-
posed to freezing temperatures during the next year if unheated, and the
home is new or has been vacant for awhile, obtain permission from the
owner to refill the P traps, floor drains, and toilets with antifreeze if al-
lowed in your locality.

Notify the homeowner that no one can open or close doors, turn on fur-
naces or air conditioner systems, fans, etc. during the test.

. Close any vents to the outside, whether powered by a fan or not, includ-

ing fireplace or wood stove dampers and doors.

. Open all HVAC registers/ diffusers/grills and interior doors, including

closet doors. Open the basement door if you see evidence of storage,
washer, dryer, etc. in the basement. Only open an attic doorway or hatch
if it appears the attic space is insulated from the outside (it is condi-
tioned space), such as finding insulation on the attic side of the roof deck
or between the roof rafters, etc. Open the vehicle door to the garage.
Also, open an attic hatch located in the garage only if the attic looks like
it is insulated from the house (the attic is unconditioned space). If the
crawl] or attic spaces are unconditioned, open crawlspace and attic vents,
as applicable.

Outside Only Tests. If the house has T-bar type suspended ceilings, or
fluorescent light lenses/diffusers, remove one ceiling tile in each room
where they exist (with the owner’s permission), unless there is insula-
tion laying on top of the ceiling tiles. In that case, watch the ceiling
closely as you slowly depressurize the home to be sure you are not pull-
ing down/ destroying the ceiling tile.

. Close exterior doors and latch all windows (including skylight win-

dows), storm windows, crawlspaces, hatches and attic hatches, unless
specifically instructed otherwise. Seal off and cover any window air
conditioner units and cat/dog doors. Close doors to rooms/ closets with
furnaces, boilers, water heaters, etc. only if they have open-air access/
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makeup/supply from the outside.

5. Turn off all HVAC system electrical and the water heater to pilot. Turn
off all fans- bathroom & kitchen fans, clothes dryers, central vacuums,
broiler hoods, whole house fans, swamp coolers, window air condi-
tioner units, ceiling fans, solar air panel fans, attic/ crawlspace powered
ventilators, HRV/ERV or other fresh air ventilation systems, etc. Leave
your car keys on top of the water heater as a reminder to turn these ap-
pliances back on—you will not be able to start your car if you have not
returned to the water heater to turn it and the other appliances back to
their original setting.

6. Make sure all fireplace and wood stove fires have been out for at least
24 hours and that all ashes have been cleaned out. If the ashes have not
been removed or you are unable to remove the ashes, completely cover
them with wet newspapers.

7. If there is an attached space with combustion appliances that freely com-
municates with the unit you are testing, (such as a townhouse that has
a common, unseparated attic or common source of outside air, etc. with
the unit), be sure that these other appliances in the other unit are also off
to avoid the same risk there.

8. Make sure, during the test, all pets, children, small objects, loose papers,
etc. are kept away from around the inside or outside of the door where
you are placing the duct blower.

9. Set-up of Duct Blower—Select the air handler for the furnace (preferred)
or the return grille closest to the furnace/air handler, to connect the duct
blower. Note that once the duct blower has been set up, it is best to avoid
any unnecessary turns in the duct blower flex duct hose that connects
the blower to the air handler or return grille.

10. Place masking tape or an appropriate sticky mask over all the registers,
both supply and return, to seal them off. Be sure the sealing tape will not
pull paint off the registers or walls, or leave a residue.

11. Remove all filters in the ductwork, unless the filter is placed directly be-
hind a return grille you are masking. Dirty air conditioner coils can also
act like a dirty filter when conducting duct leakage testing. If possible, be
sure that the air conditioner coil is clean before starting any duct testing.

12. Total Duct Leakage Test Only: Open a large window in the home that is not
facing the wind.

Table 4-9. Setting up the Energy Conservatory (EC)/Minneapolis™ Duct
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EC DuctBlaster Pressurization Testing

(Gauge would show 0.0 Pa if we were testing for outside leakage only
by adding a blower door fan set to 25 Pascals in an exterior door - see text)

DEVICE CONFIG

End of Red Hose
Green Connects
Hose to to Duct-
In.swle PR/ FL@25 Blaster
Distant TIME AVG Tap
Supply
Register
DEVICE
If Gauge &
No Hose No Hose ||Fan in Same

Connect- (1| Connect-||Space, No
Reference Reference
ed Here ([t il d Here ||Hose Con-

Should be in open, nected Here

conditioned space
of home

Figure 4-32. Pressurization Testing

EC DuctBlaster Depressurization Testing

(Gauge would show 0.0 Pa if we were testing for outside leakage only
by adding a blower door fan set to -25 Pascals in an exterior door - see text)

DEVICE CONFIG
e Red Hose
Green Connects
Hose to to Duct-
:;mde PR/ FL@25 Blaster

Istant TIME AVG Tap
Supply
Register
DEVICE
No Hose This Hose
Connect- Connects
ed Here zf{;;" <€ zf:;;f;‘ce to Rot.n.\d
Should be in open, Tl:ansmon
Piece Tube

conditioned space
of home

Figure 4-33. Depressurization Testing
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Blaster with DG-700 Gauge—Depressurization or Pressurization for either
Total Duct Leakage or Duct Leakage to the Outside Only

1. Before Starting: Be sure to conduct all the steps in the “General
Step-By-Step Duct Blower Set-up” procedure above.

Make sure your gauge batteries are fully charged or that you have ad-
equate outlets and extension cords to connect the pressure gauge to its

recharger/transformer.

Attach the hoses to the gauge—red tubing coming from the tap on the
fan to the Channel B input tap (upper right tap) and green tubing (in-
serted into the closest supply register) to the Channel A input tap (upper
left tap).

Outside Only Test: Set up a blower door consistent with the instructions
for blower door testing but with the settings for depressurization at -25
Pascals or pressurization at 25 Pascals. If possible, use cruise control (see
below) with the blower door to provide a more accurate test. You must
have two gauges to do a Duct Blaster test and use cruise control with the
blower door. Set up the blower door for the same pressurization/depres-
surization as you plan to use with the Duct Blaster. Do not set them up
for different set-ups (DO NOT set up one for depressurization and the
other for pressurization).

2. Attach or place the gauge mounting board and fan speed controller
(with the speed control dial on it) onto or near the Duct Blaster

3. Attach the flex duct to the fan intake side (air going in, the side without
the fan motor on it) for depressurization, or fan exhaust side (air go-
ing out, the side with the fan motor on it) for pressurization. Match the
edges of the round-edged transition piece on the end of the flex duct to
the round fan housing on the appro-
priate side of the fan and then slip the
hard black rubber connecting trim strip
over the outer edges of both to “U”
clamp them together. In addition, with
depressurization, both a flow ring (per-
haps start with the largest ring) and the
multi-hole foam flow conditioner must

be placed between the fan and the flex
duct.
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10.

11.

12.

13.

Insert the female plug from the speed controller in the receptacle on the
fan.

Make sure the fan speed controller dial is turned as counterclockwise
as possible. Plug the regular power cord plug from the speed controller
into a wall outlet.

Check the fan direction so the fan will pull air out of the ducts into the
house (depressurization) or into the ducts out of the house (pressuriza-
tion).

If the fan speed controller and gauge have “cruise control” capability,
install the low voltage cruise control connector between the gauge (on its
top) and the speed controller (on its side). Otherwise, ignore this step.

Turn on the gauge—Press “On/Off.”

Total Duct Leakage Test: Press the “Mode” button three times to put the
gauge in the PR/FL@25 mode.

Outside Duct Leakage Test: Press the “Mode” button only once to set it up
for the PR/FL mode.

Check that the device showing in the upper left corner of the display
matches the Duct Blaster you are using. It should say “DB B” if you are
using the Series B Duct Blaster. If it does not indicate the correct Duct
Blaster model, press “Device” until the proper Duct Blaster model shows
up on the display. Press “Config” until the proper flow ring you are us-
ing shows up on the upper right of the display.

Outside Duct Leakage Test Only: Start the blower door setup to run at -25
Pa (depressurization) or 25 Pa (pressurization).

Outside Duct Leakage Test Only: Be sure to set up both the blower door
and Duct Blaster for either depressurization or pressurization so one is
not set up for depressurization and the other for pressurization.

Manual Control

Total Duct Leakage—Turn the fan controller clockwise. Continue to
increase the fan speed until the pressure shown on the left side of the
display (Channel A) shows between about -20 and -30 Pa. You need not
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14.

attempt to keep the pressure at exactly -25 if you are depressurizing (25
Pa if pressurizing) as the gauge will calculate a flow reading assuming
the pressure were -25 if you are depressurizing (25 Pa if pressurizing). If
the flow is fluctuating more than you would like, press the “Time Avg”
button until you have selected the 5 or 10 second averaging period.

Outside Duct Leakage Only: Same as “manual” instructions above except
turn the fan speed up until the pressure reading shows “0.” Then re-
check the blower door building pressure to make sure it is still showing
the appropriate pressure (-25 Pa for depressurization or 25 Pa for pres-
surization). Once you have completed that process, recheck/reset the
Duct Blaster pressure so it is at 0 Pa.

Cruise Control

Total Duct Leakage: Turn the speed controller dial to the “just on” posi-
tion and press the “On/Off” switch to “ON” if it has one. Press the
“Enter” button and the cruise control will be triggered. The left side of
the display (Channel A) should display the number 25. Press the “Start”
button and the Duct Blaster fan will increase speed until the pressure is
approximately -25 if you are depressurizing or 25 Pa if pressurizing.

Outside Duct Leakage Only: Same cruise control instructions above ex-
cept, after pressing “Enter,” press “Config” twice if you are pressuriz-
ing, three times if you are depressurizing, to show /set the target pres-
sure at “0.” Then press “Start.”

Read the flow rate that now shows up on the right side of the display
(Channel B). If it shows a series of hyphens—(*----- “) instead, turn off the
fan with the controller and use the next larger flow ring one at a time
until there is adequate flow, the hyphens disappear, and you get a flow
number in its place.

If it shows “LO” instead of a number, turn off the fan with the controller
and add flow rings one at a time until the “LO” disappears, and you get
a flow number in its place.

Be sure to press “Config” until the ring displayed in the upper right corner
of the gauge matches the ring on the fan. If you are using the cruise con-
trol, press “Clear” before you press the “Config” button and then follow
the instructions in the previous step to restart the fan.
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15.

16.

17.

18.

Pressure Target Not Reached: If you find that your pressure reading is not
matching the pressure you want—say you can only get up to 15 Pa but
you need to reach 25 Pa for a “Total” leakage test or you need to reach 0
for an “Outside only” test—use the speed control knob to stop the fan.
Check for disconnected or improperly connected hoses, register seals
pulling loose or disconnected ducts. If you find these problems, correct
them and retest.

If you still cannot reach the target pressure:

Total Duct Leakage Test: Find the pressure you were able to reach on the
™ on the correction chart below, and calculate the true duct leakage rate
using the multipliers in the chart:

CFM x CFM (corrected)

Outside Only Leakage Test: Lower the pressure for the blower door until
the DuctBlaster™ gauge shows “0” Pascals. Find the pressure on the
blower door on the correction chart below, and calculate the true duct
leakage rate using the multipliers in the chart:

CFM x CFM (corrected)

All Tests: Record your results in the next step.

Read and record the CFM number that shows up in the right side of the
middle of the gauge.

CFM

Manual Control: Turn off the fan by turning the speed controller coun-
terclockwise to “Off” or by pressing the “On/Off” switch to the “Off”
position.

Cruise Control: Turn the fan off by pressing the “Clear” button.

Return the house to normal conditions by returning the combustion ap-
pliances to their original settings, unseal window air conditioner units,
open fireplace dampers, etc. Be sure to check that pilot lights have not
blown out from the test. If they have, relight them or have someone else
relight them safely. Watch out for build up of unburned gas.
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Table 4-10. Duct Leakage Testing Correction Chart

Duct CRP Duct CRP
Pressure Factor Pressure Factor
(Pa) (Pa)

24 1.02 14 1.42
23 1.05 13 1.48
22 1.08 12 1.55
21 1.11 11 1.64
20 1.14 10 1.73
19 1.18 9 1.85
18 1.22 8 1.98
17 1.26 7 2.15
16 1.31 6 2.35
15 1.36 5 2.63

Retrotec DucTester 200 Set-Up

Yellow Hose to Fan

Red Hose to Outside Yellow Hose to Fan

i

Blue Hose Placed into

Most Distant of Taped il PrA 25.0Pa
3 B Flow 750 cfm
Over Supply Registers
b Open _ Retrotec DU200/=4
Connect any hose colors DM-2 mers
to the same colored taps

PrA would show “0.0 Pa” if conducting an“Outside Leakage Only Test”
by adding a blower door fan set to 25 Pascals in an exterior door (see text).

Figure 4-34. Retrotec DucTester 200

Table 4-11. Retrotec DucTester™ 200 Step-By-Step Procedure—Depressuriza-
tion or Pressurization for either Total Duct Leakage or Duct Leakage to the

Outside Only Using the Retrotec DM-2 Gauge

1. Before Starting: Be sure to conduct all the steps in the “General Step-

By-Step Duct Blower Set-up” procedure above.

Make sure your gauge batteries are fully charged or that you have ad-
equate outlets and extension cords to connect the pressure gauge to its
recharger/transformer.

Outside Only Test: Set up a blower door consistent with the instructions
with “Set Pressure” setting but with the settings for depressurization at
-25 Pascals or pressurization at 25 Pascals.
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10.

11.
12.

Connect one end of the blue, yellow, and green tubes to their correctly
matched color ports/nipples on the manometer/gauge.

Place the other end of the blue hose (preferably with a metal static pres-
sure hose attached to the end of it) through and into the closest taped-
over supply register or the supply register nearest where you suspect the
greatest duct leakage is occurring.

Plug the proper end of the power cord into the fan and the other end
with wall plug into a wall outlet. You should now see a green light on
the fan above the fan switch.

If there is one, press the switch on at the fan next to the power cable
connection and adjust the knob so you can check if the fan will operate.
Then turn back the speed control knob to stop the fan.

Connect the other ends of the green and yellow tubes to the fan.
Place the midrange plate (the larger flow ring for this fan) onto the fan.

Depressurization: Attach the flex duct over the inlet of the fan (arrow
pointing away from the flex duct) by tightening the Velcro strap.

Pressurization: Have the arrow pointing towards the flex duct and then
tighten the flex duct Velcro strap over the inlet of the fan.

Connect the hard plastic flex duct flange to the air handler compartment
opening (or a return grille that you have chosen that is closest to the air
handler) using masking tape or other appropriate sticky mask material.
Be sure to seal over any unused portion of the air handler or return grille
outside of the flange. Connecting to the air handler may require cutting
out cardboard pieces and taping them to each other and/or the edges of
the air handler compartment. By using the flange as a sort of “cookie-
cutter” to mark where to cut a hole in the cardboard and then cutting the
rest of the cardboard to just cover the air handler opening, you may be
able to use just one piece of cardboard.

Tightly attach the other end of the flex duct to the flange using the Velcro
strap.

Position the fan so that you minimize the bends in the flex duct.

Switch on the gauge (pressing and holding down the “On/Off” button
and then “Exit” immediately thereafter).

Once the gauge is on, press “Auto Zero” button until “On” shows in the
upper right corner of the display.
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13.

14.

15.

16.

17.

18.

19.

20.

If the number below the “n” value on the right side of the top line of the
display does not show “0.60,” press the “Setup” button repeatedly until
you have selected the “n” value option. Then press “Enter,” type “0.60”
(use the numbers & period button—same as the “@ Pressure” button) in
as the n exponent, press “Enter” again and then “Setup.”

Turn on the fan via the fan switch if there is one.

If you do not see “Retrotec DU200” or the name of the other duct blower
you are using in the display’s lower right hand corner, hit “Mode” once
and then “Device” until it shows up.

If the upper right corner of the display does not show “On,” hit “Auto
Zero” once.

If you do not show “4s” just below the “Time” setting on the top line
of the display, push “Time Avg” until it shows up. If it is windy, set it
higher than 4 seconds, until it gives a more stable reading.

If you do not see “Mid” in the display’s lower left corner, hit “Range/
Config” until it shows up there.

Press “Mode” until “Flow” appears on the display’s left edge at the
“Mode” mark.

Outside Duct Leakage Test Only: Start the blower door setup to run at -25
Pa (depressurization) or 25 Pa (pressurization). Be sure to set both the
blower door and DuctTester for either depressurization or pressuriza-
tion. DO NOT set up one for depressurization and the other for pressur-
ization.

Total Duct Leakage Test: Adjust the fan speed knob until the “PrA” pres-
sure row on the gauge reads “-25” Pa in the case of a depressurization
test or “25” Pa in the case of a pressurization test. If you are able to get
the proper pressure without a “Too Low” reading, skip to the last step to
record the flow.

Outside Duct Leakage Only Test: Same as “Total” test above except adjust
the fan speed knob until the pressure row reads “0” Pa.

“Too Low” CFM Flow Reading: If the Mode / Flow row displays “Too Low,”
use the speed control knob to stop the fan. Replace the “Mid” flow ring
with the “Low” flow ring. Press “Range/Config” until the “Low” size
matching the ring is in the display’s lower left corner. Adjust the fan
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21.

22.

23.

speed knob until you reach the appropriate pressure and record your
results in the last step.

Pressure Target Not Reached: If you find that your pressure reading is not
matching the pressure you want —say you can only get up to 15 Pa but
you need to reach 25 Pa for a “Total” leakage test or you need to reach
0 for an “Outside only” test—use the speed control knob to stop the
fan. Remove the “Mid” flow ring. Press “Range/Config” until the word
“Open” appears in the display’s lower left corner. Adjust the fan speed
knob until you reach the appropriate pressure and record your results in
the last step.

If you still cannot reach the target pressure: Check for disconnected or
improperly connected hoses, register seals pulling loose or disconnected
ducts. If you find any of these problems, retest after correcting the prob-
lem.

If you still cannot reach the target pressure:

Total Duct Leakage Test: Find the pressure you were able to reach on the
DucTester™ on the correction chart above, and calculate your true duct
leakage rate using the multipliers in the chart:

CFM x = CFM (corrected)

Record your results in the next step.

Outside Only Leakage Test: Lower the pressure for the blower door until
the DucTester™ gauge shows “0” Pascals. Find the pressure on your
blower door on the correction chart above, and calculate your true duct
leakage rate using the multipliers in the chart:

CFM x = CFM (corrected)

Record your results in the next step.

Read and record the CFM or CFM@25 number that shows up in the
middle of the gauge. CFM

Return the house to normal conditions by returning the combustion ap-
pliances to their original settings, unseal window air conditioner units,
open fireplace dampers, etc. Be sure to check that pilot lights have not
blown out from the test. If they have, relight them or have someone else
relight them safely. Watch out for build up of unburned gas.




The Auditor’s Tools and How to Use Them 131

To visualize where the leaks are in ductwork in unconditioned
space, draw fog from a fog-generating machine into the duct blower
fan and watch the fog bleed out where there are leaks in the ductwork,
for example, in the crawlspace or attic. Also, you could use the sim-
pler method (without a duct
blower) of turning on the fan
supplying the ductwork and
checking for leaks by scanning
the supply duct by feeling with
your hands for air and using a
small smoke stick to see if the
return ducts are drawing the
air in the joints, as shown in
Figure 4-35.

To the extent that you can
visualize openings, cracks or
leaks, you can even use a mir-
ror to look into ducts from the
vents while turning on a light on the other side of the duct in the crawl-
space or attic to see where light is shining through. Once you locate a
leak, use a flashlight to look into the vent to better note it.

Figure 4-35. Using smoke at duct joints
can prove effective in identifying where
sealing work should be directed. In this
diagram, there is a leak at a joint in this
elbow.

Dominant Duct Leakage Testing

A dominant duct leakage test determines whether the supply duc-
twork or the return ductwork is more leaky. This test does not tell how
leaky the supply or return ductwork is, but only which is more leaky.

All furnaces should have both supply and return air ductwork.
If all the ductwork is in conditioned spaces, with none in the attic or
basement for example, the pressure inside the home should be rela-
tively similar to the pressure outside the home. However, if some of the
ductwork lies in unconditioned spaces (for instance with return duct-
work passing through the attic and supply ductwork passing through
the crawlspace or basement) then on a cold day, warm air can be lost
from the supply ducts to the basement, or cold air can be drawn into
the return ducts in the attic, etc. This occurs because supply ducts are
pressurized while return ducts have a vacuum in them. If the holes in
the return ducts are larger than the holes in the supply ducts, there will
be some net air added to the flow in the form of cold air from the attic;
for instance, entering into the return ducts. In this case, the air handler
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Figure 4-36. Duct Blower Testing

Total leakage testing done with only a duct blower and duct leakage to outside/
outdoors involving the additional use of a blower door. With the total duct leak-
age test, there is a 25 Pascal pressure difference in the ductwork WRT the areas
not in the ductwork. There is a 0 Pascal difference in pressure in the ductwork
WRT the house pressure because of the additional use of the blower door in the
duct leakage to outdoors/outside. Note that in these cases the home and ducts
are pressurized, however, many believe that depressurization is the preferred
method with duct blower testing.

has to take in more air and provide that additional air to the interior of
the home to the supply registers. This means there is more air coming
out of the supply registers in the conditioned space than going into the
return grilles from the conditioned space. The effect is to pressurize the
home because the supply ducts are adding more air to the conditioned
space than the return grilles are taking from it. The reverse can happen
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if the supply ducts are leakier than the return ducts. Some air in the
supply ducts will leak into the unconditioned crawlspace or basement.
This means that less air will be delivered to the conditioned space of
the home from the supply registers than is going out of the conditioned
space into the return grilles. With more flow going out of the house than
coming in, there is a negative pressure or slight vacuum in the home.
Whether you have created a positive or negative pressure in the
home because of greater return duct or supply duct leakage, the tighter
the home, the greater the pressure differential will be under the circum-
stances with respect to the pressure outdoors. If the pressure is positive
that means that the return leaks are more significant than the supply
leaks to the outside or unconditioned spaces. If, on the other hand, the
pressure is negative, that means the supply leaks are more significant
than the return leaks to the outside or unconditioned spaces. If there
is roughly a neutral pressure, that would indicate that the supply and
return leaks, if they exist, are relatively equal. One good example of a
dominant return duct leak would be a large disconnected return duct
in a well-vented attic. This would cause the conditioned space on the
inside of the home to have a positive pressure with reference to outside.

EC Dominant Duct Leakage Testing

Should be in open, DEVICE CONEIG

conditioned space

of home.
No Hose if No Hose
inside of ()] Connect-
House ed Here

Green No Hose
Hose to { ) Connect-
Outside | jotiweiy ed Here

Figure 4-37. EC Dominant Duct Leakage Testing
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No Blue Hose Dual Channel Digital Micromanometer and Control NO Green Hose
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Connect any hose colors
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on the back.

Figure 4-38. Retrotec Dominant Duct Leakage Testing

Table 4-12. Dominant Duct Leakage Test Procedure (Using either the Retrotec
DM-2 or EC DG-700 Gauges)

1. Make sure your gauge batteries are fully charged or that you have ad-

equate outlets and extension cords to connect the pressure gauge to its
recharger/ transformer.

Close all the exterior openings to the house including windows and
doors. Open all the interior doors, including closet doors.

. Run a hose to the outside by attaching a metal hose to the end of the hose

and placing the metal hose underneath a closed exterior door to avoid
having the door pinch off the hose. Keep the hose inside the house.

. EC—Turn on the gauge—Press “On/Off.” If “PR/PR” is not showing

in the lower left corner of the display, keep pressing the “Mode” button
until it appears. Connect the other (inside) end of the hose to the gauge’s
Channel A reference tap (lower left tap). Disconnect all other hoses to the
gauge. Do a baseline as follows:

Press the “Baseline” button once.
Press “Start” once.

Once the numbers on the gauge seem to level off without as much
change, press the “Enter” button once.

Retrotec—Turn on the gauge by pressing and holding down the “On/
Off” button. Once the gauge is on, press “Auto Zero” button until “On”
shows in the upper right corner of the display. If both “PrA” and “PrB”
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do not show up on the left edge of the display, repeatedly press the
“Mode” button until they do. Connect the other (inside) end of the hose
to the gauge’s red tap on the back). Disconnect all other hoses to the
gauge. Do a baseline:

Press the “Baseline” button once.

Once the average shown near the bottom of the gauge seems to level off
without as much change, press the “Enter” button once.

4. Turn on only the air handler of the forced air system and record this
pressure difference of the house with reference to outside with the air
handler fan on. Pa (H/O)

5. Turn off the air handler.

6. If you are concerned you may not be getting accurate results, re-
peat this process as many times as needed.

Delta Q Test

To get an indication of the actual amount of leakage in each supply
and return ductwork system, combine turning on the furnace (as in the
dominant duct leakage test) with running the blower door at various in-
tervals of negative and positive pressure settings (for example, 11 read-
ings spaced at 10 Pascals intervals between -50 and +50 Pascals). This is
a particularly convenient test since it does not require the use of a duct
blower. The delta Q test compares the difference in flow (at a given pres-
sure inside the house) through the blower door before and after turning
on the furnace fan, “Delta Q.” This gives a separate and specific CFM
of leakage for the supply and return ductwork located outside the con-
ditioned space. Because of the complexity of the calculations involved,
this method requires the use of software. Software also allows preset
control of the fan so this test can be done more quickly.

Subtraction Method

The subtraction method uses a blower door test first with and then
without the heat registers and return grilles tightly sealed. The flow
through the blower door is recorded when the registers and grilles are
open and when they are sealed. The difference in flow between the two
measurements is treated as the leakage rate of the entire ductwork sys-
tem, both supply and return. This method is usually considered one of
the most unreliable and inaccurate.
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Other Similar Duct Leakage Tests

Other similar duct leakage tests exist, but they are used less fre-
quently. These include Supply/Return Split, Nulling Pressure Test
(NPT), House Pressure Test (HPT), Irvine Quality Plus (IQ+), and Tracer
Gas. These are rarely used for a variety of different reasons, including
time involved, lack of familiarity, lack of common availability of neces-
sary items (equipment, training, supplies, etc.), risk of operator error,
inaccuracy, etc.

Pressure Pan Test

A pressure pan test combines the use of a blower door (see Blower
Door Section) with the use of a “pan” that covers the supply and return
grilles to temporarily seal them off. It looks similar to the exhaust fan
flow meter but without a door opening on the pan, see Figure 4-39. The
pan has a hose tap /nipple/port in it so you can measure the pressure in
the pan to find out how leaky the ducts are near the heat register being
tested.

The leakier the ducts are to the outside or unconditioned spaces,
the greater the pressure differential reading. In fact, the goal is to keep
pressure pan readings to 1.0
Pascal or less.

Many auditors and retro-
fitters view pressure pan test
as one of the most cost effective
ways to evaluate existing home

Manometer (when

/ depressurized)

e
ductwork to quickly direct at-  Pressure £ | ’:
tention to the most significant Pan ¢ | |||“'
duct leaks. An additional ben- g

efit is that this test concentrates
on leakage to the outside. To set Heat

up the blower door for this test, Register
depressurize the house to -50 Il)Jnderneath
an

Figure 4-39. Pressure Pan
Exhaust air flow meters and pressure pans can be used upside down when it is
necessary to test ceiling registers. Exhaust flow meters can be used as pressure
pans to measure the amount of air being drawn into a fan that exhausts to the
outside, but cannot be used to determine register flow, etc. where the air is being
pushed out of the covered opening rather than being pulled into the opening.
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Pascals (or similarly pressurize the house). Then go around the house,
test each register (both supply and return), and record the readings.
Here is a specific procedure for pressure pan testing;:

EC Pressure Pan Testing

Hose to DEVICE CONFIG
Pressure

No Hose No Hose

Connect- L J Connect-
Reference Reference

ed Here or WRT el ed Here

Figure 4-40. EC Pressure Pan Testing

Retrotec Pressure Pan Testing

| No Red Hosel | No Yellow Hosel

Blue Hose to
Pressure Pan Dusl Chamnel Digta Microranometerand Cotrl
- o

Pressure Pan

Connect any hose colors
to the same colored taps
on the back.

Figure 4-41. Retrotec Pressure Pan Testing
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Table 4-13. Pressure Pan Testing Procedure Using the EC DG-700 or
Retrotec DM-2 Gauges

1. Make sure your gauge batteries are fully charged or that you have ad-
equate outlets and extension cords to connect the pressure gauge to its
recharger/transformer.

Seal all supply and return grilles located in a garage or other similarly
semi-conditioned space (these registers should be permanently sealed
as a safety measure as part of the retrofit after notifying the owner any-
way).

2. Set up a blower door consistent with the instructions for blower door
testing with the settings for depressurization at -50 Pascals or pres-
surization at 50 Pascals. If you have two gauges available, use the “Set
Pressure” setting (Retrotec) or cruise control (EC) with the blower door
to help provide a more accurate test. If you do not have two gauges, use
the manual speed control and the gauge to set the blower door speed so
it provides -50 Pascals in the home. Then disconnect the gauge from the
fan system to use it for pressure pan testing

3. Start the blower door system.

4. Check the pressure between the house and unconditioned spaces where
ductwork is located, such as crawlspaces or attics. If you are not reading
at least a 45 Pascal difference in pressure, check to make sure that any
vents, windows, etc. to the outside from that unconditioned space have
been fully opened. If you are unable to achieve at least a 45 Pa difference,
the readings related to ducts in the unconditioned space are not likely to
be as accurate.

5. Make sure the manometer/gauge is reading down to the 0.1 Pascals
level. Connect tubing between the gauge and the pressure pan:

EC Gauge: Connect the tubing from the pressure pan nipple/port to ei-
ther one of the upper “Input” nipples/ports on the gauge (either Chan-
nel A or B). Press the “On/Off” button. If it is not already set for it, set
the time average to 1 second by pressing the “Time Avg” button until “1
s” shows up in the lower right corner of the display.

Retrotec Gauge: Connect the tubing from the blue (Input A) nipple/port
on the gauge to the pressure pan nipple/port. Disconnect all other hoses
to the gauge. Switch on the gauge (pressing and holding down the “On/
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Off” button and then “Exit” immediately thereafter). Once the gauge
is on, press “Auto Zero” button until “On” shows in the upper right
corner of the display. Make sure the “Pressure” setting is at “PrA” and
the “Mode” setting is at “PrB” (Press the “Mode” button until these are
indicated on the left side of the display). Set the time average to 1 second
by pressing the “Time Avg” button until “1 s” shows up just below the
“Time” title near the upper right corner of the display.

6. Place the pressure pan over each of the supply registers in the home,
one at a time. Make sure the rubber seal on the pressure pan firmly seals
against the floor, ceiling, wall etc. where it is placed. Similarly, test each
of the return grilles. However, since the pressure pan may not fit over
these typically larger registers, you may have to tape or mask over them
(see Duct Blower test). You would then place the hose that would nor-
mally go to the pressure pan through and below the tape, and into the
register to get a measurement on the large or unusually shaped registers.

7. Once each pressure pan reading has stabilized, record the reading and
indicate the location of each register in the process.

If a register is oddly shaped or too large (return grilles often are),
temporarily tape or seal over it, poke a hole for the hose to reach inside
the register, and then read and record the result. With the blower door
still running, some auditors then proceed to the area where the duct-
work is exposed, such as a crawlspace, basement, or attic and use smoke
to find leaks around the ductwork from the boot to the trunk line of the
register that showed the highest Pascal reading. They then mark the
joints that showed leakage on the duct and on their diagram. If the pres-
sure reading at a duct is more than 3 Pascals, then there is probably a
significant leak in the ductwork near the register, or there may be a gap
and subsequent leak where the sheet metal boot attaches to the floor or
ceiling that the boot passes through. See Figure 4-42.

If you notice this gap, include a comment on your report requiring
that mastic be put over these gaps before the installer retests each regis-
ter with the pressure pan. These gaps tend to be especially leaky if the
other side of the floor or ceiling is unconditioned space, such as a crawl
space or attic that is “outside” or ventilated to the outside. In addition,
a single leak in ductwork typically affects the pressure pan reading on
more than one register. The data collected during pressure pan testing
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should at least be listed for each register or shown on a layout diagram
showing the location of each register on each floor, as shown in Figure
4-43.

Register
Figure 4-42. One of the worst lo- \
cations for air leaks is where the | V10000077 /
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Figure 4-43. Providing a layout diagram of the location and pre-retrofit pres-
sures of registers tested with a pressure pan can be a great benefit to an in-
staller/retrofitter. Notice the installer has recorded the “after” retrofit pressure
pan numbers for each of the registers on this diagram. Also, notice that the
initial pressures for the second floor are lower than the initial pressures for
the first floor. This could be explained by the ducts for the lower floor being
exposed to a basement with a leaky stone foundation (“outside” the air bar-
rier) while the ducts for the second floor are in the floor joist bays in between
the first and second floors (“inside” the air barrier). In addition, notice the
labeling for the registers can be done with a combination letter and number
system (“S1-1” for first story first supply register) shown for the first floor or
a straight letter system (“SA” for first supply register) shown for the second
floor.
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By far, return air ducts are the most common culprits for leaks in
ductwork, especially if they utilize floor joist bay or stud bays capped
with sheet metal pan material. Leaks closest to the furnace will leak
the most and create the greatest pressure differences in pressure pan
testing, so seal them first. Leaks around the edges of supply and return
grilles exchanging air with crawlspaces, attics, etc. are also common.
Some studies have shown that roughly 75% of duct leakage arises from
the combination of leaks nearest the fan and at register.

Because so often the worst pressure pan readings come from
return air registers, some auditors recommend that the installer first
repair the return air plenum and duct leaks. The installer can then con-
duct a mid-repair retest at all the registers that did not pass the pressure
pan test before determining which supply ducts to repair next, if any,
and after repair, retest the ones that still failed. After leaks have been
repaired, the installer can retest to evaluate how effective the sealing has
been. Remember, all readings should be roughly one Pascal or lower in
pressure differential.

Readings over 25 Pascals indicate a major duct disconnect. If
you get a high reading, say around 10 Pascals on all vents, it is likely a
plenum leak. If only the registers along a section using the same trunk
are higher than 3 Pascals, you could have a major leak somewhere
along that trunk. If the registers with the greatest leaks (highest Pascal
pressure difference) do not appear to use the same trunk and are more
randomly spread around, many auditors and installers have had great
success sealing the ductwork from the trunk to the register on the top
two to four highest Pascal registers and then retesting.

It may be necessary to strip insulation off the ductwork at the joints
and seal all the joints. You can also get a general, though less quantitative
analysis, by feeling for air or using smoke to identify air coming out of
the registers during the blower door depressurization test. Furthermore,
the boots on flex duct systems may not have been properly connected and
may require proper renovation to reduce leakage.

It should be noted that if you find a pressure difference between
the house and an unconditioned space to be less than 45 Pa, consider
adjusting where the “cutoff” is for acceptable pressure pan readings. For
instance, if you find an attic or crawlspace that was not well ventilated
to the outside and the pressure difference was only 25 Pa between the
house and the unconditioned space, the new cutoff would be half of the
original 1.0 Pa cutoff used for a roughly 50 Pa differential. In that in-
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Figure 4-44. This diagram shows the plenum, the trunk, the
branches, and the registers, etc. in a hot air furnace distribu-
tion system.

Table 4-14. Guidelines on Pressure Pan Testing

>25 Pa Duct disconnected

>10 Pa all registers/vents Plenum leak

>3 Pa all registers/vents Leak in duct to that
register

<1 Pa one register No leaks in or near
this register

stance, you might choose a cutoff of 0.5 Pa. Likewise, if you are only able
to get the house blower door pressure up to 25 instead of 50 Pa because
the house is leaky, the maximum differential between the house and
unconditioned spaces could be no larger than 25 Pa and you could halve
the cutoff to 0.5. Conversely, if you get a reading of 15 Pa with only a dif-
ferential of 25 Pa between the house and the unconditioned space, you
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should probably treat that as a 30 Pa (likely disconnected duct) pressure
pan reading.

Some experts have established general guidelines for deciding the
next step after conducting pressure pan tests. (Generally speaking, these
guidelines are not intended to be used in evaluating new construction.)
They are as follows:

1)  If the pressure pan readings on all registers is < 1.5 Pa (or equiva-
lent if lower pressure differentials involved)- This is a tight duct
system and no further testing or repair is necessary unless more
accurate testing is a requirement of the retrofit program.

2)  If the pressure pan readings on 3 or more registers is > 2.0 Pa (or
equivalent if lower pressure differentials involved)- This is a leaky
duct system and while repair is necessary, no further testing need
be done on this home unless it is a requirement of the retrofit pro-
gram.

3)  For all other houses not included in the two above categories—
This duct system lies in the grey area of duct leakage. Further test-
ing may be needed to determine more accurately how much leak-
age is going to the outside. Such tests could include a duct blower
test measuring leakage in CFM. It could be a program requirement
to do more accurate duct testing. Otherwise, to decide whether to
seal duct leaks and to what extent, you should consider the cost-
effectiveness of the situation, such as accessibility of the ductwork
lengths most suspect, concentrated leakage areas of ductwork, cost
and extent of repair necessary, etc.

A pressure pan can also be used to check for pressure at interior
wall outlets, recessed lighting fixtures, and other more confined areas
that might represent bypasses or air leakage sites that are connected
directly or indirectly to the outside. However, a more accurate method
of testing for pressure in a zone behind a wall ceiling or flow is to use a
small non-conducting probe on the end of the tube (see Zone Pressure
Diagnostics section).

Pressure pan tests are much faster, and although not as accurate as
a duct blower test (see next section) they seem to be accepted as good
enough to confirm whether there is a major problem, or after the work
has been done, whether the duct sealing was generally adequate. Duct
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blower testing should be done to test buildings under construction at
pre-cover (before drywall or any insulation is installed) because the ac-
cess then allows for plugging virtually any duct leak.

“Room to Room” Or Duct Induced Pressure Difference Testing

To determine if there are restrictions in the return air getting back
to the furnace, use the “room to room” or duct induced pressure differ-
ence test on homes where the return grilles are not in the rooms. Run a
hose from the gauge’s reference tap to the inside of a room by placing it
underneath a closed interior room door while standing in the hall with
a gauge. Turn on the forced air system air handler and go from room to
room testing the pressure differential between the inside of the room
and the hall with the room door closed. If air supplied to the room from
the supply registers is not allowed to easily return to the return grilles
(typically in the hall), there will be a positive pressure in the room rela-
tive to the hall.

Figure 4-45. You can also use the
room-to-room test to determine
whether to open a door during
worst-case set up (see Heating
Chapter) by testing, either with
a gauge (left) or a smoke tester
(right). This test checks the pres-
sure in a room with respect to
(WRT) the hall. In this case, the
room is negative with respect
to the hall (such as a bathroom
with the fan on) so leave this door
open for purposes of establishing
the worst-case conditions.

N

At The Bottom
Of The Door

In essence, the bedroom is being pressurized with reference to the
house or hall. Another way to check is to simply use smoke to see if air
is being drawn out of, or into the room at the bottom of the door. The
faster the smoke moves, the more significant the problem. If there are
pressure imbalances over 4 Pascals (some suggest 3 is the cutoff), you
need to find an easier way to get supply air to the returns.

Table 4-15 gives a specific procedure for room-to-room pressure
testing.
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EC Room-to-Room Pressure Testing

Gauge should be in open, main body space of home such as the hall

No Hose
Connect-
ed Here
No Hose
No Hose if [ ]| Connect-
in Main Body|:e a1 Reference |IPNs R PN
or WRT

of House

DEVICE CONFIG

DEVICE

Figure 4-46. EC Room to Room

Retrotec Room-to-Room Pressure Testing

Gauge should be in open, main body space of home such as the hall

[No Red Hose| [[No Yellow Hose |

T No Green Hose

Connect any hose colors
to the same colored taps
on the back.

Figure 4-47. Retrotec Room to Room Pressure Testing

Table 4-15. Room-to-Room Pressure Test Procedure (Using Either the Retrotec

DM-2 or EC DG-700)

1. Make sure your gauge batteries are fully charged or that you have ad-
equate outlets and extension cords to connect the pressure gauge to its

recharger/transformer.

Close all the exterior openings to the house including windows and

doors. Close all the interior doors including closet doors.

2. EC—Turn on the gauge—Press “On/Off.” If “PR/PR” is not showing
in the lower left corner of the display, keep pressing the “Mode” button
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until it appears. Connect the end of a hose to the gauge’s Channel A ref-
erence tap (lower left tap). Disconnect all other hoses to the gauge.

Retrotec—Turn on the gauge by pressing and holding down the “On/
Off” button. Once the gauge is on, press “Auto Zero” button until “On”
shows in the upper right corner of the display. If both “PrA” and “PrB”
do not show up on the left edge of the display, repeatedly press the
“Mode” button until they do. Connect the end of a hose to the gauge’s
red tap on the back). Disconnect all other hoses to the gauge.

3. Turn on only the air handler of the forced air system.

4. While standing in the hall or other main body of the house, reclose the
door to each room after laying the other end of the hose on the floor of the
room. Record the pressure difference of the room compared to the main
body of the house (for example, in the hall) with the air handler fan on.

5 Pressures:

Room Result Room Result

6. Pressure readings greater than 4 Pascals should be retrofitted to a lower
pressure.

7. Turn the air handler fan off.

One way to correct pressure imbalances is to cut the bottom of the
bedroom doors up high enough (2 to 2% inches) so the pressure imbal-
ances do not exceed 4 Pascals, see Figure 4-48. Another method is put-
ting in jumper or other ducts (such as transfer ducts) through the wall.
(See also the retrofit section about jump ducts, etc.) Yet, another solution
is to put grilles in the doors or walls, Figure 4-49.

ZONE PRESSURE DIAGNOSTICS

Zone pressure diagnostics (ZPD) tests are conducted to better un-
derstand where the air barrier is in the home, how effective the air bar-
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Figure 4-48. An example of how a door with a greater undercut can relieve the
pressure more easily. This is a measurement of the pressure in the room with
respect to (WRT) the hall. Notice that the pressure is positive, indicating the
room is pressurized WRT the hall, a result of the air supply to the room from
the HVAC system.

Jumper Duct
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Figure 4-49. There are a number of ways to relieve pressure in a room caused
by inadequate return air access.

rier is, whether the thermal boundary and air barrier are aligned, and
if serious leaks exist between different transition/intermediate zones in
the house. A transition or intermediate zone is an area that lies between
the living space and the outside. The ZPD tests are most commonly
used if there are IAQ issues involved, such as when there is an attached
garage (including tuck-under garages). However, they are also com-



148 Residential Energy Auditing and Improvement

monly used in warm humid areas for crawlspaces and in cold weather
areas for attics where IAQ issues can also arise. ZPD testing can tell
where to concentrate the efforts for air sealing—the upper floor ceiling,
the walls, the lowest level floor, or the foundation wall.

Transition zones in the house could include the following: the
attic space, the basement or crawl space, the inside of interior and ex-
terior walls, any attached garage especially tuck under garages, soffits,
dropped ceilings, cantilevered or overhanging floor space including in-
tegrated balconies or bay windows, attic knee walls, upper “half story”
floors, roof areas above the upper floor of Cape Cod homes, plumb-
ing, electrical and heating ductwork/flue penetrations or chase ways
through wall plates (top or bottom) or exterior walls, masonry chimney
surround chases, stairways to the attic or basement, common walls in
multilevel homes or older style balloon frame walls, exterior porch roofs
and similarly positioned roof overhangs, cathedral or vaulted ceilings,
commercial style false dropped or “T” ceilings with removable ceiling
tiles, ceiling soffits, slant walls/roofs found on the upper floor of man-
sard roofs, vanities or other cabinets with supply or drainage plumbing
or other openings to the wall in them, or in-wall medicine cabinets, elec-
trical panel boxes, built-in appliances or similar in-wall arrangements.
Figure 4-50 shows some areas of intermediate zones.

ZPD testing is often referred to as series leakage evaluations be-
cause you are trying to evaluate the leakage through a series of at least

Attic

Dropped
Soffit
(Inside) Porch

Bay

LLaT Cantilever

Overhang

Tuckunder
Garage

Addition

Basement

Chimney Grade of
Chase Ground

Figure 4-50. Areas of Intermediate Zones
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two air barriers, for example, attic testing both the ceiling of the living
space and the roof. ZPD testing helps determine where the most sig-
nificant leaks exist and what sealing in certain areas is warranted. An
example would be trying to determine whether the top floor ceiling or
the roof deck is a better air barrier for an attic zone.

Typically, zones with an opening (door, hatch, vent, etc.) through
them (basements, attics, crawlspaces, attached enclosed porches, etc.)
are referred to as primary zones while those without openings to them
(chases, soffits, cantilevers, outside porch ceilings, interior floor or wall
cavities, etc.) are referred to as secondary zones. Some suggest that you
need not go to great lengths to do regional ZPD testing if there is little
leakage in the house as a whole. These same sources say not to worry
about ZPD testing if the house does not leak at a higher rate than the cal-
culated building tightness limit (BTL). Obviously, there are exceptions
to this (see “Levels of ZPD Testing” below).

Equipment

With any ZPD testing, the equipment needed, at a minimum, in-
cludes a blower door and a gauge. See the procedures table to learn the
set up and hose arrangements for the gauges.

You can perform the basic ZPD tests with one gauge if you use a
fan speed control dial (both EC and Retrotec fans) and set it for the cor-
rect speed that produces -50 Pascals. Then you can use your one gauge
for ZPD testing. Better yet, if you have two gauges, you can use the EC
cruise control or the Retrotec “Set Pressure” control to be better assured
you are getting -50 Pascals throughout the ZPD testing.

Basic Tests of Relative Leakiness Only

Basic ZPD testing (sometimes referred to as Level I Zone Testing)
tells relatively how well an air barrier is doing its job by measuring the
pressure differences between one side of the air barrier and the other.
In the terminology of the energy arena, “Is a zone or space on the other
side of the air barrier more “inside” the home or “outside” the home?”
When there is less pressure differential between the inside and outside
of the air barrier than wanted, then the intermediate/transition zone
or space is more “inside” the home and the air barrier is not serving its
purpose. When there is a good pressure differential between the inside
and outside of the air barrier, then an intermediate zone is more “out-
side” the home and the air barrier is tighter, provides greater resistance
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to air flow or leakage, and is serving its purpose. You typically do not
open or close doors or hatches between zones when conducting basic
ZPD tests. Thus, when doing basic ZPD tests, take pressure readings
without opening or closing a door or hatch, except to place a hose in the
zone.

For ZPD testing, most experts recommend achieving a -50 Pascals
using a blower door—see Blower Door Instructions (this -50 is the in-
side WRT the outside). If you cannot reach -50, try to find any obvious
leaks and seal them to get -50 Pascals. To proceed with ZPD testing, fol-
low the detailed ZPD test procedures near the end of this section.

Door or Hatch Available to the Zone: Place one end of a hose
into the zone by placing it through the door or hatchway and then
closing the door or hatch on the hose. If you think you may be pinch-
ing the hose in the process, use a metal hose that tightly fits this end of
the hose so that the door or hatch is pinched against it rather than the
flexible portion of the hose. If you have to leave the hatch or door open
to a significant degree that compromises the reading, consider using
a smaller non-conducting rigid tube, adapted to fit the hose. Slip the
non-conducting hose around the outside edge of an electrical box (after
removing the cover) or other penetration through the barrier and into
the zone to get a pressure in the zone.

No Door or Hatch Available to Zone: If you do not have a door or
hatch through the barrier into the zone, consider using a smaller non-
conducting rigid tube, adapted to fit the hose. Slip the non-conducting
hose around the outside edge of an electrical box (after removing the
cover) or other penetration through the barrier and into the zone to
get a pressure in the zone. If there are no penetrations through the bar-
rier, with the homeowner’s approval, create a small hole with as little
damage as possible in an area of the barrier in which it will be less no-
ticeable. Good locations for this include a closet ceiling, floor, or wall
adjacent to an attic, crawl space or chimney zone respectively. Consider
using the smaller non-conducting rigid tube, here as well. Slip the non-
conducting hose through the small hole in the barrier to get a pressure
in the zone.

To create a hole to get the hose through to the zone you are check-
ing when there are no penetrations, you may have to use a small dull
tipped, non-conducting plastic awl to puncture through drywall. This
awl should be only slightly larger than the hose used for pressure test-
ing. If, in a rare instance, you have to check the pressure above a porch
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covered with wood sheathing, and there are no fixtures, etc. to get the
hose into the intermediate zone, avoid using power tools, drills etc.
to create a hole in the sheathing for the tube. Instead, consider using
a flat-headed off-set screwdriver of the smallest diameter possible for
the hose but with a “stop” on it to keep from going too far through the
sheathing and hitting wires etc. behind the sheathing, see Figure 4-51.
You can set a stop on the screwdriver by wrapping the screwdriver with
enough tape to act as a stop. You could also use a ring with a setscrew on
it tightened down onto the appropriate point on the shaft of the screw-
driver to match the thickness of the sheathing. Spinning the screwdriver
in one spot on the sheathing should allow you to get through the sheath-
ing to test the zone on the other side of the sheathing.

This technique helps reduce the risk of electrical shock or damage
if you were to hit a wire or pipe, etc. behind the sheathing. In the rare
case that you might have to make

a hole in the drywall or sheathing, Grind flange

edges down
you could be responsible for patch- g ~E -, §
ing and repainting the hole. Thus, =~ Wound tape‘ori 172" for 1/2

! .

making even a small hole through ~ SetScrew ;t;ga;chlr;%
o . tightened ring or

a building material should be used stop sheathing, etc.

only as a last resort and only with

the homeowner’s approval.

Compare the pressure where <
you are standing with the pressure
where the hose has been inserted,
such as in the attic, basement, ga-
rage, etc. If the pressure reading of
the area, such as the attic WRT the
inside is 0, that means the pressure
in the attic is the same as the pres-
sure in the house which means the
ceiling serves as no air barrier at all.
If the pressure difference is 50, that
means the ceiling is an excellent
barrier. If the attic WRT the inside
is 35, that means the barrier is not
perfect and needs some work. If the
basement reading WRT the inside Figure 4-51.
is 45, the attic reading WRT the in- Offset Flat-Headed Screwdriver
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Figure 4-52. In

. . -50 Pa
this scenario, WAT 10
BHe| outside

the home WRT — house

(with r.espect Outside WATto
to) outside has
been depres-

inside of
garage

inside of 395

| Inside
surized to -50

Pa (upper left

gauge). The pressure inside the gauge WRT the house is +45 Pa (lower middle
gauge). The upper middle gauge shows that the pressure in the house is -45
WRT the inside of the garage (as expected, it is the negative of the pressure
inside the house WRT the garage). The lower right gauge shows the pressure
outside WRT the garage is +5 Pa, meaning there is a great deal of communica-
tion or leaking between the garage and the outside, which is typical. As with
most garages, the garage is more “outside” than “inside.” Thus, the air barrier
between the garage and the outside is relatively much leakier than the air bar-
rier between the house and the garage.

side is 25, that would indicate that the attic is leakier than the basement,
and work should probably be concentrated there. You can also test the
intermediate zone with the outside while the blower door is running. In
that case, if the difference in pressure between the outside and the zone
is closer to zero, there is little communication between the zone and the
inside. (See “Gauge Outside” instructions in the procedures at the end
of this section.)

Table 4-16 shows the relative size of leaks in the barrier between
the zone and the house, and the zone and the outside given the pres-
sure differential between the house and the zone assuming there is a 50
Pa pressure difference between the house and the outside. In the first
column under “zone pressures” find the measured pressure differential,
say between the attic and the house (the house-zone differential). The
second column shows that number subtracted from 50 to show the dif-
ference in pressure between the zone and the outside of the house. Thus,
if you measure a 12 Pa difference between the attic and the house, the
table shows that there is an attic to outside pressure differential of 38
(50-12).

The columns under “relative size of leaks” show the relative leaki-
ness of the zone-to-house air barrier and the zone-to-outside air barrier.
Thus, with a 38 Pascal differential between the attic and the house, the
relative leakiness of the zone-to-house air barrier and the zone-to-out-
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Figure 4-53. This diagram shows four different areas with different pressures:
the inside of the home, the inside of the wall, the inside of the porch cover,
and the outside of the house. It appears that the inside of the wall is “outside”
(less than a 25 Pa difference in pressure between outside and the zone), while
the inside of the porch cover expectantly is even more “outside.” This means
this leaky home must be well sealed to prevent air leakage. In cases like this,
filling the wall with dense pack insulation is the best remedy because it seals
and insulates at the same time. Incidentally, it is better to use a stiff non-
conducting hose connected to the end of the flexible hose from the gauge to
get around the edge of an electrical box to check for pressure inside of a wall

rather than a pressure pan.
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Table 4-16. Leakiness Ratio (Pressure Ratio Chart)

Zone Pressures Relative Size Of Leaks
Zone-to- | Zone-to- | Zone-to- | Zone-to-
House Outside House Outside
12 38 2 1

25 25 1 1

37 13 1/2 1

41 9 1/3 1

45 5 1/4 1

48 2 1/8 1

49 1 1/13 1

Attic House to Zone (H/Z) Attic Zone to Outside (Z/O)

House to Outside |__—Garage House to Zone (H/2)
(H/0) — House [ 9 R
Garage|«—Garage Zone to Outside (Z/O)

Basesment/Crawl B ™~ Grade

N asement or
Zone to Outside (Z/0) ey \Basement/CraWI
Grade House to Zone
(H/2)

Zonal Barriers

Figure 4-54. Examples of Different Barriers/Walls in ZPD Testing

side air barrier is 2 to 1. Thus, the zone-to-house barrier is twice as leaky
as the zone-to-outside barrier. This can also be viewed as a leakiness ra-
tio. As another example, assume the zone-to-house pressure difference
is 37 Pascals and the zone-to-outside pressure difference is 13, then the
ratio of relative leakiness is 1/2 to 1. If this were an attic zone, the ceiling
between the upper story and the attic would be half as leaky as the at-
tic to outside air barrier (roof). If the zone-to-house pressure difference
were 45 Pascals, the ceiling between the house and the attic would only
be one fourth or 0.25 times the leakiness of the roof. Notice that the rela-
tive size of leaks changes more dramatically when the house-to-zone
(H/Z) pressure is over 45 and the zone-to-outside (Z/O) pressure is less
than 5. If you mistakenly measure only one Pascal off the true pressure,
this could lead to a very different result in the relative leakiness.

A good example of when this may be misleading would be when
measuring pressures in a well-vented attic or crawlspace. Since the
zone-to-outside “leakiness” is due to larger intentional ventilation
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Figure 4-55. Comparison of How the Percent of Leakage Effects
Pressures in a Home when Pressure Testing
(1/2t01=50%, % to 1 =25%

openings, you could have a very leaky house-to-zone barrier and not
know it. Some testers will actually tape over vents in cases like these
to get a more accurate relative leakiness of the two barriers, but this is
more impractical for attics and garages than it is for crawlspaces. Get-
ting a pressure measurement between the house and attic is a basic test
and provides only a relative number. It tells you that the bigger the
difference in pressure between the house and the attic, the smaller the
equivalent “hole” size in the ceiling between the house and the attic
relative to the attic to outside.

In summary, basic ZPD testing helps narrow the evaluation to
sometimes very small portions of the air barrier to identify what may be
the more serious leaks. Basic ZPD testing also allows you to break down
even a complex home into smaller parts to better identify the areas with
the most air leakage, and therefore the best choice for air barrier. See
infrared section for identifying specific leakage sites.
Interconnectedness Testing

In ZPD testing, if a zone has connections with another neighbor-
ing zone, it can interfere with the test, showing better leakage reduction
than what is really happening. Interconnectedness testing is a cross
between basic and advanced ZPD testing because it involves doing a
basic test and opening a door or hatch but without using any charts to
calculate leakiness. It helps assure that you are measuring a pressure
that accurately portrays the leakiness involved in a zone. With this test,
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compare the pressures in the neighboring zone both before and after
opening a door in the primary zone. If the pressure in the neighbor-
ing zone changes significantly upon opening the door or hatch, it is
interconnected to the primary zone. If you ignore significant intercon-
nectedness, you are going to overestimate the expectations for sealing
potential primary zone barriers or double count the leakage from two
barriers. You must find a way to seal off the interconnections between
the primary zone and its neighboring zone. Perhaps one of the most
common places where this occurs is in Cape Cod knee wall and other
multiple space attics. Typically, only use this interconnectedness test
when you suspect interconnectedness in a particular situation.

ADVANCED ZPD TESTS THAT ESTIMATE
LEAKAGE FLOW AND HOLE SIZE

To take zone pressure diagnostics and series leakage testing fur-
ther and determine an estimate of the actual size of the “hole” and leaki-
ness, there are several types of “advanced” zone pressure diagnostic
tests. These tests can estimate, albeit crudely, the CFM leaking through
an air barrier between the house and a zone, and between the zone and
outside. Thus, for example, you could get a leakage rate for the wall
between the house and the garage as if the outside walls of the garage
were not there. You could also get a leakage rate for the wall between the
garage and outside as if the wall the between the house and the garage
had been removed. As a result, the total or combined leakage through
both barriers can also be estimated although the total leakage CFM is
always less than either of the individual barrier’s leakages. This is be-
cause the air must go through both air barriers to count as combined or
total leakage. For instance, ZPD testing may suggest a leakage rate of
11,000 CEM50 from an attic to outside and 2500 CFM50 from inside to
the attic, while the total or combined leaking may be only 2000 CFM50.
Advanced ZPD testing can be complicated and the values obtained,
in some cases, are only estimates, so some auditors and retrofitters are
content using primarily only basic ZPD testing to generally locate leaks
in the air barrier. They then rely on the blower door test for overall leaki-
ness in the home, and to see how well they sealed the house. They then
use advanced ZPD testing only in special situations, such as to evaluate
the house/garage, house/attic, house/basement or house/crawlspace
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barriers (see “Levels of ZPD Testing” below). You should be especially
concerned when IAQ issues are involved, such as attached garages, at-
tics in cold weather areas and crawlspaces in warm, humid climates.
Advanced ZPD testing can tell you where the leakiest air barriers are
in the house, and, if you can seal them in a significant way, how much
tighter the home may become. Thus, if you have a whole house blower
door reading of 3000 CFM50 and a combined or total leakage rate for
air going from the house-to-outside through the garage of 1000 CFM50,
that means the house, other than the garage, is leaking at a rate of 2000
CFM50 (3000 CFM50—1000 CEM50 = 2000 CFM50).

There are three different advanced ZPD tests suitable for quick
and easy use: Open-a-Door (see Figure 4-56), Open-a-Hatch, and the
Vent test. These tests are typically only done on primary zones that have
doors or hatches (basements, attics, crawlspaces, attached enclosed
porches, etc.). The measurements are considered more reliable if there
is a minimum 15 to 25 Pascal difference in house-to-zone pressures at
some point during these tests. If you are completing an advanced ZPD
test using only simple charts and graphs, then it is considered by some
to be a Level II zone test. If you are using software, etc. to calculate the
results, these tests are considered by some to be Level III tests. Thus,
Level III tests include the Open-a-Door, Open-a-Hatch, and the Vent
test when using software rather than just charts and graphs in the
process. At the same time, some other advanced ZPD tests have been
developed that must use software as well, and these tests, such as the
Hybrid Method, are typically based on the Level II tests in some way.
The Hybrid Method compares the results from both the Open-a-door
and Open-a-hatch methods to choose the most reliable result based on
the uncertainty calculated.

o

This test only works if there is a door sized (or larger) opening
that can be closed, and then opened, between the house and the zone or
between the zone and the outside. You must be able to open at least a
full-size door in the air barrier, such as a door to the basement zone, an
unheated but enclosed porch zone, or an attic zone. With this test, you
must maintain the indoor to outdoor pressure difference at 50 Pascals
throughout the entire test using the “Set Pressure” (Retrotec) or the
cruise control (EC) function.

Another phrase for this test could be the “Equilibrated House-
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to-Zone Pressure Test.” This  gpen-a-Door Test
method can estimate the to-
tal size equivalent of the hole
in the boundary between the
interior of the home and the
zone, as well as the total hole
size equivalent between the
zone and the exterior. It allows
you to establish which bar-
rier is the better air barrier, the
house-to-zone barrier (such
as the floor above the crawl- Figure 4-56. Basement and attic doorways
space) or the zone-to-outside must be used with the “Open-a-door
barrier (such as the crawlspace ~ test”

foundation wall). The Open-a-

Door method is generally considered the most accurate of the advanced
tests. Several examples of Open-a-Door and Open-a-Hatch calculations
are given in Appendix R.

Low Tech Air Leakage EfLA/Flow Test
(Alternative to Advanced ZPD Testing)

A special Open-a-Door/Open-a-Hatch test is a low-tech variety
that simplifies the process but also may not be as reliable. It involves
the same set up as an Open-a-Door and Open-a-Hatch test by setting
up a blower door to -50 Pascals with two gauges—one to remain with
the blower door to keep the house at -50 Pascals while you keep the
other gauge with you to check house-to-zone (H/Z) pressures, etc.
Then after the house-to-zone pressure difference is measured with
the door or hatch closed, the door or hatch between the zone and the
house is slowly lodged open (lodge the door open with a door stop or
lift one edge of the hatch to one side of the opening while leaving the
other edge of the hatch against the opening). Open the door or hatch
up until the house-to-zone (H/Z) pressure goes down to half of what
it started at with the opening closed. For instance, if the H/Z pressure
were 32 Pascals, you would open the door or hatch until the pressure
dropped to 16 Pascals. You then measure that opening created (in
square inches) to find the Effective Leakage Area (EfLA) of the H/Z
barrier. Multiply this number by 10 to get the approximate CFM50 for
the H/Z barrier.
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Open-a-Hatch or Add-a-Hole Test

A special type of zone pressure diagnostics is called the Add-a-
Hole or Open-a-Hatch zone leakage measurement. This test is almost
like the Open-a-Door test; however, it is used if you cannot get the
pressure differential between the house and the zone to 0 Pascals as ex-
pected in the Open-a-Hole test. Examples of this would be attics, base-
ments, or crawlspaces that are only accessible by smaller openings such
as hatches or pull-down stairs.

With this test, maintain the indoor to outdoor pressure difference
at -50 Pascals throughout the entire test. Unlike the Open-a-Door test,
you do not have to establish a 0 Pascal pressure difference between
the house and the zone after opening the hatch. The hatch between the
house and the zone is closed before starting the test. Once you have
started the blower door and established the 50 Pascal pressure, record
the blower door flow and measure the difference in pressure between
the house and the zone. Then open the hatch to the zone, and measure
the new pressure difference between the house and the zone as well as
the new blower door flow (@50 Pascals) that changed with opening the
hatch. You need at least a 6 Pascal minimum drop in differential pres-
sure between the house and the zone when comparing the pre-open-
ing (hatch closed) with the opening (hatch open) pressure differen-
tials. Thus, another phrase for this test could be the “Non-Equilibrated
House-to-Zone Pressure Test” since there cannot be a 0 Pascal pressure
differential between the house and zone after opening the hatch. The
test involves calculating the difference in blower door flow from be-
fore and after opening the door through the air barrier (attic, basement
etc.), while maintaining the -50 Pascal house-to-outside blower door
pressure. It can be advantageous to have a blower door equipped with
a “Set Pressure” or “cruise control” that keeps the pressure constant by
increasing the rpm even when the hatch is opened. The flow and pres-
sure data is analyzed using charts or computer programs to calculate
how leaky the air barrier is between the house and the zone. With this
method, you can also estimate the total size equivalent of the hole in
the boundary between the interior of the home and the zone, as well
as estimate the total hole size equivalent between the zone and the
exterior. In the end, this test also allows you to establish which barrier
is the better air barrier, the house-to-zone barrier (for example, floor
above the crawlspace) or the zone-to-outside barrier (for example, the
crawlspace foundation wall). The Open-a-Hatch method is considered
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less accurate than the Open-a-Door test.
Examples of Add-a-Hole calculations are
given in Appendix R.

Vent Area Test
Open-a-Door and Open-a-Hatch
tests can tell the leakage between the
house and the attic or other zones. The
vent area ZPD test involves calculating
the size of vents in the zone (attic, base-
ment, crawlspace, etc.). From this you
can calculate the approximate leakage in
the air barrier between the house and the
zone. The vent area test is the least reli-
able of the advanced ZPD tests. (See “net Figure 4-57. By measur-
free area” section for more information on ing the change in pressure
vent area) that results from opening a
hole in the barrier between
conditioned and uncon-

LEVELS OF AND STANDARDS ditioned spaces, you can

crudely estimate the leak-
FOR ZPD TESTING age through the barrier.

As the level of ZPD testing goes
from Level I to Level III, the time and difficulty of the ZPD testing also
goes up, but the amount of information and the accuracy of the test-
ing is improved. Thus, when you go from Level I (Basic ZPD Testing)
to Level II (Open-a-Door, Open-a-Hatch), you go from only a relative
leakiness of the house/zone and zone/outside barriers, to a rough
approximation of actual leakage at CFM50 and effective leakage area.
Going from Level I to II, only a small amount of time is added if there is
no need to cut a hole into the attic space, etc. to create a door or hatch.
When going from Level II to Level III (Level II with software), correc-
tion factors are automatically integrated into some software to reduce
the risk of errors, but it takes more time and much more equipment
(software, calculator or computer). As a rule, do Level I (Basic) ZPD
testing on all primary and secondary zones in all houses and evalu-
ate for relative leakiness using the leakiness or pressure ratio charts.
Typically only do interconnectedness testing where interconnected
zones are suspected, as in Cape Cod knee wall or other multiple space
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End Elevations Cross Sections Side Elevations

=)=

A.Louvers in end gable walls

B. Louvers in end gable walls with additional openings in eaves and soffit.

ar=l—

C. Louvers in end gable walls with additional openings in eaves and dormers.

7=

i

Figure 4-58. Ventilation Areas For Gable Roofs

End Elevations Cross Sections Side Elevations
A A o/
A /Q%\\ . .
[ " 7
A. Inlet opening in eave soffit and outlet vent near peak.
[ /\ N /!
N

B. Inlet opening in eave soffit and outlet vent near ridge.

Figure 4-59. Ventilation Areas for Hip Roofs

attics. Typically only do Level II ZPD testing (only open-a-door or
hatch tests) on garages that are attached to the house, on crawlspaces
that have mold or moisture issues, and, if in a colder climate, on attics,
particularly if the house is a relatively “tight” home with the potential
for high moisture. (See “Summary of Work Flow” section for how this
fits into the sequence of work).

Unless there is a significant, but very unusual problem that can-
not be solved, there is no need to use Level III ZPD testing in most
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End Elevations Cross Sections Side Elevations
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A. Vent opening in ovrthang soffit.
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B. Vent opening for roof with parapet where roof and ceilling joists are seperate.

/ Airway A/ A/' A/
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L

C. Vent opening for roof with parapet where roof and ceilling joists are the same member

Figure 4-60. Ventilation Areas For Flat Roofs

cases. Multiple interconnected zones in a building might be an exam-
ple of where you might need to use Level III testing if you are unable
to access the zones to close off any conspicuous openings creating the
interconnectedness. When dealing with ventilated crawlspaces and
attics, you can also improve results at any of the levels of ZPD testing
by temporarily covering over the vents to better evaluate the zone-to-
outside barrier, although this is often impractical. With Level I and III
tests, another way of getting more reliable results is to select the open-
ing in the less leaky barrier (greatest pressure difference) when choos-
ing which door or hatch to open (the house/ garage barrier is typically
a better air barrier than the garage/outside barrier).

It is important in all cases to use the proper blower door protocol
in setting up the blower door, and in setting up a separate baseline
hose for the gauge used for zonal testing, preferably where the refer-
ence hose to outside goes for the blower door, otherwise place it out
through a nearby window, etc. Once the leakage rate for a zone is es-
tablished, you may conclude that no sealing work be done on a house-
to-zone barrier if the leakage rate is low. Some suggest the cutoff for
recommending against ceiling work be 200 CFM50 or 20 square inches
effective air leakage. Another question might be, do you establish a
different standard for garages where the issue is not just leakage but
also exposure to pollutants from the garage?

The American Lung Association Healthy House Standards re-
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quire the garage-to-house basic ZPD test to not go below 40 Pascals
when the house is depressurized to -50 Pascals. Another standard that
some go by in cold weather areas is to limit the leakage from the house
into the attic to 10% of the overall whole house leakage. For instance,
if the whole leakage were 2000 CFM50, you would not bother to seal
an attic that had 200 CFM50 or less going from the house into the at-
tic. Another issue relates the previously mentioned problems with the
misleading results that can occur when the house-to-zone pressure is
greater than 45 Pascals or the zone-to-outside pressure is less than 5.
If this is the case, try to temporarily seal intentional ventilation (such
as attic or crawlspace vents), or obvious holes or leaks, and then retest
the zone pressure until the readings are outside of those ranges. Oth-
erwise, you may end up with misleading results.

Table 4-17. Basic ZPD (Level I) and ZPD Open-a-Door and Open-a-Hatch
(Level II) Step-By-Step Procedure Using the Gauge Inside (Conditioned
Space) Using the Retrotec DM-2 or the EC DG-700 Gauges

1. Make sure your gauge batteries are fully charged or that you have ad-
equate outlets and extension cords to connect the pressure gauge to its
recharger/transformer.

Close the door or hatch in the house to the zone wall/barrier (for ex-
ample, between the house and the attic, basement, enclosed unheated
porch, kneewall, crawlspace, etc.) and doors, etc. in the zone-to-outside
wall/barrier (for example, between the attic, basement, enclosed porch,
kneewall, a cantilever, bay window, etc. zones that is covered under the
“Gauge Outside” Procedures Table below.

2. Set Up 1—House-to-Outside Pressure

Place a hose to outside (typically red for Retrotec and green for EC). Pref-
erably use a longer hose that is placed along the outside wall through the
blower door screen so you can use the gauge throughout the house to
take zone pressure measurements. If you are unable to do this, place the
hose out a window or door on the same level near where you are check-
ing the zone pressures.

Retrotec—Turn on the gauge by pressing and holding down the “On/
Off” button. Once the gauge is on, press “Auto Zero” button until “On”
shows in the upper right corner of the display. If both “PrA” and “PrB”
do not show up on the left edge of the display, repeatedly press the
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EC Zone Pressure Diagnostic (ZPD) Testing
Gauge Inside: Set-Up 1- House to Outside (H/O)

DEVICE CONFIG

No Hose
Connect-

No Hose
( J|Connect-

Left Ch 1ed Here UNITS ed Here
(Ch. A) House- Right Channel
to-Outside (H/O) (Ch.B) Not

Best case should be Used

the blower door hose|

tooutsideiflong. Green No Hose
toaindonordosr | HOSE tO b Connect-
o2 window or door i P rence o)

i OQutside | v

A ed Here

the attic is the zone)

Retrotec Zone Pressure Diagnostic (ZPD) Testing
Gauge Inside: Set-Up 1- House to Outside (H/O)

Used

Right Channel
A (Ch.B) Not

No Green Hose
Left Channel
(Ch. A) House- t(o;;:\ect any htl)see:otlors
A o the same colored taps
to-Outside (H/o) on the back.

“Mode” button until they do. Connect the other end of the hose going to
the outside to the red tap on the back of the gauge. Disconnect all other
hoses to the gauge. Do a baseline as follows:

Press the “Baseline” button once.

Once the average shown near the bottom of the gauge seems to level off
without as much change, press the “Enter” button once.

EC—Turn on the gauge—Press “On/Off.” If “PR/PR” is not showing
in the lower left corner of the display, keep pressing the “Mode” button
until it appears. Connect the other (inside) end of the hose to outside
onto the gauge’s Channel A reference tap (lower left tap). Disconnect all
other hoses to the gauge. Do a baseline as follows:

Press the “Baseline” button once.
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Press “Start” once.

Once the numbers on the gauge seem to level off without as much
change, press the “Enter” button once.

3. Two Gauges Available: Start the blower door and establish the -50 Pa pres-
sure using a different gauge for the blower door. Follow the instructions
for blower door testing, and use the “Set Pressure” (Retrotec) or “cruise
control” (EC) settings to keep the pressure at -50 Pascals.

One Gauge Awvailable: If you have only one gauge to conduct the ZPD
tests, use the instructions for blower door testing utilizing the manual
speed controls to set the fan rpm’s so the gauge reads -50 Pascals. Once
you have established the -50 Pascals using your one gauge, record the
flow and pressure in the next step and disconnect the tubes going to the
blower door. Keep the hose to outside connected to your gauge if it is
long enough to reach the zones you will be testing.

4. Record the blower door flow below. Measure the difference in pressure
between the outside and the inside near the zone by reading the number
on the display next to “PrA” (it should be -50).

CFM50 (with any doors/hatches to zones, closed)

PaH/O

Proceed to the zone you are testing with a hose to outside connected to
the gauge as previously described.

5. Set Up 2—House-to-Zone Pressure

Door or Hatch Available to the Zone: Place one end of a hose in the zone
by placing it through the door or hatchway and then closing the door
or hatch on the hose. If you think you may be pinching the hose in the
process, use a metal hose that tightly fits this end of the hose so that the
door or hatch is pinched against it rather than the flexible portion of the
hose. If you have to leave the hatch or door open to a significant degree
that compromises the reading, consider using a smaller non-conducting
rigid tube, adapted to fit the hose. Slip the non-conducting hose around
the outside edge of an electrical box (after removing the cover) or other
penetration through the barrier and into the zone to get a pressure in the
zone. Since you have an opening to the zone, you can conduct an open-
a-door or open-a-hatch test later.
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EC Zone Pressure Diagnostic (ZPD) Testing
Gauge Inside: Set-Up 2 - House to Zone (H/Z)

DEVICE CONFIG

No Hose

Connect-
Left Channel | o4 Here

(Ch.A) House-
to-Outside (H/0)

Best case should be

to-Zone (H/Z)
the blower door hose

to outsideif long Green

enough. Otherwise 3 Hose to
toawindowordoor | HOS@ tO Zone (e.g
on the same level R Reference I
if possible (e.g. Outside | attic)

the upper floor if
the attic i the zone)

Retrotec Zone Pressure Diagnostic (ZPD) Testing
Gauge Inside: Set-Up 2 - House to Zone (H/Z)

No Green Hose
- ' Right Channel
Left Channel (Ch.B) House-
(Ch.A) House- to-Zone (H/Z)
to-Outside (HIO) Connect any hose colors

to the same colored taps
on the back.

No Door or Hatch Available to Zone: If you do not have a door or hatch
through the barrier into the zone, consider using a smaller non-con-
ducting rigid tube, adapted to fit the hose. Slip the non-conducting hose
around the outside edge of an electrical box (after removing the cover)
or other penetration through the barrier and into the zone to get a pres-
sure in the zone. If there are no penetrations through the barrier, with
the homeowner’s approval, create a small hole with as little damage as
possible in an area of the barrier where it will be less noticeable (see ZPD
section text on ways to reduce the damage when accessing zones). Good
locations for this include a closet ceiling, floor, or wall adjacent to an at-
tic, crawl space or chimney zone respectively. Consider using the smaller
non-conducting rigid tube. Slip the non-conducting hose through the
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small hole in the barrier to read a pressure in the zone.

Note: If you do not have an opening between the house and the zone,
and you also do not have an opening between the zone-to-outside, you
will not be able to do any advanced or Level I or II ZPD tests.

Retrotec—Connect the other end of the zone hose to the yellow tap on
the back of the gauge. After making sure the pressure reading for PrA is
stable at about -50 Pascals, record this House-to-Zone (H/Z) pressure in
the zone you are testing below after reading the number on the display
next to “PrB.”

EC—Connect the other end of the zone hose to the lower right reference
tap on the gauge (lower tap of Channel B). After making sure the pres-
sure reading on the left side of the display (Channel A) is stable at about
-50 Pascals, record this House-to-Zone (H/Z) pressure in the zone you
are testing below after reading the number on the right side of the dis-
play (Channel B).

All Gauges: Record H/Z pressure here
PaH/Z

If this pressure is greater than 25 Pascals, the barrier between the house
and zone is tighter than the barrier from the zone-to-outside. The oppo-
site is true if this pressure is less than 25 Pascals.

6. Low Tech Air Leakage EfLA/Flow Test (Alternative to Further ZPD
Testing)

One Gauge Only—Blower door used without a gauge to allow for “Set
Pressure” (Retrotec) or “cruise control” (EC) setting: THIS TEST NOT
AVAILABLE

Two Gauges Used—Blower door used with a gauge to allow for “Set Pres-
sure” (Retrotec) or “cruise control” (EC) setting while a separate gauge
is used for H/ Z tests, etc.: Proceed as follows:

Slowly lodge open a door or hatch to the zone from the house (one way
is to open a door or lift one edge of a hatch to one side of the opening
while leaving the other edge of the hatch against the opening) until the
house-to-zone (H/Z) pressure goes down to half of what it started at
with the opening closed. Measure the opening you created to get half the
pressure to find the effective leakage area of the H/Z barrier:
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Distance From Edge of Door Side of Opening to
Hatch Setup - hatch door proppred up on to Edge of Door to be Measured for Door Openings
edge of insulation dam to one side Opened Enough that Pressure Cut in Half

Door Opening Over a Floor or Landing: Measure the distance on the
ground from the lower corner of the door opening to the door edge.
Multiply this measurement by the multiplier based on how wide the
door opening is: Door size = Multiplier: 36”=98; 32”=96; 30”=95; 28”=94;
24”=92. Record the measurement and the multiplier here and complete
the calculation:

Distance x Multiplier = Area of opening (A)

in. X = square inches

Hatches with Insulation Dams Around Opening: Measure the opening
width and length and multiply them by each other (W x L = Area):

in. X in. = square inches

Multiply this number by 10 to get the approximate CFM50 for the H/Z
barrier.

sq.in. X 10 = CEFM

If you have chosen this alternative method, you have completed the ZPD
testing on this zone and need complete only the next step of this process.

. Set Up 3—Zone-to-Outside Pressure

To confirm the house-to-zone pressure you also check the zone-to-
outside pressure. Check to see if the house-to-zone and zone-to-outside
pressures add up to about 50 Pascals. For this set up keep the hose in the
zone where you had it in the last set up but change hose connections on
the gauge:

Retrotec—First remove the zone hose from the yellow tap and reconnect
it to the green tap on the back of the gauge. Also, remove the red hose
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EC Zone Pressure Diagnostic (ZPD) Testing
Gauge Inside: Set-Up 3 - Zone to Outside (Z/0)

DEVICE CONFIG

-50.0| -18.0
Paj Pa
PR/PR 10
No Hose TIMEAVG

Connect-
Left Channel |og Here Right Channel
(Ch.A) House- (Ch. B) Zone-to
to-Outside (H/0) -Outside (Z/0)

Best case should be
the blower door hose

tooutside if long Green
enough. Otherwise
toawindowordoor | HOS@ tO
on the same level A
Outside

if possible (e.g.
the upper floor if

the atticis the zone) %

Reference Reference
'or WRT orWRT

Green
Hose to
Outside

Retrotec Zone Pressure Diagnostic (ZPD) Testing
Gauge Inside: Set-Up 3 - Zone to Outside (Z/0)

Red Hose to Outside

Best case should be No Blue Hose

the blower door hose
to outside if long
enough, Otherwise

to a window or door . ——-" Green hose to Zone
-500
on the same level [ 120P e.0. Attic
oM

AYC‘"OW Hoseto | Right Channel
fedHese | | (Ch.B) Zone-to
-Outside (Z/0)

if possible (e.g.
et P [
& upper floor i Connect any hose colors

the attic is the zone)

i T [
(Ch.A) House- BEER
to-Outside (H/0)

from the red tap on the back of the gauge. Then place a short stub of red
hose onto the red tap instead. Add a “T” to the other end of the short red
hose stub and then connect the long red hose to one of the legs of the “T”
connection. Then connect a short stub of hose from the yellow tap on the
back of the gauge to the last leg left on this “T” connection. After making
sure the pressure reading for PrA is stable at about -50 Pascals, record
this Zone-to-Outside (Z/O) pressure in the zone you are testing below
after reading the number on the display next to “PrA.”
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EC—First remove the zone hose from the lower right reference tap on
the gauge and then reconnect it to the upper right “input” tap on the
gauge (upper tap of Channel B). Also, add a short stub of green hose to
the lower left reference tap on the gauge (lower tap of Channel A). Add
a “T” to the other end of the short green hose stub and then connect the
long green hose to one of the legs of the “T” connection. Then connect a
short stub of green hose from the lower right reference tap (lower right
tap of Channel B) to the last leg left on this “T” connection. After making
sure the pressure reading on the left side of the display (Channel A) is
stable at about -50 Pascals, record this Zone-to-Outside (Z/O) pressure
below after reading the number on the right side of the display (Channel
B).

Pa Z /O barrier/wall

. Add the house-to-zone (H/Z) pressure to the zone-to-outside (Z/O) to

see if they add to close to -50 Pascals:
PaZ/O PaH/Z=
Pa (should be close to -50)

. Continue with these procedures from here only if you are planning to

conduct an Open-a-Door or Open-a-Hatch ZPD test. You must have a
door or hatch in the barrier between the house and the zone or between
the zone and outside to conduct these tests:

Open a door or hatch in the barrier that is the tightest. In the case of ga-
rages, the tightest barrier is typically, but not always, the wall between
the house and the garage. If the house-to-zone (H/Z) pressure reading
is between 25 and 50, it is the tightest barrier and it is preferred to open
a door or hatch from the house to the zone if one is available there. If
the house-to-zone (H/Z) pressure reading is between 0 and 25, it is the
leakier of the zone barriers and it is preferred to open a door or hatch
from the zone to the outside if a door or hatch is available there. These
situations result in the best accuracy in evaluating zonal air barriers. In
any case, you must have a door or hatch in either the house-to-zone or
zone-to-outside air barriers to complete these tests, regardless of which
provides more accuracy. You should get a change in pressure of at least
6 Pa for the results to be acceptable.

Open-a-Door: Once you have opened the appropriate door, momentarily
disconnect the hose to the outside from the gauge for the channel con-
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10.

11.

12.

nected on the right (on Retrotec gauges disconnect the yellow hose for
the yellow tap and look for the PrB reading, on EC gauges, disconnect
the hose to the lower right tap and look at the reading on the right of the
display or Channel B). Confirm that the pressure difference between the
house and the zone is now at 0 Pascals, (if you opened a house to zone
barrier door) or 50 Pascals (if you opened a zone-to-outside door). If the
reading is not zero, you must consider the test an Open-a-Hatch test.
Then reconnect the tube.

If you are only using one gauge: Confirm that the blower door is still oper-
ating at -50 Pascals (on Retrotec gauges look for the PrB reading, while
with EC gauges, look at the reading on the right of the display or Chan-
nel B). If the blower door is not providing -50 Pascals house-to-zone, set
up your gauge for blower door readings again, use the manual speed
control to bring the house-to-zone pressure back to -50 Pascals.

All Tests: Record below the new blower door flow reading, the barrier
where the door was located, the type of zone tested, and, if you are
conducting an open-a-hatch test, the zone-to-outside (Z/O) pressure (on
Retrotec: the PrB reading; on EC: the right channel or channel B reading):

CFM50 with door or hatch open
Barrier/Door/Hatch opened: H/Z Z/O
Zone Location: Attic Crawl Porch Other
Open-a-Hatch Test: Zone-to-outside pressure (Z/O):
Pa Z/O barrier / wall
Subtract the first blower door flow from the last:
CFM50(open) —
___ CFM50(closed) =
___CFM50 Difference

Open-a-Hatch Test: Repeat Setup 2 shown above one more time and re-
cord the pressure readings here:

Pa H/O (PrA or channel A)
Pa H/Z (PrB or channel B)

Add the H/Z to the Z/0 and you should get about -50 Pa
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PaH/Z PaZ/O=

Pa (should be close to -50)

13. Open-a-Door:

Opening made in H/Z barrier—If you have opened a door from the
house-to-zone (such as the house-to-garage door), use Column A of the
Open-a-Door Chart below to find the house-to-zone pressure before
opening the door (circle this pressure in Column A).

Opening made in Z/O barrier—If you have opened a zone-to-outside
door (such as the garage-to-outside door), use Column B of the Open-a-
Door Chart below to find the house-to-zone pressure before opening the
door (circle this pressure in Column B).

All Open-a-Door Tests: Record the multipliers in the appropriate chart
across to the right in the same row as the house-to-zone pressure you
circled for the “Internal” (house-to-zone leakage), “External” (zone-to-
outside leakage), and “Combined” (leakage when both barriers consid-
ered) found:

Internal: External:
Combined:

Now multiply each of the multipliers by the CFM difference you record-
ed above to find how much reduction, at a maximum, can be achieved
by completely sealing both barriers (combined):

Internal:_____ (multiplier)x _____ CFM Diff =
___ CFM50 H/Z barrier /wall
External:_____(multiplier)x _____ CFM Diff =
_____ CFM50 Z/0O barrier/wall
Combined: ____ (multiplier)x ___ CFM Diff =

CFM50 max of both barriers/walls combined (maximum reduc-
tion possible)

Open-a-Hatch:

Opening made in H/Z barrier—If you have opened a hatch or hole from
the house-to-zone (such as the house to attic hatch, house to crawlspace
hatch, etc.), use Column A of the Open-a-Hatch Chart below to find the
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14.

15.

house-to-zone pressure before opening the hatch (circle this pressure in Col-
umn A). Then, use Row A to find the house-to-zone ending pressure after
opening the hatch (circle this pressure in Row A). Find the multiplier at
the intersection of these two circled items by going right across from the
starting pressure and down from the ending pressure. Opening made in
Z/0 barrier—If you have opened a hatch or hole from the zone-to-outside
barrier (for example, the roof to attic hatch, outside to crawlspace hatch),
use Column B of the Open-a-Hatch Chart below to find the house-to-zone
pressure before opening the hatch (circle this pressure in Column B). Then,
use Row B to find the house-to-zone ending pressure after opening the
hatch (circle this pressure in Row B). Find the intersection of these two
circled items by going right across from the starting pressure and down
from the ending pressure and record them in the equation below where
the multiplier is expected to go.

All Open-a-Hatch Tests: Multiply the CEM difference calculated above
(the change in flow from before opening the hatch and after opening the
hatch) times the multiplier from the chart. The result gives the expected
maximum reduction in leakage if you were to completely seal the house-
to-zone or the zone-to-outside barriers:

(multiplier) x CFM50 Diff =

CFM maximum reduction if both barriers perfectly sealed so no
leakage

If you prefer results in effective leakage area, divide the total leakage
numbers by 10 to get effective leakage area in square inches (numbers
cannot be calculated for combined barriers, including the combined
numbers that result from the Open-a-Hatch test):

Open-a-Door:
CFM50H/Z x 10 = sq. in. ELA H/Z barrier/wall
CFM50Z/0x10 = sq. in. ELA Z/O barrier/wall

If you would like to calculate the percent error you might expect from
these calculations, use the Excel files/sheets that may be available to do
so.
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Table 4-18. Open-A-Door Chart

For Door Opening in Barrier Between House to Zone:
Use Column A to Match H/Z and Column B to Match Z/0

For Door Opening in Barrier Between Zone to Qutside:
Use Column B to Match H/Z and Column A to Match Z/0

Door closed pressure|  multiply CFM50 change by:
A B Internal  External Combined
48 2 0.14 1.14 0.14
47 3 0.20 1.19 0.19
46 4 0.25 1.24 0.24
45 5 0.31 1.29 0.29
44 6 0.37 1.34 0.34
43 7 0.43 1.39 0.39
42 8 0.49 1.44 0.44
41 9 0.56 1.49 0.49
40 10 0.63 1.54 0.54
39 11 0.70 1.60 0.60
38 12 0.78 1.65 0.65
37 13 0.87 1.71 0.71
36 14 0.96 1.78 0.78
35 15 1.06 1.84 0.84
34 16 1.17 1.91 0.91
33 17 1.29 1.98 0.98
32 18 1.42 2.06 1.06
31 19 1.56 2.14 1.14
30 20 1.71 2,23 1.23
29 21 1.88 2.32 1.32
28 22 2.07 2.42 1.42
27 23 2.27 2.52 1.52
26 24 2.50 2.64 1.64
25 25 2.76 2.76 1.76

Following Collin Olson and Anthony Cox, 2006, following Michael Blasnik
Internal = multiplier for zone to house leakage

External = multiplier for zone to outside leakage

Combined = multiplier for total/combined path leakage



The Auditor’s Tools and How to Use Them 175

Table 4-19. Open-A- Hatch Chart

| Hatch/Hole Opened in House to Zone (H/Z) or Zone to Outside (Z/0) Barriers|

For Hatch/Hole Opening in House to Zone Barrier: Use A Column and Row to Match H/Z and Column and Row B to Match Z/O
For Hatch/Hole Opening in Zone to Outside Barrier: Use B Column and Row to Match H/Z and Column and Row A to Match /O

Ll Ending Pressure After Opening Hatch or Adding Hole in Barrier
A M 42 % '38 36 34 2 3018 2 4 2 2018 614 12 08 6 4 2 0
Bl 6 & 10712 14 16 18 20'2 24 2 28 30 32 34 36 38 40 '4 4 4 48 50
50| o [ o.00] 0.00] 0.0l 0.00] 0.00] 0.00] 0.00] 0.00T0.00] 0.00] 0.00] 0.00] 0.007 0.0 0.00] 0.00] 0.00] 0.00T 0.00] 0.00] 0.00] 0.00] 0.0d
o[ 1 0.35] 0.29] 025 0.22 0.20] 0.18[ 0.17 0.15 [ 0.15] 0.14] 0.13] 0.12] 0.12] 0.11] 0.11] 0.10] 0.10] 0.10] 0.09] 0.09 |0.09 [0.09
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Table 4-20. Basic ZPD Step-By-Step Procedure Using the Gauge Outside the
Building and Using the Retrotec DM-2 or the EC DG-700 Gauges

EC Zone Pressure Diagnostic (ZPD) Testing
Gauge Qutside - Zone to Outside (Z/0)

DEVICE CONFIG

-18.00 0.0

Pa

Hose to
Zone (e.g.
cantilever)

10
TIME AVG

No Hose
con nec t- Reference
ed Here |Gkl

Retrotec Zone Pressure Diagnostic (ZPD) Testing
Gauge Outside - Zone to Outside (Z/0)

[NoRed Hose| [ No Yellow Hose|

Blue Hose to Zone
(e.g. cantilever, etc.)

Connect any hose colors
to the same colored taps
on the back.

1. Close the door or hatch in the house to the zone wall/barrier (attic, base-
ment, enclosed unheated porch, kneewall, crawlspace, etc.) and doors,
etc. in the zone-to-outside wall /barrier before starting the test.

2. Set Up A—House-to-Outside Pressure

Place a hose to outside (typically red for Retrotec and green for EC). Pref-
erably use a longer hose that is placed along the outside wall through the
blower door screen so you can use your gauge throughout the house to
take zone pressure measurements. If you are unable to do this, place the
hose out a window or door on the same level near where you are check-
ing the zone pressures.
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Retrotec—Turn on the gauge by pressing and holding down the “On/
Off” button. Once the gauge is on, press “Auto Zero” button until “On”
shows in the upper right corner of the display. If both “PrA” and “PrB”
do not show up on the left edge of the display, repeatedly press the
“Mode” button until they do. Connect the other end of the hose going to
the outside to the red tap on the back of the gauge. Disconnect all other
hoses to the gauge. Do a baseline as follows:

Press the “Baseline” button once.

Once the average shown near the bottom of the gauge seems to level off
without as much change, press the “Enter” button once.

EC—Turn on the gauge—Press “On/Off.” If “PR/PR” is not showing
in the lower left corner of the display, keep pressing the “Mode” button
until it appears. Connect the other (inside) end of the hose to outside
onto the gauge’s Channel A reference tap (lower left tap). Disconnect all
other hoses to the gauge. Do a baseline as follows:

Press the “Baseline” button once.
Press “Start” once.

Once the numbers on the gauge seem to level off without as much
change, press the “Enter” button once.

3. Two Gauges Available: Start the blower door and establish the -50 Pa pres-
sure using a different gauge for the blower door. Follow the instructions
for blower door testing using the “Set Pressure” (Retrotec) or “cruise
control” (EC) settings to keep the pressure at -50 Pascals.

One Gauge Available: If you have only one gauge to conduct the ZPD
tests, use the instructions for blower door testing utilizing the manual
speed controls to set the fan rpm’s so that the gauge reads -50 Pascals.
Once you have established the -50 Pascals using the one gauge, record
the flow and pressure in the next step and disconnect the tubes going to
the blower door and to the outside.

4. Record the blower door flow below. Measure the difference in pressure
between the outside and the inside near by reading the number on the
display next to “PrA” (Retrotec) or the right side of the display (EC). It
should be -50.

CFM50
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PaH/O
Proceed to the zone outside you are testing with the gauge.
Set Up B—Zone-to-Outside Pressure

Connect to a hose a smaller non-conducting rigid hose that has been
adapted to fit a hose. Slip the non-conducting hose around the outside
edge of an electrical box (after removing the cover) or other penetration
through the barrier and into the zone to get a pressure in the zone. If
there are no penetrations through the barrier, with the homeowner’s ap-
proval, create a small hole with as little damage as possible in an area of
the barrier where it will be less noticeable (see ZPD section text on ways
to reduce the damage when accessing zones). Consider using the smaller
non-conducting rigid tube. Slip the non-conducting hose through the
small hole in the barrier to get a pressure in the zone.

Retrotec—Connect the other end of the zone hose to the green tap on the
back of the gauge. Record the pressure below for the zone you are testing
after reading the number on the display next to “PrB.”

EC—Connect the other end of the zone hose to the upper right input tap
on the gauge (upper tap of Channel B). Record the pressure below for
the zone you are testing after reading the number on the right side of the
display (Channel B).

Both Retrotec and EC gauges:
PazZ/O

If this pressure is greater than 25 Pascals, the barrier between the zone
to the outside is tighter than the barrier from the house to the zone. The
opposite is true if this pressure is less than 25 Pascals.

INFRARED THERMOMETERS AND THERMOGRAPHY

Infrared (IR) thermometers and IR thermography (cameras) (Fig-

ure 4-61) can also be useful tools in diagnosing energy issues in homes.
They work in much the same way with a few differences. Infrared
cameras of today, for the most part, allow you to “see” the differences
in temperature on a wall, etc. all at once and very quickly, while the
infrared thermometer (also know as the spot radiometer) gives an av-
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erage temperature over a smaller area, thus providing less detail and
taking more time to cover a given area. It is important to note that the
IR spot radiometer actually averages out the temperature over the entire
“spot” covered, which is a much wider area than the time laser point
that shows on the wall when you pull the trigger. Thus, spot radiom-
eter / thermometer measurement can be extremely misleading if it is not
understood that it is averaging a much larger area than the time laser
spot, and that you cannot see how large the “spot” covers unless the
thermometer is a type that shows the coverage area using multiple laser
points. It is very common for the novice to make egregious errors in this
regard using a spot “laser pointer” thermometer and this has sometimes
led to potentially disastrous consequences. However, you can use an IR
camera effectively to scan the interior of the home both before and while
a blower door creates a negative pressure in the home. In fact, IR cam-
eras can represent the most effective tool, when combined with a blower
door, in finding insulation voids and air leaks in a home.

Taking exterior images with an infrared camera can be done.
However, unless you are scanning at night, in the early morning before
the sun comes up, on a surface not yet exposed to the sun, or on an ex-
tremely cloudy day without rain, there will be too many interferences
from the sun and moisture, making it difficult to collect much valuable
information from the images. This does not mean you can never take
exterior images, but rather, it means you are probably better off primar-
ily relying on interior infrared images. If you take exterior images, they
are probably best taken in the morning before
the sun comes up so the effects of any remnant
solar exposure from the day before are gone.

For interior images, if you use infrared
before turning on the blower door, you will
more likely be looking at insulation gaps where
there are differences in temperatures. If you use
infrared while the blower door is on and then
compare the thermal image results with the
originals taken without the blower door on, the
differences will more likely be where leakage
sites exist. The thermal differences between the
images taken before and after the blower door
is on, typically appear as “streaking” variations Figure 4-61.
on the interior wall side of the leakage areas. ~ An Infrared Camera
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Figure 4-62. Infrared Im-
ages of the Solar Effect
Upper: The sun beating
down on the outside of an
aluminum sided house to
the left of the tree that
shades the house, results
in the same inside wall of
the house being heated
where the sun is hitting it
on the outside (the lighter
shades to the right on the
inside wall in the lower
image). Clearly, the shad-
ing of the tree causes the
temperature of the wall
on both the outside and

inside to be cooler.

For instance, if you are looking at a wall during the cold weather-heat-
ing season, the insulation voids will appear colder in the image than the
well-insulated portions. Likewise, the areas where there are leaks will
show up as colder in the second set of images (during depressurization
with the blower door on). These tests can also be done before and after
retrofitting a home to see where the major air sealing and insulation
faults are and to see how well the retrofit has been done.

Having a larger temperature differential between the inside and
outside of the home, such as when heating the house in the winter or
cooling the house in the summer, can help bring out insulation and leak-
age issues more readily if done during the IR imaging. Many modern
infrared cameras are capable of detecting adequate thermal differences
on an interior wall with less than a 10° F differential between inside and



The Auditor’s Tools and How to Use Them 181

outside (“delta T” or “AT”) when doing the insulation check prior to
starting the blower door. However, most standards suggest no less than
an 18°F differential or to be able to see the studs to do the insulation
inspection. These same cameras have been reported to detect adequate
thermal differences on interior walls with 3°F or less differential when a
blower door protocol was later used. It may be easy to find such a low
differential working in a laboratory with the wall in steady state and
no solar influence using a good camera (50mk or better). However, it is
often difficult to assure such a small differential will reveal itself in the
real world where temperatures may vary significantly from one wall,
floor, or space to another. Lower temperature differences subject the
evaluation to greater risk of the regional influence of capacitance of ma-
terials in the wall. This is especially true when the interior temperature
is artificially raised or lowered by involving manipulation of the build-
ing’s HVAC system.

The typical interior infrared protocol begins with the conduction
or insulation inspection/evaluation and involves turning the HVAC
system off for at least 5 to 15 minutes, doing a quick overview, taking
thermal images of the inside face of exterior walls, ceilings, floors etc.
Once this insulation inspection has been done, do the air leakage inspec-
tion/evaluation by turning on the blower door to roughly 20 Pascals
and, within about 30 minutes, taking thermal images of those same
interior components. This way you can see if there is any differential or
“streaking” when comparing the pre-blower door with the post-blower
door thermal images. This protocol would require being able to see
the studs in the wall or having a 12°F temperature difference between
inside and outside for the insulation inspection. Any air leakage evalu-
ation, whether conducted in conjunction with an insulation evaluation
or not, only requires a 3°F temperature differential.

If you do not use a blower door to do the insulation evaluation,
you should be able to see the studs in the walls or have an 18°F tem-
perature differential between inside and outside. Using the blower door
to conduct an air leakage evaluation after having done an insulation
evaluation helps identify the insulation defects. That is the reason for
a lower, 12°F differential when adding the blower door/air leakage
evaluation to the conduction or insulation evaluation.

If there is not an adequate temperature differential between in-
doors and outdoors, you can manipulate the HVAC system to increase
the temperature differential. Under these circumstances, to do the insu-
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Figure 4-63. Infra-red Images
Left—A light fixture before turning on the blower door reveals insulation void
as a square shape.
Right—The separate similar fixture in the image on the right does not show as
significant an insulation void as it does “streaking” radially out from the fixture.
This indicates an air leak around/through the fixture after the blower door has
been turned on.

lation evaluation, whether you can achieve the appropriate temperature
differential or not, turn on the heat or the air conditioning for about
15 minutes, and then let that heating or cooling “soak in” for about
15 more minutes before you start taking infrared images without the
blower door on. Then take a second set of images using the blower door
protocol at 20 Pascals to do the air leakage evaluation. By manipulating
the HVAC system, infrared testing can be used virtually year-round. A
generally accepted test for whether you have adequate temperature dif-
ferential between interior and exterior on a typically built wood frame
wall is whether you can distinguish the framing behind the drywall in
the infrared images. If you are not able to identify temperature differ-
ences between the framing in the drywall and the stud bays, you prob-
ably do not have an adequate temperature differential to do IR imaging.

Some common aberrations you need to be aware of are the tem-
perature differential between 1) the top plate and the middle of the wall,
and 2) the mudsill and the middle of the wall. These temperature varia-
tions are due to the convective loop that occurs in many walls. Because
of the limited opportunity for circulation of air where the ceiling meets
the wall and the floor meets the wall, the top plates and mudsills appear
to be at significantly different temperatures than the middle of the wall.
Top plates and mud sills tend to be higher risk leakage areas. However,
the convective loop effect makes it more difficult to identify leakage
in these areas unless you can see differential temperature “streaking”
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or “feathering” emanating from those areas once you turn the blower
door fan on. Infrared scanning can also expose faults in the air barrier
or insulation in vaulted ceilings, flat ceiling joist cavities, outside walls,
basement ceilings, etc. It is not uncommon to identify where insulation
has settled in wall stud bays, missing or lower density insulation in stud
bays, poorly blown insulation in a sloped ceiling, wind driven infiltra-
tion in the ceiling near exterior walls, blower door driven infiltration in
dropped soffits, tongue and groove coverings, wall ceiling junctions lo-
cated just inside of soffit venting, and poorly sealed fan units or canned
lights. Many other direct or indirect leakage sites can be found using an
infrared camera.

Be aware that infrared can fool you when it comes to low emis-
sivity surfaces such as unpainted metals and highly reflective surfaces.
Low emissivity surfaces fool the camera because, by definition, they
do not emit IR radiation at the same rate as the typical high emissivity
material you are usually viewing in a building. Since you must set the
IR camera to a specific higher emissivity, you will be “seeing” surface
temperatures on unpainted metals that are lower than their real surface
temperatures because not as much IR radiation is being emitted from its
surface. Interpretation is made even more difficult if the low emissivity
surface is also reflective. Reflective surfaces present a different problem
because you cannot “view” the surface temperature under the reflec-
tion. Taking an infrared image of a windowpane is more likely to show
temperatures that are reflections off the glass rather than the tempera-
ture of the glass. One way to find out if you are looking at a reflection or
a real temperature on any surface is to move a little and see if a reflec-
tion on the surface moves as well. If the temperatures on the surface
move as you move, then you are most likely looking at a reflection and
not temperature differences on the surface. Unpainted metal surfaces
can also be interpreted to be hotter than they really are by reflecting IR
radiation from hotter sources. Thus, temperatures indicated on surfaces
you know have low emissivity or high reflectance cannot be trusted.
One method of overcoming low emissivity and reflectivity is to place
a high-grade electrical tape (3M Scotch 33 or 88) on, for instance, the
metal or glass surface, to obtain a reliable temperature of the material.
Be sure that the area of the infrared camera spot you are using to obtain
the temperature in this case does not extend off of the edge of the electri-
cal tape or you may be reading the wrong temperature.

Conditions that can affect an accurate infrared camera evaluation
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Figure 4-64.
Example of Reflection
Upper: If you look closely at
the ceiling in the upper pic-
ture, you can see a “hot spot”

dot on the ceiling.

Lower: When the IR cam-
era was moved up higher
in the room, the “hot spot”
moved on the ceiling to a lo-
cation closer to where a duct
served the upper floor in this
home (the duct runs diago-
nally from the center top to
the right center edge of this
picture). Because the tem-
perature changed when the
camera was moved, this is a
reflection.

include solar loading on the outside that “soaks” through to the inside,
wind, moisture, curtain walls and insulation breaks (such as brick fas-
cia, insulated sheathing or vinyl siding).

Many experienced infrared camera operators prefer taking images
on a standard gray scale image index or palette, such as these images,
using the colder temperatures as the darker gray and the warmer tem-
peratures as the lighter gray even though images can be produced using
false color palettes on almost all infrared cameras. With the gray scale
palette, in the winter the studs in the wall look darker than the rest of
the wall while in the summer the studs look lighter than the wall. Like-
wise, insulation voids in walls will look darker than the rest of the wall
in the winter and lighter than the rest of the wall in the summer. Using
the gray scale seems to help most people not only distinguish tempera-
tures on the image but also seems to help with focusing the image. Care-
fully focusing the image not only makes it easier to see temperature dif-
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ferences, but it also provides greater accuracy in temperature readings.
Using grayscale can also help to reduce the risk that colorblindness will
affect interpretation of the IR images.

Some advertisements suggest that IR imaging can be used to auto-
matically determine the R-value of a wall. This is generally not accepted
by scientists in the field as accurate, since a steady-state R-value on a
wall can only be done under unchanging, or steady state, circumstances
over many hours of time. Often this test can only be easily reproduced
in a lab setting.

At one time, certification in thermography of homes was limited
to a protocol established by the American Society for Nondestructive
Testing (ASNT). However, this is a more general thermography certifi-
cation in which buildings are only one of many applications for infrared
thermography covered by the established curriculum. RESNET has
developed a designation for residential thermography if the applicant
is already certified as a RESNET HERS Rater, a type of energy auditor
classification. The National Association of Home Inspectors (NAHI),
on the other hand, has developed a designation for residential infrared
thermography that is available even to those that are not already NAHI
members. The NAHI program also allows those that are ASNT Level I
Thermographers to be “grandfathered in” to avoid duplicative training
requirements.
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DEFERRAL OF SERVICES

Deferral of services means that conditions exist where you may
have to either deny or postpone weatherization services to an otherwise
qualified client/homeowner. While this is a weatherization program
definition, any of the same principles could be applied in the private
arena. Some deferral of service decisions are left to the discretion of the
local weatherizer. Under some circumstances, spending DOE weath-
erization money on certain homes is forbidden. As a rule, even in the
private arena, be sure to have a good reason for not following the re-
strictions of the weatherization program.

The local weatherizer is prohibited from weatherizing a dwelling

that:

1)  has already been weatherized;

2) isvacant;

3) isscheduled for demolition within 12 months;

4)  has been condemned;

5)  has serious structural problems/costs that outweigh the energy

savings opportunities; or
6) is a mobile home with poor structural supports.
7)  has an owner who refuses weatherization services;

187
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Some of the circumstances that require at least postponement of
weatherization services include:

1)  unsanitary conditions or other health and safety concerns;
2)  threatening animals or clients;

3) the home is being remodeled and the weatherization work is not
coordinated with the remodeling effort;

4)  enough weatherization measures are refused by the client that the
weatherization work would not be cost-effective or violates state

policy;

5) illegal activities, including but not limited to the cultivation or
distribution of illegal drugs, are ongoing at the house; or

6) other unusual situations like a client who has a respiratory ailment
alleviated by the use of the humidifier and the client refuses to
discontinue the humidifier use with the result that the humidifier
may cause moisture problems in the home.

For weatherization work, be sure to follow proper procedure in de-
ferring or denying weatherization to an otherwise qualified client. Inform
them in writing of the reason for the deferral of services, what corrective
action must be taken to allow the weatherization work to proceed, and
some deadline within which that corrective action must take place. The
homeowner has a right to appeal to the local weatherization director’s of-
fice. The client must be told about this right to appeal in a written letter. It
should also be mentioned that most areas have some alternate assistance
programs that may be available locally. You can refer a homeowner to
that service for assistance to make repairs, etc. on the home. This can be
especially productive if you are aware that the cost of incidental repairs
would be too large to allow the weatherization to proceed.

ACCEPTABLE MEASURES

In the weatherization program, it is important to know which ret-
rofit measures are acceptable. The list of acceptable measures could be
found in any of the following:

1)  the audit software approved for their state,
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2)  the state “priorities list” for the area,

3) the State weatherization guide,

4)  Appendix A,

5)  the Code of Federal Regulations or CFR,

6) any other related regulations or guidelines,

7)  applicable state and local laws and ordinances that apply to modi-

fying a building, including obtaining a permit and following all
the codes relating to the retrofit work on the home.

Appendix A is found in the DOE WAP Rule 10 of the CFR Part 440.
The appendix lists the standards that specific products must satisfy to
be used as part of a weatherization retrofit measure. For example, if a
specific type of caulk satisfies an ASTM standard that is the standard in
Appendix A, then Appendix A is satisfied. As another example, in Ap-
pendix A, loose fill cellulose insulation to dense pack an outside wall is
listed under “Insulation-Organic Fiber” in the insulation category. To
use a specific product under this category, it must satisfy ASTM 739-00.
If the insulation does not show on the packaging that it satisfies this
standard, then it cannot be used in the program.

Some measures that might be considered for energy savings may
not even be listed as an option in Appendix A. For instance, Appendix
A lists approved measures and standards for replacing refrigerators but
not chest freezers. Thus, the cost of replacing chest freezers is not even
an option in the WAP program.

SAVINGS TO INVESTMENT RATIO (SIR)
IN THE WEATHERIZATION PROGRAM

Appendix A is not the only limiting factor. To install retrofit
measures to help the home become more energy efficient, the retrofit
measure must pass a financial test. It must have a savings to investment
ratio, or SIR of greater than or equal to one, also known as the benefit/
cost ratio or BCR. This ratio is the amount of energy savings over the
lifetime of the retrofit measure divided by the cost to install the retrofit
measure. Each individual retrofit measure and the package of all the
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retrofit measures as a whole, must have an SIR greater than or equal
to one. The SIR for a measure is typically calculated by entering audit
data into a software program that is DOE approved, such as NEAT for
regular homes or MHEA for manufactured housing.

As part of the SIR calculation, both present value of money and
fuel escalation rate are taken into consideration. For instance, $10 spent
today is probably worth more than $10 saved 20 years from now. Inte-
grating present value, inflation adjustments, value of current cash over
future savings, and energy cost escalation into this equation can be quite
complex. Therefore, SIR calculations are usually performed using a soft-
ware program.

With regard to the SIR, here is an example of calculations for a
refrigerator replacement. First, find out the energy consumption of
the existing refrigerator. Either get that by actually measuring it with
a wattmeter or find its expected electrical demand from a database of
refrigerators. Next, find the energy consumption of the replacement
refrigerator. Typically, this is on the EnergyGuide label of the new
appliance. To calculate the total cost of replacement, include the price
and installation costs of the new unit, including delivery costs. Also
include the cost of removal and decommissioning of the old unit, in-
cluding any fees that the local solid waste/decommissioning facility
charges. You also need to know what the local utility rates are so you
can calculate the projected energy savings from the difference in elec-
trical use between the old and the new refrigerator. You must also take
into account the fuel escalation rate and the present value of money
or discount rate by referring to the “Annual Supplement to NIST
Handbook 135 and NBS Special Publication 709.” If you are doing an
approved software-based individual audit on a home or using priority
lists instead to determine appropriate SIR, the details of the fuel esca-
lation rate and the present value of money will already be taken into
account. Otherwise, without the software it would be very difficult to
calculate SIR manually.

If you do not have the software, you can use a DOE approved pri-
ority list that has the SIR built-in for a given area with a given climate.
Often these priority lists are developed at the state level for use by local
installers. They can vary greatly from state to state.

Under the old weatherization system used prior to July 1989, such
a big emphasis was placed on doors and windows which have such a
poor payback, that the overall energy savings for that period was only 5
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to 10% per home with anywhere from a 20 to 50 year payback. Since July
1989 with less emphasis being placed on windows and doors and more
being placed on advanced air sealing, high density wall insulation, and
heating improvements, the energy savings are often between 17 and
24% and the payback period between 10 and 17 years.

PAYBACK OF RETROFITS IN THE PRIVATE ARENA

Determining cost-effectiveness in the private arena involves using
one of several possible ratios. Divide the total initial cost of a retrofit by
the annual savings the retrofit will produce to obtain the “payback” in
years. Thus, if it costs $2000 for a retrofit measure and it saves $100 per
year in utility bills, it will take 20 years to get back the initial investment.
Take the annual savings and divide by the initial costs to obtain the an-
nual return as a percent. Thus, divide $100 per year by the $2000 and
retrofit costs to get a 5% annual return.

Lifecycle costing involves comparing the lifecycle cost of conduct-
ing the retrofit against the lifecycle cost of not conducting the retrofit.
The lifecycle of equipment is the length of time that the equipment is
expected to continue to be usable. If the lifecycle costs of the retrofit
are less than the lifecycle costs of not conducting the retrofit, then you
should conduct the retrofit. As an example, say an older style boiler
system is expected to last 20 years and use $1000 per year in fuel for a
total of $20,000. Through research, it is found that despite costing $3000
to install, a new type boiler system would only cost $500 per year in
utility costs over the next 20 years or a total of $10,000. Thus, if both
boiler systems are expected to have a lifetime of at least 20 years, you
can save $7000 over the next 20 years by installing a new boiler system
whose total costs over the next 20 years will only be $13,000 rather than
the $20,000 in utility bills using the old boiler.

Simple return on investment (ROI) analysis involves dividing the
difference between projected savings and installed cost, by the installed
cost, and then multiplying that number by 100. Thus: Simple ROI= ([pro-
jected savings - installed cost]/installed cost) x 100. For example, if a
furnace costs $3000 to install, and saves $400 per year over the 15 year life
of the furnace for a total of $6000 in savings, the equation would look like
this: ([$6000 - $3000]/$3000) x 100 = ($3000/$3000) x 100 = 100%. “Dis-
counted ROI” takes into account the interest rate or time value of money
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and is most easily taken into account using a software model.

The concept of “interactive savings” recognizes that savings is a
moving target: if you tighten up and insulate a home as part of the retro-
fit process, you make the installation of a new furnace less cost-effective.
Why? Because savings from future bills by adding a new furnace will be
lower because of the sealing of leaks and the added insulation that must
be done at the same time, and vice versa. Thus, adding the new furnace
reduces the savings from the added insulation.

AUTHORIZATION FOR WEATHERIZATION WORK

One last hurdle affecting whether or not a retrofit measure is
installed in a home is that the homeowner must authorize the installa-
tion. If the client does not want to give up his old refrigerator, then the
auditor must decide whether the weatherization should continue or if
weatherization services should be deferred to a later date. Any given
home can only be weatherized once by the weatherization program, so
it is important to make sure to do all possible approved measures in a
home to best complete the job. In the private arena, there is more flex-
ibility in letting the client choose retrofit measures. However, you must
still follow all the codes related to the retrofit work and typically obtain
a permit as well.

One caution when retrofitting homes, either for a weatherization
program or for a private individual: most local codes do not require an
upgrading to current code for the entire home when the retrofit only in-
volves a small portion of the home. However, if, in the judgment of the
inspector and building department, a large enough portion of the home
is being changed, the inspector and building department can potentially
require the entire home to be brought up to current code, including the
parts that are not being retrofitted. Perhaps it is more likely that this will
happen with a private client than it will in the weatherization program,
but it still represents a cause for concern.

Many of the retrofitting methods described in this book are typi-
cal; however, several factors can affect how a retrofit is installed on a
particular home. These factors include: the methods used by similar
contractors in the area, the local code, the interpretation of the local
building inspector, the existing condition of the home and site, and com-
mon sense. As a result, the ideas in this book or modifications thereof
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are only suggestions as to how the work might be completed. At the
same time, a good-faith attempt will be made to give the reader an op-
portunity to distinguish the different levels of installation.

REPAIRS

Repairs that are necessary for the effective performance or pres-
ervation of weatherization materials, often referred to as “incidental
repairs,” are not exempted from being included in the overall SIR cal-
culation for the entire project. A good example of incidental repairs are
making roof repairs or adding framing so that the attic insulation is kept
from getting wet. Complete roof replacement is never covered. Fixing
a cold-water leak could be considered an incidental repair in a mobile
home since it will help keep the insulation dry below the leak. On the
other hand, repairing a toilet drain would fall under health and safety.
When calculating the SIR for the entire home retrofit package including
all the repairs, the cost of incidental repairs goes into the denominator
or bottom half of the ratio. Incidental repairs are limited because this
makes it more difficult to get an SIR of greater than or equal to 1 if the
combined cost of all of the incidental repairs becomes large enough.

HEALTH AND SAFETY

Two very important principles direct the installation of retrofit
measures: cost-effectiveness, and health and safety. Cost-effectiveness
was discussed earlier. Health and safety work costs related to energy
savings is not included in calculating the SIR. Energy-related health and
safety work has no mandated upper limit of cost. Historically however,
states set their upper limit for health and safety funds at about 6 to 7% of
the total cost of all retrofit measures on the home. Lead safe weatheriza-
tion or LSW, often an energy-related health and safety effort, has over
time driven this percent up to higher values in many states.

Another area of common concern for all retrofitters is employee safe-
ty as determined by the Occupational Safety and Health Administration
(OSHA). OSHA determines what is safe or unsafe for employees whether
specifically written into an OSHA rule or not. Thus, if you have any doubt
about whether a situation is safe or not, contact OSHA to be sure.
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PRIORITIES IN THE PRIVATE ARENA

The priorities of retrofit workers in the private arena are up to the
homeowner. To determine priorities in the weatherization program, use
a DOE approved audit software program or a priority list. While prior-
ity lists may vary from state to state, they are all based on the cost effec-
tiveness of a measure with the most cost-effective measures at the top of
the list. Unless serious, unsolvable problems prevent the consideration
of a measure, skipping measures and going down to the next one is
discouraged. Examples of serious, unsolvable problems include things
such as the need for a completely new roof to protect the attic insulation
or there is a flooded basement caused by poor drainage that would pre-
clude air sealing. It should also be mentioned that even though window
and door replacement might be last on the list, if the windows are in
such great disrepair that their replacement can be justified as an infiltra-
tion measure, then replacement of some windows might be justified.

In the private arena, you can evaluate how far to go in air sealing
a home using “air sealing economic limits.” First, set a spending limit,
say $50 per 100 CFM. If the home has a blower door reading of 3000
CFM50 and a calculated MVR of 1000 CFM50, you can only seal up to
2000 CEM50, the difference between these two numbers. If you divide
2000 by 100 CFM increments, you get 20 100 CFM increments. Since eco-
nomic limits in this case were set at $50 per 100 CFM, you should only
spend $50 times 20 or $1000 on the air sealing work, both materials and
labor. The leakier a home is, say above 5000 CFM50, the more cost-effec-
tive the initial air sealing work. For just a few dollars, you may be able
to seal off large leaks in the house representing hundreds of CFM50s. On
tighter homes like those below 1500 CFM, you may decide to not do any
air sealing work at all because it is not cost effective.

ACCEPTED HOME ENERGY DESIGNATIONS

Once a home meets certain minimum qualifications, it may be eli-
gible for one of several energy-related designations:

HERS index-the efficiency of a home is related to a specific stan-
dard by modeling software. A score on an index identifies that ef-
ficiency level.
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Energy Star Program for Homes-this EPA program requires the
home to satisfy the International Energy Conservation Code to be
eligible for this designation. This designation requires an evalua-
tion by a third-party “rater” or auditor of these homes.

LEED for homes-this US Green Building Council program is a
flexible sliding scale approach to home evaluation. It allows for
a lower energy savings/upgrade if more environmentally related
issues are satisfied with the construction or retrofit, and vice versa.

NAHB Green

This National Association of Homebuilders program is not just
based on energy efficiency, but also on water usage, homeowner educa-
tion, and indoor environmental quality.
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RETROFIT MATERIALS

Materials used in retrofitting not only need to be safe to place in a
home but also safe to work with. They need to have a useful life that will
last as long as the building materials already in place. Various retrofit
materials are discussed below.

Tapes and Weatherstrip

Tapes and weatherstrip are used to seal areas. Duct tape is never
used to seal the joints or leaks on ducts. As a general rule, tapes, includ-
ing UL 181 tapes, are at risk of failing due to the force of gravity and the
possible failure of their adhesives. Weatherstrip often provides the best
seal in many sites, such as attic hatches, especially if the weatherstrip is
permanently attached by an occasional staple, nail, etc.

Sealants: Caulk and Mastic

Sealants such as caulk or mastic are also used for sealing. Typically,
caulk is used for cracks and openings 1/4 inch or less. The three types
of caulks most often used include siliconized acrylic latex caulk, pure or
100% silicone caulk, and polyurethane caulk. In the '4” to %4” range of
cracks, apply a backing, such as tape or a foam rod, to span the width
before applying caulk.

Pure silicone caulk is typically used to seal concrete, metal, or
wood together. Because it cannot be painted, its use is often avoided for

197
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Table 6-1. Caulks and Applications

Caulk Application

Pure Silicone Seal concrete, metal,
or wood together

Siliconized Acrylic Visible areas inside

Latex and outside the home

Polyurethane Visible areas inside
and outside the home

exterior applications that are visible. Siliconized acrylic latex caulk can
be painted and so it is more frequently used on visible or conspicuous
areas both inside and outside the home. However, with acrylic caulk,
backing must be used if the gap is greater than 3/16 inch because it
shrinks more than pure silicone caulk. Polyurethane caulk can also be
painted. These caulks also have properties that allow them to be used as
adhesives in a number of applications.
Mastic is critical for appropriately seal-
ing duct leaks and joints as well as other
cracks in air barrier materials. Apply one
layer of mastic to the duct joint, then the
mesh tape, and then a final coat of the mud-
like mastic. You can also use pure silicone Figure 6-1. Backing up
caulk for sealing duct joints and leaks. Some @ wide crack with foam
suggest that polyurethane caulk can substi- Packing helps provide a
tute for silicone. Be sure the caulk is compat- foundation for caulk as
ible with the materials, etc. ‘fNeH is way t,:) bk:eP %t
Be aware that many sealing materials, drr(::; running” before it
including caulks, cannot be exposed to low
or freezing temperatures. In addition, before applying caulk or other ad-
hesives, the surfaces must be appropriately cleaned. Cleaning solvents
are used for cleaning metals, removing old paint and wiping down
brick and wood. Be sure to check with the manufacturer’s instructions
on how to prepare surfaces for caulk, including whether or not a primer
coat is necessary.

Rigid Materials and Films
Rigid materials such as plywood, foam board, aluminum, steel,
and rigid plastic sheeting can help span openings greater than 3 inches
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in width. Rigid materials can also be used as blocking to serve as a top
plate on a wall, in between floor joists, and in other large areas.

Table 6-2. Rigid Materials

Plywood
Foam Board
Aluminum
Steel
Rigid Plastic Sheeting

If the rigid material is too air permeable, air barrier papers or films
can be used. Staple the air barrier to the rigid material or the wood
around it to seal the air barrier at the edges and seams. Cross-linked wo-
ven polyethylene films are examples of this type of air barrier. Polyeth-
ylene films and regular cross-linked polyethylene serve as both air and
vapor barriers. Be sure to seal the overlaps and edges of the air barrier
with the appropriate tape or sealant as specified by the manufacturer. If
possible, sealants are preferred because tapes typically lose their adhe-
siveness over time.

INSULATION

Insulation is categorized as either mineral or organic based. The
mineral-based insulations are perlite, vermiculite, fiberglass and rock
wool. Of these, perlite and vermiculite insulations are typically no lon-
ger installed in homes. They typically look like popcorn because they
form little pellets when they expand by being heated. If you are in an
older home, you could see other older style insulations such as redwood
bark, asbestos and even UFFI (urea formaldehyde foam insulation—a
white foam insulation that crumbles to dust when it is touched). UFFI
was discontinued in the late 1970s because it contains hazardous form-
aldehyde. Because it would have been installed so long ago, any home
it is in now should not be giving off formaldehyde anymore.

Organic based insulations include cellulose and the foams. Cel-
lulose and fiberglass insulations are the most commonly used for retro-
fitting homes because they exist as loose fill material that can be easily
installed in attics and walls.
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Fiberglass

White, yellow, or pink insulation is usually made of fiberglass.
It is not fire resistant because it has an adhesive binder to hold the fi-
bers together. Fiberglass comes in batts, compressed rigid boards, and
blankets. Fiberglass batts can be purchased at most home improvement
stores. Because it is easy to compress, fiberglass batt insulation is usu-
ally considered inferior to blown-in insulation.

Fiberglass batt insulation can usually only be used on walls with-
out drywall or other cover already over them. If fiberglass batts are
not correctly installed, there can be significant voids and other weak-
nesses in the insulation. This is a common problem. Fiberglass batts are
typically unfaced—they do not have a Kraft or foil backing to them,
although they can be surrounded with an air barrier material from the
factory. The facing can serve as an air moisture barrier and allows for
fastening at walls and ceilings at the studs, joists, or rafters. When using
faced batt, make sure the faced side of the batt faces the warm side of the
wall. Thus, in cold weather areas, the facing should face inside while in
hot humid areas the facing should face outside. At the same time, there
are some areas where facing should not be used. Contractors in cold
weather areas often make a mistake with floor joists and install the batts
with the facing on the crawlspace or basement side rather than against
the underside of the floor. The map in Figure 6-2 shows the locations in
the U.S. where the vapor barrier should be placed on the inside of the

Omit
vapor

) Exterior or
barrier

no vapor barrier

Figure 6-2. This map shows the dividing line for whether the vapor barrier
goes on the inside or outside face of exterior walls, or is left out entirely. All
other states not shown have their vapor barriers on the inside of the wall.
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wall, outside of the wall, or where no vapor barrier should be installed.

Often fiberglass batts are compressed into rolls or shrink-wrapped
piles so they take up less space in transportation, etc. Before installing
batts, unwrap or unroll them long enough to allow them to fully ex-
pand. Choosing medium or high-density batts rather than low-density
batts can help get more insulation value per inch on a wall or floor
space. This typically means using an R-13 or R-15 batt in a 2 x 4 wall
rather than an R-11, or using an R-21 instead of an R-19 for 2 x 6 walls.
For floors, this might mean using an R-38 rather than an R-30 in cold-
weather areas depending upon the width of the floor joists.

Regardless of where insulation is being installed, try to follow
some important guidelines. Make sure the air sealing for the wall, floor,
or ceiling area has been completed. After allowing the packaged com-
pressed batt insulation to adequately “fluff,” first friction fit the batt
insulation into place if possible. Be sure that the insulation fits snugly,
but uncompressed, against all the surfaces in the stud, floor joists, or
rafter space. Avoid compressing, leaving voids, rounding, or bunching
batt insulation as this greatly reduces its insulation capacity.

Cut the batts as closely as possible to the exact length of the stud
space, otherwise there will be a void if it is too short, or a compression
it if it is too long. Cut around large obstacles such as electrical boxes
and drainage plumbing pipes. Put thinner scrap pieces behind these ob-
stacles. For smaller obstacles, such as electrical wires and smaller sup-
ply plumbing, it is best to attempt to cut through the batt to allow the
batt to surround the smaller obstacles rather than allowing the obstacles
to compress the insulation. For floor installations, once the insulation
is properly in place, hold it in place using wood lath, adequately sized
metal push rods/wires, or other pinch-in-place systems.

Strong polyester or polypropylene twine can also be stapled in
using a zigzag pattern with no more than a 12- to 18-in spread be-
tween twine staples along the length of the floor joist space, depending
whether the joists are 24 or 16 inches on center, respectively. Typically,
use a minimum 5/8-inch staple made of copper, brass or stainless steel
to avoid corrosion that could result from exposure to moisture. You
can also use a perforated foam board to support the insulation. In this
case, use wood strips over the foam board that are no more than 24
inches apart running perpendicular to the underside of the floor joists,
although local codes may require that the foam be completely covered
by drywall instead.
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Fiber Glass
Batt Insulation

/

Wire S

Figure 6-3. Electric

Wire with Batt

Cut through the side
of the insulation
(right) in order to
keep wires or pipes
from compressing
the insulation (left)

when it is installed.

Stud

Another type of batt insulation that was originally designed for
metal buildings is manufactured in 2- to 6-ft-wide rolls or batts. A com-
mon application in the residential arena is to attach it at the sill plate
above the foundation wall in basements or crawlspaces, and drape it
down to the floor, as in Figure 6-4. It is not recommended to use fiber-
glass insulation on the walls of basements or crawl spaces due to the
possible buildup of con-
densation inside the in- Interior Batt Draped Insulatio
sulation. The condensa- ] Insulatio&
tion is made even worse at rim/band joist T
if the fiberglass has any

Sill gasket

Protective
kind of Kraft or foil fac- T
along insulation
providing
. . . cappillary break
Figure 6-4. Batt insulation Py
can be hung from the top ge;‘;vee‘;
. Ol an
of the foundation to the R-19
floor below in crawlspaces Lo
. insulation
or basements. A protective omil
membrane between the in- vapor
retarder

sulation and the founda-
tion wall is critical in keep-

ing moisture out the insula-
tion.

Preforated drainage pipe surrounded
by gravel, with filter fabric across
top of gravel
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ing. Foam board or spray foam is the insulation of choice for these areas.

Rock wool or mineral wool batt insulation is used and installed
much like fiberglass batt insulation, except that since it has a fire resis-
tance rating, it can make contact with high temperature exposures such
as flues and chimneys. Another important advantage of some rock or
mineral wool batt insulation is that some types appear to have a “mem-
ory.” In other words, even if it is compressed when installed, it will de-
compress soon after being installed. Fiberglass batts are not known for
this.

Blown-in/Dense Pack Insulation

Some reports suggest that blowing in insulation and dense pack-
ing closed-in cavities and walls can reduce the overall leakage in the
home by 30 to 50%. Simply insulating the walls to a very dense level not
only provides a good, appropriate, cost-effective R-value of insulation,
it also helps seal leaks in walls that otherwise would be very difficult
and cumbersome to seal.

Loose fill insulation is often made of cellulose that has been fire
treated. However, this fire treatment does not allow it to be placed
against high temperature items, such as flues or chimneys. It is often
made from recycled paper and sometimes from wood waste. Blown-in
insulation can also be made of fiberglass or rock wool. Loose-fill cel-
lulose insulation is the most commonly used insulation for walls and
attics. However, cellulose blown-in insulation tends to be a sponge for
moisture in humid conditions. This is the reason fiberglass insulations
are often preferred for mobile home installation. In addition, older fi-
berglass and rock wool fibers irritate the respiratory system and skin
more than cellulose. Some of the newer fiberglass insulations are not as
irritating.

Cellulose blown-in insulation has enough small fibers that can
plug cracks and small holes in the building shell when it is densely
packed. Fiberglass or rock wool blown-in insulation requires more
inches of insulation than cellulose to get a desired R-value. The rock
wool variety will likely be denser and less porous to air than the fiber-
glass type. In addition, it will take even more inches if it is not “virgin”
blown-in glass insulation.

Virgin is blown-in fiberglass insulation that is not recycled from
batt material. With recycled blown-in insulation, the fibers are longer
and a binder not only thickens them but also keeps them closer together.
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Figure 6-5. This shows an example
of how a fill tube being used to fill
a wall with cellulose insulation is
wrapped with a cloth around it
where it goes into the wall to keep
the cellulose from blowing back
out of the stud cavity.

They also may be somewhat
compressed due to the chop-
ping process to convert batts
to blown-in insulation. The
glass fiber blown-in insulations
are more suitable for manu-
factured homes because of the
moisture issues and the fact
that manufactured home walls
and exteriors are thin enough
that they will not allow a dense pack insulation to be installed in them
without distorting the wall finish materials. Blown-in fiberglass insula-
tion is more difficult to properly fluff to a higher density than cellulose.
Cellulose and fiberglass blown-in insulations have a binder that helps
the insulation stick together and hold it up inside open wall cavities (a
wall without covering over both sides that allows full access to the stud
bays).

Whether it is cellulose, fiberglass or rock wool, the insulation is
commonly blown-in with a gas or electric blower machine that uses
compressed air to drive the small pieces
of insulation through a tube and into the
wall. With the blower machines, a bale
of insulation is thrown into an agitator
that breaks the insulation into smaller
pieces so it can blow through the tube
lines, see Figure 6-6.

Some of the tools that dense pack
installers use include: 1) safety items
such as gloves, dust masks, eye protec-
tion, and a mister or sprayer to conduct ~ Figure 6-6. Insulation Slow-
lead safe weatherization; 2) a special ly Feeding into an Agitator

Fill Tube
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siding remover for removing vinyl siding, 3) a special vibrating grind-
er/combination saw for cutting and removing aluminum siding, 4) a
hammer and pry bar for removing wood siding, 5) a minimum 1/2 inch
drive or bit drill gun on a cord along with different drill bits for differ-
ent wall drilling applications, 6) a smaller special flexible clear plastic
or tygon plastic type fill tube attached to the end of the larger blower
machine flex hoses, 7) enough bags of insulation to adequately fill the
walls to the proper density, and 8) plugs to seal off the holes (created in
the wall sheathing) before replacing the siding.

Proper installation of dense pack insulation includes providing the
proper R-value, packing the cellulose insulation to a density of 3.5 to 4.5
pounds per cubic foot, and providing this density uniformly through-
out the wall cavity. Steps for installing dense pack insulation include:

1) make sure you have the proper equipment and make sure the
equipment is working correctly

inspect the walls to determine the best strategy for installation,
remove the siding if you are filling from the outside of the wall,

drill the access holes in between each stud bay,

)
)
)
5)  fill the wall cavities with insulation,
) put plugs in the access holes and re-cover with siding,
)

repair or replace damaged materials.

The more the equipment is checked and maintained, the more
smoothly the work goes on the jobsite. Make sure the moving parts of
the equipment and any belts on the equipment are operating properly.
Check the filters on the equipment before every use. Check that the
static pressure on the blower machine is at least 2.9 psi at both the take-
off and the end of the hose.

Check any air seals in the system to make sure that they are sealing
properly. Finally, make sure there is a long
enough length of tube for the particular job
and that the tube is not leaking.

Rigid Insulation

Rigid fiberglass or rock wool insulation
is typically used in commercial applications. Figure 6-7.
Because it is more durable and less likely =~ Blower Machine Gauge
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to rot than less dense glass insulations, it can be used as a slab edge
or foundation insulation without having to worry if it drains properly.
Rigid foam board insulation is made from petrochemicals and typically
comes in large sheets. It can have either air or some special gases en-
trained in it to act as insulators. Unfortunately, over time these special
insulator gases typically diffuse out of the foam board, reducing its
insulation value. The greatest energy losses in slabs in cold weather
areas are on the edge of the slab within four feet of its edge. In non-cold
weather areas, the heat loss is primarily just from the edge of the slab.
Before using foam
board, check with the lo-
cal municipality to find
out if it needs a cover
such as drywall. Other / / /
cover materials that can  Heat : / )%
satisfy local require- LoSS s
ments include galva- No Rigid
nized steel at a minimum Insulation
of 26-gauge thickness,
hardboard, particle-
board, spray-on mineral
fiber insulation (rock
wool) at a minimum of

Figure 6-8. Energy Loses

1 1/2 inches thick, and Through the Edge of Slabs
plywood.

In the last few years, plastic foam has come pre-applied with
sheathing sandwiched on both sides. This can strengthen the foam and
the wall. These “SIPS” (structural insulated panel system) (shown in
Figure 6-9) can actually serve as the wall where the foam is sandwiched
between two sheathing boards. Because the framing studs in SIPS walls
often only occur every 4 to 8 feet, thermal bridging caused by framing
is significantly reduced. SIPS walls can come in thicknesses of up to 12
inches, making a highly insulated wall.

Foam board is one of the best choices for insulation in crawl spaces
and basements because it not only insulates, but also resists moisture
and air infiltration. The foam board typically has to be covered with a
fire resistant material. Moisture resistant drywall is probably the cover
of choice in basements, while plywood or OSB is preferred in crawl-
spaces.
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Foam board — —
insulation can ')
also be used Foam ] i
1) as a thermal Core &
break for thermal
bridging caused
by framing in
outside walls,

2) as support

for holding in Foam
blown-in insula- Core
tion in knee walls N
or floors above Wall Studs
basements and <

crawl spaces, 3)
for insulating the - -
inside or outside Oriented

of foundation  Strand board
walls 4) for insu-

lating slab foun- Figure 6-9.

dations on the Structurally Insulated Panel (“SIPS”) (Top View)
outside face, and

5) on top of cold slab floors before installing a wooden floor “sleeper”
system, Figure 6-10.

To install foam board behind drywall on a concrete wall, metal
or wood furring strips typically 1” x 3” are needed. The strips must be
spaced to match up with the joists for the drywall, etc. To help avoid
corrosion or rot, it is best to place some waterproof material such as “ice
shield” between the furring strip and the concrete or block before nail-
ing it. After installing the foam to fit, screw the cover material over the
foam with the joints lined up with the furring strips. Some experts sug-
gest using cement board instead of drywall on the lower foot or two of
the wall to help mitigate the effects of moisture issues instead. Electrical
can even be installed in these walls if the local building official approves
a shallower electrical box. Another option is to hold the foam board
against the concrete or block by building a frame wall on the interior
side of the foam board and using the studs in the wall to press the foam
board against the foundation.

Regardless of which technique is used to install foam board, be

A Y

N
™ Wall Studs

Typically 4’ apart
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sure to seal any
gaps in the foam
board with one-
part foam to seal
out air and mois-
ture. You should
also use an adhe-
sive to prelimi-
narily attach the
foam board to the
foundation wall
and to attach
the drywall to
the foam board.
If you use metal
furring strips, a
special self-tap-
ping metal screw
is used rather POLYETHYLENE
than the typical R
drywall screw to
attach the frame
to the metal fur-
ring strips. The
metal furring
strips themselves
can be attached to the wall with concrete screws or by “shooting” con-
crete nails through the metal furring strips into the foundation with a
powder-activated nail gun. If you use the gun, be sure the foundation
material is suitable for use with the nail gun because some block, for
instance, will break when a nail gun is used.

When you try to seal air leakage gaps larger than 3 inches, a rigid
material must be used as backing and the joints are sealed around the
rigid material with foam. Unfaced fiberglass board, rigid foam board,
cardboard, etc. can serve this purpose very well. You can roughly cut
pieces of the rigid material around pipes and support or attach them
with drywall screws or other temporary attachment as long as the gaps
or joints are filled well enough that a one or two-part foam at the joints
will adequately seal the bypass.

POLYETHYLENE
FILM

Figure 6-10. Sleeper Boards for Flooring Over a Slab
Sometimes the poly film is placed on top of the concrete.
If foam board is used, it is typically placed just above the
concrete.
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Figure 6-11. Foam Board
Panels Attached to a Base-
ment Concrete Wall

In some cases, to a limit, large sized chunks of fiberglass can be
stuffed into openings of more than 3 inches. A good example would
be sealing a wall without a top plate, as in balloon frame construction.
Once you have packed the fiberglass, cover it with a thin layer of foam
to seal it off. This can be more cost-effective and faster than using a rigid
board and foaming around the edges, or spraying foam into the opening
around the edges first and then in the middle until it fills without using
any backer. Because foam is expensive, it is important to remember to

Figure 6-12. Stuffing Fiberglass and Foam-
ing Over It for a Balloon Frame Wall Open-
ing to the Attic

not use any more foam than
necessary for air sealing,
and no more than needed
to match the proper R-val-
ue.

Spray Foam

Before spray foam
became readily available,
retrofitters would use card-
board, plastic bags stuffed
with fiberglass batts, or
plywood to seal bypasses.
Cardboard is still used to-
day but typically, any rigid
board application involves
sealing the bypass rigid
board joints and edges
with spray foam. Spray
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foam is commonly used to insulate both horizontal and vertical surfaces
such as attic hatches, underneath floors, and knee walls.

Several spray foams can be used in retrofitting. Tripolymer and
Icynene are both organic, water-based, injectable foams for closed wall
or ceiling cavities. The specialized equipment needed to use these foams
is only available from the supplier.

Polyurethane spray foam also requires the use of proprietary
equipment along with special training. It is useful for filling open wall
or ceiling cavities or open cellar or basement walls. It is also known as
liquid plastic foam and comes in different types of kits or canisters. It
can be purchased as expanding or non-expanding foam. It is not ap-
propriate to use expanding foams in constricted spaces like door or
window jambs. In these cases, expanding foam can distort the jambs
and thereby affect the proper operation of the doors and windows.

Spray foam is especially appropriate in areas where there are sig-
nificant temperature fluctuations, such
as unconditioned spaces like base-
ments and attics. Spray foam is avail-
able in either one-part or two-part
formula.

One-part Spray Foam (see Figure 6-14)

One-part foam can be applied di-
rectly from a spray can, such as “Great
Stuff,” or by using spray guns that
allow for screw-on cans of foam. Typi-
cally, one-part foam is best utilized for
filling holes and gaps that are less than
3/4 of an inch. One-part foam can be
purchased in many hardware stores;
however, the spray patterns are not
adjustable. Gun type spray systems,
typically only available through com- Figure 6-13. Using Non-Ex-
mercial suppliers, allow for different panding Foam Between Win-
thicknesses and spray patterns, and  dows and Trim
can be used repeatedly if properly
maintained.

Advantages of one-part foam include that it is portable and light-
weight, that it can provide a very good seal for smaller holes and gaps,

~ I

Backer rod, caulk, or nonexpanding foam
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and that it is easy and quick to use for the smaller gaps and holes.
Some of the disadvantages of one-part foam include that it is
not as cost-effective for larger jobs, it typically does not attach well
to surfaces overhead,
and it has a longer
curing time of typi-
cally over two hours.
This last problem can
be especially impor-
tant in cold-weather
areas in winter if the
foam is exposed to
temperatures below
the manufacturer’s
stated limits over the
two hours it takes for
the foam to set. This is
probably most likely
Figure 6-14. Examples of a One-Part Foam System to be a concern when
Some spray directly from the can without a gun the foam is applied
(although some use a plastic tube from the spray near the end of the

gun tip) and some can be equipped with a gun to day when the temper-
provide for better placement of the foam. ature begins to drop.

Two-part Spray Foam

Two-part foam is used to seal gaps that are three quarters of an
inch to 3 inches and for insulating large surfaces. Some of the advantag-
es of two-part foam include that it has better adhesion, it cures quickly,
it can be applied quickly so labor costs are reduced, and it seals more
thoroughly than most other types of insulation. Spending less time in
hot or cold cavities of the building by using two-part foam can be a big
benefit to the morale of the crew. Using two-part foam can take 1/3 to %
the time as compared with one-part foam.

Some of the disadvantages of two-part foam include the fact that
it is expensive (it can cost upwards of $500 per kit), it is relatively easy
for material to be wasted, it cannot be applied across all temperatures,
and more intensive and expensive personal protection equipment is
required when it is used. In addition, more significant training is neces-
sary to operate a two-part foam kit than to install foam using a one-part
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foam system.

Two-part foam is available in small, medium, or large two-tank
kits that are portable and can be truck mounted. Two-part foam is more
appropriate for areas with numerous air leaks and for larger areas such
as crawlspaces, foundations, walls, under floors, attics, or knee walls
in attics. In addition, two-part foam is a triple expanding foam. The
typical two-part foam process involves mixing two different chemicals
from different pressurized tanks at the tip of the spray gun or a frothing
chamber. A tube runs from each of the two tanks to a spray gun that can
have various sizes of spray tips. The mixture is sprayed into the open
air and creates a triple expanding, closed cell, polyurethane foam when
it makes contact with a surface. Two-part spray foam equipment (Figure
6-15) can put out large volumes of foam in a short period of time with a
hard shell cure and a curing time of under one minute.

If you are learning to apply 2-part form, it
can help to practice in the outdoors, where not
as much cumbersome safety equipment is neces-
sary. This way you become proficient before you
start installing it in homes.

Typically a portable type two-part foam
system is intended to be “one-time use only.”
Guns and hoses are all disposed of once the
tank is empty. This is why they are referred to Figure 6-15.
as kits. Typically, the yield on a kit is designated 2-Part Foam Tanks
in terms of board feet. There are about 16.5 ft® of
coverage in a 200 board foot kit. The larger 600
board foot kits have two tanks each that look like the portable propane
tank for a barbecue grill. Depending upon the size of the application,
the larger kits may be a better value based on the cost per board foot of
spray foam. However, these larger tanks are more difficult to carry and
manipulate on the jobsite. Longer hoses may be needed to overcome
this issue.

Disadvantages of Foam

There are some disadvantages to foam. Foams are easily physically
damaged and they can be damaged over time by sunlight as well. If they
are applied on the exterior, other material must protect them. If they are
heated, they can lose their thermal properties and even begin to melt if
made hot enough. They also produce toxic gases when they catch fire.
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In many regions, foams need to be covered with a fire-resistant mate-
rial, such as drywall, if they are used inside the house. Likewise, Kraft,
paper, tarpaper, flexible plastic, or other backed batt insulations are also
flammable and need to be covered much like the foams are. Only foil
facings alone are non-flammable.

Furthermore, instead of a fire barrier, a less intensive cover called
an ignition barrier must be installed to help avoid ignition of the foam
and to cover it on the inside of the home that is not living space, such as
crawlspaces or attics. Both the fire barrier and the ignition barrier will
typically help avoid ignition from a spark, but only the fire barrier will
protect the foam from a fire for an extended period. Some foams do not
require an ignition barrier because of their independently tested proper-
ties. In addition, some spray coatings and paints claim they can serve as
an ignition barrier. Always check with the municipality for more infor-
mation on whether foam needs to be covered in all areas and what kind
of cover is acceptable.

Safety Issues with Foam

Whenever chemicals are used on site, safety procedures must be
followed including MSDS, proper ventilation, and proper safety equip-
ment. The MSDS is a material safety data sheet that must be at the
jobsite. The MSDS will explain precautions to take for the safe use and
handling of chemicals such as foam. It also lists first aid and emergency
procedures. A well-ventilated area that exhausts fumes and provides
cross flow of fresh air must be provided using ventilation fans. Enough
ventilation should be provided to keep the chemical levels in the air
below the allowed exposure level.

Appropriate personal protection equipment (PPE) (Figure 6-16)
must be used including eye protection, rubber or latex gloves, knee-
pads, a headlamp, a bump cap or hardhat, and coveralls, such as dispos-
able Tyvek suits. Each employee working with two-part foam should be
wearing an appropriate personal monitoring device.

Even if chemical levels do not exceed allowed exposure levels, use
an appropriate NIOSH-approved air-purifying respirator with a par-
ticle filter and an organic vapor sorbent. If the allowed exposure levels
are exceeded, all employees should wear a supplied air, positive pres-
sure respirator as recommended by the MSDS.

These positive pressure supplied-air respirators use a hood or
mask and have their own air compressor. The air compressor should be
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located in a fresh air area to assure

good air is being provided to each

employee. The hoods and masks A

have removable protective screens

on them so if they are scratched

or sprayed with foam to the point

where visibility is significantly re-

duced, the protective screen can be

replaced. The hoods cost about $50

each while the protective screens

are only about 50 cents. Total cost

for all equipment per employee

can run up to $1000 for two-part Figure 6-16. Safety glasses, steel
foam installation. (Here is a helpful ~toed shoes, and gloves are some of
hint--by tucking the hood into your the basic safety tools. that should be
coveralls, it will keep you cooler used almost all the time

in hot attics by allowing the cooler

outside fresh air going into the hood to circulate through the suit).

FACTORS AFFECTING THERMAL PERFORMANCE

OF INSULATION

The true R-value of installed insulation is a function of more than
its laboratory tested R-value.

Table 6-3. Material R-Values

Material R-Value
Fiberglass 3.5 per inch
Cellulose 3.0 per inch
Bead Board or expanded | 3.6 per inch
polystyrene

Styrofoam  or  extruded | 5 per inch
polystyrene

Polyisocyanurate Board 5.6-7.6 per inch
Glass 1 per layer
Wood 1 per inch
Concrete 1 per 8 inches
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For instance, how densely insulation is packed into a wall will af-
fect its R-value. Figure 6-17 shows that most types of insulation have an
optimal density. In other words, if the insulation is packed to a density
that is lower or higher than its optimal density, you are not getting the
best R-value out of the insulation.

In fact, a low density of insulation, as well as the extreme case
of low-density caused by voids or openings in the insulation, can be a
cause for convection within the wall. “Wind washing” of air through the
insulation is also more likely to occur if there are leaks in the air barrier,
or if there are other exposures of the insulation to the wind. A void of
only 7% in the surface area of the insulation can result in the R-value of
the insulation being reduced to half of what it would be if there were no
voids, even when there are no leaks in the air barrier. Air leakage results
in even greater losses of R-value (see wall R-values in Appendix G).
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Figure 6-17. R-Value vs. Density for Insulation
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Because water conducts heat much better than air, if the insulation
has absorbed moisture, it will also lose the benefit of some of its R-value.
High humidity air leaking into the wall cavity, whether from inside or
outside, can result in condensation forming within the insulation, thus
reducing its effectiveness. Even if there are no air leaks into a wall cav-
ity, moisture can still pass through permeable materials, such as brick
or gypsum board, and enter the insulation. This is referred to as vapor
diffusion. (See vapor barrier section)

Thermal bridging,
as seen in Figure 6-18,
also reduces a wall’s R-
value. The “clear wall”
R-value is the average
R-value of insulation be-
tween the wood framing.
The “whole wall” R-val-
ue takes into account the
insulating characteristics
of the framing as well.
This is also known as the
area weighted R-value or Figure 6-18. An example of thermal bridging
Weighted average wall through ceiling joists on the top floor of a
R-value. Both of these R- home as seen using infrared imaging.
values assume “steady
state” or constant temperature conditions and do not take into account
changes in temperature on the inside or outside.

Table 6-4 is a chart of whole wall R-values (See the thermal bridg-
ing and calculating envelope energy loss sections).

Because of
the lag time of

Table 6-4. Whole Wall R-Values

heat transmission Whole Wall
. Wall Type R-Val
through particularly : . -Value
dense or massive 2x6 perfe(.:t 1nstall.at10n 12.8
2 x 6 poor installation 11.0
walls Suf:h as con- Insulating Concrete Foam 26-44
crete, brick, earth, Lightweight Concrete Block 10-30
solid wood, logs, Standard 2 x 4 9.7
etc., the traditional Steel frame wall C-Stud . 5.6
teadv state R-value Steel stud wall with EPS sheathing 10.5
S ; y Structural 6 inch EPS insulated panel 21.6
will not adequately Stucco covered straw bale 16-28
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describe the true R-value of the wall over a day or a season. The so-
called “thermal mass effect” can determine the true dynamic energy
performance of a wall in a dynamic or changing temperature situation.
This is called the wall’s dynamic energy performance. In cooling-dom-
inated climates, the dense materials in these massive walls absorb heat
slowly throughout the day, and then give that heat off again during the
night. Thus, the home is not as hot during the day as it is outside because
of the “mass factor.” For some thermal mass-insulation configurations,
the mass of the wall essentially slows the heat transmission through
the wall during the day. Ventilating this home with outside air at night
keeps the interior of the home from becoming too hot as heat dissipates
from the high mass outside walls. In other situations, the heat stored in
the building envelope components might be released during the night
to the outside. This mass factor lag effect improves the dynamic per-
formance of the wall over and above what it might be otherwise. With
optimum circumstances, the increased dynamic thermal performance
can be over 200% of what it might otherwise be for a building.

Determining the dynamic energy performance of a building is too
complicated to describe here. However, some of the factors that affect
dynamic energy performance include:

1.  Climate—the hotter climates benefit more from the mass effect.

2. Steady state R-value of the wall—a low steady state R-value mass
wall in a cold weather area can cause an increase in energy usage.

3. Building size—Size of the building also has an effect. For instance,
the thermal barrier surface area to building volume ratio deter-
mines how much of an effect the mass can have on the building.

4.  Orientation of the building—how much solar exposure the build-
ing gets will affect how much heat and how much benefit the mass
wall will have on the dynamic energy performance.

5. The configuration of building components in the wall—typically
placing the insulation towards the outside of the building relative
to the massive portions of the wall offers more energy savings than
placing insulation on the inside of the masonry, etc.

Another example of using the benefit of mass in increasing dy-
namic energy performance of the thermal barrier of buildings that
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allows for even greater ability to control the temperature involves the
use of phase change materials (PCMs). These not only have great mass
but also allow for absorbing more heat through the material changing
phase from the solid to the liquid phase. While these could also be eas-
ily integrated into walls, PCMs have also more recently been tested as
attic thermal barriers where heat is an even more significant issue than
in walls. An example of such a material that could be used as a PCM
heat sink would be a wax or paraffin that has been developed to melt at
a specific temperature but is contained in a sealed box-like container.

Needless to say, due to its complexity, accurate analysis of dynam-
ic energy performance of a given home or building requires the use of a
computer program that is not readily used. Thus, this type of analysis is
not typical for auditors to take into account until the software becomes
commonly available to the public for auditors to use in evaluating a
home for dynamic energy performance.

RADON

Radon can be a potential problem in any home regardless of its
location. If you seal off the air leaks in a home as part of a weatheriza-
tion or retrofit effort, you can run the risk of increasing the radon level
in the home after it is finished. By no longer allowing the air inside the
home to be naturally diluted by the air leaks that have been sealed off, a
higher concentration of radon can occur in the house than existed before
the retrofit effort.

It is therefore recommended that a radon test be conducted at least
after, if not also before, weatherizing a home. If it is found that the radon
level exceeds the recommended 4 Pico Curies per liter limit, radon miti-
gation efforts should be completed to reduce the level below the limit.
The potential cost of any radon mitigation effort, identified before air
sealing has been completed, may keep a home from being a candidate
for weatherization.

VAPOR BARRIERS

Vapor barriers, unlike air barriers, serve to hold back water vapor
from getting into the insulation of walls, etc. One of the most common
vapor barriers currently used is polyethylene sheeting stapled to the
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Roof vent for soil gas disharge

Discharge fan
located in attic

area under slab

Riser pipe from sumps and |§

Suction tap
cast in slab
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Concrete slpb
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Suction tap

castin slab cove)

Sealed pump pit

Crushed rock
Monolithic
concrete or
solid plastic
sump with
pump

Perimeter drainpipe
at footing drains to sump

studs inside the home after
the insulation is installed, but
before the drywall is installed.
In the past, the facing on batt
insulation typically served
as the vapor barrier with the
facing stapled over the edges
of the studs on each side of a
wall cavity. The facing could
be Kraft backed, foil backed,
soft plastic (vinyl), tarpaper,
etc. Even an oil-based primer
painted on the inside of the
house or vinyl wallpaper on
the drywall can serve as a va-
por barrier.

Remember that cold air
holds less moisture and so
anytime air is cooled, there is
the potential for condensation

Figure 6-19. This shows
an example of an ap-
proach to mitigating ra-
don in a home. The most
common source of radon
is through the slabs of
the lowest floor, such as
exposed dirt in a crawl-
space.

Rainforced footing

L~ over pipe trench
nearsump

Vapor diffusion-2/3
pint of water per
heating season

]

Air Leakage(1/2 inch Hole)
50 pints of water per
heating season

Figure 6-20. Significantly more water
vapor travels through a wall by air leak-
age than by diffusion.
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water droplets forming in the cooled area. In a cold weather area, the
vapor barrier is more inclined to be placed on the inside wall of the
home. This prevents the relatively warmer, moister air inside the home
from leaking into the wall where it would cool down and deposit water
droplets inside the wall and insulation. On the other hand, in a warm
weather area where air conditioning is used extensively in the summer,
the vapor barrier is usually placed on the outside wall of the home. This
prevents the relatively warmer, moister air outside the home from leak-
ing into the wall where it would cool down and deposit water droplets
inside the wall. The closer the air gets to the inside of the house, the
colder it becomes if the inside of the house is being air-conditioned. In
some areas, it is recommended that no vapor barriers be installed (see
map in fiberglass section).
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Even though auditing, planning and retrofitting appear to be sepa-
rate topics, they are best discussed in combination with each other be-
cause they are closely related. Auditors cannot communicate to retrofit-
ters what work is needed to complete a retrofit if they are not aware of
how to properly retrofit. Likewise, retrofitters will not understand the
reason for the auditor asking for specific retrofit work to be done if they
do not understand auditing. Furthermore, retrofitters need to do much
of the same testing as auditors when they finish their work at the end
of each day and after all the retrofit work is done. Specific information
on how to conduct tests mentioned here, such as blower door and duct
leakage tests, can be found in Chapter 4.

WORK FLOW SEQUENCE

This section reviews a typical workflow sequence in a weatheriza-
tion project. Generally, the following sequence could be considered a
good guideline for the stages of evaluating and weatherizing a home,
but it is only one possible sequence. In no event should any sequence,
including this one, take precedence over any indoor air quality, health
and safety, or other related environmental or life safety issue (see the
appropriate sections for more details on each of these steps in the se-
quence). It should also be mentioned that software-based energy mod-
els are commonly used in conducting audits. Information inputted into
these programs typically includes construction materials and type, the
square footage and/or volume of the home, the kind or type of me-
chanicals used in the home to heat and cool (including heating water),

221
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the leakiness or infiltration rate of a home as determined by a blower
door test, and the climate of the area where the house is located. Even
carefully designed models will have limitations due to the inability to
predict occupant behavior, errors in inputs, and features of the home
that go unaccounted for in the software. “Truing up” can help. This is
the process of comparing the model results with the actual energy bills
from the home being audited.

1)

2)

3)

4)

5)
6)

7)
8)

9)

10)

11)

Conduct an indoor air quality and health and safety inspec-
tion of the home including conducting a worst-case draft test.
Use your personal CO monitor as you walk around the home
to evaluate for carbon monoxide levels. Look for fuel leaks.
Evaluate the condition and clearances of combustion appliance
chimneys and vents, and evaluate exhaust and ventilation in
the home.

Interview the homeowner to learn more about how the house is
used, what it costs to heat and cool the house, and where there
might be issues with thermal comfort in the home.

Evaluate the house for its construction and framing type.

Evaluate the home to locate the primary zones and where ther-
mal boundaries exist.

Conduct an infrared scan of the home to find insulation gaps.

Conduct an additional infrared scan of the home with a blower
door set to -20 Pascals to find air leakage sites.

Conduct a blower door test at -50 Pascals.

Conduct basic zone pressure tests with all the primary zones in
the house (attic, basement/crawl, garage, attached porch).

Use the pressure ratio charts available to evaluate for relative
leakiness of different surfaces in the home next to intermediate
zones.

Basic ZPD tests on secondary zones such as chases, soffits, floor/
wall cavities, cantilevers, outside porch ceilings, etc.

Evaluate zones for interconnectedness with other zones — how
pressure in other zones is affected by opening a door or hatch in
a primary zone with blower door on.
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12)

13)

14)

15)

16)

17)

18)

19)

20)

21)
22)
23)

24)

Do a pressure pan test for duct leakage. Be especially aware of
which ducts are in unconditioned zones and therefore poten-
tially outside of the pressure or thermal boundaries.

Conduct advanced zone pressure diagnostics on garages that are
attached to the house, and on crawlspaces that have mold or
moisture issues.

Conduct advanced zone pressure diagnostics on attics in colder
climates particularly if the house is a relatively “tight” home
with the potential for high moisture.

Identify leaks in the pressure boundary using smoke or visual
cues.

Confirm which zones are “outside” of the house and which zones
are “inside” of the house.

Evaluate whether the thermal boundary is adjacent to or lines up
with the pressure boundary.

Evaluate the best strategy for air sealing and insulating knowing
where the thermal and pressure boundaries are located.

Explain to the client what weatherization procedures you are rec-
ommending in terms of what areas will remain or become com-
fortable because they will be treated as inside of the house and
which areas will remain or become uncomfortable because they
will be treated as outside of the house.

Install retrofit measures for all indoor air quality and health and
safety issues.

Complete the duct sealing and insulation.
Air seal and insulate the boundaries of the home.

Conduct asecond blower door test to evaluate effectiveness, or to
test out at the end of the workday.

Recheck the zone pressure diagnostic readings to see if they change
in the expected direction (outside zones are closer to 50 Pascals
WRT the house, inside zones are closer to zero Pascals WRT the
house). Confirm that pressure pan testing of ductwork located out-
side the house resulted in a reading of 1.0 Pascals or less.
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25) Conductadditionaladvanced zone pressure diagnostics toevalu-
ate what leakage remains in the primary zones that were previ-
ously measured.

26) Evaluate whether pressure relief is necessary for rooms that are
significantly pressurized or depressurized during furnace or
fan operation.

27) Conduct a final infrared scan without the blower door on (insula-
tion check), and then immediately after turning on the fan to -50
Pascals (air leakage check).

28) Conduct the final blower door test and retest for pressure pan
readings.

29) Use a checklist to confirm that all health and safety issues have
been addressed and resolved, if necessary.

30) Educate the client on issues relating to operating the retrofitted
home, including explaining which behaviors can increase or de-
crease energy usage in the home.

AUDITING AND RETROFITTING

Operating a Business

If you are providing services outside of the government-related
weatherization arena (for example, in the private arena), then you must
become familiar with how to adequately operate a business. Some con-
cepts of business principles are discussed in the New Construction
Chapter in this book. Furthermore, more extensive information is avail-
able on running an energy-related business at www.bpi.org/quality-
management.html, the BPI website.

Communicating with Clients

When you audit or retrofit a home, you interact with clients on a
very personal level. You could be working with them for days. You need
to be a detective when it comes to how best to weatherize the home, but
you also need to be a diplomat in working with the client. You may have
questions for the client, or you may have things you want to teach the
client, like how to replace a furnace filter. Here are some tips for com-
municating with clients.



Auditing, Planning, and Retrofitting 225

Remember that actions can speak louder than words. Some studies
suggest that as much as 55% of communication is through body lan-
guage used while speaking. Even the tone of a voice could represent
as much as 30% of the communication with the client. This is without
changing any of the words that are spoken. Thus, the words themselves
may represent only 7% of communication (Table 7-1).

Table 7-1. Communication

Form of Communication Percent of Communication
Body Language 55%

Tone of Voice 30%

Spoken Words 7%

Be very respectful of your clients and their property. Their homes
may not be much, but it may be all that they have. Be sure to preserve
the privacy of your client as well by making sure that you knock before
entering a room. Also, never handle any of your clients’ personal be-
longings. Be sure not to discuss anything relating to politics or religion
and never use profanity.

Be aware of the comfort zone of your client. If your clients seem un-
comfortable or continuously back away when you approach them, give
them a little more space. There are wide variations between cultures
with regard to what a typical comfort zone involves. Understanding is
an important component of communication. Avoid the use of technical
jargon. Educate your clients about maintenance or other items, etc. They
are far more likely to remember and appreciate the lesson if you tell
them just how it benefits them.

Culture, language, and disability can be barriers to effective com-
munication. Culture may dictate who it is you should speak with in the
home, so be flexible. If you do not have a common language with your
client, consider trying to have a relative or neighbor help translate. Be
patient with those with disabilities, such as poor sight or impaired hear-
ing, and be mindful of their needs.

Interviewing

The first step in assessing the
building is to meet with and interview
the client. In some cases, you may need
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a translator to help communicate with the client. Show understanding
and respect and be honest in your dealings. Use the client interview
process to learn important information to help evaluate the home for
health and safety, energy efficiency and comfort. Find out how many
people live in the home to better understand what the minimum ven-
tilation requirements will be. Find out where the hot or cold rooms are
in the home to help focus on potential problem spots. Also find out the
typical thermostat settings, whether the fireplace or any unvented space
heaters are used, and what the fuel bills are. If you notice that the cli-
ent uses window shades to help control solar heat gain, then you know
you may have an easier time educating the client about possible retrofit
measures.

Ask the client questions about health and safety such as whether
any of the occupants have asthma and whether headaches seem to be
common in the heating season. If headaches are common in the winter,
test for carbon monoxide right away.

Winter Headaches = Test for CO Immediately

If an occupant has asthma, there should be a note on the work or-
der for special precautions if dense pack sidewall insulation is specified.

Spend some time explaining to your client what is involved in the
audit process and, once the audit is complete, discuss the options for retro-
fitting the home. Explain about assessing the home for heating and cooling,
base load analysis, air leakage testing, and some of the conspicuous exist-
ing conditions you notice in the home that may affect health and safety or
integrity of the building. Perhaps above all, stop to explain how the client’s
life and the home will be improved through this retrofit process.

EXTERIOR

Once the interview is completed, begin the physical assessment
of the home by conducting an exterior walk-around inspection. Some
start this process at the entry door and consistently move in a clockwise
direction. As you go along, take pictures of everything that is worth not-
ing and then ultimately return to the starting point at the entry door.

Determine the framing type of the home—if it is a framed home—
such as whether it is a platform, balloon, or plank style of construc-
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tion. Learn to distinguish platform framing from balloon framing. Since
about the 1940s, platform framing has involved the use of top plates on
every level and building the floor before the walls. Balloon framing al-
lows open access between levels down the outside walls of the home.
If, in the attic, the gable end walls or other outside walls are open to the
framing of the outside walls in the floors below (without a top plate),
then it is probably balloon frame construction.
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Figure 7-1. Western Framing

Specifically, while you are outside, note the following:

1) the types, numbers, orientation, and condition of all windows
and doors,

2) the siding condition and type,

3) the roof covering type and condition,

4) adequate height on chimneys,

5) any apparent porches, additions, cantilevers, or tuck under or at-
tached garages, etc. (see ZPD section),
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6)

7)

8)

9)

exhaust fans, chim-
neys, and possible
safety problems,
water management
issues such as the
slope to grade around
the home (including
the driveway), flash-
ing, and the pres-
ence and condition
of downspouts. Re-
member that mois-
ture problems in
basements often are
traced to poor drain-
age on the outside of
the house.

the degree of peeling
paint on the outside
walls—this could in-
dicate high moisture
on the inside,

the presence of gut-
ters,

LETIN LAID ON

NO NOTCH
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OTCHED

(GOOD)
B.
OR LEDGER

\ 15
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F FLUSH
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Figure 7-2. Balloon Framing
The important difference between balloon
faming and western or platform framing is
in the fact that often some of the exterior

(GOOD)

and interior walls on balloon frame homes
can communicate with the Crawlspace, base-
ment, or attic.

10) whether there are storm doors
11) where passive attic ventilation or bath fans could be installed and
12) whether there are auto-closing hinges on the house-to-garage door.

Draw footprint and side view or elevation sketches of the build-
ing along with dimensions. Either sketch these elevations showing the
window and door locations, or take a picture of each wall of the home.
Document where magnetic and/or true north is relative to the home’s
position, determine the percent above grade for the foundation and the
foundation type, and document the framing and other major character-
istics of the home. On the footprint sketch, provide the exterior dimen-
sions, differentiate the unheated from the heated sections of the house,
and make a note of anything else that may seem of interest.

It is important to take accurate notes during the visual inspec-
tion. The elevation sketches such as Figure 7-3, should include the di-
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Figure 7-3. Sample Sketch
An example of a footprint and elevation sketches
on the sheet. Keeping proper proportions is not as
important as getting the dimensions right.

mensions of doors and
windows and record
the height of the foun-
dation that is exposed
so that basement wall
insulation can be speci-
fied.

Record the width
and height of each wall
of the heated areas in the
home so you can later
estimate the wall insu-
lation needed above the
foundation level. Also,
note the siding type so
the retrofitters will know
what tools to bring with
them to adequately in-
sulate the outside walls.
This will also tell them,
for instance, whether
there is asbestos siding
and whether the insula-
tion must be fed from

the inside of the home. Specify any replacements or repairs, and estimate

the amount of insulation materials required.

EVALUATING INTERIORS

When evaluating the inside conditioned space of the home there

are a number of things to check for including;:

1) hazards such as electrical problems,

2) possible presence of paint that is lead based,

3) unvented space heaters whether fixed or portable,

4) whether any mechanical ventilation is operational,

5) sources and evidence of moisture,
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6)
7)

8)
9)

10)
11)
12)
13)

14)
15)
16)
17)

18)
19)

20)

21)

22)

SPACE HEATERS

possible indoor air quality problems,

the building components comprising the thermal and pressure
boundaries based on the client’s use of the interior of the home,

both the volume and area of the conditioned space,

significant air leaks such as those due to missing covers over
access ports such as attic accesses, large penetrations, damaged
wall or ceiling coverings, and broken glass.

the presence of wall insulation,
air leakage around fixtures and outlets,
the operation and condition of doors and windows,

whether the fireplace has a glass door and if the damper is oper-
able,

the thermostat setting and type,
the location and number of furnace registers or radiators,
recessed light fixtures,

leaks around window air conditioner units and whether they are
covered,

evidence of excessive moisture as indicated by peeling wallpaper,

mold on walls and ceilings or condensation on any building sur-
faces,

air leakage problems above open dropped or “T” ceilings—open
a few to evaluate,

air leakage bypasses that might exist around plumbing and be-
hind access doors, and —_—

unvented space heaters.

In the weatherization program, there is a
special policy on space heaters, such as in Fig-
ure 7-4, referred to as WPN 08-4. The weath- Figure 7-4.
erization program prohibits any space heaters Portable Space Heater
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from having an input rating in excess of 40,000 Btu per hour and prohib-
its them from being located in sleeping rooms, boiler rooms, bathroomes,
or storage closets.

Unvented liquid or gas-filled space heaters are prohibited as a pri-
mary heat source. Weatherization funds can be used to replace a pri-
mary unvented space heater with a permanent, vented, code compliant
system. Funds cannot be used to replace secondary systems. Thus, no
weatherization work can proceed unless the client has agreed to allow
his unvented space heater to be replaced by a permanent vented heat-
ing system. Minimum ventilation requirements must be calculated and
satisfied with the assumption that a space heater will be used if it is in
fact being appropriately used.

A special rule that prohibits all unvented space heaters applies to
mobile homes. Only vented, fuel burning, heat-producing appliances
can exist in mobile homes. BPI standards do not allow the use of any
unvented space heaters in any home.

REDUCING MOISTURE IN THE HOME

If your initial audit of the home reveals that moisture in the
home is a significant problem, you can recommend any of the following:

1)  Educate the homeowner. If you notice a clothesline by the washer
or wood drying in the home, let your client know that these activi-
ties increase moisture problems. Tell your client to close windows
and doors during warm, humid periods. If possible, remove mate-
rials that are susceptible to moisture issues.

2)  Make repairs. Repairing and clearing downspouts and gutters
typically solves some of the minor drainage issues. Repairing an
existing sump pump can be more useful in removing condensation
than adding mechanical dehumidification.

3) Close the vents of the crawlspace to the exterior and convert the
crawlspace to a conditioned area to prevent condensation.

4)  Place a vapor retarder on the ground in the crawlspace, such as in
Figure 7-5. This will bring the surface temperatures in the crawl-
space above the dew point.
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Batt insulation in
the floor joists
Metal flashing acts as

a capillary break and
3in. termite . a termite shield

inspectiongap  f—i | Adhesive

6-20 mil vapor barrier I

Sheets lapped 6 in.
Sealed with duct mastic

Foundation Drain

©)

Figure 7-5. This demonstrates the placement of a vapor barrier on the ground
of a crawlspace with overlapping and sealing of the barrier at joints and edg-
es. The foundation drain is often considered optional and often drains to the

French drain next to the footing.

5)

If the problem is severe, you can excavate around the outside pe-
rimeter of the basement and install a drain tile to collect water.
This solution is extremely expensive, usually only done as a last
resort in the private arena and is beyond the scope of the weather-
ization program.

Install a dehumidifier to remove moisture. Dehumidifiers pull the
humidity from the air using a refrigeration process to cool the air
(cold air holds less moisture than warm air). Then the dehumidi-
fier heats the air, which by definition reduces its relative humidity.
Since air conditioning cools air and dehumidifiers heat air, these
should not be operated simultaneously for efficiency reasons.

Install fans to circulate air throughout the house. Unfortunately,
using fans to circulate air, and mechanical dehumidification will
only help with light to moderate condensation.
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If your state has no specific requirement for fans, then you can use
either ASHRAE 62.2 of 62.1. If ASHRAE 62.2 is properly followed, mois-
ture problems can be practically eliminated while keeping air transport-
ed heat loss to a minimum. Relatively speaking, the air change rate for
ASHRAE 62.2 is roughly 50% of that required by ASHRAE 62.1, which
will reduce the client’s heat cost significantly. Find a way to relate fan
operation to high interior humidity but only when exterior humidity is
low. The best option is probably client education. One of the best indica-
tors of excessive moisture in a home is frost build up or fogging on win-
dows. It is best to instruct the client to run the fans until the moisture on
the windows goes away.

AIR SEALING

Air sealing activities should always be the number one priority.
Building envelopes or air barriers in buildings serve to keep the con-
ditioned air (heated in the winter, cooled in the summer), from escap-
ing outside and thereby losing the benefit of the energy paid to heat or
cool a building. Air leakage through gaps or openings in the envelope
is typically a much bigger culprit for utility costs and energy usage than
poorly installed insulation. For instance, a 7% insulation gap cuts the R-
value of an attic to 50% of its design. However, an increase of only one
air change per hour of air leakage through the envelope on a tight build-
ing can increase utility costs and energy use up to 300% (when there is a
40 degree differential in temperature between outside and inside). The
size of the hole in terms of Effective Leakage Area (ELA) is only 0.01%
of the envelope, as compared to the 7% gap in insulation, even though
the costs of heating are three times greater under these conditions. Thus,
a gap 700 times smaller causes a loss of energy three times greater. This
amounts to an overall effect that is 2100 times greater when comparing
the effects of insulation void sizes to leakage site sizes.

Insulation Void x 2100 = Air Leakage Opening
Comparison of Insulation Gap Area with Air Leakage Area

Air leakage is clearly far more important than insulation and this
is yet another reason for making air sealing a priority. (See Appendix
D for calculation of ELA required to get 1 ACH per hour in a sample
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home). Some typical leakage sites include attic accesses, kitchen and
bathroom soffits, windows and doors, flue and chimney chases, outlets
and switches when there are bypasses in the top or bottom plates of the
wall, light fixtures, top story sub floor leaks when knee walls are pres-
ent, poor foundation to framing seals, etc.

Studies have determined where the primary air infiltration sites
are in homes, see Table 7-2. The suggestion is that floors, walls, and ceil-
ings represent 36%, while fireplaces represent 16%, plumbing penetra-
tions 15%, doors 13%, windows 12%, fans and vents 5%, and electrical
outlets 2%. While this study did not separate out attics, it was noted that
attics are the largest piece of the “floors, walls, and ceiling” category,
probably making it the largest single category of all.

Table 7-2. Air Infiltration Sources

Category Percent
Floors/Walls/Ceilings | 36
Fireplaces 16
Plumbing Penetrations | 15
Doors 13
Windows 12
Fans/Vents 5
Electrical Outlets 3

In retrofitting a home, technology stresses blocking the “high
holes” to the attic that exist in the envelope, but economics stress to
seal “low holes” that exist through the basement walls to the exterior
because it is so inexpensive and effective. The point is to stop air-driven
heat loss since that is typically where air-sealing measures are concen-
trated.

Direct leakage occurs at direct openings from inside to outside
while indirect leakage describes air entering at one location, moving
through building cavities, and then exiting at a different location. Some
examples of direct leakage include doors and windows, dryer vents,
and any other penetrations in the building envelope. Examples of indi-
rect leakage include attic hatches, plumbing chase ways, electrical out-
lets, interior walls in a balloon frame home with no top plates, where a
porch roof joins the side of the house, etc.

There are several general approaches to air sealing a home. One is
simply blower door directed air sealing. In this case, auditors or install-
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Figure 7-6. This shows how leaky many homes
are and how air can travel all the way from a base-
ment or crawlspace up into the attic space.

=

ers use a smoke stick or other smoke source to
locate and seal air leaks with the blower door
running. They can also narrow down which
rooms are exposed to the leakiest parts of the
shell by turning on the blower door and 1)
opening each room door one at a time about
an inch and trying to estimate which rooms
['E,\ have more airflow going through them, 2)
] opening each room door at a time (including
|_| attic, basement or crawlspace accesses, etc.)
and seeing how much the blower door CFM
increases, or 3) have all the room, etc. doors open at once, close them one
at a time, and use a gauge to read the differences in pressure between
the room and the hall, etc. The greater the increase in flow or the bigger
the difference in pressure, the more significant the leaks are in the shell
for that room.

Another approach to air sealing uses a checklist for where typical
leakage sites are and then air sealing the leakage sites. Some typical
hotspots for air leakage include flues and plumbing vents, wire path-
ways, recessed fixtures (including both canned lights and fans), and
chimney penetrations. Yet another approach is to use an infrared camera
in combination with a blower door at -20 Pascals to find leakage spots
(see infrared section).

Once the air sealing work is completed, a blower door test is con-
ducted to make sure there is a significant airflow reduction compared
with pre-retrofit work and to make sure you do not need to add ventila-
tion to satisfy a minimum ventilation rate (MVR). Another method is to
combine the use of an IR camera and a blower door to find the leakage.

IEn

WALLS

Inspect
Exterior walls tend to be much less leaky than attics or basements.
In most homes, the most significant leaks in the exterior wall tend to
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be around penetrations through the wall such as where gas or water
pipes enter, or where electrical wiring, telephone, or cable utilities enter
into the building. The other areas that tend to be leaky are where there
are joints in the wall, such as corners of the building, cantilevers, porch
roofs, bay windows, additions, and other offsets. Be sure to check all
around these areas.

Knowing whether any insulation exists in the walls is helpful in
determining whether insulation should be added. Probe the walls in
the house to evaluate for the presence, type, and depth of wall insula-
tion and to determine the depth of the wall cavity. To do this, remove
a receptacle cover plate on an exterior wall and stick a non-conducting
plastic crochet hook or another type of non-conducting hook behind the
drywall and pull out some insulation. You can also push the probe in the
gap all the way to the backside of the interior of the wall to determine
the depth of the wall. Be sure to subtract out for the thickness of the
drywall, lath and plaster, etc. Use this method to check several locations
along different exterior walls in the home. If additions have been made
to the home, be sure to take samples in at least two or three locations in
each of the additions.

The presence of insulation in the wall can also be determined by
using infrared thermography (see IR section) or by removing some of
the siding.

If you plan to blow in insula- T s
tion from the exterior, check to make
sure there are no openings, damage, or
weaknesses in the interior walls such
as holes in the walls, inside faces only
covered with weak paneling, card- '
board, etc. Look for areas where insu- '
lation might spill when it is installed.

These areas might include suspended
ceilings, closet spaces, cabinets, and =L_.LL,_-.
pocket doors, under sinks, etc. Check
for openings around drainage and _ Z. . . L on in a wall
supply plumbing underneath sinks approximates a Class II wall
on exterior walls. Check for interior or  nder the RESNET Standards.
exterior wall materials or repairs that

were made with substandard or weaker materials than a typical wall,
such as cardboard, thin wood paneling, and loose plaster. Check for

Figure 7-7. This example of
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drywall that has not been nailed into the framing adequately. Check for
good sealing around windows and trim on the outside before insulating
the walls. If some exterior stud cavities are used as return supply ducts,
you will need either to reroute these ducts or avoid insulating these wall
spaces, at great energy loss.

Wall Strategy

After inspecting the walls, determine the best strategy for insulat-
ing. For instance, decide whether dense pack should be blown in from
the interior or exterior of the wall. With exterior walls of vinyl siding,
insulation can be blown in from the exterior. This will involve removing
siding, drilling access holes, etc. With exterior walls of asbestos siding,
stucco, veneer brick, or other masonry type siding, the only option is to
blow in dense pack insulation from the interior of the home. This will be
messier and require more cleanup than an exterior filling.

Lath and Plaster

/& '/1”thick diagonal

Carpet Moldings Sheathing board
hingle or Clapboard
/ Siding
< < < E

Wind
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floor board

I

e

Lath and Plaster

~

Figure 7-8. Balloon frame homes allow heavy leakage due to their communi-
cation of the inside with the leaky outside walls of the home.
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The type of framing will also influence retrofit strategies. Balloon
frame homes are notoriously leaky, see Figure 7-8. If the house is a bal-
loon frame home (no top plates in the exterior or interior walls), it may
be easier to blow in insulation from the top attic space openings into
the stud spaces, rather than removing siding and drilling holes. If you
take this approach, make sure there are sill plates in the exterior walls. If
there are no bottom sill plates, plan to tightly stuff batt fiberglass or flex-
ible foam insulation at the bottom of the stud spaces to keep the dense
pack insulation from simply flowing out of the wall next to the bottom
of the stud space into the basement or crawlspace when it is filled.

You may not have to drill holes at the wall tops or bottoms to in-
stall wall insulation in some balloon framed homes. However, you may
have to drill holes in the wall for each floor joist bay in the second floor
to blow insulation into the bag in between the floor joist bays to plug
them off once you reach the middle floor level with wall insulation. If
you do not, you are wasting your time blowing insulation into a middle
floor.
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Carpet Sheathing board
'/Shingle Siding
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~

Bag over tip of
tube filling with Insulation

Figure 7-9. Blown in Bag Insulation for Balloon Frame
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If there are penetrations through the top and bottom (sill) plates
(such as pipes or electrical wiring), seal them off with fire-resistive spray
foam, as in Figure 7-12.

Also, apply caulk at the joints between the top plates and the
exposed drywall (from the attic side). This is a common place for air
leakage into the attic. Air can enter into the attic from the basement,
crawlspace, around electrical boxes, through penetrations at the base of
the wall, etc. This space opens up due to natural gaps that occur from
unsealed drywall at installation as well as from shrinkage in the wood
after installation.

Concrete block walls are very difficult to insulate. An extreme
measure would be to install a framed wall on the inside. A less costly
option to reduce air leakage through concrete block would be to coat the
inside wall of the concrete block with a primer and two layers of latex
paint. Dense packing the inside cores of concrete block is another pos-
sibility to reduce air leakage, but often the opening is blocked by a top
plate that probably should not be compromised.

Older homes that have “back plastered” walls can also be a prob-
lem, Figure 7-14. These walls have an additional layer of lath and plaster
on the inside face of exterior walls and therefore, are not usually easily
adequately insulated.

b~

Figure 7-12. Foam Added Around Figure 7-13. Dry-
Electric Wire Through Top Plate. wall/Top Plate
(Lower Diagram). Be sure it is fire re-  Joint Leakage Can
sistant foam. Be Significant
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= Figure 7-14. An example
————— of a back plastered wall

looking down into the wall

cavity between studs from
above. Note that the interi-
or of the wall has had plas-
ter applied to it

Calculate

Calculate how many bags of insulation will be used if the insula-
tion is properly packed to 3.5 pounds per cubic foot density for cellu-
lose. Not only does this help ensure there is enough insulation to finish
the job, but it also allows for a bag count at the end of the job to make
sure enough bags were used to provide the proper density. Calculations
are shown in Appendix L.

Blowing into the Wall from Exterior
Removing Siding

Before installing dense pack insulation in walls on the outside, first
place plastic on the ground around the house to make cleanup easier. If
you are installing insulation from the exterior, remove the siding. The
vinyl siding courses can be detached from each other using a wire hook
made from clothes hanger wire. Bend the other end around back on
itself and tape it to make handle. Once a final course edge is unhooked
from another, prop up the vinyl siding away from the house. If you are
concerned about damaging the vinyl siding, pull the nails loose with a
nail pry bar on the course below to remove a complete course of siding.
You can also use special vinyl “zip” tools to separate different levels
of siding without cutting it. Aluminum siding can be removed with a
special zip tool, but often the aluminum is dented in the process. As a
result, some installers will make a cut along the bottom outside corner
of an entire course of aluminum siding with an oscillating saw (Figure
7-15) to remove the siding without inflicting as much damage.

Be careful not to damage siding, it can be difficult to match new
siding with old if it needs to be replaced. If you are re-nailing aluminum
or vinyl siding, “float” the nails so they do not press the siding against
the wall. Because of the high expansion rates of siding, if you tighten the
siding against the wall, it can ripple or bend.
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Use a pry bar to remove wood siding by carefully lifting the siding
off the wall and then pulling it free—Figure 7-16.

Otherwise remove the wood siding just as you would wood
shingles by cutting along the bottom edge of a siding course or shingle
above, carefully prying the siding loose from the wall, and carefully
sealing this joint with an appropriate caulk when reinstalling.

Drilling Holes

Once the siding has been removed, drill access holes for the inser-
tion of the blower tube in the underlying sheathing in the space between
the studs on every stud bay in the home. Typically, you want to drill
these access holes from either the top or bottom of the stud bay. Most

Figure 7-15. Oscillating Saw

Figure 7-16. An example of using a
pry bar to pull a segment of wood
siding far enough away from the
wall to snip the nails with a nipper.
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retrofitters prefer to drill the hole at the bottom of the stud bay so lower
floor stud bays can be accessed from the ground level without having to
use a ladder. If you are working in a two-story home, you have to drill
separate holes for each story because 1) the floor of each level interrupts
the stud bays from being continuously open on platform framing and 2)
you need to place insulation filled bags in between floor joists between
floors. Make the access holes slightly larger than the vinyl fill tube used
to feed in the insulation so the tube can be moved around to adequately
insulate inside the wall. Making the hole too large will allow too much
cellulose insulation to spill out of the hole. Whether drilling on the in-
terior or exterior of a pre-1978 home, appropriate lead safe practices for
the area must be followed if you find lead in the paint.

Set the “stop” on the drill so that the bit does not penetrate into
the stud bay space any farther than necessary as this may damage pipes
or wires inside the wall. The stop is simply an adjustable rod that is an-
chored to the side of the drill that hits
the wall and stops the drill from going
in any farther than it has been set. Some
prefer to drill the hole at an angle. If
you are working from the bottom of
the wall, you might drill the hole up-
wards into the sheathing to allow for
easier access for the fill tube. On two or

Figure 7-17. Drill Gun Stop more story balloon frame construction,

you may also have to drill a hole right

at the floor level between stories. This is to create a “plug” just behind

the wall at the floor cavity to keep the floor from becoming a bottomless
pit for blown-in insulation.

Once the hole is drilled, probe to the left and right with a hang-
er wire to identify where the neighboring studs are in the wall cavity.
Probe upwards and downwards with the end of the vinyl fill tube to de-
termine if there are any fire-rated blocking boards (blockers) or diagonal
wall supports. The fill tube should not be any shorter than to allow it to
reach at least within 1 to 2 feet of the longest length of the stud spaces,
or the space cannot be dense packed.

If the fill tube is more than 2 feet shy of reaching the end of any of
the cavities, drill another hole in that space to adequately reach the dis-
tant areas of the cavity, or get a longer vinyl fill tube. If you find block-
ers or diagonal wall supports that would prevent you from completely

Stopper

\
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filling a stud space, drill another hole for the area on the other side of
the blocker or wall support to make sure there are no gaps in the wall
insulation. If you decide to drill in the middle of the wall, be sure to fill
the top portion first with insulation, and then the bottom.

Blowing Insulation into Walls

Before starting to insulate, you may want to select a few fully
open, unobstructed wall stud cavities to adjust the air/ material mixture
on the blower machine, to make sure the vinyl fill tube is long enough,
and to make sure the insulation has the proper density. Most workers
use a towel to hold their hand around the fill tube where the fill tube
enters the hole. This keeps the insulation from blowing back out of the
hole during the blow-in process. Now everything is prepared and you

Double
top
plate

Removed

window
covered

or Joists sheathing

~— AR
2
B
C
1
Bottom
plate [ B . . . .

Floor
sheathing

Rim joist spaces insulated Floor Joists
from inside crawlspace/basement

Foundation

Figure 7-18a. This diagram shows possible hole drilling locations based on
where the framing is, including in some unusual situations.
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can start insulating. As you are filling an area with cellulose, when the
blower machine sounds like it is becoming sluggish or slowing down,
pull the tube out one foot at a time. With a faster blower, you may be
able to pull it out two feet at a time. The blower machine starts to slow
down when it has packed insulation about as tightly as it can. If the tube
is not pulled back soon enough, the tube will plug and you will have to
stop the machine and clear the tube before work can begin again. Clogs
typically occur where the tube changes diameter, such as where a small-
er vinyl fill tube is attached to the end of a larger flex hose. If you are
clearing more clogs than blowing insulation, adjust the blower machine
to reduce the cellulose feed or increase the amount of air by opening up
the air feed.

In addition, some workers will mark numbered lines in one foot
increments on the fill tube, as shown in Figure 7-18b, so they can see
how far they are into the wall and when they are getting close to finish-
ing filling each stud bay. When a stud bay is filled, shut off the blower
machine with the remote switch but leave the tip of the tube in the hole
until there is no longer any pressure in the hose. It is packed tightly
enough if you are unable to push your finger through the dense pack
cellulose insulation at the hole, as shown in Figure 7-19.

Tape markers at 1 foot increments

Figure 7-18b. Fill Tube

Figure 7-19. Checking For Ad-
equate Density with Dense Pack
Insulation. If you cannot push
your hand into the insulation, it is
packed tightly enough.
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Another technique to check for density is to bend a heavy wire or
utility flag into a Z shape, place it in the insulation so the middle section
is perpendicular to the wall, and then see if the wire can be turned. If the
wire can turn around the inside of the dense pack so that it disturbs the
insulation, then the cellulose is not dense packed well enough.

Typically, an 8-ft stud space cavity can be filled in 2 to 4 minutes. If
it takes longer than that, it is time to stop and reevaluate. Look for places
inside the house where the cellulose may have been going or overflow-
ing. You many want to have an assistant watching from the room side
of the wall to make sure the insulation is not overflowing or damaging
the wall. If you are pumping insulation, for example into a middle floor
space, and too much insulation is being used, try the following. Cover
the end of the fill tube with a plastic bag, hold onto the bag opening
around the tube, stick the fill tube into the floor cavity through the hole,
and after the bulk of the bag is inside the wall or floor cavity, blow insu-
lation into the bag. If this works, you can keep from pumping excessive
amounts of insulation into these floor areas.

After blowing in the insulation, plug the holes with wooden pre-
cut tapered plugs (Figure 7-20) available from the cellulose supplier, re-
pair any damage, and then reinstall the siding before doing any touchup
painting, etc. Be sure the house is put back together so that it is almost
as if nobody had been there.

Blowing into Wall from the Interior

If you are blowing in insulation from the interior of the home, the
process is much the same except that there will not be any siding to
remove from the wall before drilling the holes through the drywall or
lath and plaster. If you suspect

possible asbestos on the dry-

wall or drywall mud, you may

not be able to blow in insula-

tion from the interior. When you Wood Plug
are finished, special foam plugs 0(‘_ for hole
are available to finish over the after dker:jse
drywall holes. If the holes have . T packe

ill Tube

been drilled in the lower part of
the wall that is more exposed to  Figure 7-20. Wood plugs are typically
being hit by feet, etc, you can used to fill drilled wall holes after
use special sheet metal drywall blow in insulation is complete.
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patches covered with drywall tape netting to help the drywall mud ad-
here. This can allow you to patch these holes quickly and more sturdily
than with a foam plug. You can also try to patch the holes with an actual
drywall plug, but this is likely to require the most work and not neces-
sarily provide any additional benefit.

Thermal Bridging in Walls

When a material has a significantly lower R-value than the insula-
tion, it is referred to as a thermal bridge. An example is studs in a wood
frame wall as shown in Figure 7-21. Metal studs create an even greater
thermal bridge because they conduct heat and cold far more easily than
wood. In addition, these studs can corrode inside the wall as a result of
condensation that can form on the studs.

A thermal break is a lower conductivity material that helps reduce
the effect of thermal bridging in a wall. For instance, you can create
a thermal break over an entire wall by adding an intact layer of foam
insulation on the entire outside wall of the house. Another way to re-
duce thermal bridging from framing in a house being newly built is to
reduce the amount of framing. One example is using “ladder” framing
instead of double studs as backing where interior walls intersect exte-
rior walls. Other examples include placing studs 24 inches on center in-
stead of the usual 16 inch- ...

es, using two-stud corners Steel Stud

instead of three-stud cor- \

ners, and packing foam

or other insulation into Fiberglass

headers where there is a Batt'”SU'a“o\”

gap between the built-up \\N

joists. Different methods '”Sé’(';t:g”

of making thermal breaks P —
are shown in Figures 7-22, S k—Srywail
7-23, and 7-24. Be sure that Sliding™~~

the reductions in framing

are allowed by the local

municipality as this typi-

cally reduces the struc- Figure 7-21. Steel Studs in a Wall (top view)
tural strength of the wall.  Steel studs represent a special thermal bridge
A “double wall” construc-  concern because of their high thermal conduc-
tion can also be framed in tivity
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the wall. This makes it about 50% or more wider than a regular wall
by alternating studs or putting in two completely separate walls to
serve the interior and exterior faces of the wall (without the sides of any
stud touching both faces). Double walls are very expensive. Of course,
changing the framing in an existing home is not practical.

Pocket Doors

Pocket doors are doors that slide into wall cavities. The older
styles that are very leaky can be found in some older homes with bal-
loon frame construction. If the pocket doors are on the story just be-
low the attic, you need to do good air sealing above the pocket door in
the attic if the interior wall containing the pocket door does not have
top plates. In addition, any pocket door slot that abuts an exterior wall
needs to have good air sealing between it and the exterior wall even if
the pocket door is on the lower level.

Pocket doors that slide into a wall that is perpendicular to an exte-
rior wall can wreak havoc when it comes to installing the exterior side-
wall insulation.

SOUND DEADENING ﬁ
BOARD
GYPSUM
BOARD E E

Engineered Joint Wall (TJI)
STAGGERED STUDS (Top View)

Figure 7-22. Traditional construction (top left) has more thermal bridge effect
than various configurations that are used to reduce the thermal bridge effect
of studs in a wall.
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NAILSTO
OUTSIDE STUDS

Al
BLOCK

METAL WALLBOARD
BACKUP CLIP

INTERIOR: /'}‘/

2y

Figure 7-23. Blocking (right) can break up the more traditional thermal bridg-
ing (left) caused by closely connected (or touching) studs where an interior
wall ties into an exterior wall.

2x4 Block

Metal Wall
Board Backu

Sole Plate Clip

Figure 7-24. The special 2-stud corner (far right diagram) allows for a lessened
thermal bridge effect because there are only 2 studs in a corner instead of the
usual 3 (left). The middle diagram shows an approach that reduces some ther-
mal bridging over the traditional 3-stud corner on the far left.

In the older balloon framed homes, as shown in Figure 7-25, a per-
pendicular interior wall can openly communicate with an exterior wall
and insulation could simply end up filling in the interior wall where the
pocket door is stored, blocking the pocket door from sliding into the
wall.

To insulate around pocket doors that abut an exterior wall, first
remove the door completely from the doorway and set it aside. Pinch
or pack fiberglass batt or flexible foam insulation in between the walls
on each side of the door back behind where the door slides into the
wall. Since this is often a long narrow opening inside the wall, using
a broomstick or other long narrow tool can help in maneuvering this
fiberglass backing material into place. Once the fiberglass backing mate-
rial is properly placed in the wall, dense pack the exterior walls as usual.
As you are dense packing, check to see how well the stuffed fiberglass
backing holds back the dense pack insulation. If it looks like the back-
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Figure 7-25. Pocket Doors on Balloon Frame Construction
Air easily leaks in from the outside when pockets doors meet the outside walls.

ing properly serves its purpose, you may only need to vacuum up a
few errant pieces of insulation that may be lying on the floor inside the
pocket door before reinstalling the pocket door. Make sure the pocket
door operates properly after installing and that it can be pushed all the
way back inside the wall as it did before it was insulated.

Bag filled with Insulation

Lath + Plaster Walls . .
\ Blown in Insulation

\ \

Stuffed/Folded Fiberglass or
Flexible Foam Insulation

Floor Joists
Between Floors\

Pocket Door

Slot
]nSide Wall Studs OUtSIde
Drilled Opening
Floor Joists _/ : .
Between Floorim, (’ for Blowing Insulation

Outside Wall

Lath + PlasterWalls  gaq filled with Insulation

Figure 7-26. This is a top view of the pocket door air leakage issue and its
treatment.
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If the pocket door is located on the floor just below the attic, addi-
tional air leakage easily occurs from the attic. Before insulating the attic
above the pocket door, stuff unbacked fiberglass insulation or nail in
foam board that is sealed around the edges all along the top opening to
the wall above the pocket door. This keeps the attic insulation from fall-
ing down into the pocket door from above. It is probably easier to stuff
from the attic side, although you can stuff from the pocket door slot. In
any balloon frame construction home without top plates on interior or
exterior walls, stuff unbacked fiberglass insulation or flexible foam in-
sulation into the top of all these walls to seal off the walls as a top plate
normally would. In addition, if there are no bottom plates in the walls,
similarly stuff insulation into the wall at the bottom from the crawlspace
or basement.

ATTICS

Inspection

Because the attic seems to be the place where most of the condi-
tioned air is lost, some of the most important retrofit work is needed
there. Attic bypasses allow loss of heat and conditioned air from the
house. Bypasses can also allow warm moist air from the house to get
into the attic. This moisture can condense on the insulation and deterio-
rate its R-value. Therefore, be sure to thoroughly inspect the attic. If the
attic is not accessible, try accessing it through an existing exterior vent
or even consider asking the client’s permission to create an interior ac-
cess in a closet ceiling or a gable end of the home.

Some of the typical locations for air leakage bypasses into the at-
tic include: around attic hatches, dropped soffits, the tops of walls with
missing top plates or wiring and plumbing penetrations, combustion
appliance flues, recessed lights, attic doors and windows, and attic sill
plates. It is helpful for you to draw a simple sketch of the attic space
noting specific spots or bypasses to seal and to include this sketch in the
work order. Figure 7-27 shows such a sketch.

Because it is difficult to find air leaks by randomly walking around
the attic, it is best to check for leaks in a systematic way. Start by in-
specting the upper floor below the attic to identify where all interior
walls and partitions are including closets, halls, and stairwells. Note
any changes in ceiling height, such as dropped soffits that might ex-
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Figure 7-27. Showing the location, with a diagram, of bypasses in the attic that
need to be sealed can help installers properly follow through with the work
auditor’s request.

ist above kitchen cabinets, built-ins, etc., or lower ceilings in kitchens,
bathrooms, or closets. If there are lower ceilings or dropped soffits in
the upper level of the home with an attic above it, this is probably a
substantial source of air leakage. A change in the ceiling height typically
represents a change in the support plane for the insulation above. Note
the location of light fixtures mounted in the ceiling, especially if they are
recessed lights that are not located in the center of the room.

You can also use a blower door to identify leaks by pressurizing
the home to 50 Pascal pressure and then perusing the attic area using
your hand for the feel of air coming into the attic. Be sure to take proper
precautions like putting out any fire in the fireplace, etc. You can also
use an infrared camera to identify leaks from inside the home when you
are creating a negative pressure in the home. If it is warmer outside,
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the leaks coming into the house will look warmer than the walls and
vice versa (see IR section). You can also check using smoke to see if it
is drawn into bypasses when depressurizing the home if you check the
attic side of the ceiling.

When you are in the attic, make a note of

1

2)
3)
4)

5)
6)
7)

8)
9)

10)
11)

12)

13)

14)

the location and components of the thermal boundary or insula-
tion,

whether the attic has a floor,
whether the ceiling seems to be in good condition,

whether occupant belongings are present, Virtually all storage
in an attic space must be removed before retrofit work can be-
gin. Be sure to let the client know this in advance of the retrofit.

the type of attic hatch and whether it is well sealed,
the current attic insulation levels,

the major air bypasses between the house and the attic. Such
bypasses can be around chimney or combustion appliance flues
or vents, changes in attic floor elevation, knee walls, wire pen-
etrations through top plates, and recessed fixtures that protrude
into the attic area such as fans and canned lights. One indicator
of air leakage is discolored or dirty insulation because the insu-
lation filters air passing through the leak in the air barrier,

the presence and degree of or absence of attic ventilation,

electrical problems including junction boxes that are uncovered,
wire that is frayed, wire connections and splices that are not
confined to a junction box, knob and tube wiring, if there is a
voltage drop, and junction boxes without covers.

any duct system’s condition and insulation level,

plumbing and mechanical terminations and whether they exit to
the outside,

any evidence of roof leaks (such as in the flashing) or condensa-
tion-based moisture issues,

any other hazards such as vermin droppings, vermiculite insula-
tion, possible asbestos insulation, etc.

whether the ductworkis properly connected and sealed with mas-
tic at the joints (Figures 7-28 and 7-29),
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Figure 7-28. Placing mastic over
duct leaks may require the use
of a mesh to help the mastic
keep its sealing properties over
time.

Mesh cut for application

Seal boots to sheet
goods with caulk,
mastic or spray foam\ ]

REGISTER

Seal all joints in
boots and elbow
with mastic

Figure 7-29. Many joints must be sealed to better assure that the ducts are not
leaking significantly. Mastic is the best material to use for duct joint leaks.

15)  whether brick chimneys are in contact with the framing or are
coated with tar, and

16)  which attic ducts are exhaust fan ducts. Check for this by turn-
ing on all the exhaust fans in the home before surveying the
attic. This also helps identify which fans may not be operating
properly. Make a note to replace inoperable or poorly perform-
ing fans before air sealing the attic because you need to seal all
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Figure 7-30. Sealing around
fans, light fixture boxes, canned
lights and other penetrations in
ceilings with foam or caulk is
critical for avoiding many prob-
lems that arise from air leakage
to the attic space. However,
caulk or foam should not be
injected into the inside of the
junction or fixture boxes, etc.

around the exhaust fans from the attic side before insulating.
Sealing around a fan that is not working is wasted time if you
have to replace it later.

How Much Insulation?

Tables 7-3 and 7-4 show cost-effective insulation levels depend-
ing on the climate zone where the home is located and heating fuel and
equipment. To determine the climate zone for an area, see the map in Ap-
pendix J that shows the eight different DOE climate zones. Notice that
cost-effective insulation levels for attics range from R-30 to R-60. The
savings from cooling equipment is not as great as from heating equip-
ment, as evidenced by the lower insulation levels required in the warm
zones 1, 2 and 3. This is because the AT is typically lower in cooling
climates. Thus, the southern regions of the country have lower recom-
mended R-values for insulation. If there is less insulation than recom-
mended, then the cooling and heating equipment has to work harder,
and, as a result, the energy bills may be higher. However, putting in
more insulation than is recommended will extend the pay back time in
the cost-effectiveness evaluation. It is even possible that with extensive
insulation over and above the recommendations, that the energy saved
from the additional insulation would never equal the cost of installing
the insulation.

For an attic with walkable flooring, the depth of the ceiling joist
cavities restricts the amount of insulation that can be placed in the at-
tic unless the storage area is abandoned and the floorboards removed.
Having floorboards means restricting the depth of insulation to only 6
to 10 inches, depending upon the width of the ceiling/floor joists. With
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Table 7-3. R-Values for Gas, Heat Pump and Fuel Oil

Zone 1 2 3 4 5 6 7 8
R30 | R30 | R30 | R30- | R30- | R49 | R49 | R49

Attic - - - R60 R60 - - -
R49 | R60 | R60 R60 | R60 | R60
R22 | R22 | R22 | R30- | R30- | R30 | R30 | R30

Cathedral

Ceilings N N N R38 R38 N N N
R38 | R38 | R38 R60 | R60 | R60
R13 | R13 R13 | R13- | R13- | R13 | RI13 R13

Wall

Cavity - - - R15 R15 - - -
R15 R15 R15 R21 R21 R21

Wall No No No R2.5 R2.5 RS- RS- RS-

Insulation -R6 -R6 R6 R6 R6

/

Sheathing
R13 R13 R25 R25- | R25- | R25 R25 R25

Floor R30 R30 - - -

R30 | R30 R30

Table 7-4. R-Values with Electric Furnace

Zone 1 2 3 4 5 6 7 8
Attic R30- | R30- R30- R38- | R30- | R49- | R49- | R49-
R49 R60 R60 R60 R60 R60 R60 R60
Cathedral R22- | R22- R22- R30- | R30- | R30- | R30- | R30-
Ceilings R38 R38 R38 R38 R60 R60 R60 R60

R13- | RI3- R13- R13- | RI3- | R13- | R13- | R13-

Wall Cavity | pi5 | Ris | Ri5 | RIS | R21 | R21 | R21 | R2I
Wall No R2.5- | R25- | R5- | R5- | R5- | R5- | Rs-
Insulation/ RS RS R6 R6 R6 R6 R6
Sheathing

R19- | R25 | R25 | R25- | R25- | R25- | R25- | R25-
Floor

R25 R30 R30 R30 R30 R30

this limitation, specify dense pack insulation at the proper density. For
instance, if cellulose is the chosen material, dense packing should occur
at 3.5 pounds per cubic foot. You should also suggest that bypasses that
exist under the attic floor, such as electrical and plumbing bypasses into
interior walls should first be sealed before dense packing under the attic
floorboards. (See “Attic Floors” section for more details).

The Law of Diminishing Returns

The Law of Diminishing Returns should be used when evaluating
how much insulation to place in a home. This law says that as more
insulation is added to a home, the less the benefit received from each
additional inch of insulation. A general rule of thumb states that each
successive increase in R-value by one in any assembly saves approxi-
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mately 50% of the energy saved by the immediately preceding R-value.
The break-even point in a heating environment is in the R-38 to R-40
attic insulation level.

Adding insulation to walls that already have insulation is expen-
sive. The high cost and low potential to further reduce heat loss in the
walls of a home like this results in an SIR below 1. Walls with no insula-
tion have much more potential. For example, consider a home with a
semi-conditioned basement with no wall insulation. At best, the con-
crete would have an R-value of 1. Since it is relatively inexpensive to
install basement wall insulation, bringing the wall from R-1 to R-10
creates a much higher return than adding the same insulation to any
surface that already has an R-value greater than 1. This combination of
low-cost and high return produces an excellent SIR for installing insula-
tion in uninsulated, semi-conditioned basements.

In weatherization, anytime it is proposed to install insulation in
a home, use the SIR to determine the optimum insulation to add. The
weatherization auditing software can help determine this, or the prede-
termined priority list parameter for determining the best level of insula-
tion to install can be used. Either way, SIR must be taken into account.

Figure 7-31. Sometimes attic
spaces such as a kneewall,
have to be opened to ad-
equately seal and insulate

hidden spaces (upper dia-
gram). Once the retrofit pro-
cess is complete, it is neces-
sary to adequately seal and
insulate the knee wall door
(lower diagram).

KNEE-WALL DOOR

Rigid insulation boards (sandwiched
with screws and construction
adhesive to door back)
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Strategies for Homes With Different Attic Levels

If you find a knee wall, a porch roof, a one-story addition, or an
attic over a garage, make a note that you might have to cut an access
port to get into these areas for air sealing and insulating. If these spaces
are too small or too tight, you may need to just fill the entire space with
blown-in insulation.

Where two large attic areas exist at different levels, as shown in Fig-
ures 7-32 and 7-33, there is probably a wall at the change in ceiling height.
This can also mean there might not be top plates in the wall at the ceiling
height change. It is not as cost-effective to try to keep both of these large
levels at the same height. Thus, installing the equivalent of top plates in
the form of foam board inside the wall opening at the same level as the

Unconditioned Attic

Wall where thereis a
change/rise in attic level

Heated Living Space

Heated Living Space

Heated Living Space

nconditioned Crawlspace)

Darker lines are insulation lines

Figure 7-32. Attic areas at different levels.

Figure 7-33. Changes in level in the
attic will promote bypasses to the
wall below where the two levels
meet if the stud bays in the wall
are not blocked off where the lower
level meets that wall.
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backside of the ceiling below is often the best method of sealing this type
of ceiling height change. This prevents filling the lower attic ceiling area
with insulation unnecessarily and allows for consistent blown-in attic in-
sulation all across the attic. Be sure to order insulation all along the wall
that exists where the ceiling height takes a step up in height.

If there are dropped soffits in the upper level of the home with an
attic above it (Figure 7-34), there could be a substantial source for air
leakage because the air barrier is not aligned with the thermal barrier.

Completely filling the dropped soffits and the areas above them so
the insulation matches the height in the rest of the attic would be unnec-
essarily wasting insulation. With a smaller drop-down recess in the attic
floor, such as a dropped soffit, you could insulate the small drop-down
floor level and the walls surrounding this level to properly insulate the
living space from the attic. However, this is typically a great deal more
work than simply installing foam board or other similar support mate-
rial between the rafters or trusses in the attic above the dropped ceiling
to provide a continuous floor level for the attic and then insulating over
this just like the rest of the attic.

Sometimes existing batt or other insulation can cover dropped sof-
fits and make them difficult to identify from the attic side. Surveying
from the story below will help you know where they exist, but you can
also look for telltale signs of them on the attic side. For instance, if a
true kitchen vent exists along the dropped soffits in the story below, you
should see a vent duct coming up out of the insulation in the attic just
above the dropped soffits.

Attic Preparation

To properly prepare the
attic for insulation, place ap-
propriate shielding around the
flues and fixtures to provide
a proper clearance, install in-
sulation baffles down at the
eaves between the rafters or
trusses, build a sturdy dam

Figure 7-34. Example of a
Dropped Soffit at the Framing
Stage
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finish stage allows
for the attachment of
kitchen cabinets from L
above in this kitchen.
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from plywood or OSB around the attic access hatch, add ventilation to
the attic if necessary, make sure there are not any roof leaks, make sure all
the kitchen and bath fans are vented to the outdoors, make sure an appro-
priate attic hatch has been installed, and mark all the recessed lights fans
and junction boxes with flags on the rafters or trusses above them. These
location flags will help future electricians more easily find trouble spots.
It will also help keep the electrician from having to disturb any more in-
sulation than necessary.

Make sure all the wiring is safe. Make sure all the wiring splices
and connections are contained in junction boxes and that all the electri-
cal junction boxes have an appropriate cover. Look for frayed or other-
wise compromised wiring. Insulation cannot be placed over any knob
and tube wiring in the attic. Make sure that any splices of wiring, other
than original soldered knob and tube wiring connections in some juris-
dictions, are properly enclosed in an electrical junction box. If you find
any non-original wire tied into knob and tube wiring, such as when
someone has connected modern Romex wire into the older knob and
tube wire, those connections must be enclosed in a junction box. In ad-
dition, the electrical system itself should be properly grounded. Unless
they are not IC rated recessed lights, seal the electrical boxes for light
fixtures to the backside of the ceiling material, making sure no foam is
inside the electrical box itself. You can seal directly against an “IC” rated
recessed light, but not against a recessed light fixture that is not “IC”
rated. You can also seal around all the joints of exhaust fans and where
they meet the drywall or plaster.

Attic Insulation Ruler
To prepare the attic for insulation, staple rulers that face the exit
about every 15 feet or so from each other. The rulers help the insula-
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tor keep track of the appropriate depth required to provide the recom-
mended level of insulation, as shown in Figure 7-36.

Be sure these rulers are facing the attic hatch or exit to the attic.
The installer will be first blowing in insulation in the far corners of the
attic and filling in the insulation in front of him as he backs his way over
towards the attic hatch or exit. If the rulers are all faced so they can be
seen from the attic hatch, then the insulator will always be able to see
them as long as he is not “painting himself into a corner.”

Figure 7-36. An insulation ruler

installed in an attic space as-
e sures adequate thickness of
blown-in insulation. Rulers

should face the attic access so
they can be read without hav-

=T ing to walk over to them and
= disturb the insulation in the
[ process.

/ —~1

—1
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Sealing

Start at one end of the house, perhaps a gable end if present, and
take care of any top plate penetrations or openings first. Seal around any
wiring, plumbing, and vent openings with the appropriate materials.
Seal the top plate to the plaster, drywall, or sheathing on both sides of
the top plate. Also, remember if there are no top plates on the outside
walls, place a plug at the bottom of each exterior wall stud bay in the
crawlspace or basement, if it is open, so that when you blow insulation
into the stud bay from the attic it will not simply flow down into the
basement. If there is no top plate on an interior partition wall, the strat-
egy is different. You can pinch fiberglass batts down into these walls
tightly enough that the batts will not move when the regular attic insu-
lation is blown in over them.

Another option is to pinch in flexible foam board or staple in card-
board in place and then inject foam around its edges to provide an ad-
equate seal where the top plate normally would be in a balloon framed
home. In a multilevel home with different ceiling heights, or where a
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Figure 3-37. Drywall over an
open kitchen dropped ceil-
ing (looking from the attic
side) allows for a consistent
support and thickness for the
blown-in insulation.

lower ceiling meets up with a taller wall and there is no blocking in
the stud spaces, foam or cardboard should be placed to match the level
of the lower ceiling inside the stud cavity and then foam around the
edges to seal it. If you find built-up joists, where multiple 2-inch joists
have been tied together to provide a major structural support, seal at the
joints between each of the 2-inch joists.

The next step could be locating the center of the attic where a
load-bearing wall might exist. Start at one end of the attic and try to
tell where other partition walls
start from the main load bearing T =T TT=f=rT=x
wall. When sealing, if you see -~ 1
any such partition walls, tempo- LT
rarily leave the center load-bear-
ing wall and follow the partition
wall all the way over as far as
you can get towards the eave. As
you are doing this, if you notice
another partition wall taking off
from this partition wall, follow it
until it reaches another intersect-
ing wall. Once it reaches another
intersecting wall, return to the
previous partition wall and com-
plete the air sealing on that wall. 15 # .
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Thus, as you seal above the walls that extend off the main center load-
bearing wall to the eave, you ultimately return to the main load-bearing
wall to continue the journey towards the other end of the house.

Batt or Blown In

Trying to add batt insulation to an attic is not typically the method
of choice. Cutting batts to fit around electrical fixture boxes, plumbing,
etc. is cumbersome and difficult to do well. However, some types of
rock wool or mineral fiber batt insulation have been found to “uncom-
press” after installation. If there is batt insulation already placed in be-
tween the attic joists, even if there are gaps, adding blown in insulation
is a very effective way to add insulation and still receive the benefit of
your existing batt insulation.

If you decide to install fiberglass batt insulation, avoid using faced
batts such as Kraft or foil backed batts unless you place the facing on
the heated side of the batt (on the house side of the batt in cold-weather
areas, and vice versa in warm weather areas). Also, make sure you have
a tight fit between batts.

Blown-in insulation is usually the first choice for attics. When you
are ready to begin insulating, be sure to wear the appropriate safety
equipment as mentioned previously. It is helpful to bring a 5-ft length
of 1”7 x 12,” or similarly sized plywood, to keep from falling through the
drywall or plaster of the ceiling below and to have a more comfortable
sitting or kneeling arrangement while working in the attic. If you are
using two-part foam you need to bring up the two-part foam kit as well
as a second similar support board for the tanks.

It is suggested to keep the tip of the blower tube pointed slightly
down and close to the attic floor to avoid generating dust and fluffing.
Fill to 2 inches above your proposed insulation levels to allow for set-
tling and make a special effort to pack the insulation a little tighter right
next to the baffles near the eaves. Run the tube through an opened attic,
gable end hatch window or vent for easy access. To keep from having
to walk over and compress insulation that was just installed, make sure
you can always exit to the hatch without stepping on insulation.

Always use the remote switch (Figure 7-39) near the end of the
blower tube to turn off the blower machine when you have finished
blowing in insulation in one area and you need to move to a new area
of the attic. The delivery rate for blown-in insulation in an attic is higher
than the delivery rate used blowing in wall insulation. In addition, if
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Remote
Switch

Figure 7-39. A remote switch allows work-
ers directing the blower tube to control
when they want the flow of insulation to

Fill Tube
stop or go.

there is any PVC pipe in the blow-in process, there may be a risk of static
electricity shock. To avoid this, either add small amounts of water into
the hopper from time to time, or make sure the blower tube is grounded
if PVC pipe is used.

Avoid allowing the insulation to come too close to high tempera-
ture items such as chimneys, flues, or recessed canned light fixtures that
are not “IC” rated. At the same time, you should blow insulation right
up against the insulation baffles between the rafters or trusses near the
eaves, making sure to blow the insulation to the proper density without
“fluffing” it up at a lower density.

SPECIAL SITUATIONS IN ATTICS AND BASEMENTS

Recessed Lights

Recessed light fixtures, can lights, “pot lights,” “top hats,” or
“down lights” have become more common in modern homes, yet they
can represent a very big source of air leakage, as shown in Figure 7-40.
They are especially leaky if they are placed in ceilings that have attic
space above them.

If the can lights can be accessed from the attic and they are not
IC rated, place a fabricated or commercially available code-compliant
cover over them from the attic side. If a proper cover is not used for a
canned light that is not IC rated, the life of bulb in that fixture is short-
ened and, in the worst case, it could cause a fire.

For the non-IC rated recessed light fixtures (Figure 7-41), seal a box

VZ7i
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Recessed light fixtures
should be rated for
both insulation contact
and be air tight

N
AN AN
Decorative

Caulk
or Gasket

Figure 7-40. Special Concerns Exist With Canned Lights

around the fixture that has a minimum of 3 inches clearance away from
the fixture on the sides and 4 inches away from the top. The sides of the
box need to be at least as high as the blown-in insulation will be. For
most applications, a 20-inch height should be adequate. To fit inside of
16 inch on center ceiling joists or trusses, it should not be any wider than
about 14 inches and typically does not need to be any longer than about
14 inches. While the sides of the box can be made of foil-faced duct
board, metal, or drywall, the top of the box should be one half-inch dry-
wall or noncombustible material with a greater insulation value than
one half-inch drywall. As a result, many simply place % inch drywall
on the top portion of the box. If you decide to use metal to build this
box, consider using round galvanized duct with a galvanized duct cap
for round recessed light fixtures. If the light fixture is square, consider
bending a larger diameter (for example, 18 inch or larger) galvanized
round duct to create four corners to establish a box shape and then add
metal or drywall as a cap and seal the joint with mastic. Regardless
of what materials are used, any joints or seams in the box should be
covered with duct mastic embedded in mesh. No blown-in insulation
should be placed on top of these boxes that cover canned lights that are
not IC rated.

In the private arena, if it is not too expensive for the client, the
preferred approach is to replace the non-IC rated recessed light fixtures
with an airtight IC rated recessed light fixture. Not all IC rated fixtures
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are airtight and so the label should
reference either ASTM™ E283 — 91,
the Washington State Energy Code, or
the MEC (Model Energy Code) if it is
an airtight IC fixture.

If these recessed light fixtures are
IC rated, then they can be completely
covered with insulation on the attic
side without having to place a special
cover over them. If they are IC rated, Figure 7-41. Non IC-Rated
you will see the bold letters “IC” from Canned Light Covered With Dry-
the living space side on the inside of ~Wall and Tied Together with Fire-
the cylinder that surrounds the bulb. resistant Foam
Seal all the joints on IC rated recessed
lights with fire resistant foam or caulk, including where it meets the
drywall or plaster of the ceiling below.

Even ordinary light fixtures can allow for significant leakage from
the upper floor into the attic. Good sealing with a fire resistant foam
from the attic side around the box, but not inside the box, is one method
of handling this situation. Fire resistant foam may be available in your

area either as a regular foam application or one that is Portland cement
based.

Attic Floors

Attic floors that can be walked on, especially in older homes
where the joists may be only 4 inches wide/high, can limit the abil-
ity to insulate the space below the attic
floorboards. If there is a built-in floor to
walk on, the most common way to in-
sulate under the floor is to dense pack
as you would a wall. If there are floor
planks, perhaps the easiest way is to lift
a plank or two about halfway between
the center-bearing wall and the outer
edge of the floor nearest the eaves. This
way insulation can be blown in both di- Figure 7-42. Electrical con-
rections about the same length until you pections should not be made
either run into blocking that might exist  outside of approved junction
over the central load bearing wall in one  boxes.



Auditing, Planning, and Retrofitting 267

direction, or the tube gets to the edge of the flooring, usually near the
lowest head clearances in the attic towards the eaves. You will probably
have to cap off the joist space with foam board or other rigid materials
under the eave edge of the flooring if you are going to have something
to dense pack against. This board can serve a purpose similar to a top
or bottom plate in a wall—it allows you to push the insulation in more
densely. Otherwise trying to dense pack may only blow insulation out
freely from the open joists spaces at the edge of the flooring.

If the flooring is plywood or OSB, blow in dense pack insulation
by either drilling a hole through the flooring for each joist space under
the floor, or pull-up entire sheets of plywood or OSB just over the cen-
tral load-bearing wall to blow in the insulation and pack it toward each
edge of the house. One way to put more insulation than would normally
fit under the floor in an attic is to insulate between the old joists and
then build up a new floor frame that is perpendicular to the old joists,
as shown in Figure 7-43. You can then install flooring to this upper deck
of new framing and fill the new perpendicular floor joists with insula-
tion. Insulating is limited only by the height of the two layers of joist. Be
sure to have a structural evaluation done before attempting this because
the ceiling joists in many homes, especially older ones, may already be
inadequate structurally.

The alternative already
mentioned would be to first
air seal at the attic side of
the upper floor ceiling level.
Sealing at this level provides
for easier alignment of ther-
mal and pressure boundar-
ies without having to fill the
entire cavity below the floor
level of the attic with insula-
tion. If the air barrier is not
placed at the attic side of the
ceiling using rigid board at
changes in level, an exorbi-
tant amount of insulation

Figure 7-43. Adding perpendicular joists to
existing ceiling joists on the attic side is one
way to increase the space for installing insu-
lation in a walk-in attic. Precautions should
be taken by having experts evaluate adding May have to be used to fill
the extra weight to ceiling joists that may al- the gaps below the normal
ready be compromised. ceiling level in the dropped
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soffit, dropped ceilings, etc. Unfortunately, if the space has floorboards
for storage, etc., it may be more costly to temporarily pull up the walk-
able flooring to seal the attic side of the ceiling than to leave the floor
boards in place and just fill the dropped soffits, etc., with insulation
and air seal at the floor boards or dense pack below the floor boards. If
you seal the ceiling in areas where there are no floorboards, remember
to provide a continuous air seal by providing a rigid board connection
between the ceiling air seal and the floorboard seal (place some foam
board across each joist space much like you do below the knee wall on a
Cape Cod attic.)

Knee Walls

Knee walls require special attention because they can have hidden
defects and can create “cold walls” and even “cold ceilings” and other
air leaks. Special problems include the following:

1)  Spaces between the attic are not sealed off from the unconditioned
knee wall area. This is often taken care of by placing foam board
horizontally between the attic floor joists right below the knee wall.
Placing the board underneath the conditioned attic floor space can
allow for more insulation in this sometimes otherwise susceptible
area.

2)  Thereis no top plate in the knee wall. Thus, you need to provide an
air barrier using foam board or similar material to seal off the top
of the wall from the space between the angled ceiling rafters (that
support the finished attic ceiling) above the knee wall and the part
of the angled roof deck above it. It is common to find that there is
no top plate in this section of the angled rafters. A top plate must
also be installed before dense packing these angled rafter sections
surrounding conditioned attic space. Figure 7-44 shows above the
knee wall in a Cathedral ceiling section.

3) The knee wall itself is often not insulated or it is under insulated.
Thus, installing wall insulation, such as fiberglass batt into the
knee wall, and covering it with house wrap or other air barrier
material is often the best way to remedy this deficiency. All access
doors through knee walls should be weatherstripped and insulat-
ed to as high an R-value as the knee wall, probably a minimum of
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Option 1 - Roof

Option 2 - Attic Floor
and Knee Wall

/

Seal
outlet
box
against

drywall
—

Air leakagé \|

if not sealed

AtticVentiIation ‘

Figure 7-44. Above the Knee Wall “Cathedral Ceiling Section”

R-15. This is most easily accomplished using foam board insula-
tion or fiberglass batts wrapped in house wrap around all six sides.

You want to insulate the knee wall to as high an R-value as you do
the unfinished attic floor. Spray-on foam has the advantage of better R-
values per inch and of being easier to install to a thickness greater than
the wall studs. When using foam spray to get the proper R-value, it is
best to spray the foam in successive layers and allow each layer to cure
fully before applying another layer. Expect that extensive applications
of two-part foam will create an increase in temperature of the foam. This
is a reason to avoid applying two-part foam in just one pass.

Walk-up Attics/Walk-down Basements
All attic hatches must be weatherstripped and insulated to the
same level as the attic. Thus, an ordinary attic hatch should be carefully
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weatherstripped around its edges where it seals to the opening. Figure
7-45 shows a method of sealing an attic accessible with a foldout ladder.

Insulation dams prevent

Cover box Pushes up loose - fill insulation from
and out of the way falling through access
for access

Seal gap between

Weatherstripping
I~ \
frame and rough

opening with caulk backer,

rod or foam
Pane 4—\

Weatherstripping
Figure 7-45. A Method of Sealing an Attic Accessible with a Foldout Ladder

Walk-up attics and walk-down basements represent a special
challenge for weatherization. These accesses have permanent, built-in
stairs with a stairwell to access the attic or basement. The real question
is where to align the air and thermal boundary in such a case. The most
important consideration is how often do the occupants use the attic or
the basement. If they use these areas often for storage, make it easier
for them to get into the attic. On the other hand, if they do not use these
areas very often, then do not worry too much about making it easy to ac-
cess to the attic or basement. In this case, less involved retrofit measures
could be used.

If the occupant seldom goes into the attic or basement, simply
place an airtight cover at the opening to the attic or basement from a
permanent stairwell to seal the attic from the rest of the house, as shown
in Figure 7-46.

You can either build a custom cover or use a prefabricated foam
cover available commercially. Make sure it is airtight and will provide
an adequate R-value. Optimally, it should have an R-value roughly
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[ \ Figure 7-46. Example of Insu-
Unconditioned lated Cover Over Stairway
Insulated cover Attic
over stairway

opening to attlc\ equal to the R-value of the
rest of the attic or basement
Stairway insulation. While this may
inside be more cumbersome for the

conditioned .
owner, since they do not ac-

cess the attic very often, it is
a very cost-effective way to
deal with attic stairwells. In
this case, the attic staircase
is “inside” because the stair-
well will be heated, which
makes it conditioned space.

On the other hand, if
the attic or basement is used often, a more complicated approach is typi-
cally recommended for insulating the stairwell walls, the underside of
the stairs, and the door from the living space into the stairwell. Insulate
and air seal the walls inside the attic stairwell with dense pack insula-
tion, at least down to just below the stairs themselves. Also insulate the
under side of the stairs and place foam board insulation on the stairwell
side of the door at the bottom of the stairs. Weatherstrip the stairwell
door as well. This is more work than a simple cover at the top of the
stairwell, but it keeps it a traditional door access. You are effectively
putting the attic staircase “outside” because you are not conditioning
that space. See the example in Figure 7-47.

If the walls in the staircase go up above the attic floor, you can
also bring the staircase “inside” with a similar approach but insulating
everything above the attic floor level (see Figure 7-48).

If it is determined to establish the thermal and pressure boundaries
at the stairwell walls, stairs, and attic or basement stair doors, a less ef-
ficient barrier will be created. The additional surface area allows for more
heat loss and the narrower stairwell walls limit the R-values as compared
with the thicker blown-in insulation that can be installed in the attic or
basement ceiling. However, if this is the choice, then weatherstrip and
insulate the stairwell side of the door, blow in dense pack insulation in
the stairwell walls to the appropriate density, and provide an adequate R-
value insulation under the stairs. To the extent practical, attempt to match

Heated




272

Residential Energy Auditing and Improvement

the R-values in these loca-
tions to that of the blown-in
insulation in the attic floor
or basement ceiling. In ad-
dition, in older homes with
lath and plaster walls, some
installers have found it use-
ful to not drill the access
holes along the stairwell
wall at the same horizontal
level. Instead, drill the holes
for installing the dense
pack insulation so that they
angle their way up the stair-
way from hole to hole, as
shown in Figure 7-49.

This helps keep the
wall more stable because
the lath boards behind
the plaster are not being
“pbutchered” or weakened
as much. After the dense
pack cellulose insulation
is installed in the walls,
install plugs in the drilled
holes. In some instances,
if the client agrees, it may
be cost-effective to install a
permanently hinged, coun-
ter weighted, and well in-
sulated hatch to avoid the
additional labor and en-
ergy losses that come with
insulating the door, the
stairwell walls, and the un-
derside of the stairs.

Whatever you do, do
not leave exposed foam

\

Unconditioned
Attic

Stairway
Outside
Unconditioned

Insulate this N ATI;c_aIBsulate
Ceiling BRIl
Heated <

Insulate These Walls on Both
Sides of Stairs

Insulate this
Ceiling

Also Insulated
This Door

Heated

Insulate These
Walls on both side
Stairway. of Stairs

Outside

Unconditioned
Basement

Figure 7-48. (Upper) Example of how insu-
lation is positioned if an attic stairway is
considered “inside” the conditioned space.
(Lower) A similar approach can be used for
basements.

insulation, whether foam board or spray-on foam, on the underside
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===

Lath boards

Figure 7-49. Installers will often choose to drill holes angling
up along a staircase in the different stud bays to or from attics
or basements that need to be insulated. This avoids overly com-
promising the strength of just one horizontal wood lath board
underneath the plaster.

of the stairs or anywhere else on the inside of the home. This violates
code in many areas. Cover any installed foam on the living space side of
the stairwell with a thermal barrier of batt or spray-on mineral insula-
tion (2”), drywall (1/2”), sheet metal (.016”), plywood (15/32”) or OSB
(15/32"), or other material approved by the municipality.

ATTIC VENTILATION

The two primary purposes of attic ventilation are to remove mois-
ture vapor in cold weather and to remove solar heat in hot weather. At-
tic venting is particularly important in hotter climates where attic tem-
peratures can easily exceed 140 °F for extended periods Wind effect can
provide passive attic venting. Wind can create a positive pressure on the
windward side and a negative pressure on the leeward side of a roof.
A phenomenon known as the “Bernoulli Principle” provides a way for
air to be exhausted from the attic when an airstream across an opening
creates enough of a negative pressure to draw air out of the attic space.
This is very similar to a jet pump that uses a higher velocity jet of air to
entrain or draw air around it in a specific direction.

There seems to be a number of common misconceptions about attic
ventilation, including that attic ventilation is always unnecessary, that
the more attic ventilation the better, that attic ventilation will resolve an
attic moisture issue, and that attic ventilation always eliminates mois-
ture vapor in cold weather. These items will be discussed below.
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Ridge Vent Roof
Sheathing

1-1/2" Air Space
Above Insulation

2"Gap in Sheathing
to Allow Air
to Flow

Airflow From Soffit
Through to Bottom
Face of Ridge Vent

Openings 6" Insulation

1”Foam Insulation

Figure 7-50. Eave-to-Ridge Attic Ventilation

Moisture in Attics

Sometimes retrofitting an attic can potentially cause problems in
the home. For example, frost and mold might show up on the under-
side of the roof deck sheeting after roof vents and attic insulation are
installed. Before these retrofits, when the attic was unsealed and uninsu-
lated, the house could sufficiently warm the attic air to cause ventilation.
When insulation is installed, attic air is not warmed, reducing the air’s
buoyancy and its ability to ventilate. The combination of high moisture
on the interior of the home and poor attic air sealing is considered one
of the primary causes of failure in a roof in heating climates. Attic flues
actually have the potential to worsen an already existing attic moisture
problem. Openings around flues can allow rising, warm, moist air from
the house side through unsealed bypasses up into the attic. Here mois-
ture can condense on the cold surfaces such as the backside of the roof
deck, as shown in Figure 7-51.

Attic surfaces can be cooled even further on very still, cold days
when the cold dense air sinks into the attic space from outside through
roof deck vents. It is generally thought that, in most cases, providing ad-
equate attic insulation and simple passive, non-mechanical ventilation
is the best method to avoid these problems.

Code Issues in the Attic

With regard to providing passive attic ventilation, the code is spe-
cific. If the ceiling is the thermal boundary, then attic ventilation is re-
quired.
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Condensation

Figure 7-51. Condensation can occur on the bottom of roof
decks if the conditions are right

Attic blow in insulation
is thermal barrier

Figure 7-52. Thermal Barrier in Attics

On the other hand, if the roof deck is the thermal boundary, no
ventilation of the attic is required, as in Figure 7-52. If ventilation is re-
quired, the code typically requires a 1/150 or 1/300 ventilation opening
based on the square footage of the attic space and whether a vapor bar-
rier is present. Thus, if there is a 300-ft? attic, under the 1/150 formula,
only two square feet of ventilation opening would be needed. This is
called the “net free area” or NFA. The rule states that if the ceiling does
not have a vapor retarder, then use the 1/150 ratio. If the ceiling has a
vapor retarder, use the 1/300 ratio. Since most code officials will recog-
nize a painted ceiling as a vapor retarder, most homes can have the more
liberal, and more easily provided, 1/300 rule applied.

NFA is a reference to the actual open area available for effective
ventilation. If there is a grille or louver over the vent, you must correct
for that restriction. For instance, if the vent opening is 12” x 12” and is
covered by grilles or louvers, a correction must be made for the space
occupied by the grilles or louvers. Thus, the true, corrected opening
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Vapor Barrier Vapor Barrier
Inside Outside Inside Outside
Cool Hot Hot Cool
Cooling Heating
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(Warm Weather) (Cold Weather)

Figure 7-53. The position of the vapor barrier is a function of
the climate in the area.

will be less than the 12”7 x 12” or 144 in? vent opening. While the lou-
ver or grille manufacturer is the best source for determining NFA of a
particular louver or grille, if this number is not known, it is assumed
that a metal grille reduces the opening by 25% and a wood grille by
75%. Thus, using the 12” x 12” example, reduce 144 in2 down 75% (144
x .75) to get the true NFA, assuming a metal louver, which would be
108 in2. The NFA rating for a vent is represented by an R-value. This is
not the same as the R-value for insulation. (It should have been given a
different name to avoid confusion.) The R-value for vents indicates the
number of square inches of net free area provided by a given louver or
grille. For instance, an R 61 roof vent has 61 in? of NFA.

If the roof deck, rather than the ceiling, is the pressure and ther-
mal boundary, then attic ventilation is not required and not recom-
mended.

Finished attics, as in Figure 7-54, are a good example of this. An-
other example is the recent development to use open or closed cell

Figure 7-54. Ther-
mal Barriers with
Roofs

T Insulation under roof
deck and over soffits
serve as thermal barrier
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spray foam insulation to make attics airtight and insulated. To keep
the attic space airtight, it cannot be vented. Another exception occurs
when HVAC or ducts systems have been placed in the attic. Sometimes
it is better to insulate the roof assembly rather than the floor of the attic
and the ductwork in cases like this.

Here is another example on how to apply the ventilation formula.
Assume there is an attic space where the attic floor is 60" x 30" and the
ceiling below is painted with latex paint with a 1.0 perm rating which
is the maximum perm rating to count as a vapor barrier. 60" x 30" is the
square footage of the attic space to which the 1/300 ratio is applied.
Since there is an adequately painted drywall ceiling below, assume that
each of the vents being installed has an NFA of 60 in2 The question
is “how many of these vents need to be installed to provide adequate
ventilation for the attic under the code?” First, calculate the square foot-
age of the attic floor, 60" x 30" = 1800 ft2. Then calculate the total net free
area required for all the ventilation— 1800 ft2/300 = 6 ft2. Convert 6 ft
to square inches by multiplying 6 ft? x 144 in2/ft> = 864 in2. If the vents
are known to provide 60 in2/vent, then divide 864 in? by 60 in2 per vent
to find out how many vents need to be installed to provide the requisite
square inches required by code: 864 in?/60 in? per vent = 14.4 vents.
Since the vents cannot be modified, it is best to install 15 vents to be sure
that adequate ventilation is provided for this attic.

NFA = Net Free Area

It is important to understand “net free area” of attic or crawl-
space openings/ ventilation after deducting for metal louvers (25% re-
duction in size from measured opening) or wood louvers (75% reduc-
tion in size from measured opening). For instance, often the net free
area after deducting for louvers must be 1/300 of the square footage
of the area. So if there is a 300 square foot attic area, it will need a 1
square foot vent after taking into account for, say, a metal louver and
the consequent 25% reduction in area. In this case, a 1 square foot area
is needed, but you can start with a minimum of a 1.33 square foot
opening if a metal louver is used because %th or 25% of 1.33 square
feet is lost, which brings it down to exactly 1 square foot. If a wood
louver was used, you would have to start with 4 square feet because it
would have to be reduced by % or 75% which would leave one square
foot “net free area” when done.
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Practicality

It is worth mentioning that even though the more liberal ratio
1/300th requirement for attic ventilation was used, there are still an aw-
ful lot of holes needed in the roof. It is not practical, nor cost-effective
to be installing this many roof vents to ventilate an attic space. A better
option might be to install larger vents to reduce the number of holes in
the roof. At the same time, having this many square inches of openings
to the attic space may actually promote air loss as a result of the stack
effect - forcing warm, moist air from the house into the attic where it
could condense on the underside of the roof assembly in cold weather.
Unfortunately, you may still have to install vents to satisfy code. On
roofs with difficult to work with shingles, such as those made of con-
crete or slate, install the vents on the gable ends rather than through
the roof deck itself if possible. Placing vents through the soffits is also
a possibility. In fact, vents should be placed at low and high points on
the roof, soffit, or gable end. This provides a natural, rising ventilation
of air in warm weather regardless of the type of passive attic vent used.
For most homes, this may mean using primarily gable and roof vents to
promote attic ventilation. Gable vents are installed on the gable end of
gable roofs, while roof vents are installed on the roof deck itself. Figure
7-55 shows a gable vent cross section.

Soffit or eave vents have some drawbacks: too many are needed,
they require sufficient soffit area and cross flow, and they are difficult to
install. In addition, turbine vents tend to be subject to mechanical fail-
ure and can contribute to
air leakage, and therefore,
are not recommended for —
installation. If there is no 1 \\\
other option, consider us-
ing an R-144 mushroom
vent. It has more than
twice the NFA of two R-61
roof vents and it can serve 1
as an attic access from the

roof deck side. /
Perhaps the best con- Sl I
Figure 7-55. Gable Vent

Outlet Ventilator

Louvers

4— Screen

Cross Section
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figuration for attic ventilation is to have continuous soffit and ridge vent-
ing to allow for good upflow of circulating air from the low to high points
in the roof and attic assembly. This provides air circulation without any
energy cost based on the principle that hot air rises. This “passive venti-
lation” can work as well as a small fan powered mechanical ventilation
system. Unfortunately, this is most easily only done during the original
construction process. It is not practical and can be too costly to try to ven-
tilate every retrofitted roof with this type of venting after the building has
already been built.

Installing Vents

When installing a vent, a number of guidelines should be followed.
Test fit the vent after cutting an appropriate size hole. The roof flange of
the vent is designed to go under the roofing material on the slope of the
roof above it. After establishing a good fit, caulk a bead of roof cement
under the shingles near the edges where the flange will be. Then slide
the vent into its proper position, caulk around where it meets the roof
with roof cement, and then fasten the vent with galvanized roofing nails
through the roof deck. Finally, cover the heads of the nails with roof ce-
ment so no nails will be exposed.

Typically, gable vents are installed near the peak of each gable end
of the home by cutting an appropriately sized hole for each vent. Then
caulk and fasten the flange of the vent to the gable wall with screws or
galvanized nails driven into the wall material. Sometimes a gable win-
dow can be used in an unfinished attic as a location for a gable vent. If
the window is too large for the expected vent opening, install a plywood
panel into the window or window’s spot and then cut an opening into
the plywood to fit the gable vent. Installing gable vents in attic windows
avoids unnecessary penetration through an outside wall into the home.

If soffit vents are to be used, chutes or insulation baffles should be
installed above the soffit between each of the trusses or rafters in the at-
tic, as shown in Figure 7-56. “Chutes” or insulation baffles are typically
cardboard or thin pre-formed foam and should be installed when using
soffit vents. They help maintain the airspace between the blown-in attic
insulation and the underside of the roof sheathing to prevent the insula-
tion from clogging the opening to the soffit vents. The baffles need to be
installed before insulation is blown in.

Finally, all plumbing stacks and mechanical ventilation ducts, such
as bathroom and kitchen vents, must be vented to the outside prior to
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Figure 7-56. Insulation Baffle

installing insulation or attic vents. Be sure that the terminations of these
vents prevent the intrusion of animals, materials, and moisture into the
vents. How and where the vent opens to the outside and whether it has
proper grilles in it can help eliminate these issues.

ENCLOSED AND COVERED CEILINGS BELOW ROOFS

Removable Tile Ceilings

If the house has a removable suspended or “T” ceiling, much like
you see in commercial buildings, it is important to lift at least one tile
in each room to check the condition of the plaster or drywall above it.
These ceilings (Figure 7-57) are often installed to hide damaged plaster,
etc. Suspended or dropped ceilings that are hung from the original ceil-
ing to lower it can often cause problems above them, including dam-
age to the drywall from which the metal ceiling grid hangs. Clearly this
suspended ceiling grid with the “drop in” fiberboard squares cannot be
counted as an air barrier itself.
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Figure 7-57. Commercial style “T”
ceilings often hide damaged or
missing air barriers.

If there are small holes in
the original ceiling, you may be
able to just use drywall tape and
mud for repair. For holes that
are wider than drywall tape,
you can use the sheet metal re-
pair patches up to about 8” x 8.”
For larger holes, you may have to use drywall scraps, drywall tape, and
drywall mud. If the original ceiling damage is extensive, consider meticu-
lously installing a vapor barrier throughout the damaged area, appropri-
ate to the climate, and then drywall to the underside of the joists.

Another related area of concern involves the smaller acoustical
ceiling tiles that are about 1 foot square or less. These are prone to leak-
age and are difficult to seal, so it is probably easiest to just cover these
tiles with drywall in their entirety. This can serve an additional useful
purpose if you are having difficulty insulating a sloped or cathedral
ceiling. The drywall would be a necessary fire barrier if you were to
place foam board against these tiles as ceiling insulation.

Tongue and Groove Ceilings

Figure 7-58. Tongue and groove slats are notoriously leaky and difficult to seal

adequately or cost-effectively

Another area of concern involves wooden plank tongue and groove
ceiling applications, as shown in Figure 7-58. If there is no air barrier
behind the planks, the treatment of choice is removing the planks and
installing an air barrier behind them. If there is no special interest in
keeping the tongue and groove plank system exposed, then drywall can
be used to cover the planks. Once again, if drywall is chosen and it is
a cathedral ceiling, it could be a great opportunity for installing rigid
foam insulation over the planks to better insulate the ceiling. Be sure
there is no air barrier behind the planks before you even consider con-
ducting any work on the system. Look for openings in or around the
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planks to see if there is any evidence of drywall, polyethylene or other
air barriers—foil or Kraft paper is not acceptable to some— that could
serve as an air barrier.

Sloped, Cathedral and Vaulted Ceilings

Sloped, cathedral and vaulted ceilings can represent a special con-
cern for air leakage, especially above the top plate on the outside wall. If
there is no air barrier extending up above the wall sheathing and across
the bottom edge of the batt insulation in between the rafters or trusses,
an open or vented soffit or eave can allow wind to “wash” up into the
insulation (Figure 7-59). This weakens the insulation value and increas-
es the risk of air leakage. This is especially true if there is a discontinuity
in the drywall air barrier due to recessed lights, etc.

Perhaps the single most com-
mon defect in these sloped ceilings
involves the lack of ventilation

along the air space on the underside
of the roof deck extending from the
eave to a ridge vent. This missing
ventilation can create condensation
problems inside the roof structural
system and insulation. It can also
potentially damage the drywall,
which acts as air barrier. Ventilating

Wind washing

Fiberglass
Insulation

Soffit or eave vent
DryWall

Siding - outside wall

Figure 7-59. Wind washing of batt

. . . insulation is an issue with cathe-
this space also creates a higher risk

of air leakage if there is not an ad-
equate air barrier behind the drywall of the sloped ceiling or there are
breaks in the continuity of the drywall air barrier due to incomplete dry-
wall finish. There can also be a problem if there are recessed lights, inset
ceiling beams, tongue and groove ceiling systems, intersecting interior
walls, or other penetrations through the drywall of the sloped ceiling
that compromise the air barrier from both the insulation or living side
of the drywall.

Sloped ceilings can create additional problems such as not being
able to seal off penetration openings for wires and pipes or the typically
long thin openings between the drywall and the top plate of interior
walls below the sloped ceiling. While it is typically emphasized to con-
centrate the insulation measures on the exterior walls, some make an
exception here by dense packing any interior partition walls that may

dral ceilings.



Auditing, Planning, and Retrofitting 283

allow leakage through their top plates into a sloped ceiling in this man-
ner, as in Figure 7-60.

Be aware that often scissor trusses may be used instead of true
cathedral ceiling rafters in many homes. It is difficult to tell the differ-
ence unless you can see that the slope of the ceiling inside the house is
at a significantly lower slope than the roof deck on the outside of the
house. It may also be a challenge accessing some of these narrow attic
spaces if they cannot be accessed from a more spacious attic area. Be
careful in cutting through plywood in attic areas to access other attic
spaces. Be sure that the plywood is not actually being used as roof
deck. If it is a fully vaulted ceiling from the eaves up to the ridge of
the roof, attempt to dense pack from the top down by opening a short
width opening down each side of the roof ridge or from the bottom up
by removing the soffit or facia at the eave. Then, blow in dense pack in-
sulation by extending the insulation tube to the edge and making your
way into the rafter bay space much like you would if filling a wall. If
you are going to fill through the top, remove the shingles at the ridge
of the roof, drill a hole or temporarily remove the upper planking on
the roof deck. Both of these options are best utilized by attaching a lon-
ger mulffler style pipe to the end of the flex tube rather than the typical
flexible vinyl fill tube.

Figure 7-60. Dense Packing a Cathedral Ceiling From the Ridge

You can also use copper drainpipe, metal electrical conduit, or, as
a last resort because of the static issues, a PVC pipe. If the access hole is
large enough for the blower materials flex tube to fit through, you may
even be able to just wire a smaller %2” to 1” diameter rigid pipe of one of
these same materials to the end of the flex blower tube to push the end
of the flex tube into the cavity. Another option is to drill holes in the ceil-
ing drywall material and blow in insulation from these holes inside of
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the house. In any case, the roof is put at risk as a result of potential over-
heating problems that could reduce the life of the shingles or moisture
problems because the roof is unvented. Perhaps the best way to handle
this is to be sure you have carefully air sealed the drywall etc. on the
inside of the rafters, while making sure to avoid creating unnecessary
moisture in the home.

If it is not a fully vaulted ceiling, but looks more like a partial
sloped ceiling on the upper floor (as in a Cape Cod with a knee wall),
you need to cap off at least one end of each rafter bay, either at the top
or the bottom of the sloped ceiling portion. This can be done by tightly
pinching in an adequately sized fiberglass batt into one end of the rafter
bay, preferably the end where it would be the least comfortable to spend
time blowing in insulation. That way you can blow in insulation from
the other end that is more accessible. If the attic area above the upper
floor is large enough, this is probably the preferred method of dense
packing. In this situation, pinch fiberglass batts into the rafter bay from
the lower knee wall end of the sloped ceiling before blowing in dense
pack insulation from the upper attic opening.

When dense packing partially sloped ceiling rafter bays, you may
be able to use the flex tube to blow in dense pack insulation, if you are
blowing in the insulation from the top attic area down into the rafter bay.
However, whether a sloped ceiling is a full vaulted ceiling or a partially
sloped ceiling, do not install dense pack if there are recessed lighting fix-
tures in the ceiling that are not IC rated. Either replace the recessed lights
with IC rated recessed lights or avoid insulating the sloped ceiling.

If the building is currently being built, perhaps the best treatment
that allows for a sloped ceiling is one that uses an energy type scissor
truss to allow for more insulation above the top plate of the exterior
wall and free ventilation for the bottom of the roof deck. This is helpful
because an energy truss raises the roof deck higher off the top plate to
make more area for insulation near the exterior wall top plates. The scis-
sor nature of the truss allows for thick, blown in insulation above the
ceiling drywall, while it also allows an open attic area above the insula-
tion to ventilate freely from the eaves up to roof vents. See the examples
shown in Figure 7-61.

Mansard and Gambrel Roof Ceilings and Walls
Mansard (Figures 7-62 and 7-63) and gambrel roofs with their
steep slopes just outside the walls also represent an area that is difficult
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Figure 7-62.
A Mansard Roof Style Home

Upper: Regular Truss
Lower: Raised Heel or Energy Trusses

Figure 7-61. The top traditional
truss does not allow for adequate
insulation above the exterior wall <
top plates. The lower three do.
Dashed lines represent insula-
tion. Note that the area for insu-
lation is limited on the standard
truss.

|

Figure 7-63. The “Wall” of a Man-
sard Roof From the Inside

to seal. While they are not much different than the Cape Cod style knee
walls, there are often much narrower spaces behind the knee wall, and
as a result, they do not allow access like the typical Cape Cod knee wall.
Much like a roof overhang at middle height of a two-story wall, if you
cannot access it by removing soffit material, you may simply have to
fill the entire area of this narrow space behind the knee wall with dense
packed cellulose, Figure 7-64.
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There are two major
concerns with roofs with
regards to the energy arena:
roof leaks and roof coat-
ings. Roof leaks not only

compromise the R-value of
attic insulation by allow-
ing it to get wet, they also
allow the fire retardants in
cellulose insulation to leach
out, reducing the fire resis-
tant nature of the cellulose.
Therefore, it is a good idea
to repair leaks before insu-
lating the attic.

The color of the roof
affects the surface temperature. For instance, a white strip on a black
surface can be 10 to 15 °F cooler than the darker areas around it. Solar
reflectance also significantly influences the surface temperature of any
surface. If the roof receives full sun during the cooling season, consider
applying a white or reflective roof coating to help keep attics from over-
heating as much and greatly reduce solar gain in the home. Reflective
roof coatings can cut cooling loads 10% to 60% simply by reflecting solar
radiation. This is in addition to color related temperature differences.
Even higher numbers are typical if the home has no attic insulation.
These coatings can be applied over common roofing materials, typically
last 7 to 12 years, can protect the roof from water penetration if they are
elastomeric, and can extend the life of the roof. A typical cost is between
$0.75 and $1.50 per square foot (not including incidental repairs) if both
labor and materials are included. Check actual local prices to make sure

Ashlaring Sprocket

Floor Joist

Wall Plate .
Fascia




Auditing, Planning, and Retrofitting 287

of cost-effectiveness. The solar reflectance values for several types of
roofing are listed in Table 7-5.

Table 7-5. Solar Reflectance of Materials

Material Solar Reflectance, %
Metal Roof 50-70
Red Concrete Tile 18
White Concrete Tile 74
White Reflective 70-80
Coating
Black EPDM 6
White EPDM 69

To choose the right material, be sure that the solar reflectance of
the coating is 65% or higher when it is new and that its thermal emit-
tance is 80 to 90% or more. Thermal emittance is the ability of a material
to release absorbed heat. A surface on a roof that has a high thermal
emittance will absorb heat from the sun and then radiate it back into the
atmosphere more readily than a surface with a low thermal emittance.
Even just applying white industrial grade paint to the exterior duct-
work, doors, window louvers, or awnings can help reduce heat gain on
a home. Installing solar film, louvers, or shading on the south, west, or
east facing windows can have the same effect. Appendix A gives infor-
mation on what measures are allowed under the weatherization pro-
gram. In the private arena, the clients decide what they will pay for.

Admittedly, reflective roof coatings carry a heating penalty be-
cause they reflect winter sun. Actual studies show that the cooling sav-
ings will outweigh the heating losses even in cold weather areas. One
reason is that the sun’s angle of incidence on the roof is much lower in
the winter and so it is a less effective heat absorber than in the summer
when the sun is almost directly overhead, as demonstrated in Figure
7-65.

There are some guidelines for applying reflective roof coatings.
First, evaluate the cost-effectiveness. For instance, if the client does not
have to use air conditioning, applying a reflective roof coating is not
likely to be cost-effective. In the weatherization program, remember
that a SIR of 1 or greater is necessary to justify a retrofit measure. An-
other consideration when applying reflective roof coatings is the fact
that primer may be, and often is, required to prepare the substrate or
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Figure 7-65. Because of changes in the angle of the sun, solar rays tend to be
absorbed in the summer and reflected in the winter.

existing roof. For good adhesion of reflective roof coating and to reduce
the progression of rust on metal roofs, the roof must be primed before
applying a roof coating. In addition, for mobile homes manufactured
before 1976, using scaffolding can help the installers avoid potentially
damaging the roof by walking on it. The typical reflective roof coating
installation involves one coat of primer and then two coats of the reflec-
tive or white roof coating. Finally, educate and encourage clients to pe-
riodically wash the roof to help maintain the benefits of the roof coating.

FLOORS

Basement and Crawlspace Floors

Installation of dense pack into the floors above basements and
crawlspaces is much the same as for sloped ceilings except that fiber-
glass blown-in insulation is often used because of possible moisture is-
sues. Covering an open cavity wall or floor (a wall or floor without any
rigid cover, such as drywall over the face of the framing) with a vapor
permeable air barrier or house wrap and then blowing insulation into
the stud or joist spaces provides a far superior insulation than batt in-
sulation. Covering a floor cavity above a basement with a rigid material
such as drywall, plywood, or OSB and then dense packing the stud or
joist space with insulation is even better. Some contractors even install
sheathing this way, but leave a 4- to 6-inch gap between the sheathing
boards at the edges to allow for inserting a fill tube. Once they have
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blown in the dense pack, they cut strips of OSB etc. to fill in the gaps
they used to blow in the insulation. The same installation for dense pack
applies to crawlspaces except drywall cannot be used as a rigid material
due to the moisture concerns.

If there is already a rigid cover, such as drywall, over the bottom of
the floor joists, drill holes in the drywall to access the space, and dense
pack the joist space following the procedure for dense packing sloped
ceilings. If there is not a rigid cover over the bottom of the floor joists,
apply a vapor permeable air barrier or house wrap and then blow in
the insulation. Seal the blow-in holes with a manufacturer-approved air
barrier tape. Best practice suggests supporting the air barrier with twine
or perforated foam board as described for fiberglass batt insulation if
you want the insulation to last.

Slab Floors

You can help keep the perimeter of a slab floor from being cold
by installing foam board on the vertical edge of the slab on the outside,
Figure 7-66. Typically, it is expected that the foam board extends at least
2 feet below the top edge of the slab. This is not often done unless some
excavation work is already being done around the slab foundation since
excavation work is typically very expensive.

Another option for a cold slab floor is to first cover it with a thick
layer of polyethylene sheeting that is at least 6-mil thick. Then, cover the
sheeting with 2-inch sheets of foam board and a series of 1 x 3 furred in
wood “sleepers” (attached with appropriate concrete nails or screws into

Metel termite

shield
Rigid insulation

covered with parging,
YRtucco, or membrane.

/

Gravel Base

Perforated drainage pipe covered
with gravel and filter fabric,
located at the bottom of the
footing for drainage.

Figure 7-66. Perimeter Insulation For Slab-on Grade Foundations



290 Residential Energy Auditing and Improvement

the slab through the foam). Screw plywood on top of the sleepers as a sub
floor. This configuration helps keep cold (in the winter) and condensation
(in the summer) from getting into the house through the slab.

Never place carpet directly on uninsulated slab floors due to the
risk of generating condensate and creating a mold problem.

Cantilevered Floors

A cantilevered floor can represent a major concern for air infiltra-
tion and conductive heat loss due to inadequate insulation. If the space
between the floor joists of the cantilever floor appears uninsulated, then
the best approach is to dense pack insulation into the floor cavities to
provide a good quality insulation and air seal at the same time.

Use zone pressure diagnostics to tell whether there is significant
communication with the outside. Test while creating a -50 Pascal pres-
sure in the home with a blower door, setting up a gauge outside so it
reads “Pressure, Pressure” and placing a non-conducting plastic tube
through an opening or joint in the bottom soffit cover of the cantilever
or overhang (see ZPD testing procedure with the gauge outside). If the
reading is close to 0, the cantilever is very leaky.

WINDOWS AND DOORS

In the early days of energy retrofits, when there was not the same
worry about cost-effectiveness, door and window replacements were
common. However, this was before blower door testing became estab-
lished and it was discovered that windows and doors typically do not
represent extensive leakage areas. Now with experience and computer-
ized modeling, window and door replacements are known to have a
low savings to investment ratio and are therefore typically a last resort.

Why Not Replace Windows

The primary reason it is often not cost-effective to replace rather
than repair windows is that the R-values of windows are quite small (an
R-value of 1 or less for a pane of glass). Even some of the best windows,
like triple pane, wood framed, low-e windows, have an R-value just
above 3. Typically, complete replacement of a window, rather than just
repair, is not justifiable as a cost-effective measure in the weatherization
program unless:
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Figure 7-67. Window terminology

1)  the window is either so weathered or damaged that replacing it is
cheaper than repairing it. This could include major air leakage or
comfort issues related to poor seals and operational problems with
the window,

2)  the cost of the lead safe weatherization involved in properly re-
pairing a window exceeds the cost of its replacement (which may
not involve extensive lead safe weatherization), or
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3) the window creates a compromise to building durability or repre-
sents a hazard to safety or health that could not be corrected with
repair. Window replacement should rarely be considered a mea-
sure to reduce infiltration since that can typically be accomplished
with repair.

If it has been determined replacement is the only option, make
sure to choose windows with a high solar heat gain coefficient or SHGC
and low-e coatings on interior panes in cold climates and a low SHGC
and low-e coatings on exterior panes in hot climates.

Table 7-6 shows the Building Performance Institute (BPI) default
U-values for a variety of windows. Use this table if you are unable to
identify the actual National Fenestration Rating Council (NFRC) U-val-
ues from the NFRC labels etched on the window glass corner or stamped
on the metal spacer on double glazed or better units. Remember the R-
values are the inverse of the U values. In other words R=1/U.

Table 7-6. Default Window Values

Default Window Values

Frame Type Glazing U-Value SHGC U-Value SHGC
Type with low e | with low e
Wood Single .90 65 NA NA
Single w, 49 71 NA NA
Storm
Double 49 .58 .39 45
Trple 39 53 30 45
[ Vinyl Double 46 37 36 45
Triple .36 52 36 45
[ Metal Single 131 .80 NA NA
Double 87 73 NA NA
Metal w/ Double .65 66 53 52
Thermal
Break
Trple .53 .60 43 .52

Window Repairs

Typical window repairs include caulking the interior trim around
the window, weather stripping the sliding surfaces and meeting rails
where the upper and lower sashes meet on double or single hung win-
dows, replacing sash locks that are broken, and replacing broken glass
panes. If the windows are of the older variety, as in Figure 7-68, and
have a sash counterweight system that helps control the movement
of the lower sash with a pulley and counterweight, then pulley seals
should also be installed. A pulley seal fills in the gaps around the pulley
to help prevent air from entering the wall cavity where the sash weights
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are located. Because sealing every possible joint around windows is not
as cost-effective as sealing significant duct leaks to the outside or sig-
nificant attic bypasses, limit this involved process to windows that are
around areas where the clients seem to spend much of their time. Thus,
do not spend a great deal of time sealing all windows in the home.

To replace glass, first remove the old broken pane, remove any old
putty etc., obtain a new pane after measuring the opening and install it,
along with glazier points and the glazing compound, with a putty knife.
If you have the training and experience, you may be able to cut the glass
yourself with a glasscutter using a wax crayon to identify where the cuts
should be. Be sure to wear appropriate safety equipment such as safety
glasses and gloves.

Figure 7-68. Older style single
and double hung windows
often have pulley-supported
counterweights integrated
into the windows. These
were intended to help the oc-  Counter-
cupants raise the windows Weights
against gravity. In this dis-
play, the lower window has
been pulled out on one side to
see how the rope of the system
was attached to the counter-

weight.

If old windows are
removed, make sure to fol-
low proper lead safe weath-
erization procedures, if ap-
plicable. This means protect
the floor, wet the surfaces before removing them to avoid creating dust,
vacuum and clean up, and properly dispose of the old windows.

Some retrofitters avoid having to deal with lead safe issues by sim-
ply taking out the old windows, but leaving on the unpainted metal
trim and getting replacement windows that overlap the old window
framing. This overlapping hides the old framing and avoids having to
deal with any old paint that might be on it. This technique could be used
for a variety of windows. Figure 7-70 shows various types of windows.
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Figure 7-69. Detailed Window Terminology
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Figure 7-70. Types of Windows

If a double hung window is to be replaced, consider replacing the
old frame and sash with a custom ordered vinyl replacement. When
removing an entire window, first remove the old frame and trim us-
ing a thin bladed pry bar after scoring the painted joints along the trim
and window with a sharp utility knife. Fit the new window inside the
existing frame for the old window and then nail the window jamb in
place. Inject nonexpanding foam in the gap between the window jamb
in the frame and the wall of the home and then reinstall the trim and
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seal it with caulk. Follow the manufacturer’s instructions for specifying,
measuring, and installing these windows. Also, consider some other al-
lowable window treatments such as movable insulation systems, inte-
rior storm windows, or simply educating the client on ways to provide
high /low circulation of flow during warm periods or use of draperies
during cold periods.

Some homes, especially mobile homes, have jalousie, awning, or
hopper windows that are very leaky. To replace these, follow instruc-
tions similar to home window replacement except that putty tape and
hex head screws are used to seal the flange of the window against the
wall of a mobile home. Remember to use factory replacement windows
to make sure that they fit properly.

Doors

As with windows, most door replacements have a high cost and
relatively low impact on energy savings, and therefore are not cost-
effective under the weatherization program. Solid wood core doors
that are typically used as exterior doors in homes have an R-value
of only 2.5. Energy Star qualified, foam-filled, steel doors have an R-
value that is only close to 6. Thus, replacing doors is not cost-effective
except in extreme circumstances such as where the door is weathered
or damaged beyond repair, there is significant air leakage, there are
operational problems, the door creates a compromise to building du-
rability, the door represents a hazard to safety or health that cannot be
corrected with repair, or the replacement cost, including material and
labor, is less than the cost to repair. Thus, only in extreme circumstanc-
es is it cost-effective to replace the door. In the private retrofit arena,
it is a function of whether the client wants a door replacement and is
willing to pay for it.

If replacing the door is the best option, install a solid core wood
or an energy-efficient pre-hung door that will fit the size of the rough,
not finished, door opening. This process is typically much quicker than
installing a solid core wood door blank unless you are sure you can
buy an exact fit door replacement that will require little, if any cutting
or trimming of the door. Once the old door and jamb are removed, you
should be able to install and line up the new door and jamb, shim the
gap between the jamb and the rough opening, and then nail or screw
the doorjamb in place. If a solid or wood door is installed, trim or plane
the edges of the door to fit the finished opening size, chisel slots for the
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hinges, install a lock, and
weatherstrip the door. If
needed, replace the hinges
for the door.

If it is decided to re-
pair the door, make sure
the door has a threshold,
a door sweep, a doorstop,
and is properly weather-
stripped. If the door does
not have all of these items,
retrofit the door so it has
them. In addition, repair
or replace damaged or bro-
ken hinges, locksets, and
latches.

Perhaps one of the
most significant leakage
situations with doors is
the cellar door accessed
through an angled bulkhead near grade level on the outside of a home
(often found in the Northeastern U.S.). Often homeowners do not see
the need to seal and weatherstrip these doors because they think the
bulkhead door serves as a seal. Too commonly, neither the bulkhead
door nor the basement door below it is typically sealed well enough to
prevent significant air infiltration into the house in this area. Various
types of door and window seals are shown in Figure 7-72. Because of
the way bulkhead doors are designed, typically the best option is to
tighten the basement door, especially between the jamb and the founda-
tion, where non-expanding foam or blocking and caulking works well.
The other option is to replace it with a pre-hung door that has treated- or
decay resistant-wood for a jamb.

For mobile home doors, choose a prehung, factory replacement,
single exterior door unit. Whether on a regular home or a mobile home,
replacing deteriorated wood around the rough opening is important. If
you are replacing a hot water heater closet door on a mobile home, for
safety reasons make sure the replacement door is louvered if the hot
water heater is fossil fueled.

CASING

Figure 7-71. Door Terminology



Auditing, Planning, and Retrofitting 297

Felt g

Casement Windows

Adhesive Gask
Foam

HEADER

7—'/ W/ sor

Vinyl Gasket Spring Metal

Strip @

Double Hung Windows

Cushion Vinyl
Strip

(s )

STOP

DOOR

)

OOR

Metal Magnet

W

Heavy Duty
Sweep

Drip-cap
Sweep

Brush Sweep o

%%//ﬁ

Figure 7-72.
Various Types of Door and Window Seals



298 Residential Energy Auditing and Improvement

FURNACE DUCTS

Energy Issues

Up to 30 to 40% of the home’s energy can be wasted as a result of
major leaks in ductwork. Thus, sealing duct leaks is a top priority. It
is important to recognize that holes or other leaky spots in ductwork
represent a more significant issue than leaks in the building shell be-
cause ductwork is pressurized to a much higher degree. Thus, if there
are holes of the same size in a duct and in the building shell, far more air
will rush out of the duct than through the building shell hole.

Figure 7-73. Un- Penetration
Sealant
vented Crawlspace E
with Insulated

C

Floor Joists and Air /\/\/\/\/\/W conlant
Conditioning V
Supply Trunk Adhesive
Duct

\
Air Conditioning

6-20 mil vapor barrier
Sealant

Penetration
|_~ Sealant

With furnace
ducts, be primar-
ily concerned Foundation Drain
with ducts located
in unconditioned ©
spaces  because
this is where the
conditioned  air
will most easily leak to the outside of the thermal and air barriers. At
the same time, houses that have virtually all of their ductwork located
in a finished basement area may not be as cost-effective to test or repair
as virtually all of the leaks are “inside” the conditioned space. Uncon-
ditioned spaces are also called “intermediate zones” because they are
not inside or outside. Thus, duct sealing should be done when the ducts
are located in unconditioned spaces such as crawlspaces (Figure 7-73),
attics, or inside of exterior walls. Because duct leakage also significantly
pressurizes or depressurizes these intermediate zones, it exaggerates
the leakage through the building shell into and out of the home. If a
return air leak draws in unconditioned air into the return air duct, or
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Figure 7-74. Having a return air leak can pres-
surize the house with respect to (WRT) the

outside.

Figure 7-75. Caulking narrow joints clos-
est to the furnace is very important.

a supply air leak pushes
conditioned air out into the
unconditioned space, energy
has been wasted in the pro-
cess, Figure 7-74.

Imbalanced pressures
in rooms due to duct leaks in
the home encourage leaks to
the air barrier. These imbal-
ances can cause air leakage
to occur up to 2 to 5 times
what would occur if the im-
balances were not present.

Be most concerned
about duct leaks that occur
close to the furnace (Fig-
ure 7-75) or air conditioner
air handler because this is
where the higher positive
and negative pressures are,
depending upon whether it
is the supply or return ducts,
respectively. Some of the
worst air leakage occurs near
the air handler. If the air han-
dler is located in an uncondi-
tioned space or outside, the
effect is more severe. Some
of the leakiest ducts are met-
al ducts that have not been
sealed, most likely because
of poor fit in their joints.

Any part of the distribution system that uses building framing for
either supply or return air is not true ductwork (Figure 7-76) and must
be well sealed. One of the more common examples of this is metal pan-
ning or sheet-metal on the underside of a basement or crawlspace ceil-
ing joist cavity that serves as a return air duct or plenum. These are
notorious for pulling cold air from unconditioned space. In cases where
the duct is connected to a leaky exterior wall cavity, it can pull cold air
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directly from outside. See Figure 7-77.

Covered wall cavities or stud bays also should not be used as ducts
since lumber and drywall are inappropriate duct materials. If there are
moisture issues, condensation could deposit on the drywall and lum-
ber and result in mildew or mold developing on these surfaces. It also
could ultimately result in degradation of the drywall. Stud bay ducts are
especially inappropriate on outside walls because of exposure to out-
door temperatures. In addition, “toe kicker” vents below the cabinets in
bathroom and kitchen sinks can represent major leakage sites and can
be very difficult to seal unless a direct duct connection is made between
the register in the cabinet foot and the floor duct where it opens.

It should also be mentioned that return duct leakage in an uncon-
ditioned area of greater temperature differential from the house (such
as attics that are hotter during the summer) could take a retrofit priority
over other unconditioned areas that do not reach such a big temperature
differential (such as crawlspaces).

Health and Safety

There is also a safety reason for sealing ducts, especially return
air ducts near combustion furnaces. Negative pressure can be created
in a furnace closet by a leak in a return air duct that draws air into the
return air duct. This results in the backdrafting of the flue gases down a
furnace chimney or flue and into the living spaces. Similarly, pesticide
treatments, mold that has become airborne, water vapor, and radon gas

TO FIT
REGISTER FACE

— CUT PLATE AND
SUBFLOOR

)/ % M FOR DUCT

L
BLOCKING
SUPPLY DUCT
JOIST
ZSPACE FOR DUCT

Figure 7-76. True Ductwork
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Figure 7-77. Metal Pan “Duct” Between Floor Joists is Dis-
couraged

can be drawn up into these return air leaks to create other indoor air
quality problems when the return air leaks are in a crawlspace or base-
ment.

Dirty ducts typically do not have a major effect on airflow, but they
can allow dust to become part of the indoor air. Asthma can be irritated
by this indoor air pollution, so it may not hurt to clean dirty ducts to
help with occupant health and safety.

Connecting and Sealing Ductwork

Before sealing or installing insulation, make sure the ductwork is
properly attached, anchored, or supported. Metal to metal connections
of ductwork must be fastened with a minimum of three equally spaced
screws. This includes connections between the air handler cabinet and
a metal plenum. Flex duct connections to metal must be fastened with
a tie band using an appropriate tie band-tensioning tool. Duct board to
duct board connections should be fastened with a clinch stapler before
sealing. Duct board to flexible duct must be connected with an appropri-
ate takeoff metal collar. When attaching duct board to a metal air han-
dler cabinet, screw the duct board onto the termination bar on the air
handler. Use screws or nails to attach a register boot to the wood around
it to provide a better seal. If the register boot is supported by gypsum
board, provide a boot hanger attached to some of the adjacent support
framing with screws or nails, and connect the boot hanger to the boot
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with screws. In addition, provide snap boots to hold the boot in place
next to the gypsum. All the different duct types must be supported at
least every 4 feet with a minimum of a 1 1/2 inch wide material and at-
tached in a way that it will not cramp the ductwork (see Figure 7-78).
Specifically, metal ducts must be supported with metal rods, strapping
or similar materials.

Ductwork must be
supported at least every 4 feet ’E

C A\

Supply Trunk]
Duct

\/\/\/

Figure 7-78. Ductwork must be supported at least every 4 feet.

Retrofitting Ducts

Duct leaks outside the conditioned space are usually relatively
easy to treat because they are typically more accessible than ducts in
conditioned spaces. Make sure all the ductwork is properly sealed with
a mastic compound and mesh. A properly sealed duct helps keep the
conditioned air inside the home. Do not worry about the appearance of
the mastic and mesh; it is more important that the duct is sealed prop-
erly. For the most part, ductwork is not exposed in the living space and
so cosmetics are not an issue. Creating a tight seal on the ductwork how-
ever is very important. Seal all the joints on any part of the ducts that
are accessible. You want to obtain a post-retrofit pressure pan reading of
1 Pascal or less on all the registers in the home if possible. Make sure all
the connections or joints beginning at the main trunk coming off the fur-
nace, any end caps, register boots, or elbows are carefully and properly
sealed (Figure 7-79). In addition, where the register boot extends up to
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the floor level, attach and seal the outside
face of the boot to the edge of the hole cut
out in the floor.

The closer you seal the metal boot to
the hole, the easier you can fit the register
back over the opening. The better you seal
the boot to the edge of the floor or ceiling
mastic application should be opening, the better you can keep cold air
done where the boots of the from basements, attics or other non-condi-
furnace ductwork connect to  tioned spaces on the other side from leak-
the floor or ceiling. ing into the living space. Perhaps the best

way is to screw or nail the edge of the boot
to the inside edge of the hole along its edge so there is a 1/4 inch or less
gap and use mastic to seal this joint.

Flexible duct is usually used as duct in open attics and crawlspaces
where a finish around the ductwork is not needed. Flexible duct should
be stretched to its maximum length when installed and then supported
in accordance with the manufacturer’s specifications. When pulling it
tight or supporting it, do not significantly pinch the flex duct. The inte-
rior lining of flex duct must be sealed with appropriate UL 181 BM listed
tapes and mastic products. When connecting flex to a metal duct, the
liner must be pulled up onto the metal duct as far as possible before us-
ing the tie band. Make sure the vapor barrier on neighboring duct insu-
lation is taped to the flex duct using an appropriate tape recommended
by the manufacturer. With metal ducts, the insulation must be attached
to the duct by a rot-proof nylon twine or metal wire in a pattern that
will adequately secure the insulation tight to the duct. A manufacturer-
approved tape must seal separations in the duct insulation.

If you find a supply or return vent (Figure 7-80) in the garage, it
must be appropriately removed.

Cut the ductwork dedicated

to the garage back as close as pos-
sible to the major supply plenum of
the furnace. If thereisa Yora T in
the branch system before the duct
extends to the garage, the duct can

be cut off at that Y or T. The hole
Figure 7-80. Vents like this should remaining in the ductwork after
not be in garage walls. the removal of the duct needs to be

Figure 7-79. Caulking and
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capped with sheet metal and fastened with at least three screws. The
hole in the wall must be patched and taped using materials that meet
the firewall requirements for garage /house walls in your area.

If a good portion of the ductwork is hidden from access because it
is in outside walls, an inaccessible attic area, or cathedral ceilings, con-
sider having these ducts sealed with an appropriate UL 181 aerosol. This
involves spraying an aerosol into the ductwork under pressure so that
the aerosol droplets congregate at the leaking holes and plug them. This
can be a relatively expensive operation, but in some cases may be the
only answer to leaky ducts exposed to these outside or unconditioned
spaces.

Concentrate on insulating ducts in unconditioned spaces, but only
after sealing them. R-10 is generally considered a minimum R-value for
ductwork insulation. In colder areas, the insulation requirement may
be higher. Use DOE approved audit software or a priority list to clar-
ify how much insulation to put on ductwork in unconditioned spaces
(according to the weatherization program in your area). In the private
arena, check with local code officials for the minimum duct insulation
requirements.

Vinyl faced fiberglass wrap works well for sealing. Make sure to
use an appropriate tape to seal the joints of the insulation. Follow the
manufacturer’s instructions. If attic ducts lie close enough to the attic
floor, you may be able to cover them with the loose fill insulation for the
attic area. If they do not sit close enough to the floor, then some suggest
that a minimum of R-10 insulation duct wrap be installed in attics.

Make a special point to seal all returns in closets or other spaces
where combustion appliances are located, because the return air duct-
work for combustion appliances can create a negative pressure in the
appliance closet if it leaks. This can result in back draft of atmospheric
appliances in the closet, a very serious health and safety threat.

Make a special effort to appropriately seal the duct materials com-
ing immediately off the furnace that are nontraditional materials such
as framed plywood, etc. This “platform” style return plenum often oc-
curs where a furnace is in a smaller closet, as shown in Figure 7-81.

You may find that you have to remove some parts of these platforms
to seal them off from the inside to better reduce the leakage. The closer
these are to the air handler on the furnace, the more likely it is preferred
to seal the joints from the inside, even if this means having to cut open an
access hole to do so and then to seal the access hole from the outside.
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Figure 7-81. A Framed-in Plat-
form Style Return Plenum
with the Grille Placed on a
Hall Wall

Platform style ducts are of special concern if they are in the garage
because of the additional risk of indoor air quality issues if fumes from
the garage can be drawn into the return air duct system for the living
space in the home. All the ductwork from the furnace to the common
wall between the house and the garage must be fire resistant to the same
level as required for the garage wall.

The sealant of choice for ductwork is a latex-based mastic embed-
ded in fiberglass mesh for holes or openings up to 1/4 inch. For open-
ings greater than 1/4 inch but less than 3/4 inch, the best method is
installing a backing, such as duct tape or foam backer rod, and then
sealing over it with mastic embedded in fiberglass mesh. Some stan-
dards suggest that if a %4 inch or less opening is more than 10 feet from
the air handler, you need not use fiberglass mesh. For openings greater
than 3/4 of an inch, attach a rigid duct material, such as metal, and then
seal over the joints of the attached metal with mastic embedded in fiber-
glass mesh. The mastic must be UL 181 approved and you must overlap
all repair joints by at least 1 inch on all edges with the fiberglass mesh
and mastic combination. One example of an appropriate mastic would
be RCD #6 Mastic. Mastic can be easily applied with gloves or an old
uncontaminated brush. Some recommend that you wear three layers of
vinyl gloves or one layer of vinyl gloves over your hands with a cotton
work glove on the outside. If you are applying mastic to gypsum, spray
water from a spray bottle before applying the mastic. Perhaps the best
overall application involves first spreading a layer of mastic over the
joint, placing fiberglass mesh tape over the top of that layer, and then
applying yet another layer of mastic material over the tape.
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OTHER SPECIAL ISSUES IN AIR LEAKAGE

Flues/Chimneys
The so-called “high-temperature” issues with flues, chimneys, or
recessed light fixtures represent a special category of concern. As shown
in Figure 7-82, there are minimum clearances for brick chimneys.
CONCRETE

(NOT MORTAR}
CHIMNEY CAP

E <« INLET FOR APPLIANCE

CLEARANCE
BETWEEN
CHIMNEY AND
COMBUSTIBLES
(E.G.WOOD)
REQUIRED

TILE SECTIONS
INTHE FLUE
WITH MORTAR
BETWEEN THEM

CLEANOUT FOR >
REMOVING DEBRIS

Figure 7-82. There are minimum clearances for brick chimneys.

To seal around the flues or chimneys use minimum 28-gauge sheet
metal as a flange and high temperature caulk to seal the sheet metal
joints, especially where they meet up with the chimney or flue. Where
the metal needs attachment to the wood framing around the chimney,
construction adhesive will provide a good seal if galvanized nails or
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screws are used to attach the sheet metal to this framing. Other noncom-
bustible materials besides sheet metal may be used if they are rated for
the higher temperatures of flues, etc. You will also need to build a metal
dam at least 3 to 6 inches away from the flue or chimney (depending
on the type of vent pipe material or chimney inside the dam) and high
enough to keep the blown-in cellulose and fiberglass insulation safely
away from the flue or chimney (20 or more inches high). Instead of a
metal dam, you can also stack batts of rock wool carefully cut to fill in
around the chimney or flue on top of the metal flange to hold the cellu-
lose insulation back. This serves as a dam and better insulator than the
open air inside of a metal dam. However, be sure the blow-in insulator
knows not to blow insulation on top of the batts of rockwool.

As a special note, if you find a combustion or make-up air open-
ing in the attic, do not seal it off. These openings provide oxygen to
the burners of combustion appliances. They are typically made of solid
round or square ductwork that is larger than the usual exhaust fan duct
that simply opens up into the attic space. If possible, trace where the
vent goes to verify it is a combustion air vent.

Wrapping brick or metal chimneys or flues with rockwool batt in-
sulation to an adequate height can help avoid having to fit time-consum-
ing metal insulation barriers around them, see Figures 7-83 and 7-84. Do
not confuse these with exhaust fan ducts (like those for bathrooms and
kitchens) that need to be extended to exhaust bad indoor air to the out-

|
|| I

Figure 7-83. Placing rock wool (not fiberglass) against high temperature flues,
chimneys, etc. can make insulating much easier.



308 Residential Energy Auditing and Improvement

. High
Figure 7-84. Bypass- Temp.
es around flues and ggg|ant
chimneys must also
be sealed underneath
the insulation with
high temperature ma-
terials such as sheet
metal and high tem-
ctal and high te Sheet Metal Firestop

perature sealant.

doors. Turning on all the fans in the house before going up into the attic
can help you distinguish exhaust fan ducts from combustion air vents.

Fireplaces

Since all the heated air from a fireplace escapes out the flue, use fire-
places to take advantage of radiation heat from the hot surfaces in the fire.
Fireplaces that are not being used, or fireplaces without glass doors repre-
sent a significant breach in the air barrier. There are many ways to seal off
a fireplace including closing the damper, using an inflatable balloon-like
plastic pillow or using high temperature materials. If you are using the
inflatable pillow, be sure to follow the manufacture’s installation instruc-
tions. Make sure you provide some method of warning any future occu-
pants that the fireplace has been sealed off to avoid anyone using it before
realizing it will not properly draw.
The warning should be conspicuous — \
for anyone who would be in a posi- (I::l I:":ﬂ
tion to ignite a fire in the fireplace. '
The current occupants should also
be verbally warned as well. Take any
precautions you feel are necessary to
make sure no one will try to use the
fireplace without removing the ob-
struction and opening the damper.

Glass doors are probably the Figure 7-85. Glass doors on fireplac-
best measure to signiﬁcantly seal esallow radiant heat to be provided
off, and yet later be able to easily from the fire without the loss of
use, a fireplace, Figure 7-85. They conditioned air from the home.

P




Auditing, Planning, and Retrofitting 309

also keep a fireplace that is being used from becoming a large air leak in
the home and still allow the fire to generate radiant heat.

Vanities, Cabinets, Bathrooms

Vanities and other cabinets that have supply or drainage plumb-
ing, electrical wiring, or other unsealed penetrations through the wall
behind them, can represent compromises to the air barrier, especially if
the wall is an exterior wall. Figure 7-86 shows a hole behind a sink.

In fact, even an interior wall can allow for significant air leakage
if it communicates with an attic because there is no top plate to the
wall or there are many electrical, plumbing, or mechanical penetrations
through the top plate
into the attic. Perhaps
the best way for sealing
these leaks behind cabi-
nets, etc. is with drywall
or other nonflammable
rigid board. Foam board
typically cannot be used
here since it would be
exposed to the living
space, unless the foam is
covered with a fire rated
material like drywall.

Built-in  cabinets
Figure 7-86. Holes often are made into the wall (including china cabi-
behind the plumbing under sinks. These must nets) that are attached
be sealed to avoid bypasses in these areas. to a wall often have no

air barrier between their
backside and the studs. Thus, any intentional or unintentional slits in the
wood or between wood pieces that are part of the backside of the cabinets
will create an automatic air leakage site. A leak site can also be where
the drywall or lath and plaster butts up against the outside edge of these
cabinets. One of the best ways to air seal behind these cabinets may be to
dense pack the wall behind the cabinet if it is an outside wall. If the wall
is an interior wall, it is probably best to seal any penetrations through the
top plate or install a top plate equivalent air barrier if there is none.
Recessed wall systems such as medicine cabinets, electrical panel
boxes, recessed wall niches and shelves, etc. can represent significant
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air leakage sites. The best treatment may be to dense pack around the
recess if it is an outside wall, or sealing the top plate (or installing one if
the wall lacks one) in the case of an interior wall. The only other option
may be to remove the recessed wall item if it is feasible (if it is not an
electrical panel, etc.)

A related issue has to do with cutouts in the flooring under show-
ers and tubs to accommodate supply and drainage plumbing, including
P traps, as shown in Figure 7-87. You may be able to use foam board and
spray foam to seal off these areas. If the foam board is visible from a liv-
ing space, such as the ceiling or basement area, you need to cover the
bottom side of the floor (or at least the foam board and foam) with a fire
resistant material such as drywall.

Figure 7-87. Cutouts around plumbing
penetrations in floors can represent ma-
jor air leakage sites, otherwise known as
“thermal bypasses.”

The wall area behind tubs, fi-
berglass showers, etc. is usually not
covered with drywall because these
fixtures are typically installed before
the drywall is installed. In fact, if the
plumbers do not install insulation
with an air barrier, the shower or tub
wall could be the coldest wall in the house. Perhaps the best option is
to install dense pack cellulose or fiberglass insulation in the wall behind
these fixtures using holes in the wall above the fixtures if possible.

Porches and Additions

Porches and additions can represent a special challenge for good
air sealing and insulating. The areas where porch covers and additions
are tied into an existing home can represent one of the largest hidden
air leaks in a home. Perhaps the porch cover or addition was installed
without first installing sheathing or siding on the wall where it attaches
to the house or around the overhanging joists that serve as structural
support for the porch cover.

Careful use of zone pressure diagnostics can tell whether there are
interconnections between an addition wall and roof or porch cover and
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Figure 7-88. The opportunities for air leakage are greater the more convoluted
the home design. Each change in direction is an opportunity for poor sealing.

This diagram shows some of the locations where air leakage commonly oc-
curs.

the inside of the original or primary walls of the house. If a blower door
test shows a significant difference between the pressure outdoors and
the pressure inside the addition roof or porch cover, such as more than 25
Pascals, then be concerned that the porch or addition attic space signifi-
cantly communicates with the inside of the house. If there is communica-
tion between these areas, then determine the best place to put the air
barrier and insulation. This often may be a function of accessibility. If
you cannot adequately access and seal off the outside sheathing of the
primary wall of the home from the porch or addition attic, then you
probably need to air seal and insulate the entire porch or addition using
dense pack insulation.

Garages
The air barrier between the house and the garage (Figure 7-89) is very
important because of the risk of pollutants such as chemical vapors and
vehicle exhaust getting into the home and creating poor indoor air quality.
Garage doors tend to be very leaky and the floor and walls of the ga-
rage, including any ductwork, are essentially exposed to the outside. There
can also be significant heat loss when the floor cavity of a conditioned floor
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Figure 7-89. Assuring an /]

intact air barrier between
the garage and the living — D

space is critical in pro- —

Air Barrier

tecting the owners from
high utility bills, and
more importantly from

Garage

the risk of pollution in I =
the garage. An often =
overlooked  important -
component to reducing

this risk is the conversion of ordinary hinges to auto-closing hinges on the
house-to-garage door.

above the garage is inadequately insulated. An often overlooked impor-
tant retrofit item to complete in this regard is the replacement of ordinary
hinges with auto-closer hinges on the house-to-garage door.

Use zone pressure diagnostics to evaluate the quality of the air
barrier between the garage and the house. With the house at -50 Pascals,
compare the pressure in the garage with the pressure inside the home.
You can attach a short plastic tube into the end of a tube on a digital
gauge set to the “Pressure, Pressure” mode to find out if it is close to a
50 Pascal difference between garage and house. While inside the house,
place the tube on the threshold of the door and close the garage/house
door over it to read the pressure difference. (See ZPD section for more
details). Air seal and insulate the wall using dense pack insulation in
the wall and the enclosed floor cavity above a tuck under garage if ap-
plicable. Seal any openings or breaks in the wall. Usually it is easiest to
seal from the garage side, and, since this is typically drywall, a sheet
metal drywall patch may be the quickest and easiest method for sealing
smaller holes. Holes larger than about 8” x 8” may have to be sealed
with adequately backed drywall board. Cracks can be sealed with dry-
wall tape and mud.

BASEMENT AND CRAWLSPACES

Inspect
When conducting a walk-through inspection of the basement, look
for the following situations: Make sure stone foundations are in relative-
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ly good shape and they have been properly pointed with mortar. Check
for debris in the perimeter drain, and see if the cellar runway door in the
foundation wall is well sealed and in good condition. In addition, look
for bypasses through the floor where gas pipe, water supply or drainage
plumbing, electrical wires or cables, or mechanical vents or flues pen-
etrate the floor. Another common bypass includes the rim or band joists
area just above the foundation walls. Rim joists are particularly leaky
in older homes built before foam seal was used under the sill plate dur-
ing construction. Also, look for poorly weatherstripped exterior cellar
doors, broken windows, and whether insulation exists on the hot water
heater tank and piping. Remember, if there is at least limited use of a
basement, such as the existence of a washer and dryer, then you may be
more inclined to have the basement treated as conditioned space, espe-
cially if there is no duct insulation or any basement ceiling insulation.

Use the zonal pressure diagnostics technique for a crawlspace
basement as described for the garage, but place the tube underneath the
door or hatch cover to the basement or crawlspace. This will allow you
to determine whether the basement or crawlspace is more connected to
the house or the outside. See Figures 7-90 and 7-91 for different situa-
tions. Set the blower door to create a -50 Pascal pressure in the house
(see ZPD section for more detail). If the pressure is basically the same in
the basement as it is in the house, or if there is a differential of only 0 to
2 Pascals between the two, then there is probably a very leaky floor that
would take a great deal of work to seal off to create an unconditioned
space. In this case, you would probably make the basement or crawl-
space conditioned space and create air and thermal barriers along the
exterior foundation walls and floor of the basement or crawlspace.

If, on the other hand, the pressure is significantly different or there
is a differential of closer to 50 Pascals between the two, then the floor
may be relatively tight. There might also be a vented or relatively leaky
foundation wall to the outside (such as a rubble stone wall). In this case,
it would take a great deal more work to seal the foundation to make
the basement or crawlspace conditioned space. In this case, you would
probably make the basement or crawlspace unconditioned space and
use the ceiling of the crawlspace or basement to create air and thermal
barriers.

A concern with unconditioned basement and crawlspaces is duct-
work leakage. Conduct a pressure pan test on all the vents on the lower
floor of the house to determine how leaky the ductwork is in the base-
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Figure 7-90. Here, the crawl- l l
=

space is more “outside” and
the floor is a relatively tight

air barrier. Why? There is AP =-50Pa h
a great pressure difference Blower
Door

(-48Pa) between the crawl-
space and the house. The -50
Pa reading documents the
pressure difference between
the inside of the house WRT
the outside of the house.

!

Blower
Door

!

Figure 7-91. The crawlspace is more “inside” and the floor is a very leaky air
barrier because there is very little difference in pressure (-2 Pa) between the
house and the crawlspace. (The -50 Pa reading documents the pressure dif-
ference created by a blower door between the inside of the house WRT the
outside of the house.)

ment or crawlspace (see Pressure Pan section for more detail). If it is de-
cided to leave the basement or crawl unconditioned, the reading should
be as close to zero Pascals as possible to feel confident that heat is not
being lost to unconditioned space. In fact, even when the basement or
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crawlspace is conditioned, the pressure pan testing results should be
close to zero Pascals. The tighter the basement or crawlspace, the less
supply air will leak from the ductwork.

Since combustion appliances are often located in basement or
crawlspaces, a worst-case combustion appliance zone/ closet (CAZ) test
needs to be performed to assure safe appliance operation. This test will
better assure that there is no back draft on any atmospheric appliance
flues.

Basement and Crawlspace Strategies

Sealing off basements and crawlspaces can be almost as important
as sealing attic leaks. One way to help prevent attic leaks due to the
stack effect is to plug off the holes in the basement to reduce the flow of
air into the house that becomes available to exit out the attic. Basement
and crawlspace leaks are also sealed for indoor air quality reasons. A
good seal helps keep pesticides, mold, radon, and moisture from getting
into the house.

Whether to retrofit basement or crawlspaces to be conditioned or
unconditioned depends on several factors. As shown in a previous para-
graph, the diagnostics have prob-
ably shown whether the space is
already acting as conditioned or
unconditioned. Another factor is
. how the owner is using the space.

= If the owner only uses the space

for storage that is accessed only

a1y occasionally during the year, then

o - ° ;::.r the basement or crawlspace prob-

ably does not have to be treated
as a living space that needs to be
conditioned. If on the other hand,
the stored items are accessed on
a more regular basis or if there
is a washer and dryer in the area

Figure 7-92. Finding a washer and
dryer in an unfinished basement
would be a major factor in deciding
whether to retrofit it as conditioned
space.

(Figure 7-92) that indicates weekly
use, you would be more inclined
to retrofit it as conditioned space.
Some other factors to consider
to determine whether the base-
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ment or crawlspace should be conditioned or unconditioned space
include whether the outside walls of the basement or crawlspace are
more than 50% below grade, whether the foundation is already rela-
tively tight and unvented, whether water supply pipes or ducts exist in
the space, whether there is a water heater or furnace in the space, and
in the private arena, what the client prefers and can afford. If the base-
ment (Figure 7-93) or crawlspace already feels like it is a conditioned
space (it feels warm to you inside when it is cold outside, or vice versa),
then retrofit it as conditioned space regardless of whether it appears to
be purposefully or unintentionally conditioned. If 50% or more of the
exterior foundation walls of the basement or crawlspace, from top to
bottom, are below the grade of the ground outside, it is more likely to
be treated as conditioned space because much of the ground effectively
provides some degree of free insulation.

If there are exposed water supply pipes in the basement or crawl-
space that cannot be adequately insulated to prevent or protect from
freezing, bring the crawlspace or basement “inside” the house to pro-
tect the pipes from freezing. If the crawlspace or basement cannot be
adequately conditioned to keep

Batt insulation
pipes from freezing, use pipe || i;]loe)err}msettser
heating cables or heat tape that
can plug into most any outlet :
in a home to protect the sup-
ply piping. Be sure that the full
length of the piping is protected
from freezing within the space.

Some heat tape is available with Grade at Level
a thermostat built in so that —_ —
electricity is used only when it 25(’(‘§r:;t\ﬂefltlh:er:9ht If grade is 50%
is cold enough to require it. This or equal to e
saves energy and avoids the risk . ment wall

of overheating if the heat tape i

is not disconnected before the consideration
weather warms up in the spring. 'cr:,:]a(;/i%:)%fmg

It also avoids the risk of freezing
if it is not turned on before the
weather gets cold in the fall.

If the basement or crawl-
space foundation is not vented,

the basement

Figure 7-93. Conditioned Basement with
Insulation on the Walls



Auditing, Planning, and Retrofitting 317

or, from its appearance or testing, it is a relatively tight foundation, treat
it as conditioned space. On the other hand, if the basement or crawl-
space foundation is vented or there is a relatively leaky foundation
(such as often happens in rubble stone foundations), it is more likely
to be treated as unconditioned space because of the additional work in-
volved in sealing so many leaks in the foundation. An exception to this
would be in homes that are in hot, humid climates where it is recom-
mended to make crawlspaces and basements conditioned space. If there
are ducts in the space, even if they end up being insulated, heat will be
lost into the space and it would be preferred to keep the basement or
crawlspace inside the house. Likewise, if a furnace or water heater is lo-
cated in the space, then some of the heat generated by these appliances
can provide some heat to the basement or crawlspace and encourage the
client to treat it as a conditioned space. In the private arena, since you
can usually tell your clients which energy retrofit measures will be more
cost-effective, they end up deciding which measures they want to pay
for. The owners could decide to have the retrofitter install measures that
would not satisfy the SIR requirements of the weatherization program.

Retrofitting Basements Batt insulation in

and Crawlspaces c §The floor joists
If it is decided that the base- /\/\/\/\/\/\/\/\/\/\/\Z%L

ment should be unconditioned, {}\Adhesive

(Figure 7-94) then the retrofit work
that should be done includes: -

L/Vent
1)  sealing all the bypasses be- [
tween the house and the
basement,

2) sealing all the supply and
return ducts in the uncondi-
tioned space,

3) insulating all the ductwork
in the unconditioned space
to the recommended R- val- |
ue for the area, @

4)  installing a vapor barrier to
the heated side of the open Figure 7-94. Unconditioned Base-
floor joists (except in warm, ment with Insulation in the Floor
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humid climates or regions where no vapor barrier is recommend-
ed -see vapor barrier section),

5)  insulating all the open floor joists to the recommended R-value
with batt insulation held up by wire or other supports,

6) if the basement has “closed” floor cavities above it (for example,
a drywall covered ceiling), insulate them with dense pack insula-
tion,

7)  if the floor includes a plank sub floor, you may find that the only
way to adequately air seal the floor is to caulk or foam in the gaps
between the plank boards as well as the other bypasses, or to rely
on a vapor barrier as an air barrier,

8) with rim or band joists bypasses, seal the sill plate/foundation
joint on the inside or outside with caulk, and, if the gap warrants
it, foam. Otherwise, consider installing a 2-inch thick foam board
insulation cut to fit against the band or rim joists and foam seal
around the edges of the foam board in between the floor joists. Be
sure to seal any gaps between the bottom edge of the floor joists
and the foundation as well. An even tighter seal could result from
using a spray in foam application in the rim joist area from the top
of the foundation to the floor deck above. Seal all the penetrations
all the way around them with foam or caulk.

Never seal off the opening of any vent or duct that appears to be
providing combustion air for a combustion appliance such as a furnace,
water heater, or boiler. When the retrofitting work is complete, conduct
pressure pan tests on all the ductwork registers to show a reading close
to zero Pascals.

If it is decided that the basement should be conditioned, then the
retrofit work should begin with air sealing the perimeter mudsill, band
joist, and all the air pathways between the house and the basement.
Also, seal vertical joints in stepped wall transitions, and seal and weath-
erstrip doorways to the basement or cellar from outside, including bulk-
head doors. Seal where gas pipe, water supply or drainage plumbing,
electrical wires or cables, or mechanical vents or flues penetrate the
foundation wall. Also, insulate the band joist area to the recommended
R-value. Seal the sill plate/foundation joint on the inside or outside
with caulk, and if the gap warrants it, foam (Figure 7-95). Install a 2-inch
thick foam board insulation cut to fit against the band or rim joists and
foam seal around the edges of the foam board in between the floor joists.
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Batt insulation
in perimeter
floor joists

Metal flashing acts as
a capillary break and
a termite shield

Extruded polystyrene
rigid foam insulation

—o]

Figure 7-95. Conditioned Basement with Foam Board on the Inside Wall

Be sure to seal any gaps between the bottom edge of the floor joists and
the foundation as well. An even tighter seal could result from using a
spray-in foam application in the rim joist area from the top of the foun-
dation to the floor deck above. Seal all the penetrations coming into the
house, such as plumbing, telephone, etc. all the way around them with
foam or caulk either on the outside or inside, or both if accessible.

If the penetration is below grade, the only option may be to seal
on the inside. If the top of the foundation wall has two or more different
levels, you may find gaps on the vertical edge of these stepped founda-
tions so wide as to require insulation being stuffed into the gap before
you foam or caulk the opening.

If a door from the basement to outside has major damage or major
gaps around its edges, you may want to replace the door. If you replace
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any of the wood framing on the inside that even touches the founda-
tion, be sure to replace it with treated wood, and, if possible, place some
water repellent material between the wood and the foundation, such
as ice shield. Also, make sure to seal any wood that already exists next
to the foundation with caulk. Since there is also a need to insulate the
band joist area to the recommended R-value, you can alternatively both
air seal and insulate the band joist and the mudsill with two-part spray
foam.

In addition, seal off any areas of the basement that will remain un-
conditioned such as coal bins or vented crawlspaces next to basements.
Seal all return ducts and the return plenum for safety, seal cracks in the
foundation wall, and weather strip any doors to the outside. Consider
insulating basement walls inside with either two-part spray foam or a
batt insulation down to 2 feet below where the grade sits outside.

Insulating the inside of basement walls just to 2 feet below the
grade of the ground outside can be four to five times more cost-effective
than insulating to 5 feet below grade. One concern with two-part f