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Objective:
Upon successful completion of this training, the student shall be able to perform a residential
energy audit with visual inspection techniques, a blower door and an infrared camera. After
successful completion of the training, the student will be able to residential perform energy
audits.
Acknowledgements:
This training course is based upon several documents and online information that are available to
the public from the following sources:
• Residential and Commercial Standards of Practice of the International Association of
Certified Home Inspectors (InterNACHI) http://www.nachi.org/;
• Images, illustrations and information from InterNACHI;
• The Canadian General Standards Board (CGSB) Standards;
• The Residential Energy Services Network (RESNET) Mortgage Industry National Home
Energy Rating Systems Standards;
• The American Society for Testing and Materials (ASTM) Standards;
• The Pennsylvania Housing Research/Resource Center (PHRC), www.engr.psu.edu/phr,
Bill Van der Meer;
• Will Decker http://www.deckerhomeservices.com/ and John McKenna
http://www.infrared-certified.com/ for their commitment to providing excellent
instruction and training to property inspectors, and particularly for their work in the field
of thermography and building science. Much of the inspection procedures and
information in this training course related to thermographic inspections and building
science are based upon their dedicated work;
• Moisture-Resistant Homes, U.S. Department of Housing and Urban Development;
• Moisture Control For Buildings, Joseph Lstiburek, Ph.D., February 2002, ASHRAE
Journal;
• The inspection procedures have been adapted from the 2006 Mortgage Industry National
Home Energy Rating Systems Standards authored by the Residential Energy Services
Network;
• Durability by Design, PATH (Partnership for Advancing Technology in Housing); and
• A significant portion of this training is adapted from ENERGY STAR, a joint program of
the U.S. Environmental Protection Agency and the U.S. Department of Energy
http://www.energystar.gov/
The inspection procedures in this training including techniques, options and recommendations
might not be contained within the aforementioned standards. If you need to perform an energy
audit or blower door test that exactly meets a certain set of standards or procedures, you should
obtain a copy of those standards directly from the source.
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What’s an Energy Audit?
An energy audit at a dwelling is often the first step in making a home more energy efficient and
comfortable. An audit can help assess how much energy the dwelling uses. It can help list what
measures need to be taken to improve efficiency.
A professional home energy auditor can use a variety of techniques and equipment to determine
the energy efficiency of a home. Thorough audits often use equipment such as blower doors,
which measure the extent of leaks in the building envelope, and infrared cameras, which reveal
hard-to-detect areas of air infiltration and missing insulation.
A blower door test is highly effective in evaluating the airtightness of a building envelope and
effectiveness of sealing air leaks. While a versatile tool, blower doors have their limitations.
There are many things that cannot be “seen” by a blower door test. The only practical way of
detecting them is through a combination of infrared scanning and visual inspection.
Many things can affect the energy performance of homes. An energy audit can identify the
factors that contribute to the waste of energy in a home. It can also help with making the home
more comfortable to the occupants. An audit can help with identifying factors that affect the
health and safety of the occupants.
Energy audits alone don't save energy. The objective of an energy audit is to make good
recommendations that will likely improve the performance of the structure while lowering
energy consumption.
Next
Homeowners can do their own energy audits. Let’s see what homeowners can do to find out
how energy efficient their home is.
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Homeowners Can Do Energy Audits
Homeowners can do an energy audit for themselves. If they have five minutes and their last 12
months of utility bills, they can use the ENERGY STAR Home Energy Yardstick to compare the
home's energy efficiency to similar homes across the country and get recommendations for
energy-saving home improvements from ENERGY STAR. They will also need to enter some
basic information about their home (such as zip code, age, square footage, and number of
occupants). If they do not have the bills, they can contact their utility company for a 12-month
summary.
Homeowners can contact their utility company to see if they offer free or discounted energy
audits to their customers. In many states across the country, homeowners can get a free energy
audit. If not, they can hire a home energy professional to evaluate the home's energy efficiency.
Homeowners can easily conduct a home energy audit for themselves. With a simple but diligent
walk-through, they can spot many problems in any type of house. When auditing the home, the
homeowner should keep a checklist of areas that have been inspected and note problems found.

Locating Air Leaks
The potential energy savings from reducing drafts in a home may range from 5% to 30% per
year, and the home is generally much more comfortable afterward. Homeowners can check for
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indoor air leaks, such as gaps along the baseboard or edge of the flooring and at junctures of the
walls and ceiling. Air might be flowing through places such as:
• Electrical outlets;
• Switch plates;
• Window frames;
• Baseboards;
• Weather stripping around doors;
• Fireplace dampers;
• Attic hatches; and
• Wall- or window-mounted air conditioners.
Gaps around pipes and wires, electrical outlets, foundation seals, and mail slots should be
checked. Caulking and weather stripping are should be applied properly, leaving no gaps or
cracks, and should be in good condition.
Homeowners can inspect windows and doors for air leaks. If they rattle, they probably leak air. If
there’s daylight around a door or window frame, then the door or window leaks. Homeowners
can check the storm windows to see if they fit and are not broken.
If the homeowner is having difficulty locating leaks, they may want to conduct a basic building
pressurization test:
1. First, close all exterior doors, windows, and fireplace flues.
2. Turn off all combustion appliances such as gas burning furnaces and water heaters.
3. Then turn on all exhaust fans (generally located in the kitchen and bathrooms) or use a
large window fan to suck the air out of the rooms.
This test increases infiltration through cracks and leaks, making them easier to detect. Incense
sticks or a damp hand could be used locate these leaks. If incense sticks are used, moving air will
cause the smoke to waver, and if a damp hand is used, any drafts will feel cool.
On the outside of the house, a homeowner can inspect all areas where two different building
materials meet, including:
• All exterior corners;
• Where siding and chimneys meet; and
• Areas where the foundation and the bottom of exterior brick or siding meet.
Holes or penetrations for faucets, pipes, electric outlets, and wiring should be sealed and caulked.
Cracks and holes in the mortar, foundation, and siding should be found and sealed with an
appropriate material. The exterior caulking around doors and windows should be checked to see
whether exterior storm doors and primary doors seal tightly.
When sealing any home, homeowners must always be aware of the danger of indoor air pollution
and combustion appliance "backdrafts." Backdrafting is when the various combustion
appliances and exhaust fans in the home compete for air. An exhaust fan may pull the
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combustion gases back into the living space. This can obviously create a very dangerous and
unhealthy situation in the home.

In homes where a fuel is burned (i.e., natural gas, fuel oil, propane, or wood) for heating, the
appliance must have an adequate air supply. Generally, one square inch of vent opening is
required for each 1,000 BTU of appliance input heat. When in doubt, the homeowner should
contact their local utility company, energy professional, or ventilation contractor.
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Insulation
Heat loss through the ceiling and walls in a home could be very large if the insulation levels are
less than the recommended minimum. When the house was built, the builder likely installed the
amount of insulation recommended at that time. Given today's energy prices (and future prices
that will probably be higher), the level of insulation might be inadequate, especially if the home
is older.
If the attic hatch is located above a conditioned space, it should be as heavily insulated as the
attic, weather stripped, and closing tightly. In the attic, the openings for items such as pipes,
ductwork, and chimneys should be sealed. Any gaps should be sealed an expanding foam caulk
or some other permanent sealant.
While the homeowner is inspecting the attic, they can check to see if there is a vapor barrier
under the attic insulation. The vapor barrier might be tarpaper, Kraft paper attached to fiberglass
batts, or a plastic sheet. If there does not appear to be a vapor barrier, the homeowner might
consider painting the interior ceilings with vapor barrier paint. This reduces the amount of water
vapor that can pass through the ceiling. Large amounts of moisture can reduce the effectiveness
of insulation and promote structural damage.
The attic vents should not be blocked by insulation. Electrical boxes in the ceiling should be
sealed with flexible caulk (from the living room side or attic side) and cover the entire attic floor
with at least the current recommended amount of insulation.
Checking a wall's insulation level is more difficult. A particular exterior wall can be selected.
The electricity to any outlet in the wall should be turned off with the circuit breaker or fuse for
any outlets in the wall. The outlets must be tested to make certain that they are not "hot." One
can check the outlet by plugging in a functioning lamp or portable radio. Once it is certain that
the outlets are not getting any electricity, the cover plate from one of the outlets can be removed
and a non-conductive probe (a wood stick) can be inserted into the wall. If some slight
resistance is encountered, there is insulation there. Ideally, the wall cavity should be totally
filled with some form of insulation material. Unfortunately, this method cannot tell the
homeowner if the entire wall is insulated, or if the insulation has settled. Only a thermographic
inspection with an IR camera can do this.
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If the basement is unheated, the homeowner should determine whether there is insulation under
the living area flooring. In most areas of the country, an R-value of 25 is the recommended
minimum level of insulation. The insulation at the top of the foundation wall and first floor
perimeter should have an R-value of 19 or greater. If the basement is heated, the foundation
walls should be insulated to at least R-19. The water heater, hot water pipes, and furnace ducts
should all be insulated.
Heating/Cooling Equipment
The homeowner should inspect their heating and cooling equipment annually, or as
recommended by the manufacturer. If the HVAC system is a forced-air furnace, the air filters
should be checked and replaced as needed. Generally, they should be changed about once every
month or two, especially during periods of high usage. Have a professional check and clean the
equipment once a year.
If the unit is more than 15 years old, the homeowner should consider replacing the system with
one of the newer, energy-efficient units. A new unit would greatly reduce their energy
consumption, especially if the existing equipment is in poor condition. The ductwork should be
checked for dirt streaks, especially near seams. These dirt streaks indicate air leaks, and they
should be sealed with a duct mastic. Any ducts or pipes that travel through unheated spaces
should be insulated. An insulation R-Value of 6 is the recommended minimum.
Lighting
Energy for lighting accounts for about 10% of an electric bill for a typical residential house. A
homeowner could check the wattage size of the light bulbs in their house. They may have 100watt (or larger) bulbs where 60 or 75 watts would do. They should also consider compact
fluorescent lamps for areas where lights are on for hours at a time. Their electric utility may offer
rebates or other incentives for purchasing energy-efficient lamps.
Next
Now, let’s assume that the homeowner does not want to do their own energy audit, and they hire
a professional home energy auditor. In the next section, we’ll take a look at a procedural
checklist that an energy auditor might follow in conducting an energy audit.
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Professional Home Energy Auditor
A professional home energy auditor can use a variety of techniques and equipment to determine
the energy efficiency of a home. Thorough audits often use equipment such as blower doors,
which measure the extent of leaks in the building envelope, and infrared cameras, which reveal
hard-to-detect areas of air infiltration and missing insulation.
Many things can affect the energy performance of homes. An energy audit can identify the
factors that contribute to the waste of energy in a home. It can also help with making the home
more comfortable to the occupants. An audit can help with identifying factors that affect the
health and safety of the occupants. The objective of an energy audit is to make good
recommendations that will likely improve the performance of the structure while lowering
energy consumption.
The following is a simple checklist of actions to take during a residential home energy audit.
This type of form can be used by an inspector to help with the step-by-step procedure of
performing the audit. Checklists help reduce mistakes and keep a busy inspector from missing
important steps.
Inspection Procedural Checklist
Complete
Inspection Task
Interview
Safety
Energy bills
Temperature and humidity
Basement and crawlspace
Floors
Slab on grade foundation
Thermal mass
Insulation in basement and
crawlspace
Perimeter slab
Walls
Insulation in exterior walls
Ceilings
Roof
Insulation in attics
Insulation in framed ceilings
Insulation in floors
Doors
Windows
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Lights
Exterior
Blower door test
Ducts
HVAC
Hot water source
Appliances
The checklist in Form 1 is a sample checklist. It should be used and improved upon by the
inspector. If you use it and there are blank spaces, that’s fine. Not all of the fields in the form
will apply to every home. There may be times when you will have to add something particular
to the form. It is a guide that needs to be improved by you as you perform audits.
As you perform an audit at a particular dwelling, you might find a condition or combination of
conditions that make up the greatest source of energy loss, discomfort or safety issue. From an
evaluation of these conditions, you will form recommendations to take actions, including
improvements or repairs to the dwelling, in order to increase the performance of the structure. A
re-visit with a second blower door test might be needed after the improvements and repairs are
made and problems are corrected.
After a large problem or condition is discovered during your inspection of the structure, and
corrections are made, it is best practice to recommend a second blower door test and inspection.
This second inspection at the property will find the more subtle conditions such as small air leaks
that might not have been so obvious during the first audit. For example, if the attic access
(scuttle or hatch) is not insulation or sealed well with insulation and gasket material, you will
make recommendations to improve that condition. And you should make a recommendation to
come back and do another inspection after the attic access (scuttle or hatch) is improved.
Next
One of the most important things to do in performing an energy audit is to ask questions. The
answers will guide and direct your investigation. In the next section, let’s look at some of those
questions you might ask.
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Interview
Interviewing the occupants and/or homeowner is essential in directing your inspection. The
occupants will have an intimate knowledge of the performance of the dwelling and the will often
discuss matters related to levels of comfort felt in certain rooms or areas within the dwelling.
Ask questions. The answers will guide and direct your investigation naturally. The goal of the
interview is to identify areas of concern for that particular dwelling. Those areas will often result
in discovering conditions that are causing losses in energy or poor performance.
The following questions might be helpful to you in your interview:
•
•

How old is the dwelling?
Have there been any significant additions, changes or improvements?

•
•

How many occupants are there?
Is the dwelling unoccupied when people are at work?

•
•
•
•

What type of heating system is installed?
What type of cooling system is installed?
Is there an electrical space heating unit installed?
Is there a room air conditioner installed?

•

Does anyone suffer from chronic headaches or breathing problems?

•
•
•

What type of thermostat is installed? Programmable?
What do you set the thermostat to during the summer? During the winter?
Is it working properly?

•
•

Do any rooms feel different than the others? Hot rooms? Cold rooms?
Is there a level/floor of the dwelling that feels different that the others?

•

Are there supply and return registers open or closed depending upon the season?

•
•

Do you use a humidifier? A dehumidifier?
Have you noticed condensation forming on any windows?

•
•

Do you open windows in the summer or winter?
Do you notice any drafts in the dwelling?

•
•
•

Is there a kitchen exhaust fan? Bath fan? How are they typically used?
Is there a clothes dryer installed?
Is there a fireplace?

•

What are your concerns with the dwelling?
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•

What are you expecting from an energy audit being performed at your dwelling?

Next
In the next section, let’s talk about getting some energy information from your client. You can
see a lot from viewing the energy bills. Request from your client the bills of the home’s energy
use from the last 12 months. That information can be used to figure out the costs associated with
the house’s efficiency.
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Energy Bills
It is important to request the energy bills of the home of the last 12 months from the occupants or
homeowner. You can use these bills to figure out the energy content of the electricity and fuel
versus the costs. This data can be entered into a software program for energy inspections that
will help you with the calculations.
Electric energy is measured in kilowatt-hours that have an energy content of 3412 BTUs per
kWh. A BTU is the energy required to raise a pound of water one degree Fahrenheit.
Depending upon the costs of electricity and natural gas, you may find that the costs of electricity
may be 3 times that of natural gas. If you find an opportunity to save energy consumption in a
home, reducing electricity consumption might result in saving three times as much money as
does reducing gas consumption. If in your area electricity is produced by burning coal, there are
other benefits to the environment when you make recommendations to save electricity.
It may be commonly known in your area that older apartments and rental units waste a lot of
energy. They use plenty of energy and most of it is wasted. If that energy waste is discovered
by energy audits and corrected, then energy is saved, energy bills are reduced, and the dwelling
units are more comfortable to live in.
Examining the bills before performing an energy audit can be helpful. The energy bills might
give clues about how the structure wastes energy. You may be able to see if the amount of
energy corresponds with the size of the dwelling. Are there any patterns in the bills from monthto-month or season-to-season? Is there electricity consumption for an electric resistance heater
in a dwelling that has a heating system using natural gas? Are the occupants complaining about
the high energy bills?
Adjust by Size
It is sometimes useful to adjust the energy consumption by the size of the dwelling and the
weather. You could separate the energy used to condition the space from the energy used for
other purposes. You get an average of the monthly consumption of energy during the months in
which there is no energy used to condition the space. Subtract that amount from the energy
consumed during the months in which space conditioning is used (typically during the heating
season). This will give you an approximation for the amount of energy used during the months
where conditioning the air in the home is needed. This is expressed in BTUs, where a therm of
natural gas = 100,000 BTU’s and a kWh of electricity = 3,412 BTUs. Divide that approximation
by the square footage of the dwelling, and the result will be BTUs/ft2. This is the amount of
energy used to condition the home per square foot.
Adjust by HDD
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It is useful to adjust the energy consumption by the weather conditions. The most common
technique for adjusting energy to the weather is by using the heating degree day.
Heating degree day (HDD) reflect the demand for energy needed to heat a home. These numbers
are derived from daily temperature observations, and the heating requirements for a home at a
specific location are considered to be directly proportional to the number of HDD at that
location. There is a similar index, cooling degree day (CDD), reflect the amount of energy used
to cool a home.
HDD are defined relative to a base temperature - the outside temperature above which a dwelling
needs no heating. HDD should be selected with the most appropriate base temperature for that
dwelling. However, HDD is often calculated with the base temperature of 65°F (18°C).
There are a number of ways in which HDD can be calculated: the more detailed a record of
temperature data, the more accurate the HDD that can be calculated. However, most HDD are
calculated using simple approximation methods that use daily temperature readings instead of
more detailed temperature records such as half-hourly readings. One popular approximation
method is to take the average temperature on any given day, and subtract it from the base
temperature. If the value is less than or equal to zero, that day has zero HDD. But if the value is
positive, that number represents the number of HDD on that day.
HDD can be added over periods of time to provide a rough estimate of seasonal heating
requirements. In the course of a heating season, for example, the number of HDD for New York
City is 5,050 whereas that for Barrow, Alaska is 19,990. Thus, one can say that, for a given home
of similar structure and insulation, around four times the energy would be required to heat the
home in Barrow than in New York. Likewise, a similar home in Los Angeles, California, whose
heating degree days for the heating season is 2,020, would require around two fifths the energy
required to heat the dwelling in New York City.
Example: For a typical Boulder, CO winter day with High = 40F and Low = 30F, the Average
Temperature = 35F. For that day HDD = (65 - 35) = 30. A month of thirty similar days might
accumulate HDD = 900. A year (including summer average temperatures above 70F) might
accumulate an annual HDD = 5000.
Now, divide that number for the year into the BTU/ft2 figure for that period, which will give you
BTU/ft2/HDD.
If this number is below 5 BTU/ft2/HDD, the chance of saving money and increasing comfort is
reduced. If the number is between 5 and 10, you may have good opportunities to save energy. If
the number is above 10, then there are great opportunities to save incredible amounts of energy
and increase the comfort level of the dwelling.
Next
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Before actually performing your inspection or energy audit, you should pay attention to safety.
Let’s think about safety in the next section.
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Safety
Orient yourself in the dwelling. Understand where the major systems and components are
located. Where is the heating system? Are there air ducts or radiant units? Where is the
thermostat? And determine where those areas of concern identified by the occupant are located.
You might make a sketch of the dwelling. The sketch would illustrate the structure’s orientation,
general layout, the location of the unit within a larger building, location of windows and doors,
etc.
Take note of the types of windows. Check the air conditioner unit including make, model, SEER
and condition. Look for water, moisture or condensation problems.
You might use a gas leak detector tool to check for any leaks at the heating system, hot water
source, stove, oven, clothes dryer, fireplace, or any other gas-fired appliance. Gas pipe
connections should be checked. Check the gas valves for certain.
Before starting the blower door test, you must turn off all gas-fired appliances. They must not
fire-up or turn on during the blower door test. If the appliance is left on during a blower door
test, a back drafting of hazardous gases will be created, sucking carbon monoxide into the living
spaces.
Many inspectors will leave their car keys on top of the hot water source to serve as a reminder to
turn the appliance back on before leaving the dwelling.
Next
In the next section, we’ll learn about electricity usage and the appliances. Did you know
appliances account for about 17% of a household’s energy consumption?

Page 20 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

Appliances and Electricity
Appliances account for about 17% of a household's energy consumption, with refrigerators,
clothes washers, and clothes dryers at the top of the consumption list.
There are actually two costs for an appliance. The first one is the purchase price. The second is
the cost of operating the appliance during its lifetime.
To help figure out whether an appliance is energy efficient, the federal government requires most
appliances to display the bright yellow and black Energy Guide label. The label will state the
annual energy consumption and operating cost for each appliance.
What's a Kilowatt?
When you use electricity to cook a pot of rice for 1 hour, you use 1000 watt-hours of electricity!
One thousand watt-hours equals 1 kilowatt-hour, or 1 kWh. A utility bill usually shows the
charge for the kilowatt-hours being used. The average residential rate is 9.4 cents per kWh. A
typical U.S. household consumes about 11,000 kWh per year, costing an average of $1,034
annually.

How Much Electricity Do Appliances Use?
This chart shows how much energy a typical appliance uses per year and its corresponding cost
based on national averages. For example, a refrigerator uses almost five times the electricity the
average television uses.
Refrigerator
Refrigerators and freezers can consume about a sixth of all electricity in a typical home - using
more electricity than any other single household appliance.
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Fortunately, refrigerators have gotten much more efficient over the past 20 years. Modern
refrigerators use 60 percent less electricity on average than 20-year-old models.
If the dwelling has an old refrigerator, it may be costing as much as $200 a year in electricity. A
new, more efficient model could pay for itself just from the energy savings.
It is important to consider the operating costs as well as the purchase price when making buying
decisions.
Estimating Appliance and Home Energy Use
You can use this formula to estimate an appliance's energy use:
(Wattage  Hours Used Per Day ÷ 1000 = Daily Kilowatt-hour (kWh) Consumption
(1 kilowatt (kW) = 1,000 Watts)
Multiply this by the number of days you use the appliance during the year for the annual
consumption. You can then calculate the annual cost to run an appliance by multiplying the kWh
per year by the local utility's rate per kWh consumed.
Note: To estimate the number of hours that a refrigerator actually operates at its maximum
wattage, divide the total time the refrigerator is plugged in by three. Refrigerators, although
turned "on" all the time, actually cycle on and off as needed to maintain interior temperatures.
Examples:
Window fan:
(200 Watts  4 hours/day  120 days/year) ÷ 1000
= 96 kWh  8.5 cents/kWh
= $8.16/year
Personal Computer and Monitor:
(120 + 150 Watts  4 hours/day  365 days/year) ÷ 1000
= 394 kWh  8.5 cents/kWh
= $33.51/year
Wattage
You can usually find the wattage of most appliances stamped on the bottom or back of the
appliance, or on its nameplate. The wattage listed is the maximum power drawn by the
appliance. Since many appliances have a range of settings (for example, the volume on a radio),
the actual amount of power consumed depends on the setting used at any one time.
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If the wattage is not listed on the appliance, you can still estimate it by finding the current draw
(in amperes) and multiplying that by the voltage used by the appliance. Most appliances in the
United States use 120 volts. Larger appliances, such as clothes dryers and electric cook tops, use
240 volts. The amperes might be stamped on the unit in place of the wattage.
If not, you could use a clamp-on ammeter—an electrician's tool that clamps around one of the
two wires on the appliance—to measure the current flowing through it. Take a reading while the
device is running; this is the actual amount of current being used at that instant.
When measuring the current drawn by a motor, note that the meter will show about three times
more current in the first second that the motor starts than when it is running smoothly.
Many appliances continue to draw a small amount of power when they are switched "off." These
"phantom loads" occur in most appliances that use electricity, such as VCRs, televisions, stereos,
computers, and kitchen appliances. Most phantom loads will increase the appliance's energy
consumption a few watt-hours. These loads can be avoided by unplugging the appliance or using
a power strip and using the switch on the power strip to cut all power to the appliance.
Typical Wattages of Various Appliances
Here are some examples of the range of nameplate wattages for various household appliances:
* Aquarium = 50–1210 Watts
* Clock radio = 10
* Coffee maker = 900–1200
* Clothes washer = 350–500
* Clothes dryer = 1800–5000
* Dishwasher = 1200–2400 (using the drying feature greatly increases energy consumption)
* Dehumidifier = 785
* Electric blanket- Single/Double = 60 / 100
* Fans
o Ceiling = 65–175
o Window = 55–250
o Furnace = 750
o Whole house = 240–750
* Hair dryer = 1200–1875
* Heater (portable) = 750–1500
* Clothes iron = 1000–1800
* Microwave oven = 750–1100
* Personal computer
o CPU - awake / asleep = 120 / 30 or less
o Monitor - awake / asleep = 150 / 30 or less
o Laptop = 50
* Radio (stereo) = 70–400
* Refrigerator (frost-free, 16 cubic feet) = 725
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* Televisions (color)
o 19" = 65–110
o 27" = 113
o 36" = 133
o 53"-61" Projection = 170
o Flat screen = 120
* Toaster = 800–1400
* Toaster oven = 1225
* VCR/DVD = 17–21 / 20–25
* Vacuum cleaner = 1000–1440
* Water heater (40 gallon) = 4500–5500
* Water pump (deep well) = 250–1100
* Water bed (with heater, no cover) = 120–380
Voltage Drop
During your energy audit, you will want to test the refrigerator circuit for voltage drop. Find the
electrical circuit associated with the refrigerator. You want to test the check the energy
consumption of the appliance. Check it using a meter that puts a 15-amp load on the circuit for a
short period of time and measures the voltage drop on it.
Voltage drop is a measure of how much a circuit's voltage fluctuates (or drops) once a load is
applied. Voltage drop can be calculated by comparing a voltage measurement with no load on
the circuit to a voltage measurement under full load.
Voltage drop can be easily measured with a SureTest® Circuit Analyzer. This device puts a full
load onto the circuit without tripping a breaker or causing any interruption to equipment on the
line. It compares the voltage measurement at full load, with a measurement at no load and
calculates the voltage drop.
The National Electrical Code (NEC) recommends that the combined voltage drop of the
electrical system (branch circuit and feeders) not exceed 5% for optimum efficiency. It is
important to note that this is a recommendation and that local inspectors, or other governing
bodies, may use their own judgment on an acceptable level of voltage drop for the electrical
system.
A simple tightening the connections in the electric outlet might solve a voltage drop problem.
But if several outlets show the same problem, then there is a need for further investigation.
Best Practices for Refrigerators
These guidelines will reduce the amount of energy a refrigerator uses:
• Set an appropriate temperature. Keep the refrigerator at 35 to 38 degrees Fahrenheit.
• Place the fridge in a cool place. Position the refrigerator away from a heat source such as
an oven, a dishwasher, or direct sunlight from a window.
Page 24 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

•
•
•

Allow air circulation behind the fridge. Leave a few inches between the wall and the
refrigerator, and keep the condenser coils clean if it’s an older model.
Check the door seals. Make sure the refrigerator seals around the door are airtight. If not,
they should be replaced.
The door should be kept closed. The amount of time the refrigerator door is open should
be minimized.

If your client buys a new refrigerator, inform them that the old one can be recycled. Many
appliance retailers will pick up and recycle the old refrigerator.
Next
Let’s learn about the insulation. Inadequate insulation and air leaks cause a lot of waste of
energy in most homes. It’s important to understand what insulation is, what it does, and how to
inspect for insulation. In the next sections, we’ll do all that and more.
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Types of Insulation
In this section, we’ll learn about the different types of insulation. There are many.
The type of insulation used, the R-value, and thickness needed is directly related to the nature
and location of the spaces in the house that is insulated. Different forms of insulation can be used
together. You may find batt or roll insulation over loose-fill insulation.
Blankets
Blankets are in the form of batts or rolls. They are flexible. They are made from mineral fibers,
including fiberglass or rock wool. They are available in different widths and lengths. There are
standard sizes (widths) for inserting in between studs and floor joists. They are available with or
without vapor-retarder faces (paper face). A batt insulation when installed in the ceiling of a
basement and the insulation is exposed may have a flame-resistant face.
Blown-in Loose-fill
Blown-in loose-fill insulation can be cellulose, fiberglass, rock wool or fiber pellets. The
insulation can be blown-in using a pump and hose system. This type of insulation can be blown
into wall cavities. You may often see it blown onto the attic floor.
When the wall is being insulated, cellulose and fiberglass can be blown onto the wall. The
insulation material is mixed with an adhesive or foam to make the insulation resistant to settling.
Foam Insulation
Foam insulation can be installed by a professional using special equipment that meters, mixes,
and sprays the foam insulation. Polyicynene is an open-celled foam. Polyisocyanurate and
polyurethane are closed-cell foams. In general, open-celled foams allow water to move through
the wall easier than closed-cell foams. Some of the closed-cell foams are therefore able to
provide a better R-value where the space is limited.
Rigid Insulation
Rigid insulation is made from fibrous materials or plastic foams. They are made into boards or
molded-pipe coverings. Rigid insulation boards may be faced with reflective foil that reduces
heat flow when next to an air space. You’ll commonly find rigid insulation installed up against
foundation walls or used as an insulated wall sheathing.
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Reflective Insulation
Reflective insulation is made up from aluminum foils with a bunch of different backings
including kraft paper, plastic film polyethylene bubbles, or cardboard. Reflective insulation is
most effective in reducing downward heat flow. You often find them located between roof rafter
boards, floor joists, or wall studs. If a single reflective surface is installed, and it faces an open
air space, then it is called a radiant barrier.
Radiant Barriers
Radiant barriers are intended to reduce the summer heat gain and the winter heat loss. In new
homes, you may see foil-faced wood components at the roof sheathing system (installed with the
foil facing down into the attic. There may be other areas with the radiant barrier is integrated into
the building components and structure of the home. For existing homes, a radiant barrier will
typically be found stapled across the bottom of some joists. All proper radiant barriers should
have a low emittance (0.1 or less) and a high reflectance (0.9 or more).
The radiant barrier should not be laid on top of the attic floor insulation or on the attic floor
anywhere, because it will soon be covered with dust and will not work.
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Types of Insulation
Form

Insulation Materials

Where
Applicable

Installation
Method(s)

Advantages

Blanket: Fiberglass
batts and Mineral (rock or slag)
rolls
wool
Plastic fibers
Natural fibers

Unfinished walls, Fitted between
including
studs, joists, and
foundation walls, beams.
and floors and
ceilings

Do-it-yourself.
Suited for
standard stud and
joist spacing,
which is relatively
free from
obstructions.

Concrete Foam beads or liquid
block
foam:
insulation
• Polystyrene
• Polyisocyanurate
or polyiso
• Polyurethane
• Vermiculite or
perlite pellets

Unfinished walls, Involves
including
masonry skills.
foundation walls,
for new
construction or
major
renovations.

Autoclaved
aerated concrete
and autoclaved
cellular concrete
masonry units
have 10 times the
insulating value of
conventional
concrete.

Foam
Polystyrene
board or Polyisocyanurate or
rigid foam polyiso
Polyurethane

Unfinished walls,
including
foundation walls;
floors and
ceilings;
unvented lowslope roofs.

High insulating
value for
relatively little
thickness.

Interior
applications:
must be covered
with 1/2-inch
gypsum board or
other buildingcode approved
material for fire
safety.

Can block thermal
short circuits
when installed
continuously over
frames or joists.

Exterior
applications:
must be covered
with
weatherproof
facing.
Insulating Foam boards or foam
concrete blocks
forms
(ICFs)

Unfinished walls, Installed as part
including
of the building
foundation walls, structure.
for new
construction.
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Loose-fill Cellulose
Fiberglass
Mineral (rock or slag)
wool

Enclosed existing
wall or open new
wall cavities;
unfinished attic
floors;
hard-to-reach
places.

Blown into place
using special
equipment;
sometimes
poured in.

Reflective Foil-faced kraft paper,
Unfinished walls, Foils, films, or
system plastic film, polyethylene ceilings, and
papers: fitted
bubbles, or cardboard
floors.
between woodframe studs,
joists, and beams

Good for adding
insulation to
existing finished
areas, irregularly
shaped areas, and
around
obstructions.
Do-it-yourself.
All suitable for
framing at
standard spacing.
Bubble-form
suitable if framing
is irregular or if
obstructions are
present.
Most effective at
preventing
downward heat
flow; however,
effectiveness
depends on
spacing.

Rigid
Fiberglass
fibrous or Mineral (rock or slag)
fiber
wool
insulation

Ducts in
unconditioned
spaces and other
places requiring
insulation that
can withstand
high
temperatures.

HVAC
contractors
fabricate the
insulation into
ducts either at
their shops or at
the job sites.

Can withstand
high temperatures.

Sprayed
foam and
foamed-inplace

Enclosed existing
wall or open new
wall cavities;
unfinished attic
floors.

Applied using
small spray
containers or in
larger quantities
as a pressure
sprayed (foamedin-place)
product.

Good for adding
insulation to
existing finished
areas, irregularly
shaped areas, and
around
obstructions.

Cementitious
Phenolic
Polyisocyanurate
Polyurethane

Structural Foam board or liquid
insulated foam insulation core

Unfinished walls, Builders connect SIP-built houses
ceilings, floors, them together to provide superior
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panels
(SIPs)

Straw core insulation

and roofs for new construct a
construction.
house.

and uniform
insulation
compared to more
traditional
construction
methods; they
also take less time
to build.

Insulation Labels
The Federal Trade Commission has clear rules about the R-value label that must be placed on all
residential insulation products. The label should have a clearly stated R-value and information
about health, safety, and fire-hazard issues. If you are inspecting a house during construction,
you may request that the contractor provide the product label from each package. This can also
tell you how many packages were used.
Next
Now we know about all the different types of insulation, let’s learn some insulation
fundamentals such as how insulation actually works to increase the efficiency of a house. And
we’ll do that in the next section.
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Insulation Fundamentals
As a property inspector you are required to inspect and report upon the insulation. Let’s learn
about insulation, how it functions to keep the building durable and the occupants comfortable.
Heating and cooling takes accounts for 50 to 70% of the energy used in the average home in the
United States. Inadequate insulation and air leakage causes a lot of waste of energy in most
homes. Insulation does the following things:
• Helps us save money;
• Helps to save our limited energy resources;
• Makes a house comfortable;
• Maintains uniform temperatures throughout a house;
• Makes a house warm in the winter; and
• Makes a house cool in the summer.
How Insulation Works
Insulation provides resistance to heat flow. The more heat flow resistance the insulation
provides, the lower the heating and cooling costs.
Heat flows naturally from a warm to a cool – from a warmer space to a cooler space. In the cold
winter, this heat flow moves directly from all heated living spaces to adjacent unheated spaces
such as attics, garages, basements, under-floor crawlspaces, and even to the outdoors. Heat flow
can also move indirectly through interior ceilings, walls, and floors—wherever there is a
difference in temperature. During the cooling season, heat flows from the exterior to the interior
of a building.
To keep the occupants of the building comfortable, the heat lost in the winter must be replaced
by the heating system, and the heat gained in the summer must be removed by the cooling
system. A properly insulated home will decrease this heat flow by providing an effective
resistance to the flow of heat.
Batts, blankets, loose fill, and low-density foams all work by limiting air movement. The still air
inside the insulation is an effective insulator because it eliminates convection. Still air also has
low conduction, so heat doesn’t flow very well via conduction through insulation. Some foams
are filled with special gases that provide additional resistance to heat flow.
Reflective insulation limits heat that travels in the form of radiation. Some reflective insulation
also reduces air movement, but not as much as other insulation types.
Don’t confuse insulation’s ability to limit air movement with “air sealing.” Insulation reduces air
movement only within the space it occupies. It cannot limit air movement through other
pathways nearby. For example, the insulation in the wall cavity does not affect the air leakage
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that may take place around a window frame. Adding insulation will not likely have the same
affect as air sealing.
Insulation's resistance to heat flow is measured or rated in terms of its thermal resistance or
better known by inspectors as the “R-value.” Let’s learn about R-value.
R-Value of Insulation
Insulation is rated in terms of thermal resistance, called the “R-value.” The R-value is an
indicator of insulation’s resistance to heat flow. The higher the R-value, the greater the insulating
effectiveness.
The R-value depends on the type of insulation, which includes its material, thickness, and
density. If you are measuring the R-value of multiple layers of insulation whether it is in a wall
or at the attic floor, add the R-values of all of individual layers together. The installation of
additional insulation increases the R-value and the resistance to heat flow.
The effectiveness of the insulation's resistance to heat flow also depends on how and where the
insulation is installed.
R-Values of Common Building Materials
Material
R-value per inch of material
Air
1.44
Fiberglass (batt)
3.16
Fiberglass (blown) 2.20
Cellulose (blown) 3.67
Rock wool (batt)
3.38
Rock wool (blown) 2.75
Vermiculite
2.20
Perlite
2.75
Wood (pine)
1.28
Wallboard
1.0
Brick
0.11
Glass
7.2
The U.S. Department of Energy (DOE) has recommendations for new and existing homes in
relation to R-value. The insulation recommendations for attics, cathedral ceilings, walls and
floors have been increased overall and generally exceed those required by most building codes.
The DOE’s range of recommendations is based on comparing future energy savings to the
current cost of installing insulation. You can use the map and tables below while inspecting a
new or existing home as a reference or guide for your inspection and evaluation of the insulation
in the home.
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New Wood-Framed Houses (U.S. DOE)
Zone
Heating
Attic
Cathedral
System
Ceiling

Wall
Cavity

1

All

R22 to R15

2

Gas, oil, heat
pump,
*electric
furnace
Gas, oil, heat

R22 to R38

3

R30 to
R49
R30 to
R60

Floor

R13 to R15

Wall
Insulation
Sheathing
None

R13 to R15

None

R13,

R13

*R19-R25
R30 to

R22 to R38
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6

pump,
*electric
furnace
Gas, oil, heat
pump,
*electric
furnace
Gas, oil, heat
pump,
*electric
furnace
All

7

All

8

All

4

5

R60

R38 to
R60

R30 to R38

R13 to R15

*R2.5 to
R5
R2.5 to R6,

R25 to R30

*R5 to R6
R38 to
R60

R49 to
R60
R49 to
R60
R49 to
R60

R30 to R38

R13 to R15

R2.5 to R6

R25 to R30

*R30 to
R60
R30 to R60

*R13 to
R21
R13 to R21

*R5 to R6
R5 to R6

R25 to R30

R30 to R60

R13 to R21

R5 to R6

R25 to R30

R30 to R60

R13 to R21

R5 to R6

R25 to R30

International Residential Code 2006
Zone
Ceiling
Wood-Frame
Basement Wall
Floor
(minimums Wall Cavity
)
(minimums)
1
R30
R13
0
R13
2
R30
R13
0
R13
3
R30
R13
0
R19
4 except
R38
R13
R10/13a
R19
marine
5 and
R38
19 or 13 + 5b
R10/13a
R30c
marine 4
6
R49
19 or 13 + 5b
R10/13a
R30c
7
R49
R21
R10/13a
R30c
8
R49
R21
R10/13a
R30c
a. The first R-value applies to continuous insulation; the second to framing
cavity insulation.
b. “13 + 5” means R-13 wall cavity insulation plus R-5 insulated sheathing.
c. Or insulation sufficient to fill the framing cavity, R-19 minimum.

Compressed Insulation
Insulation that is compressed will not provide its full rated R-value. The overall R-value of a
wall or ceiling will be somewhat different from the R-value of the insulation itself because some
heat flows around the insulation through the studs and joists. If denser, heavier insulation is
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installed on top of lighter insulation in an attic floor area, the overall value may be different. If
R-19 batt insulation that is sized for 6  inches is stuffed inside a 5 -inch wall cavity, the
effectiveness is decreased.
It’s important that the insulation is properly installed to achieve the maximum R-value.
If the insulation is installed in a wall with electrical wires or plumbing pipes, the fiberglass batt
insulation may be compressed.
The amount of insulation (or R-value) that is recommended by building standards will depend
upon the local climate and the particular location of the insulation in the house.
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Thermal Bridging
Insulation in between studs in a wall does not restrict the heat flow through those studs. This heat
flow is called “thermal bridging.” The overall R-value of that wall may be different from the Rvalue of the insulation itself.
It is recommended that the insulation installed in an attic cover the tops of the attic floor joists.
And it is also recommended that insulation sheathing be installed on stud walls. Wood studs can
transfer energy through the wall assembly. Metal studs can transfer energy much better than
wood studs can. As a result, the metal wall’s overall R-value can be as low as  of the
insulation’s R-value.
Next
Now that we’ve learned about insulation, let’s learn how to inspect the insulation in a house. In
the next section we’ll learn about inspecting insulation.
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Inspecting the Insulation
You may be asked by your client, “Does the home I’m about to buy need more insulation?”
Unless it was built with special attention, adding insulation will probably reduce the energy bills.
Most houses in the U.S. were not insulated to the levels that are required or recommended today.
Older homes usually will use more energy than newer homes.
Adding more insulation where you already see insulation, such as in the attic, will likely reduce
energy bills.
A certified energy auditor can perform an energy audit, which might include a check of the
insulation. The energy audit will identify the amount of insulation that is presently installed and
make recommendations about necessary improvements.
There are a few areas in the house where the insulation is exposed and readily accessible. Those
areas can be checked during a regular residential home inspection.
Check the attic, walls and floors that are adjacent to an unheated space, like a garage or a
basement. The structural elements may be exposed in these areas, which makes it easy to see
what type of insulation exists in the house. The depth or thickness of the insulation can be
measured in those areas.
Precautions About Adding Insulation
Adding insulation might require hiring a professional contractor. If the house is old, the electrical
system should be checked by an electrician if the wiring is degraded, overloaded, or uses knob &
tube wiring. It may be hazardous to add insulation when conditions such as the electrical ones
previously mentioned exist. Adding thermal insulation within a closed cavity around wires could
cause the wires to overheat. Code does not allow the installation of loose, rolled, or foam-inplace insulation around knob and tube wiring. Adding insulation in a mobile home is complex
and usually requires expertise. Adding insulation over existing insulation must not include a
vapor diffusion retarder between the two layers.
Insulation in the Attic
At unfinished attic floors, be careful about where you step into the attic. Walk only on the joists
so that you do not fall through the ceiling.
The following table can help you determine what insulation exists in the attic and the related Rvalue of that apparent insulation.
What you see in the attic:
light-weight yellow, pink or white
Loose
dense gray or near-white,

What it probably is:
fiberglass
rock wool
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fibers

Granules
Batts

may have black spots
small gray flat pieces or fibers (from
newspapers)
light-weight
light-weight yellow, pink, or white

rock wool
cellulose

= 2.8 x depth
= 3.7 x depth

vermiculite or perlite
fiberglass

= 2.7 x depth
= 3.2 x depth

If there isn’t any insulation in the attic space, then insulation should be installed and fit between
the joists. If the existing insulation is near the top of the joists, then a good practice is to install
the new batts perpendicular to the old ones. That will help to cover the tops of the joists and
reduce thermal bridging through the framing members.

Attic Access
The attic access hatch or door should be insulated. A non-insulated attic door will reduce energy
savings substantially. Ideally, the attic access would be located in an unconditioned part of the
house if possible. Otherwise, the attic access should have weather-stripping and insulation. The
access opening could be covered by an insulated cover box.

Attic Insulation Rulers and Thicknesses
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A professional installer will attach vertical rulers (or attic rulers) to the joists of the attic prior to
installing blown-in insulation. The installer should provide a signed and dated statement
describing the insulation installed, the thickness, coverage area, R-value, and the number of bags
installed in the attic. When this statement is located in an attic, it might be called an “attic card.”
The following is a sample chart that might be used by a professional installer of blown-in
fiberglass insulation.
R-value

R-49
R-44
R-38
R-30
R-26
R-22
R-19
R-11

Minimum # of
bags/1,000
square feet
25.0
22.2
19.2
15.2
13.2
11.1
9.5
5.5

Maximum
coverage/bad (net
sq. ft.)
40
45
52
66
76
90
105
182

Minimum
weight/sq./ft.
(lbs.)
0.878
0.786
0.676
0.531
0.459
0.388
0.334
0.193

Minimum
thickness
(inches)
19.50
17.75
15.50
12.25
10.75
9.25
8.00
4.75

Manufacturers provide similar charts on their insulation bags. The chart states the minimum
number of bags that need to be installed per 1000 square feet of area to obtain a specific R-value.
For example, to install R-38 in an attic with 3200 square feet of area use the following formula:
3200 ft2 ÷ 1000 = 3.2, and 19.2 (bags per 1000 ft2 for R-38) x 3.2 = 61.4 bags
Building inspectors typically check the insulation depth to verify compliance with local codes.
To make sure the correct amount of insulation is installed requires a bag count, or a comparison
with the recommendations on an attic card.

Difficult Areas to Check in the Attic
When the attic has blown-in insulation, check the back corners, the hard-to-see and hard-toaccess areas. It is common to have those areas too thin. It should be evenly distributed
throughout the attic with the correct density and depth. Baffles should be installed to prevent
blocking the airflow through the attic vents, particularly at the eaves. The insulation should be
blown all of the way to the top plate of the exterior wall. The recessed lights should be properly
filled-in and covered (insulated contact rated fixtures). Only IC-rated recessed lights should be
installed because they are airtight and can be covered with insulation. Check underneath any
pieces of plywood or platforms in the attic. Those areas need to be insulated. Check around
ducts, wires, and plumbing.
If mechanical equipment or storage areas are located in the attic, the flooring or platform decking
should be elevated to allow full-height or thickness of the insulation to be installed.
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Next
In the next section, we’ll take a look at inspecting insulation in walls, including the walls of the
exterior envelope and the knee walls in the attic.
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Attic Knee Walls
Knee walls are vertical walls with an attic space directly behind them. You’ll often find them in
houses with finished attic spaces and dormer windows, as with 1- story houses.
There are a couple ways that you may see a knee wall insulated. The most important areas, and
most overlooked areas, to insulate are the open joist ends below the knee wall. The open joist
ends below a knee wall should be “plugged” or stuffed with:
• Squares of cardboard, metal flashing or rigid insulation;
• Cellulose insulation blown at high density; or
• Batt insulation stuffed into plastic bags.
The “plugs” should be sealed to the joists using caulk, sealant or spray foam.
The knee wall and attic floor in the attic space behind the knee wall should be insulated.
Sometimes string, wire, or cardboard is used to hold the insulation in place at the backside of the
knee wall.
Another way to insulate this area is to seal and insulate the rafter spaces along the sloping ceiling
of the knee wall attic space. The rafters should have proper insulation and ventilation as required.
One advantage of this approach is that now any ductwork that was in that small space is now
inside a conditioned space.
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Exterior Walls and Insulation
An exterior wall of a building should be properly sealed, protected from moisture, and insulated
properly to increase comfort, reduce noise and save on energy costs. An exterior wall is
complex; one of the most complex systems in a building is the building envelope. An effective
wall should have the following characteristics:
• Airtight – all air leaks should be sealed in the wall during construction and before the
insulation is installed in the wall;
• Control moisture – an exterior rain drainage system, an air barrier, and a vapor diffusion
retarder should be installed on the wall on the correct side of the wall; and
• Complete insulation coverage – the wall framing should provide enough room for
complete, maximum insulation coverage and reduce thermal bridging, with no open gaps
or compressed insulation, and continuous insulated sheathing.
Airtight

Air sealing reduces heat flow from air movement (convection). Air sealing prevents water vapor
in the air from entering the wall assembly. In a 100-square-foot wall, one cup of water can
diffuse through drywall without a vapor diffusion retarder in a year. 30 quarts of water can enter
through a 1-inch hole in a 4x8 sheet of drywall. That’s a lot of water through a small hole. Air
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sealing large holes is very important. Air sealing is 10 to 100 times as important as installing a
vapor diffusion retarder.
Control Moisture
It is incorrect to think that a vapor diffusion retarder is the most important step for controlling
moisture in a wall. Vapor diffusion retarders only retard moisture due to diffusion, while most
moisture enters a wall either through fluid capillary action or as water vapor through air leaks.
A drainage plane in a wall system makes an easy pathway for water to drain away from the
house. Rain leaks cause a lot of problems for walls. Water penetration into a wall can come from
improper installation of the siding, poor flashing installation, bad weather stripping, poor
caulking around joints at the building exterior, and wind-driven rain into and through the exterior
siding material. A drainage plane in the wall assembly protects against water intrusion.
Houses in all climates require the following to control moisture:
• A polyethylene sheet should cover the exposed dirt of houses with crawlspaces;
• The grading around the house should slope away from the foundation;
• A continuous vapor diffusion retarder with a perm rating less than 1.0 should be installed;
• A termite shield, sill gasket, or other vapor-impermeable membrane on the top of the
foundation wall should be installed to prevent moisture from wicking into the wood
framing components by capillary action.
OVE Techniques
The U.S. Forestry Products Association have come up with “optimum value engineering” (OVE)
framing techniques that reduces unnecessary lumber use and improves the R-value of the wall by
reducing thermal bridging and maximizing the wall area that is insulated. Those OVE techniques
include:
• Eliminating unnecessary framing at intersections using two-stud rather than 3-stud
corners;
• Interior-bracing (or let-in bracing) to allow the use of insulated sheathing in corners;
• Framing based upon a 24-inch instead of a 16-inch on-center measurement;
• Building a house using compact designs, simpler shapes and volumes;
• Aligning windows and doors with existing stud spacing; and
• Using insulated headers.
2x6 Wall Construction
You may see the house walls built with 2x6 studs instead of 2x4s. In most jurisdictions, 2x6
studs can be spaced on 24-inch centers, instead of the standard 16-inch on center measurement
for 2x4 studs. The advantages of having 2x6s are:
• The thicker wall provides more room for thicker insulation, such as R19 or R22;
• Thermal bridging is reduced because of the fewer studs; and
• There is more space for insulating around piping, wiring and ductwork.
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Wall Sheathing
Many builders use the common -inch wood sheathing, which has an R-value of 0.6. They may
use an asphalt-impregnated sheathing called blackboard that has an R-value of 1.3. These two
sheathings are installed on the exterior framing before the siding system is installed. Recently,
many builders are using 1/2-inch foam insulated sheathing that has an R-value of 2.0 to 3.5.
Foam sheathing provides a continuous layer of insulation that reduces thermal bridging through
wood studs. Foam sheathing also protects against condensation on the inside wall by keeping the
interior of the wall warmer.
If you are inspecting this type of insulated wall sheathing during construction, the sheathing
should completely cover the wall and should be sealed to the top plate and band joist at the floor.
Once installed, the sheathing should be sealed around all holes and penetrations. The seams
should be sealed with caulk or housewrap tape according to the manufacturer’s
recommendations.
It is difficult to check the insulation in a wall of an existing home. It’s also difficult to add
insulation to an existing wall.
There is way to inspect the insulation that exists inside a wall cavity, but it is very dangerous you
could hurt yourself or have a fatal accident. You might consider hiring an electrician to
accompany you on your inspection.
To inspect the insulation inside an exterior wall:
• Find an electrical outlet located at that wall;
• Turn off the power to the electrical wall outlet;
• Remove the outlet cover and shine a flashlight into the crack around the outlet box. You
should be able to see if there is insulation in the wall and possibly how thick it is;
• Pull out a small amount of insulation if needed to help determine the type of insulation.
A wooden skewer stick might be helpful in this task;
• Check outlets on the first and upper floors, if any, and in old and new parts of a house.
Just because you find insulation in one wall doesn't mean that it's everywhere in the
house.
Inspect and measure the thickness (inches) of any insulation in unfinished basement ceilings and
walls, or above crawlspaces. If the crawlspace isn't ventilated, it may have insulation installed at
the perimeter walls. If the house is relatively new, it may have been built with insulation outside
the basement or foundation walls. If so, the insulation in these spaces won't be visible. The
homeowner might be able to tell you about the insulation.
If the house has newer siding, there may have been some new thermal insulation installed prior
to the siding being installed. Sometimes insulation is blown into a wall cavity, and you’ll see
drilled circular holes (1  to 2  inches in diameter) in the siding outside. The holes were the
place through which the new insulation was blown into the wall.
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The first-floor band joist may be readily accessible from the basement or crawlspace. It should
be properly insulated.
If batt or rigid insulation is installed to insulate the inside of concrete basement foundation walls,
it might be necessary to have installed furring strips to the walls by nailing or bonding. Or you
may find that an interior stud wall on which the insulation and interior wall finish is attached was
installed around the basement perimeter.
The kraft paper or standard foil vapor diffusion retarder facings on the blanket insulation should
be covered with gypsum or interior paneling because of the fire hazard. Some types of blanket
insulation have a special flame resistant facing (labeled FS25 - flame spread index 25). There are
some blanket insulation products for basement wall installations that can be left exposed, and
they have a flame-resistant facing and are labeled with ASTM C 665, Type II, Class A.
Look at the underside of any floor that is over an unheated space like a crawlspace, basement, or
garage. Check and measure the insulation that is installed there. It will likely be batt insulation
made from fiberglass. Multiply the thickness of the fiberglass matt insulation by 3.2 to figure
out the general R-value. The insulation might be identified with the R-value printed on it. If the
insulation is a foam board or a sprayed foam application and you can’t find any labeling, then
multiply the thickness by 5 to get a good estimate of the R-value.
Next
Now let’s check out the insulation in relation to the basement walls in the next section.
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Basement Walls and Insulation
Finished basement walls are exposed to a many different things that come from all directions.
The finished basement wall is exposed to all different types of temperatures, moisture levels,
water vapor movement, heat, cool, cool concrete, warm interior air, etc. And they all relate to
the biggest concern with basement finished walls – that being - moisture. And the foremost
concern is exterior moisture.

This section focuses on the use of insulation, vapor diffusion retarders, and air leakage sealing
practices that are used to construct finished basement areas. Understanding these building
practices will improve your inspection skills.
The approaches for insulating and finishing basement spaces will vary depending on whether
you’re dealing with new or existing construction, and whether a basement is being only insulated
(but not finished).
You may find foam insulation installed as the interior basement insulation. It offers good
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moisture performance, but also requires being covering with a fire-resistant material like drywall
gypsum. Foam is good for insulating a finished basement.
A very good finished basement will usually have some type of exterior waterproofing, relative
humidity control in the basement, and air sealing. A dry basement is less likely to have wooddestroying organism problems. Once the exterior grading and ground water factors have been
taken care of, the basement should remain dry by properly installed wall assemblies.
The basement finished wall needs to be insulated to minimize cold surfaces being created. Cold
surfaces, such as on the foundation wall, can condense water and raise the humidity level in the
basement. The foundation walls (concrete foundation walls) are below ground and are therefore
relatively cool to the touch, especially if the finished wall is insulated. If the basement air, which
tends to be warm and humid particularly in the summer time, passes through the finished wall
and comes in contact with the cool foundation wall, condensation may form and cause moisture
problems including damage and mold growth. The rim/band joist areas, which are the areas
directly above the foundation wall, are of particular concern because that area tends to stay
relatively cool all the time.

A finished basement should be insulated around the perimeter of the basement exterior walls.
And the basement ceiling should not be insulated. There should not be any insulation in between
the finished basement space (conditioned space) and the floor above. The finished basement
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walls should not be insulated with a type that is sensitive to water. It should be an insulation that
is relatively water-resistant.
This technique, as well as traditional basement finish practices, is not intended to compensate for
inadequate waterproofing, foundation drainage, indoor relative humidity control, or air leakage
control. If there are problems with water intrusion, drainage, humidity, or air leakage, then the
method of insulating the basement foundation wall will not matter.
Exterior Foundation Insulation
Home inspectors work in both new and existing construction, but we’ll talk mostly upon
basements with interior insulation systems on existing homes. Exterior insulation using foam
insulation panels on the outside of the foundation wall is commonly installed for new
construction, and is difficult to evaluate on existing homes. This exterior insulation (foam panels
on the outside of the foundation) provides a moisture-tolerant insulation layer on the outside of
the foundation wall. This insulation layer moderates the temperature of the inside wall surface
and can also be integrated with an exterior water- or damp-proofing. If this type of insulation is
installed, it requires shifting the house structure outward such that the sill plate overlaps the
upper edge of the foundation insulation, protecting exterior insulation during construction, and
providing long-term protection for the exposed insulation. If there is foam insulation installed on
the outside of the exterior foundation, look for building practices that overlap and protect the
insulation.
Basement Walls Dry to the Interior
Some common practices for insulating a basement on the interior-side of the foundation wall are
illustrated. The concept is relatively new to residential construction as a best practice. Therefore
this strategy is included here primarily for your consideration.
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Traditional practices (e.g., use of a warm-in-winter vapor diffusion retarder on the inside of the
finish wall system) have resulted in moisture problems. A basement foundation wall assembly
that dries toward the interior is the best and most desired.
The insulation to use when finishing a basement is a rigid foam insulation board. That type of
insulation will allow the foundation wall assembly to dry inwards – away from the foundation
wall and towards the interior of the finished basement space. The foam insulation should be
vapor permeable (greater than 1.0 perm). The greater than perm, the better and easier for the wall
to dry inwards.
Because the foam insulation needs to be continuous and sealed at the seams, the insulation
should be installed behind the wood-framed wall. Additional insulation can be installed in the
spaces between the studs.
No Interior Vapor Barrier
Low permeability and continuous vapor diffusion retarders, like polyethylene sheeting or vinyl
wallpaper, on the interior side of basement finishes should be avoided because they will trap
moisture vapor moving through the foundation wall. It also slows the drying process for newly
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formed foundations.
Most important point to remember – There should not be an interior vapor barrier installed. This
would not permit inward drying.
Unfaced fiberglass batt insulation and permeable paint finishes on gypsum wallboard can be
installed on basement finished wall assemblies.
There are proprietary basement finish systems, using products such as rigid fiberglass insulating
boards that have performed well in testing and use.
Finding Semi-Permeable Rigid Foam Insulation between the Foundation Wall and Finish
Wall Assembly
The use of rigid foam creates a buffer of moisture-resistant material between the finish wall
materials and the basement foundation wall. Because below grade portions of the foundation
wall must be able to dry to the interior, semi-permeable rigid foam insulating sheathing products
(e.g., EPS or XPS) should be used. Since product permeability levels will vary by manufacturer,
the product specifications of the perm rating for the required thickness should greater than 1
perm. Joints in the foam sheathings should be taped and sealed. If additional insulation is
required or desired, cavity insulation could be installed.
Foam Insulation and a Fire Hazard
The use of semi-permeable rigid foam insulation on the inside of basement foundation walls is
often found during an inspection of the foundation of a house. Its use is a good strategy for a
moisture-resistant finished basement. However, fire and smoke characteristics of this type of
insulation will require that it be covered with a fire resistant layer like gypsum wallboard
(drywall).
This works fine when the basement is being finished. But if a basement will only be insulated
and not finished, a fire-rated foam panel or similar fire-rated covering needs to be used. Because
the above-grade portions of the basement wall can dry to the outside, fire-rated insulation on
these surfaces can be impermeable (e.g. it can have a foil facing). But insulating approaches that
restrict the drying potential of below-grade portions of the foundation wall towards the inside
should be avoided.
Look for Holes That Allow Air Leakage into the Basement Wall
Humid, interior basement air should be prevented from leaking into the finished basement wall
assembly and condensing. The interior side of the wall assembly should not have large holes in
it. The wall should be sealed to prevent air leakage. The ideal approach uses the gypsum
wallboard as an air barrier and requires sealing any penetrations through or leaks around the
panels. Air sealing of ceiling penetrations in the basement should also be addressed. Also, joints
in the foam insulation should be taped and sealed. Look for holes that allow air leakage into the
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wall.
Next
We learned about inspecting the insulation at the basement walls. Now let’s learn about
insulation at the floor over a crawlspace. That should be fun.
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Floors and Crawlspaces
If you have a floor over a crawlspace, then check for either:
• Insulation installed at the underside of the floor and the crawlspace is ventilated, or
• The floor is not insulated, but the perimeter walls are insulated, and the crawlspace is not
ventilated.
There should be an access hole through the perimeter wall of the crawlspace. It should be at
least 16 inches by 24 inches. If the access is through the floor, then the minimum dimension
should be 18 inches by 24 inches.
When batts or rolls of insulation are installed on the underside of a floor above an unheated
crawlspace or basement, insulation should be:
• Fit between the beams or joists;
• Pushed up against the floor overhead as securely and snuggly as possible;
• Installed without compressing it;
• Held in place with netting or snap-in wire holders;
• Cut off and stuffed into tight spaces by hand;
• Cut and fit around cross-bracing between floor joists or any obstructions;
• Installed against the perimeter band/rim joist that rests upon the sill plate;
• Installed on all ducts and pipes passing through the unheated space.
Reflective systems are installed in a similar way to that of batt insulation. It is important to install
reflective insulation for it to be effective. Sometimes reflective insulation will have flanges
stapled to the framing members. This conductive material must not come in contact with
electrical current!
You may find spray foam insulation on a floor system. The spray can do an excellent job at
insulating and filling the spaces around the electrical wires, pipes, and other obstructions.
In a non-ventilated crawlspace, you may see fiberglass blanket insulation installed on the
perimeter walls, attached to furring strips. You may also see insulation fastened to the sill plate
and draped down the perimeter wall of the crawlspace. The insulation may continue over the
crawlspace floor for a couple feet on top of the required ground vapor diffusion retarder. Foam
insulation installed on the walls of a non-ventilated crawlspace might be bonded to the wall
using adhesives. If any insulation is exposed, consider checking the local fire codes and the
flame-spreading ratings of the insulation. If your client’s home is in an area prone to termite
infestation, be sure you communicate to your client about the inspection restrictions caused by
the insulation.
Next
In the next section, let’s talk about the insulation and the ductwork.
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Ductwork

The ductwork in the house might be checked. If the ducts of the HVAC system run through
unconditioned spaces in the house, such as a crawlspace or an attic, then the ductwork should be
insulated.
The ductwork should not leak air. Leaking joints should be repaired with mechanical fasteners
then sealed with water-soluable mastic and embedded fiber mesh. Gray cloth duct tape should
never be used for this purpose. It degrades, cracks and loses its integrity and bond with age. If
the joint is going to be opened up in the future for maintenance or other reasons, then aluminum
foil tape might be installed.
The ductwork should be wrapped with insulation that has a minimum R-value of 6 with a vapor
diffusion retarder facing on the outer (exterior) side. The insulation should not be compressed.
The insulation should be overlapped and sealed with fiberglass tape where sections of the
insulation meet. The insulation should not be torn or damaged. The vapor diffusion retarder
should not be cut, torn, or damaged. The ductwork should not be compressed or damaged.
If you are going to enter the attic space, be careful not to step and compress ductwork that may
be hidden under your feet by blown-in insulation. Sometimes blown-in insulation will be
layered over ductwork in the attic space, and it will be hard to see the ductwork.
Next
Well that was a lot of information about insulation. But the major concern in an energy audit is
air leakage. In the next section, let’s start with learning the basics about air leakage including the
stack effect.
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Air Leakage Basics
In order to use a blower door effectively, you should understand the fundamental concepts
related to air movement and houses.
For air to move into and out of a house, there has to be a pressure difference between the inside
and outside of the house. The rate of the air movement (or air flow) will be affected by how
much resistance there exists to the flow of air through the building. In general, pressure
differences are the driving forces that move air across the building envelope.

When wind is the driving force, outside air enters (infiltrates) through openings in the windward
walls, and exits (exfiltrates) through openings in the leeward walls. For air leakage (infiltration
or exfiltration) to occur, there must be both an opening and a force (pressure difference) to push
the air through the opening. Wind pressures are generally positive (or high) on the windward
side of a building and negative (or low) on the leeward side.
The most common forces related to pushing air through openings are:
• Stack effect,
• Wind,
• Chimneys;
• Exhaust fans;
• Leaking ducts;
• Imbalanced ducts; or
• A combination of forces.
Pressure differences are mostly caused by the stack effect and wind.
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Stack Effect
For just about any building, there is a pressure difference between the inside air and the outside
air. And it’s caused by the difference between the inside air and the outside air. That pressure
difference (P) is the driving force for the stack effect. The stack effect can be the most
important factor related to air movement in and out of a building.
When air movement is caused by the stack effect, the flow of air is in the vertical direction and is
along the path of least resistance. The temperature difference causes difference in the air
densities, and therefore pressure differences, that drive the air to move.
When the stack effect in the cold-in-winter season occurs:
• Indoor temperature is warmer than outdoor;
• Warm air rises up through the house;
• The upward air movement creates a slight negative indoor pressure at the bottom portion
of the structure;
• Positive indoor pressure is created at the top portion of the structure;
• Warm air flows out of the building’s top; and
• Cooler outside air enters the building near its bottom.
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The stack effect can be calculated with the following equation. The h is the height of the house
that is one to a maximum of three stories high.
P = C a h (1/To – 1/Ti), where:
P = available pressure difference, in psi
C = 0.0188
a
= atmospheric pressure, in psi
h
= height or distance, in ft
To = absolute outside temperature, in °R
Ti = absolute inside temperature, in °R
Warm air has a natural tendency to rise and escape (exfiltrating) out of the top portions of the
house and be replaced by cooler outside air entering (infiltrating) the bottom portions of the
house. During the summer season when the outside air is warmer than the inside cooler air, the
process (or movement of air) is reversed.
In the cold-in-winter times, the stack effect can create a positive pressure at the top portions of a
building, and a small negative pressure at the bottom portion of the house. The pressures are
related to the differences in temperature between the inside and outside air and the height of the
building. Typically the taller the building, the stronger the stack effect. The stack effect is
strongest in the winter, and weakest in the summer.
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Wind
When the wind blows on a house, the wind can force outside air to enter the side of the building
that is windward. The windward side is that side of the building facing the direction from which
the wind is blowing.
Wind blowing on the windward side can cause outside air to enter the house, move through it,
and exit the house on the other side, the leeward side. The leeward side is that side of the
building facing the direction towards which the wind is blowing.
Wind pressure can be a major driving force for air leakage at houses that are exposed to wind
forces.

Chimneys and Exhaust Fans
Chimneys for combustion appliances and exhaust fans (such as kitchen and bath fans) push air
out of the house. A chimney or exhaust fan can cause a negative pressure inside the house. That
negative pressure can suck in outside air through leakage points in the building envelope.
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Ducts
When a ductwork system of a forced air HVAC system leaks, pressures are created in
unexpected areas that cause air to leak from houses. Leaks in supply ducts act like exhaust fans
that create negative pressures inside houses. Leaks in return ducts act like supply fans creating
positive pressures inside houses.
When inspecting the energy efficiency of a building, finding out where the ducts are leaking is
important. Are the ducts leaking to the outside or are they leaking within the structure?
Distinguishing between duct leakage to the outside and duct leakage to interior, conditioned
spaces is important. When a duct leaks to the interior, conditioned spaces, the leaks can comfort
and balanced distribution, but the leaks will not have a major impact on energy loss. A test on the
ducts using a blower door can provide measurements of supply and return duct leakage to the
outside.
An air handler is supposed to be a recirculation system. It is supposed to be recalculating the
same amount of air through the house. It supposed to take a certain amount of air from the house
through the return ducts as it supplies through the supply ducts. When the interior doors are
open, turning on the air handler should not have an affect on the pressure in the house.
If there are leaks to unconditioned spaces, then there will be pressure differences created. Leaks
in the ducts to unconditioned spaces, such as to the outside, the attic or crawlspace, will cause a
pressure change in the house when the fan is turned on. Leaks in the return (to the outside) will
increase pressure in the house by introducing outside air into the house that must now exfiltrate
(escape) through the building envelope. Leaks in the supply ducts (to the outside) decreases
house pressure, because the air that leaks from the supply ducts must be replaced by air sucked in
through the building envelope.
If the supply and return ducts are balanced, then the house pressure stays the same when the air
handler is turned on.
The inspector should try to determine the source or location of the return or supply leakage.
An unconditioned space (or a space that is directly connected to the outside) could be a space in
the house that is not insulated or sealed well. There may be an interior wall or a space above a
sloped stairway ceiling that could be “unconditioned” and connected to the outside. It may be
that leaky ducts are connected to these areas. A leaky duct does not have to be leaking only to the
attic or a crawlspace. Pressure differences could be caused by a leaking duct located inside an
interior ceiling chase, which might be a space that is connected to the outside, unconditioned air.
Imbalanced Ductwork
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Houses with forced air HVAC systems that are not balanced properly can cause air leakage
problems. An imbalance between the supply and return ducts in the system can cause significant
air leakage.

Next
Air leakage can occur just about anywhere in a house. You should be able to find those major air
leakage points during your inspection. Let’s learn about detecting air leaks in the next section.
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Detecting Air Leaks
The homeowner may already know where some air leakage occurs in their home, such as an
under-the-door draft, but you'll need to find the less obvious gaps for the homeowner to properly
air seal their home.
A blower door test, which depressurizes a home, can reveal the location of many leaks. A
complete energy audit will also help determine areas in the home that need more insulation.
Without a blower door test, there are ways to find some air leaks. First, look at areas where
different materials meet, such as between brick and wood siding, between foundation and walls,
and between the chimney and siding. Also inspect around the following areas for any cracks and
gaps that could cause air leaks. The following areas also include parts of a house that would
allow infiltration and exfiltration:
• Door and window frames
• Mail chutes at the exterior door
• Electrical and gas service entrances
• Cable TV and phone lines
• Exterior water hose bibs
• Around the dryer exhaust hood
• Intersections between different exterior siding materials
• The refrigerant lines from the outside condenser unit
• Exhaust hoods from vents and fans
• The ceiling above a staircase
• Recessed light fixtures
• Chimney chases
• Electrical wires and boxes
• A balloon-constructed wall
• Entrance to an attic space
• The top plate at a partition wall
• Plumbing chase
• An exhaust fan
• A dryer vent
• Plumbing penetrations
• Utility penetrations
• Sill plate
• Rim joist
• Openings around the bathtub
• Exterior windows and doors of the basement
• Concrete block wall cavities
• Flue of a water heater or furnace
• Ductwork
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•

Air leakage points between crawlspace and conditioned space
Floor boards
Laundry chutes
Knee wall and framing intersections
Built-in dresser, cabinet, and shelving
Holes in the plaster or drywall walls
Registers of the furnace
Interior trim
Access panels for the plumbing
Plumbing penetration areas of the sinks
Dropped soffits
Electrical wall receptacles/outlets
Electrical fixtures
Porch and house framing intersection
Missing siding or exterior trim boards
Overhangs
Additions
Dormers
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If you do not have a blower door unit and you are attempting to provide your client with valuable
information, you can try these following steps to depressurize the home to help detect leaks:
1. Turn off the furnace (ideally it would be cool and windy).
2. Shut all windows and doors.
3. Turn on all exhaust fans that blow air outside, such as bathroom fans or stove vents.
4. Light an incense stick and pass it around the edges of common leak sites. Wherever the
smoke is sucked out of or blown into the room, there's a draft.
If you don't want to turn off the furnace, you can just turn on all the exhaust fans to help
depressurize the home.
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Other air-leak detection methods include the following:
• Shining flashlight at night over all potential gaps while a partner observes the house from
outside. Large cracks will show up as rays of light. Not a good way to detect small
cracks.
• Shutting a door or window on a piece of paper. If you can pull the paper out without
tearing it, there’s likely some energy lose there. The door should be tight.
Next
Air barriers can help block air leaks. Let’s learn about air leaks, air barriers, and sealing air leaks
in the next sections.
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Air Barriers
This section of the training explains the basics of air barriers.
Reducing air leakage through the building envelope is a good practice regardless of where in the
envelope it takes place. Air barrier systems are strategies to block air leaks at a certain point in
the building assembly while also addressing other envelope concerns like rainwater protection
and vapor diffusion retarders.

Examples of Air Barriers
Appropriate air barrier materials include some panel products, membranes, and other coatings
that have a low air-permeability.
Examples of air barriers include:
• Gypsum wallboard;
• Spray polyurethane foams;
• Exterior wood structural panels (sheathing);
• Extruded polystyrene foam boards;
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Polyisocyanurate foam boards;
Building wraps; and
Others building products.

Seams and laps in these products must be sealed.
Examples of products that may be considered too air permeable to serve as an air barrier include
fiberboard, expanded polystyrene insulation (Type I), glass fiber insulation board, and tarred feltpaper.
Ridge materials like drywall (gypsum wallboard), exterior wood sheathing, and rigid foam
boards are effective air barriers because they have the ability to resist air pressure differences.
Four Types of Air Barriers
There are basically four methods of providing an air barrier system. Two of these approaches
place the air barrier on the inside of the thermal envelope and two place the barrier on the
exterior, as shown in Figure 33.
Interior Air Barrier Methods
• Airtight Drywall Approach (ADA)
• Airtight Polyethylene Approach (APA)
Exterior Air Barrier Methods
• Airtight Sheathing Approach (ASA)
• Airtight Wrap Approach (AWA)
In cold and very cold climates, moisture primarily tends to go from the interior conditions spaces
to the exterior through the wall and ceiling assemblies. The primary concern is preventing
interior warm and humid air from flowing outward into building exterior envelope assemblies in
winter months. Such airflows can carry large amounts of moisture and cause condensation in the
wall. Therefore, the use of an interior air barrier system in cold and very cold climates is
preferred and may be combined with a warm-in-winter vapor diffusion retarder. A viable
approach in such areas is the ADA method used in conjunction with an interior vapor diffusion
retarder layer like kraft-faced batts or vapor diffusion retarder paint on drywall. Use of the APA
method should be applied more cautiously, as some localities and building scientists are
concerned that the poly layer is almost too airtight and vapor impermeable and will not allow
drying to the interior of the building at any time of year. Conditioned interior spaces should be
maintained at low moisture levels.
In hot-humid climates, moisture primarily tends to go from the exterior to the cooled interior by
passing through the walls and ceilings. The primary concern is preventing exterior warm-humid
air from leaking inward through exterior surfaces into building envelope assemblies that will be
cool from air-conditioning. In moist/humid climates an air barrier system is preferred on the
outside of the wall. Many exterior sheathing products and wraps can provide this function and
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also serve the water barrier function underneath siding materials (e.g., ASA and AWA methods).
In climates with mixed conditions, the most suitable air barrier system can be selected based on
other construction characteristics and then combined with these systems. For example, if
building wrap is used as part of a drained cavity weather-resistant envelope, then the Airtight
Wrap Approach (AWA) can be used with a little extra detailing of the building wrap like taping
the overlapped seams. Similarly, extra attention to sealing interior drywall joints and penetrations
can make the Airtight Drywall Approach a reasonable strategy.
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Next
Air sealing is important because air carries both moisture and energy, usually in the direction that
your client does not want. In the next section, let’s look at sealing those air leakage points in the
house.
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Air Sealing
Air sealing is important because air carries both moisture and energy, usually in the direction that
your client does not want. Air leaks can carry hot humid outdoor air into the house in the
summer time. Air leaks can carry warm moist air from a bathroom into the cool attic in the
winter.
Your client will probably already know that air can leak in and out of their house through small
openings around doors and windows, or through a fireplace chimney. Air can leak into the house
from unconditioned spaces such as attic, basements and crawlspace. What your client might not
be fully aware of are the other pathways for air leakage, including:
• Any openings or cracks where two walls meet;
• Any openings or cracks where the wall meets the ceiling;
• Any openings or cracks near interior door frames;
• Gaps around electrical outlets, switches, and recessed light fixtures;
• Gaps behind recessed cabinets;
• False ceilings or soffits in the kitchen;
• Behind bath tubs and shower stall units;
• Through floor cavities of finished attics adjacent to unconditioned attic spaces;
• Utility chase ways for ducts, pipes, and wires; and
• Plumbing and electrical wire penetrations.
Air sealing is an essential first step. It is important to stop the air leakage prior to adding
insulation in particular areas, because the insulation might make the pathways hidden and
difficult to access.
Because these leakage pathways exist because the tendency for warm air to rise and cool air to
fall, the attic is often the best place to find air leaks and seal them up. Usually adding additional
insulation at the attic floor area will not stop leaks because the air will flow through or around
the insulation. Most insulation will not stop air leaks.
Air Leakage and Major Moisture Problems
Air leakage through building assemblies can move large quantities of water vapor and is a major
factor in many vapor-related moisture problems. Building envelopes should be designed and
constructed to reduce air leakage from inside to outside (cold climates) or outside to inside (hothumid climates). To achieve this objective, the big air leaks in the building’s envelope must be
sealed.
Most insulation will not stop air leaks. In addition, a suitable air barrier system should be
carefully considered and employed during the construction of the home.
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Any one or a combination of the following drives air leakage:
• Wind;
• Stack effect; and
• Forced-air HVAC equipment like the central air handler.
Wind and stack effect-driven air-leakage are best handled by use of air barriers. HVAC
equipment should be properly installed, and seams and connections in the distribution piping
should be sealed airtight.
Precautions
There are a few precautions worth mentioning if the building envelope is “tightened.”
First, the use of air barriers and air-leakage sealing practices can reduce the supply of
combustion air for fuel-fired equipment (e.g., oil or gas furnaces, gas water heaters, gas dryers,
etc.) located within the conditioned space. This can result in negative pressures and backdrafting
of combustion products. The operation of spot exhaust fans (e.g., kitchen or bath), whole house
exhaust ventilation, or even the stack effect can also cause depressurization of the indoor space
near combustion equipment, leading to back-drafting and introduction of combustion products,
such as carbon monoxide, into the home. Because of these health and safety concerns, sealed
combustion equipment is often installed when the house is “tight.”
Second, mechanical ventilation may be required or recommended to address other consequences
of tightening the building envelope, such as IAQ and humidity control. For example, modern
residential building codes still permit the use of operable windows as means of providing freshair ventilation (though this has been contested in recent years). It may be risky to rely solely on
the behavior of the occupant to provide adequate ventilation in this manner in the absence of
higher levels of natural ventilation.
As a final precaution, air barrier materials must also be considered in terms of their impacts on
vapor movement and water shedding. For instance, if an air barrier is used on the exterior of the
wall as a weather barrier underneath cladding (e.g. house wrap) it must have adequate waterresistant qualities. And if an air barrier is used on the inside of a wall in a hot/humid climate, it
needs to be a permeable material and not one that will prevent vapor from drying to the inside.
Look for Big Air Leaks
To ensure that an air barrier functions as intended, leaks in the building envelope and air barrier
system must be reasonably controlled. The methods are generally “low tech” and common sense
oriented.
Building codes (such as the IRC 2006) require air sealing around the following types of areas:
• All joints, seams and penetrations including utility penetrations;
• Site-built windows, doors, and skylights;
• Openings between window and door assemblies and their respective jambs and framing;
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Knee walls;
Drop ceilings and chases adjacent to the thermal envelope;
Wall cavities and chases that extend into unconditioned space;
Walls and ceiling separating an attached garage from conditioned space;
Openings behind tub and shower enclosures on exterior walls;
Common walls between dwelling units; and
Other sources of air leakage.

Sealing materials include acceptable air barrier materials and durable caulks, weather stripping,
sealants, tapes, and gaskets as appropriate. The air material could be a suitable film or solid
material.
The above list is exhaustive – all obvious air-leakage pathways should be sealed. Yet,
practicality suggests that the major focus should be on the “big leaks” or the “BIG holes.”

Big leakage points that should be air sealed include:
• Vertical mechanical chases;
• Attic access hatches or pull-down ladders;
• Floor overhangs;
• Openings behind tub/shower enclosures;
• Plumbing stack penetrations;
• Utility penetrations in walls; and
• Any exposed wall cavities that open into adjacent to attic space.
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Air Sealing from the Attic
It is important to seal up the air leakage pathways between the living space and the attic space,
especially before your client adds any insulation in the attic.
The materials for sealing air leakage pathways should involve products that are durable and
compatible with the joined materials, especially around hot surfaces. Examples include:
• High-quality caulks;
• Construction adhesives;
• Spray polyurethane foam;
• Gaskets;
• Sill sealers;
• Tapes; and
• A number of specialty products such as gasketed electrical receptacles and switch boxes
and ceiling light fixture boxes.
Cathedral Roofs and Air Leaks
Cathedral roofs can hide roof water leaks or condensation, particularly if a vapor diffusion
retarder like polyethylene sheeting is used on the ceiling side (something that should only be
considered in very cold climates). If there are cathedral ceilings in the house, the ceiling and
penetrations through the ceiling should be carefully sealed to prevent air leakage. This may
involve special air sealed light fixtures, use of caulks and sealants at all penetrations and joints,
and avoidance of leaky ceiling systems like exposed tongue & groove boards. Leakage of humid
indoor air into cold cathedral roof cavities has been a major cause of condensation and moisture
problems in these types of roofs.
Cathedral Ceilings and Insulation
For cathedral ceilings, there needs to be enough space between the roof deck and the ceiling for
adequate insulation and ventilation. Adequate insulation thickness can be achieved when the
builder uses raised trusses, truss joists, scissor truss framing, or sufficiently large rafters.
Remember, cathedral ceilings with 2x12 rafter boards have a maximum amount of space for a
standard 10-inch thick, R-30 batt insulation.
You may see a foil-faced batt insulation used in a cathedral ceiling, because it has a 0.5 perm
rating and provides the permeability often required for use in ceilings without attic spaces. You
should see a vent baffle should be installed between the insulation and the roof decking to make
sure that proper ventilation is maintained.
If the roof framing at the cathedral ceiling cannot provide enough room for proper insulation and
ventilation, then you may see furring strips attached to the underside of the rafter boards. The
furring will provide enough room for thicker insulation to be installed. Some builders will install
high-density batts in tight areas or add rigid foam insulation under the rafters. Rigid foam
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insulation is good because of its ability to resist thermal bridging through the rafters.
Why Would an Inspector Recommend Controlling Air Leakage?
- Because the PROS outweigh the CONS.
First, airflow can transfer moisture vapor through and into building assemblies in amounts 10 to
100 times more than what would typically occur by vapor diffusion. Significant air leaks – from
a bathroom into a cold attic for example – can deposit large amounts of moisture vapor on cool
surfaces and create condensation and water accumulation that damage building materials and
make some insulation materials ineffective. Without reasonable air-leakage control, the use of
vapor diffusion retarders is of limited benefit. Similarly, attempts to pressurize a building in a
hot/humid climate (to control against the intrusion of outdoor humidity) or depressurize a
building in a cold climate are far more effective with a tighter building shell.
Now, some amount of natural air leakage under the right climate conditions can be a good thing.
Old houses naturally “breathe,” and that could be a good thing. Under ideal conditions that may
occur during some periods of the year, it can help to dry the house. Air leakage in the form of
intended ventilation in attics and crawlspace s (outside of the building’s thermal envelope) is a
good way to reduce moisture and is very effective in many climates. Air leakage through the
thermal envelope can also allow for uncontrolled “natural ventilation” of the building for indoor
air quality.
However, the benefits of air infiltration through a building’s thermal envelope are either
undependable or risky in many climates. Therefore, dependence on excessive or uncontrolled air
leakage through modern building thermal envelope systems is generally discouraged. And in
fact, modern building standards and energy codes usually require fairly extensive practices to
prevent the uncontrolled leakage of air through a building’s thermal envelope.
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Blower Doors – Useful Tool Checking Air Leaks
A blower door test to evaluate the effectiveness of air-leakage sealing is highly effective. Blower
door testing can be conducted on an existing, finished house, or alternatively on a house that is
insulated, sealed, but with walls not yet closed-in. Testing at a pre-completion stage of
construction will not provide a useful numerical result, but it can be very helpful for clearly
observing where leakage in the envelope is occurring through the use of a smoke pencil device
that indicates drafts. Blower door tests on a finished house may also be used to determine if
supplemental ventilation may be necessary for indoor air quality purposes.
Next
In the next section we’ll learn about caulking and sealing up those air leakage points around the
house.
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Caulking
Caulk forms a flexible seal for cracks, gaps, or joints less than 1-quarter-inch wide. A caulking
compound to seal air leaks can be used in a variety of places throughout the home, including
around windows and door frames.
In addition to sealing air leaks, caulking can also prevent water damage inside and outside of the
home when applied around faucets, ceiling fixtures, water pipes, drains, bathtubs and other
plumbing fixtures.
Before caulking any air leaks in an existing home, the following should be done first:
• Detect air leaks and
• Assess the ventilation needs for indoor air quality.
Selection
Most caulking compounds come in disposable cartridges that fit in half-barrel caulking guns.
Some pressurized cartridges do not require caulking guns. A half-cartridge per window or door
and four cartridges for the foundation sill are some good estimates. Caulking compounds can
also be found in aerosol cans, squeeze tubes, and ropes for small jobs or special applications.
Caulking compounds vary in strength, properties, and prices. Water-based caulk can be cleaned
with water, while solvent-based compounds require a solvent for cleanup. See Table 1 below for
information about the types of common caulking compounds.
Table 1: Common Caulking Compounds
Caulking
Compound

Recommended
Uses

Silicone:
Household

Seals joints
between bath
and kitchen
fixtures and
tile. Forms
adhesive for
tiles and metal
fixtures. Seals
metal joints as
in plumbing
and gutters.

Silicone:
Seals most
Construction dissimilar

Cleanup

Shrinkage Adhesion

Cost

Comments

Dry cloth Little or
if
none.
immediate;
mineral
spirits or
naphtha.

Good to
High
excellent.

Flexible:
cured silicone
allows stretch
of joints up to
three times
normal width
or
compression
to one-half the
width.

Dry cloth
if

Good to
High
excellent.

Permits joints
to stretch or

Little or
none.
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immediate;
mineral
spirits or
naphtha.

compress.
Silicones will
stick to
painted
surfaces, but
paint will not
adhere to most
cured
silicones.

Polyurethane, Expands when
expandable curing; good
spray foam for larger
cracks indoors
or outdoors.
Use in nonfriction areas,
as rubber
becomes dry
and powdery
over time.

None;
Good to
Moderate
Solvent
expands
excellent. to high.
such as
quite a bit.
lacquer
thinner, if
immediate.

Spray-foam
quickly
expands to fit
larger,
irregularshaped gaps.
Flexible. Can
be applied at
variable
temperatures.
Must be
painted for
exterior use to
protect from
ultraviolet
radiation.
Manufacturing
process
produces
greenhouse
gases.

Water-based
foam sealant

Water.

Takes 24
hours to cure.
Cures to soft
consistency.
Water-based
foam
production
does not
produce
greenhouse
gases. Will
not overexpand to

building
materials such
as wood and
stone, metal
flashing, and
brick.

Around
window and
door frames in
new
construction;
smaller cracks.

None;
expands
only 25%.
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bend windows
(new
construction).
Must be
exposed to air
to dry. Not
useful for
larger gaps, as
curing
becomes
difficult.
Butyl rubber Seals most
dissimilar
materials
(glass, metal,
plastic, wood,
and concrete.)
Seals around
windows and
flashing, bonds
loose shingles.

Latex

Seals joints
around tub and
shower. Fills
cracks in tile,
plaster, glass,
and plastic;
fills nail holes.

Mineral
spirits or
naphtha.

From 5%
to 30%.

Good.

Water.

From 5%
to 10%.

Good to
Moderate. Easy to use.
excellent.
Seams can be
trimmed or
smoothed with
moist finger or
tool. Water
resistant when
dry. Can be
sanded and
painted. Less
elastic than
above
materials.
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Varied
durability, 2–
10 years. Will
not adhere to
metal. Little
flexibility
once cured.
Needs to be
painted when
used on
exteriors.
Oil or resinbased

Seals exterior
seams and
joints on
building
materials.

Mineral
spirits or
naphtha.

From 10% Good.
to 20%.

Low.

Readily
available.
Least
expensive of
the four types.
Rope and tube
form
available. Oils
dry out and
cause material
to harden and
fall out. Low
durability, 1–4
years. Poor
adhesion to
porous
surfaces like
masonry.
Should be
painted. Can
be toxic
(check label).
Limited
temperature
range.

Application
Although not a high-tech operation, caulking can be tricky. The instructions on the compound
cartridge should be followed. The following are a few important tips to provide your client:
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•

•
•

•
•
•
•
•
•

For good adhesion, clean all areas to be caulked. Remove any old caulk and paint, using a
putty knife or a large screwdriver. Make sure the area is dry so you won't seal in
moisture.
Apply caulk to all joints in a window frame and the joint between the frame and the wall.
Hold the gun at a consistent angle. Forty-five degrees is best for getting deep into the
crack. You know you've got the right angle when the caulk is immediately forced into the
crack as it comes out of the tube.
Caulk in one straight continuous stream, if possible. Avoid stops and starts.
Send caulk to the bottom of an opening to avoid bubbles.
Make sure the caulk sticks to both sides of a crack or seam.
Release the trigger before pulling the gun away to avoid applying too much caulking
compound. A caulking gun with an automatic release makes this so much easier.
If caulk oozes out of a crack, use a putty knife to push it back in.
Don't skimp. If the caulk shrinks, reapply it to form a smooth bead that will seal the crack
completely.

Before applying new caulk, remove old caulk or paint residue remaining around a window using
a putty knife, stiff brush, or special solvent. After old caulk is removed, new caulk can then be
applied to all joints in the window frame and the joint between the frame and the wall. The best
time to apply caulk is during dry weather when the outdoor temperature is above 45°F (7.2°C).
Low humidity is important during application to prevent cracks from swelling with moisture.
Warm temperatures are also necessary so the caulk will set properly and adhere to the surface.
Next
In the next sections, let’s learn about windows and doors, and how they relate to energy
efficiency. First – windows.
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Windows
This section deals with the common details and styles of windows that may be observed during
an inspection of the exterior. At the end of this section, you shall be able to:
• List the different types of the most common windows;
• Describe how each type of window operates; and
• List the components of a typical double-hung window.
Fixed
Fixed windows are sometimes referred to as picture windows. A fixed window does not open.
Picture window
A very large fixed window in a wall. Picture windows are intended to provide an unimpeded
view.

Double-hung
A double-hung window has two operable sashes that move. Many older and historical homes
have double-hung windows. This window is a traditional style of window in the USA. The
window has two parts (sashes) that overlap slightly and slide up and down inside the frame.
Most new double-hung sash windows use spring balances to support the sashes. Traditionally
counterweights were used. The weights are attached to the sashes using pulleys of either a chord
or chain.
Horizontal sliding
A horizontal sliding sash window has two or more sashes that overlap slightly but slide
horizontally within the frame. In the United Kingdom, these are sometimes called Yorkshire
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sash windows. The entire window may have sliders, or more often only one sash will slide.
These sliders are similar to patio door sliders, where one slider door is fixed and the other slides.
Single-hung
Shingle-hung windows have a fixed and an operable sash. The operable sash is usually located
on the bottom, and the fixed located at the top of the window.
Casement
A casement window is one that is hinged usually at the side, sometimes at the top or bottom.
The sash swings in or out much like a door comprising of either a side-hung, top-hung, or
occasionally bottom-hung sash or a combination of these types. In the USA these windows are
usually opened using a crank, but in Europe they tend to use friction mechanisms and
espagnolette locking. A crank, stay, or friction hinge is necessary when the window opens
outward, to hold the window in position.

Awning (casement) window
An awning window is a casement window that is hinged at the top. The window hangs
horizontally by the hinges. It swings outward like an awning. The usually open outwards and
operate with a crank.
Hopper (casement) window
A hopper window is a casement window that has hinges on the bottom. Usually the window
opens inward toward the living space, rather than outside.
Jalousie or louver
A jalousie window consists of parallel glass, acrylic, or wooden louvers set in a frame. The
louvers are locked together onto a track, so that they may be tilted open and shut in unison, to
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control airflow through the window. When the window is closed the louvers overlap each other
in a shingle pattern.
Jalousie windows are best suited for porches that are not climate-controlled and are in mildwinter climates. They are common on mid-20th-century homes in Florida and the Southern
States of the U.S. They are also common in Hawaii.
They are good for providing ventilation. They are not weather-tight. They are not good
insulators in northern climates if energy-efficiency is a concern. They can remain open during
rain and yet keep most of the rain from entering because of the shingle orientation.
Transom

A transom window is located above a door. For an exterior door the transom window is often
fixed. For an interior door it may open. In an older house, the function of an interior transom
window that opens was to provide ventilation before a forced air HVAC system was introduced.
Bay window
A bay window is a multi-panel window, with at least two panels set at different angles to create a
projection from the wall.
Emergency Escape and Egress
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This is a window designed to allow occupants to escape through the opening in an emergency,
such as a fire. In the United States, specifications for emergency windows in bedrooms are given
in many building codes.

Lite/Light
The term "lite" or “light” refers to a glass pane. Several lites may be installed in a window. For
example, a fixed window has one lite. A "single-light" can refer to one piece of glass in a sash.
A horizontal slider has two lites, with one sash fixed and the other slider. A "double-light" refers
to two lites of a window.

Muntins
The lites in a window sash are divided horizontally and vertically by narrow strips of wood or
metal called muntins. Muntins divide a sash into smaller lites or panes.
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In many modern windows, the mutins are not true muntins, but are decorative only. Fake
muntins are mounted either on the interior-side of the glass, or they are installed between two
panes of a double-glazed window. They could be made of wood, metal or plastic.
Mullion
A mullion is a structural element that divides adjacent window units. “Mullion” is often
confused with “muntin" (or "glazing bar" in the UK), which is the term for the small strips of
wood or metal that divide a sash into smaller glass "panes" or "lites".
A mullion acts as a structural member, and it carries the dead load of the weight above the
opening.
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Condensation in Double-Paned Windows
Condensation is the accumulation of liquid water on relatively cold surfaces.
Almost all air contains water vapor, the gas phase of water composed of tiny water droplets. The
molecules in warm air are far apart from one another and allow the containment of a relatively
large quantity of water vapor. As air cools, its molecules get closer together and squeeze the tiny
vapor droplets closer together as well. A critical temperature, known as dew point, exists where
these water droplets will be forced so close together that they merge into visible liquid in a
process called condensation.
Household air is humidified from high levels of water vapor in human and animal exhalation,
plant transpiration, and fixtures such as showers and dryers. This humidity can rise significantly
higher than outside air because of the insulation design of a house. Cold indoor surfaces can cool
the surrounding air enough to force vapor to condense. This often happens on single-pane
windows because they lack the necessary thermal insulation available to better windows.
Double-pane windows have a layer of gas (usually argon or air) trapped between two panes of
glass and should be insulated enough to prevent the accumulation of condensation. If this type of
window appears misty or foggy, it means that its seal has failed and the window needs to be
replaced.
Silica Desiccant
A desiccant is an absorptive material designed to
maintain dryness within its vicinity. A common type of
desiccant is silica gel, a porous plastic used to prevent
spoilage in various food products. A tightly packed
assortment of silica pellets is contained inside the
aluminum perimeter strip of a window to dehumidify
incoming household air that was not stopped by the
window’s seal. If not for this substance, incoming air
could condense on the glass.
Silica gel has an immense surface area, approximately
800 m/g, which allows it to absorb water vapor for
years. Eventually, the silica pellets will become
saturated and will no longer be able to prevent
condensation from forming. A double-paned window that appears foggy has failed and needs to
be repaired or replaced.
Why Double-Paned Windows Fail - Solar (Thermal) Pumping
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Although double-paned windows appear to be stable, they actually experience a daily cycle of
expansion and contraction caused by “thermal pumping.” Sunlight heats the airspace between the
panes and causes the gas there to heat up and pressurize. Expanding gas cannot leave the
chamber between the panes and causes the glass to bulge outward during the day and contract at
night to accommodate the changing pressures. This motion acts like the bellows of a forge,
pumping minute amounts of air in and out of the airspace between the panes. Over time, the
constant pressure fluctuations caused by thermal pumping will stress the seal and challenge its
ability to prevent the flow of gas in and out of the window chamber. Incoming humid air has the
potential to condense on the window surface, if it is cold enough.
Can Failed Windows be Repaired?
Inspectors should be aware that there are
companies that claim to be able to repair misty
windows through a process known as
“defogging.”
This repair method proceeds in the following
order:
1. A hole is drilled into the window, usually
from the outside, and a cleaning solution
is sprayed into the air chamber.
2. The solution and any other moisture are
sucked out through a vacuum.
3. A defogger device is permanently inserted
into the hole that will allow the release of
moisture during thermal pumping.
Inspectors should know that there is currently a debate as to whether this process is a suitable
repair for windows that have failed or if it merely removes the symptom of this failure.
Condensation appears between double-paned windows when the seal is compromised and
removal of this water will not fix the seal itself. A window “repaired” in this manner, although
absent of condensation, might not provide any additional insulation. This method is still fairly
new and opinions about its effectiveness range widely. Regardless, “defogging” certainly allows
for cosmetic improvement, which is of some value to homeowners. It also removes any potential
damage caused by condensation in the form of mold or rot.
Window condensation will inevitably lead to irreversible physical window damage. This damage
can appear in the following two ways:
Riverbedding – Condensed vapor between the glass panes will form droplets that run down the
length of the window. Water that descends in this fashion has the tendency to follow narrow
paths and carve grooves into the glass surface. These grooves are formed in a process similar to
canyon formation.
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Silica Haze – Once the silica gel has been saturated, it will be eroded by passing air currents and
accumulate as white “snowflakes” on the window surface. It is believed that if this damage is
present, the window must be replaced.
Thermal Imaging and Windows
The presence of condensation in double-paned
windows means that they have failed, but the
absence of condensation does not mean the
window is functional. This latter fact is especially
true in hot, dry environments, and when the
temperature inside of a house is the same as the
temperature outside. A method has recently
developed that uses infrared (IR, thermal)
imaging to provide a better determinant of faulty
windows.
Home inspectors can become trained to use
thermal imaging cameras to test for heat transfer
through windowpanes (and other interior locations).
A thermal imaging camera can be used to identify failed windows by imaging unusual
temperature gradients. Even the slightest entry of cold, outside air into the home that would
ordinarily go unnoticed will stand out as a dark blue haze in an IR image. A trained inspector can
either stand outside or inside the house and watch for the escape of warm air or the entrance of
cool air, respectively. A trained inspector will compare images of individual windows in a
residence and look for anomalies.
In summary, condensation in double-paned windows indicates that the window has failed and
needs to be replaced. Condensation, while it can damage windows, is itself a symptom of a lack
of integrity of the window’s seal. A failing seal will allow air to transfer in and out of the
window even if it is firmly closed. Inspectors should be aware of this process and know when to
recommend that clients’ windows be replaced.
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Energy Performance Ratings for Windows
You can use the energy performance ratings of windows, doors, and skylights to tell you their
potential for gaining and losing heat, as well as transmitting sunlight into the home.
Heat Gain and Loss
Windows, doors, skylights can gain and lose heat in the following ways:
•
•
•

Direct conduction through the glass or glazing, frame, and/or door;
The radiation of heat into a house (typically from the sun) and out of a house from roomtemperature objects, such as people, furniture, and interior walls; and
Air leakage through and around them.

These properties can be measured and rated according to the following energy performance
characteristics:
U-Factor
The rate at which a window, door, or skylight conducts non-solar heat flow. It's usually
expressed in units of BTU/hr-ft2-ºF. For windows, skylights, and glass doors, a U-factor may
refer to just the glass or glazing alone. But National Fenestration Rating Council U-factor ratings
represent the entire window performance, including frame and spacer material.
The lower the U-factor, the more energy-efficient the window, door, or skylight.
Solar Heat Gain Coefficient (SHGC)
A fraction of solar radiation admitted through a window, door, or skylight—either transmitted
directly and/or absorbed, and subsequently released as heat inside a home. The lower the SHGC,
the less solar heat it transmits and the greater its shading ability. A product with a high SHGC
rating is more effective at collecting solar heat gain during the winter. A product with a low
SHGC rating is more effective at reducing cooling loads during the summer by blocking heat
gained from the sun. Therefore, what SHGC you need for a window, door, or skylight should be
determined by such factors as your climate, orientation, and external shading. For more
information about SHGC and windows, see passive solar window design.
Air Leakage
The rate of air infiltration around a window, door, or skylight in the presence of a specific
pressure difference across it. It's expressed in units of cubic feet per minute per square foot of
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frame area (cfm/ft2). A product with a low air leakage rating is tighter than one with a high air
leakage rating.
Sunlight Transmittance
A window's, door's, or skylight's ability to transmit sunlight into a home can be measured and
rated according to the following energy performance characteristics:
Visible Transmittance (VT)
A fraction of the visible spectrum of sunlight (380 to 720 nanometers), weighted by the
sensitivity of the human eye, that is transmitted through a window's, door's, or skylight's glazing.
A product with a higher VT transmits more visible light. VT is expressed as a number between 0
and 1. The VT you need for a window, door, or skylight should be determined by the home's
daylighting requirements and/or whether the interior glare in a space needs reduced.
Light-to-Solar Gain (LSG)
The ratio between the SHGC and VT. It provides a gauge of the relative efficiency of different
glass or glazing types in transmitting daylight while blocking heat gains. The higher the number,
the more light transmitted without adding excessive amounts of heat. This energy performance
rating isn't always provided.
Passive Solar Window Design
Properly designed, energy efficient windows represent a cost-effective way to use solar energy
for heating.
Windows are an important element in passive solar home designs, which can reduce heating,
cooling, and lighting needs in a house.
Passive solar design strategies vary by building location and regional climate. The basic
techniques involving windows remain the same—select, orient, and size glass to control solar
heat gain along with different glazings usually selected for different sides of the house
(exposures or orientations). For most U.S. climates, homeowners will want to maximize solar
heat gain in winter and minimize it in summer.
Heating-Dominated Climates
In heating-dominated climates, major glazing areas should generally face south to collect solar
heat during the winter when the sun is low in the sky. In the summer, when the sun is high
overhead, overhangs or other shading devices (e.g., awnings) prevent excessive heat gain.
To be effective, south-facing windows usually must have a solar heat gain coefficient (SHGC) of
greater than 0.6 to maximize solar heat gain during the winter, a U-factor of 0.35 or less to
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reduce conductive heat transfer, and a high visible transmittance (VT) for good visible light
transfer.
Windows on east-, west-, and north-facing walls are reduced in heating climates, while still
allowing for adequate daylight. East- and west-facing windows are limited because it is difficult
to effectively control the heat and penetrating rays of the sun when it is low in the sky. These
windows should have a low SHGC and/or be shaded. North-facing windows collect little solar
heat, so they are used just to provide useful lighting.
Low-emissivity window glazing can help control solar heat gain and loss in heating climates.
Cooling-Dominated Climates
In cooling climates, particularly effective strategies include preferential use of north-facing
windows and generously shaded south-facing windows. Windows with low SHGCs are more
effective at reducing cooling loads. The following types of glazing help reduce solar heat gain,
lowering a window's SHGC:
• Low-E;
• Tinted;
• Reflective; and
• Spectrally Selective.
Most of these glazing types, except for spectrally selective, also help lower a window's VT.
Window Gas Fills
To improve the thermal performance of windows with insulated glazing, some manufacturers fill
the space between the glass panes with gas.
For these gas fills, window manufacturers use inert gases —ones that do not react readily with
other substances. Because these gases have a higher resistance to heat flow than air, they (rather
than air) are sealed between the windowpanes to decrease a window's U-factor.
The most common types of gas used by window manufacturers include argon and krypton.
Argon is inexpensive, nontoxic, nonreactive, clear, and odorless. Krypton is more expensive but
has a better thermal performance.
Heat-Absorbing, Tinted Window Glazing or Glass
Heat-absorbing window glazing contains special tints that change the color of the glass. Tinted
glass absorbs a large fraction of the incoming solar radiation through a window. This reduces the
solar heat gain coefficient, visible transmittance and glare.
Some heat, however, continues to pass through tinted windows by conduction and re-radiation.
Therefore, the tint doesn't lower a window's U-factor. However, inner layers of clear glass or
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spectrally selective coatings can be applied on insulated glazing to help reduce these types of
heat transfer.
Gray- and bronze-tinted windows—the most common—reduce the penetration of both light and
heat into buildings in equal amounts (i.e., not spectrally selective). Blue- and green-tinted
windows offer greater penetration of visible light and slightly reduced heat transfer compared
with other colors of tinted glass. In hot climates, black-tinted glass should be avoided because it
absorbs more light than heat.
Tinted, heat-absorbing glass reflects only a small percentage of light, so it does not have the
mirror-like appearance of reflective glass.
Note: when windows transmit less than 70% of visible light, indoor plants can die or grow more
slowly.
Insulated Window Glazing or Glass
Insulated window glazing refers to windows with two or more panes of glass. They are also
called double-glazed, triple-glazed, and—sometimes more generally—storm windows.
To insulate the window, the glass panes are spaced apart and hermetically sealed to form a
single-glazed unit with an air space between each pane of glass. The glass layers and the air
spaces resist heat flow. As a result, insulated window glazing primarily lowers the U-factor, but
it also lowers the solar heat gain coefficient.
Some window manufacturers use spacers—which separate two panes of glass—that conduct heat
less readily than others. These spacers can further lower a window's U-factor.
Other technologies window manufacturers use to improve the energy performance of insulated
glazing include these:
• Gas fills and
• Low-emissivity coatings.
Low-Emissivity Window Glazing or Glass
Low-emissivity (Low-E) coatings on glazing or glass control heat transfer through windows with
insulated glazing. Windows manufactured with Low-E coatings typically cost about 10%–15%
more than regular windows, but they reduce energy loss by as much as 30%–50%.
A Low-E coating is a microscopically thin, virtually invisible, metal or metallic oxide layer
deposited directly on the surface of one or more of the panes of glass. The Low-E coating
reduces the infrared radiation from a warm pane of glass to a cooler pane, thereby lowering the
U-factor of the window. Different types of Low-E coatings have been designed to allow for high
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solar gain, moderate solar gain, or low solar gain. A Low-E coating can also reduce a window's
visible transmittance unless one that's spectrally selective is used.
To keep the sun's heat out of the house (for hot climates, east and west-facing windows, and
unshaded south-facing windows), the Low-E coating should be applied to the outside pane of
glass. If the windows are designed to provide heat energy in the winter and keep heat inside the
house (typical of cold climates), the Low-E coating should be applied to the inside pane of glass.
Window manufacturers apply Low-E coatings in either soft or hard coats. Soft Low-E coatings
degrade when exposed to air and moisture, are easily damaged, and have a limited shelf life.
Therefore, manufacturers carefully apply them in insulated multiple-pane windows. Hard Low-E
coatings, on the other hand, are more durable and can be used in add-on (retrofit) applications.
The energy performance of hard-coat, Low-E films is slightly poorer than that of soft-coat films.
Although Low-E coatings are usually applied during manufacturing, some are available for do-ityourselfers. These films are inexpensive compared to total window replacements, last 10–15
years without peeling, save energy, reduce fabric fading, and increase comfort.
Reflective Window Glazing or Glass
Reflective coatings on window glazing or glass reduce the transmission of solar radiation,
blocking more light than heat. Therefore, they greatly reduce a window's visible transmittance
(VT) and glare, but they also reduce a window's solar heat gain coefficient (SHGC). (See energy
performance ratings for windows, doors, and skylights for more information on these terms.)
Reflective coatings usually consist of thin, metallic layers. They come in a variety of metallic
colors, including silver, gold, and bronze.
Reflective window glazing is commonly used in hot climates where solar heat gain control is
critical. However, the reduced cooling energy demands they achieve can be offset by the
resulting need for additional electrical lighting, so reflective glass is mostly used just for special
applications.
Spectrally Selective Window Glazing or Glass
A special type of low-emissivity coating is spectrally selective. Spectrally selective coatings
filter out 40%–70% of the heat normally transmitted through insulated window glass or glazing,
while allowing the full amount of light to be transmitted.
Spectrally selective coatings are optically designed to reflect particular wavelengths but remain
transparent to others. Such coatings are commonly used to reflect the infrared (heat) portion of
the solar spectrum while admitting a higher portion of visible light. They help create a window
with a low U-factor and solar heat gain coefficient but a high visible transmittance.
Spectrally selective coatings can be applied on various types of tinted glass to produce
"customized" glazing systems capable of either increasing or decreasing solar gains according to
the aesthetic and climatic effects desired.
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Computer simulations have shown that advanced window glazing with spectrally selective
coatings can reduce the electric space cooling requirements of new homes in hot climates by
more than 40%.
Daylighting
Daylighting is the use of windows and skylights to bring sunlight into a home.
Today's highly energy-efficient windows, as well as advances in lighting design, allow efficient
use of windows to reduce the need for artificial lighting during daylight hours without causing
heating or cooling problems.
The best way to incorporate daylighting in a home depends on the local climate and home's
design. The sizes and locations of windows should be based on the cardinal directions rather than
their effect on the street-side appearance of the house.
South-facing windows are most advantageous for daylighting and for moderating seasonal
temperatures. They allow most winter sunlight into the home but little direct sun during the
summer, especially when properly shaded.
North-facing windows are also advantageous for daylighting. They admit relatively even, natural
light, producing little glare and almost no unwanted summer heat gain.
Although east- and west-facing windows provide good daylight penetration in the morning and
evening, respectively, they should be limited. They may cause glare, admit a lot of heat during
the summer when it is usually not wanted, and contribute little to solar heating during the winter.
If your client is constructing a new house, the may want to consider daylighting as part of their
whole-house design—an approach for building an energy-efficient home.
Window Selection
There are several options to consider when selecting what type of windows a homeowner should
use in their home.
When selecting windows for energy efficiency, it's important to first consider their energy
performance ratings in relation to the local climate and the home's design. This will help narrow
the window selection.
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A window's energy efficiency is dependent upon all of its components:
• Frames;
• Glazing or glass; and
• Operation.
Window Installation
Even the most energy-efficient window must be properly installed to ensure that its energy
performance is achieved and that it does not contribute to a home's moisture problems.
Window installation varies depending on the types of the following materials:
• Window;
• House construction (wood versus masonry);
• Exterior cladding (e.g., wood siding, stucco, brick); and
• Weather-resistive barrier.
Windows should be installed following manufacturing recommendations, along with the
following additional guidelines (primarily for windows with fin mounting systems).
Installation Guidelines
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•

•

•

•

The window opening must be flashed and integrated into the home's weather-resistive
barrier so that any potential water leaks do not cause damage. A weather-resistive barrier
is a drainage plane that allows water that has penetrated past the siding to drain away
from the wall system. Details will vary with siding, window type, the installation
sequence for the window, trim, and weather-resistive barrier. It is advisable to install
window head and sill flashing, whether it is metal, plastic, or a self-sticking, elastomeric
membrane. Avoid relying on tapes or sealants to provide waterproofing, as these products
may fail over time.
It's common practice and recommended by some manufacturers to cut an "X" in
housewrap placed over window openings, pull the material inside, and secure it by
stapling. Other manufacturers require alternative methods, such as the modified "I"-cut,
depending on the overall flashing approach. The "I"-cut allows the vertical leg of the
head flashing to be placed under the weather-resistive barrier and then taped or sealed.
It's best to divert drainage onto the face of the weather-resistive barrier. Do not tape down
or seal behind the bottom nailing flange of the window, as doing so could accidentally
trap in water.
Windows must also be properly air sealed during installation to perform correctly. To air
seal the window, caulk the backsides of the window mounting flanges (top and sides
only) to the weather-resistive barrier during installation. The mounting flange (nailing
fin) is an integral part of most window frames that laps over the conventional stud
construction. Nails are driven through it to secure the frame in place. Also, from inside
the house, seal the gap between the window frame and rough opening using backer rod
and caulk or non-expanding latex-based spray foams that will not pinch jambs or void
window warranties. Backer rod is a closed-cell foam or rope caulk that is pressed into
cracks or gaps with a screwdriver or putty knife. Insulation stuffed into this crack does
not stop airflow.
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Source: U.S. EPA.
Types of Window Frames
A window frame can conduct heat, contributing to a window's overall energy efficiency,
particularly its U-factor.
There are advantages and disadvantages to all types of frame materials. Overall, vinyl, wood,
fiberglass, and some composite frame materials provide greater thermal resistance than metal.
Aluminum or Metal Frames
Although very strong, light and almost maintenance free, metal or aluminum window frames
conduct heat very rapidly. Because of this, metal makes a very poor insulating material. To
reduce heat flow and the U-factor, metal frames should have a thermal break—an insulating
plastic strip placed between the inside and outside of the frame and sash.
Composite Frames
Composite window frames consist of composite wood products, such as particleboard and
laminated strand lumber. These composites are very stable, they have the same or better
structural and thermal properties as conventional wood, and they have better moisture and decay
resistance.
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Fiberglass Frames
Fiberglass window frames are dimensionally stable and have air cavities (similar to vinyl). When
these cavities are filled with insulation, they offer superior thermal performance compared to
wood or vinyl (similar to insulated vinyl frames).
Vinyl Frames
Vinyl window frames are usually made of polyvinyl chloride (PVC) with ultraviolet light (UV)
stabilizers to keep sunlight from breaking down the material. PVC is a very versatile plastic with
good insulating value. Vinyl window frames also do not require painting and have good moisture
resistance. However, at high temperatures, they may expand and warp; at extremely low
temperatures, they may crack. Also, if sunlight hits the material for many hours a day, colors
other than white may tend to fade over time.
Insulated vinyl frames are also available. Unlike standard vinyl frames, their hollow cavities are
filled with insulation. This makes them thermally superior to standard vinyl and wood frames.
Usually these high-performance frames are used with high-performance glazings.
Wood Frames
Wood window frames insulate well, but they also expand and contract according to weather
conditions. They can also be quite heavy and thicker than other frames. This can make storage
difficult, reduce the view out the window, and reduce the amount of natural light in the room.
Wood frames also require the most maintenance. There are, however, aluminum- or vinyl-clad
wood frames that reduce maintenance requirements.
Next
We learned about windows. Now let’s learn about doors in the next section.
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Exterior Doors
An exterior door can contribute significantly to air leakage in a home—as well as some heat
transfer—if it's old, not properly installed, and/or not properly air sealed. This can result in
energy losses.
New exterior doors often fit and insulate better than older types. If there are older doors in the
home, replacing them might be a good investment for the homeowner, resulting in lower heating
and cooling costs. If your client is building a new home, they might consider buying the most
energy-efficient doors possible.
When selecting doors for energy efficiency, it's important to first consider their energy
performance ratings in relation to the local climate and home's design. This will help narrow the
selection.
Types of Doors
One common type of exterior door has a steel skin with a polyurethane foam insulation core. It
usually includes a magnetic strip (similar to a refrigerator door magnetic seal) as
weatherstripping. If installed correctly and if the door is not bent, this type of door needs no
further weatherstripping.
The R-values of most steel and fiberglass-clad entry doors range from R-5 to R-6 (not including
the effects of a window.) For example: A 1-1/2 inch (3.81 cm) thick door without a window
offers more than five times the insulating value of a solid wood door of the same size.
Glass or "patio" doors, especially sliding glass doors, lose heat much faster than other types of
doors because glass is a very poor insulator. Most modern glass doors with metal frames have a
thermal break, which is a plastic insulator between inner and outer parts of the frame. Models
with several layers of glass, low-emissivity coatings and/or low-conductivity gases between the
glass panes are a good investment, especially in extreme climates. Over the long run, the
additional cost is paid back many times over in energy savings. When buying or replacing patio
doors, keep in mind that swinging doors offer a much tighter seal than sliding types.
Also, with a sliding glass door, it's impossible to stop all the air leakage around the
weatherstripping and still be able to use the door. Also, after years of use, the weatherstripping
wears down so air leakage increases as the door ages. If the manufacturer has made it possible to
do so, worn weatherstripping on sliding glass doors can be replaced.
Installation
When you buy a door, it will probably be a pre-hung frame. Pre-hung doors usually come with
wood or steel frames. The existing doorframe will need to be removed from the rough opening
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before you install a pre-hung door. The doorframe must be as square as possible, so that the door
seals tightly to the jamb and swings properly.
Before adding the interior trim, expanding foam caulking should be applied to seal the new
doorframe to the rough opening and threshold. This will help prevent air from getting around the
door seals and into the house. Careful application is needed, especially with a wood frame, to
avoid having the foam force the frame out of square.
If needed, weather stripping might be added. The homeowner should check the weatherstripping
on the exterior doors annually to see if it needs replacement.
Weatherstripping
Weatherstripping to seal air leaks around movable joints, such as windows or doors, can be used
in an energy efficient home.
To determine how much weatherstripping needed, add the perimeters of all windows and doors
to be weatherstripped, and then add 5%–10% to accommodate any waste. Also consider that
weatherstripping comes in varying depths and widths.
Before applying weatherstripping in an existing home, the homeowner will need to do the
following (if they haven't already):
• Detect air leaks and
• Assess your ventilation needs for indoor air quality.
Selection
A type of weatherstripping that will withstand the friction, weather, temperature changes, and
wear and tear associated with its location should be chosen. For example, when applied to a door
bottom or threshold, weatherstripping could drag on carpet or erode as a result of foot traffic.
Weatherstripping in a window sash must accommodate the sliding of panes—up and down,
sideways, or out. The weatherstripping should seal well when the door or window is closed while
allowing it to open freely.
A product for each specific location should be chosen. Felt and open-cell foams tend to be
inexpensive, susceptible to weather, visible, and inefficient at blocking airflow. However, the
ease of applying these materials may make them valuable in low-traffic areas. Vinyl, which is
slightly more expensive, holds up well and resists moisture. Metals (bronze, copper, stainless
steel, and aluminum) last for years and are affordable. Metal weatherstripping can also provide a
nice touch to older homes where vinyl might seem out of place.
More than one type of weatherstripping can be used to seal an irregularly shaped space. See
Table 1 below for information about the common types of weatherstripping.
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Table 1: Common Weatherstripping
Weatherstripping

Best Uses

Cost

Advantages

Disadvantages

Tension seal:
Self-stick plastic
(vinyl) folded along
length in a V-shape or
a springy bronze strip
(also copper,
aluminum, and
stainless steel) shaped
to bridge a gap. The
shape of the material
creates a seal by
pressing against the
sides of a crack to
block drafts.

Inside the
track of a
double-hung
or sliding
window, top
and sides of
door.

Moderate;
varies with
material
used.

Durable. Invisible
when in place.
Very effective.
Vinyl is fairly
easy to install.
Look of bronze
works well for
older homes.

Surfaces must be flat
and smooth for vinyl.
Can be difficult to
install, as corners
must be snug. Bronze
must be nailed in
place (every three
inches or so) so as
not to bend or
wrinkle. Can increase
resistance in
opening/closing
doors or windows.
Self-adhesive vinyl
available. Some
manufacturers
include extra strip for
door striker plate.

Felt:
Plain or reinforced
with a flexible metal
strip; sold in rolls.
Must be stapled, glued,
or tacked into place.
Seals best if staples are
parallel to length of the
strip.

Around a
door or
window
(reinforced
felt); fitted
into a door
jamb so the
door presses
against it.

Low

Easy to install,
inexpensive.

Low durability; least
effective preventing
airflow. Do not use
where exposed to
moisture or where
there is friction or
abrasion. All-wool
felt is more durable
and more expensive.
Very visible.

Reinforced foam:
Closed-cell foam
attached to wood or
metal strips.

Door or
window
stops;
bottom or
top of
window
sash; bottom
of door.

Moderately Closed-cell foam
low
an effective
sealer; scored
well in wind tests.
Rigid.

Tape:
Top and
Nonporous, closed-cell bottom of

Low.

Can be difficult to
install; must be
sawed, nailed, and
painted. Very visible.
Manufacturing
process produces
greenhouse gas
emissions.

Extremely easy to Durability varies with
install. Works
material used, but not
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foam, open-cell foam,
or EDPM (Ethylene
Propylene Diene
Monomer) rubber.

window
sash; door
frames; attic
hatches and
inoperable
windows.
Good for
blocking
corners and
irregular
cracks.

well when
compressed.
Inexpensive. Can
be reinforced with
staples.

Rolled or reinforced
vinyl:
Pliable or rigid strip
gasket (attached to
wood or metal strips.)

Door or
window
stops; top or
bottom of
window
sash; bottom
of a door
(rigid strip
only).

Low to
moderate.

Easy installation. Visible.
Low to moderate
cost. Selfadhesive on
pliable vinyl may
not adhere to
metal; some types
of rigid strip
gaskets provide
slot holes to
adjust height,
increasing
durability. Comes
in varying colors
to help with
visibility.

Door sweep:
Aluminum or stainless
steel with brush of
plastic, vinyl, sponge,
or felt.

Bottom of
interior side
of inswinging
door; bottom
of exterior
side of
exteriorswinging
door.

Moderate
to high.

Relatively easy to
install; many
types are
adjustable for
uneven threshold.
Automatically
retracting seeps
also available,
which reduce drag
on carpet and
increase
durability.

Magnetic:
Works similarly to
refrigerator gaskets.

Top and
sides of
doors,

High

Very effective air
sealer.
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double-hung
and sliding
window
channels.
Tubular rubber and
Around a
vinyl:
door.
Vinyl or sponge rubber
tubes with a flange
along length to staple
or tack into place.
Door or window
presses against them to
form a seal.

Moderate
to high.

Effective air
barrier.

Self-stick versions
challenging to install.

Reinforced silicone:
Tubular gasket
attached to a metal
strip that resembles
reinforced tubular
vinyl

On a
doorjamb or
a window
stop.

Moderate
to high.

Seals well.

Installation can be
tricky. Hacksaw
required to cut metal;
butting corners pose a
challenge.

Door shoe:
Aluminum face
attachment with vinyl
C-shaped insert to
protect under the door.

To seal space Moderate
beneath
to high.
door.

On the exterior,
product sheds
rain. Durable. Can
be used with
uneven opening.
Some door shoes
have replaceable
vinyl inserts.

Fairly expensive;
installation
moderately difficult.
Door bottom
planning possibly
required.

Bulb threshold:
Vinyl and aluminum

Door
thresholds

Moderate
to high.

Combination
threshold and
weatherstrip;
available in
different heights.

Wears from foot
traffic; relatively
expensive.

"Frost-brake"
threshold:
Aluminum or other
metal on exterior,
wood on interior, with
door-bottom seam and
vinyl threshold
replacement.

To seal
beneath a
door.

Moderate
to high.

The use of
different materials
means less cold
transfer.
Effective.

Moderately difficult
to install, involves
threshold
replacement.
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Fin seal:
Pile weatherstrip with
plastic Mylar fin
centered in pile.

For
Moderate
aluminum
to high.
sliding
windows and
sliding glass
doors.

Interlocking metal
Around door
channels:
perimeters.
Enables sash to engage
one another when
closed

High.

Very durable.

Can be difficult to
install.

Exceptional
weather seal.

Very difficult to
install as alignment is
critical. To be
installed by a
professional only.

Application
Weatherstripping supplies and techniques range from simple to the technical. The instructions on
the weatherstripping package should be consulted. Here are a few basic guidelines:
• Weatherstripping should be applied to clean, dry surfaces in temperatures above 20°F (7° C).
• Measure the area to be weatherstripped twice before anything is cut.
• Apply weatherstripping snugly against both surfaces. The material should compress when
the window or door is shut.
When weatherstripping doors:
• Choose the appropriate door sweeps and thresholds for the bottom of the doors.
• Weatherstrip the entire door jamb.
• Apply one continuous strip along each side.
• Make sure the weatherstripping meets tightly at the corners.
• Use a thickness that causes the weatherstripping to tightly press between the door and the
door jamb when the door closes, without making it difficult to shut.
For air sealing windows, apply weatherstripping between the sash and the frame. The
weatherstripping shouldn't interfere with the operation of the window.
Next
Over half of the energy use in a typical U.S. home is used by the heating and cooling system.
Let’s learn about HVAC systems in the next section.
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Heating and Cooling Systems
Heating and cooling account for about 56% of the energy use in a typical U.S. home, making it
the largest energy expense for most homes. A wide variety of technologies are available for
heating and cooling a home, and they achieve a wide range of efficiencies in converting their
energy sources into useful heat or cool air for a home. In addition, many heating and cooling
systems have certain supporting equipment in common, such as thermostats and ducts, which
provide opportunities for saving energy.
When a homeowner is looking for ways to save energy in a home, they should think about not
only improving the existing heating and cooling system, but also consider the energy efficiency
of the supporting equipment and the possibility of either adding supplementary sources of
heating or cooling or simply replacing their system altogether.
Selecting and Replacing Heating and Cooling Systems
When replacing or upgrading an existing heating and cooling system, it's important for the
homeowner to first consider the limitations imposed by the current system and available energy
sources. When selecting a heating and cooling system for a new house, options are generally
much wider, although the builder or developer may place limitations on the choices.
Cooling Systems
Depending on where your client lives, cooling the home can be as simple as opening a window
or as complex as using a central air conditioning unit. A wide variety of cooling technologies are
available.
Heating Systems
Although most U.S. homes use either a furnace or a boiler, other approaches range from wood
stoves to active solar heating systems.
Heat Pump Systems
Heat pump systems provide both heating and cooling and offer the benefit of delivering more
useful energy than they consume.
Supporting Equipment for Heating and Cooling Systems
Thermostats and ducts provide opportunities for saving energy. Dehumidifying heat pipes allow
central air conditioners and heat pumps to deliver drier air. Electric and gas meters allow your
client to track their energy use closely.
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Principles of Heating and Cooling
Understanding how heat is transferred from the outdoors into a home and from the home to your
body is important for understanding the challenge of keeping a house cool. Understanding the
processes that help keep a body cool is important in understanding cooling strategies for a home.

Principles of Heat Transfer
Heat is transferred to and from objects via three processes: conduction, radiation, and
convection.
Conduction is heat traveling through a solid material. On hot days, heat is conducted into a
home through the roof, walls, and windows. Heat-reflecting roofs, insulation, and energy
efficient windows will help to reduce that heat conduction.
Radiation is heat traveling in the form of visible and non-visible light. Sunlight is an obvious
source of heat for homes. In addition, low-wavelength, non-visible infrared radiation can carry
heat directly from warm objects to cooler objects. Infrared radiation is why you can feel the heat
of a hot burner element on a stovetop, even from across the room. Older windows will allow
infrared radiation coming from warm objects outside to radiate into the home; shades can help to
block this radiation. Newer windows have low-e coatings that block infrared radiation. Infrared
radiation will also carry the heat of the walls and ceiling directly to your body.
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Convection is another means for the heat from your walls and ceiling to reach you. Hot air
naturally rises, carrying heat away from the walls and causing it to circulate throughout the
home. As the hot air circulates past your skin (and you breathe it in), it warms you.
Cooling Your Body
Your body can cool down through three processes: convection, radiation, and perspiration.
Ventilation enhances all these processes. You can also cool your body via conduction—some car
seats now feature cooling elements, for instance—but this is not generally practical for use in a
home.
Convection occurs when heat is carried away from your body via moving air. If the surrounding
air is cooler than your skin, the air will absorb your heat and rise. As the warmed air rises around
you, cooler air moves in to take its place and absorb more of your warmth. The faster this
convecting air moves, the cooler you feel.
Radiation occurs when heat radiates across the space between you and the objects in a home. If
objects are warmer than you are, heat will travel toward you. Removing heat through ventilation
reduces the temperature of the ceiling, walls, and furnishings. The cooler your surroundings, the
more you will radiate heat to the objects, rather than the other way around.
Perspiration can be uncomfortable, and many people would prefer to stay cool without it.
However, during hot weather and physical exercise, perspiration is the body's powerful cooling
mechanism. As moisture leaves your skin pores, it carries a lot of heat with it, cooling your body.
If a breeze (ventilation) passes over your skin, that moisture will evaporate more quickly, and
you'll be even cooler.
BTU
Gas furnaces can be classified by their different capacities. A furnace capacity can be described
by BTU output. The BTU is determined by what is required by the heating unit for the structure,
which is the amount of heat the unit needs to produce to replace heat loss and provide the
occupants a good comfort level.
AFUE
Furnaces can be identified and described by heating efficiency. The energy efficiency of a
natural gas furnace is measured by its annual fuel utilization efficiency (AFUE). The higher the
rating, the more efficient the furnace. The U.S. government has established a minimum rating
for furnaces of 78%. Mid-efficiency furnaces have AFUE ratings from 78 to 82%. Highefficiency furnaces have AFUE ratings from 88 to 97%. Old, standing-pilot gas furnaces have
AFUE ratings from 60 to 65%. Gravity warm-air furnaces might have efficiencies lower than
60%.
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BTU and Efficiency
BTU stands for British Thermal Unit. The BTU is a unit of energy. It is approximately the
amount of energy needed to heat one pound of water 1 degree Fahrenheit. Once cubic foot of
natural gas contains about 1,000 BTUs. A gas furnace that fires at a rate of 100,000 BTUs per
hour will burn about 100 cubic feet of gas every hour.
On a gas furnace, there should be a data plate. On that plate there might be written the input and
output capacities. For example, the data plate may say, “Input 100,000 BTU per hour.” And it
may also say, “Output 80,000 BTU per hour.” While this furnace is running, about 20% of the
heat generated is lost out through the exhaust gases. The ratio of the output to the input BTU is
80,000 ÷ 100,000 = 80% efficiency. This is the "steady state efficiency" of the furnace.
Steady state efficiency measures how efficiently a furnace converts fuel to heat, once the furnace
has warmed up and is running steadily. However, furnaces cycle on and off as they maintain
their desired temperature. Furnaces typically do not operate as efficiently as they start up and
cool down. As a result, steady state efficiency is not as reliable an indicator of the overall
efficiency of your furnace.
AFUE and Efficiency
The AFUE is the most widely used measure of a furnace's heating efficiency. It measures the
amount of heat delivered to your house compared to the amount of fuel that must be supplied to
the furnace. Thus, a furnace that has an 80% AFUE rating converts 80% of the fuel that is
supplied to heat. The other 20% is lost and wasted.
Note that the AFUE refers only to the unit's fuel efficiency, not its electricity usage. The U.S.
Department of Energy (DOE) determined that all furnaces sold in the U.S. must have a minimum
AFUE of 78%, beginning January 1, 1992. Mobile home furnaces are required to have a
minimum AFUE of 75%.
The DOE's definition of AFUE is the measure of seasonal or annual efficiency of a furnace or
boiler. It takes into account the cyclic on/off operation and associated energy losses of the
heating unit as it responds to changes in the load, which, in turn, is affected by changes in
weather and occupant controls.
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Sizing Heating and Cooling Systems
Older space conditioning systems (more than 10 years old) are often unreliable and much less
efficient than a modern system. Choosing a replacement system of the correct size (heating
and/or cooling output) is critical to getting the best efficiency, comfort, and lowest maintenance
and operating costs over the life of the new system. Some national surveys have determined that
well over half of all HVAC contractors do not size heating and cooling systems correctly.
The most common sizing mistake is in oversizing. This not only makes the new system more
expensive to install, but also forces it to operate inefficiently, break down more often, and cost
more to operate. Oversized heating equipment also often creates uncomfortable and large
temperature swings in the house. Oversized air conditioners (and heat pumps) do not run long
enough to dehumidify the air, which results in the "clammy" feeling and unhealthy mold growth
in many air-conditioned houses (see dehumidifying heat pipes as one solution to this problem).
Incorrect Sizing Methods
It is the installer/contractor's job to perform the correct sizing calculation for the building.
However, many installers only check the "nameplate" (the label on the unit that has the Btu per
hour output among other things) of the existing system and sell you one just like it, or even
worse, one that's larger. This is a not a correct sizing method and not in the homeowner’s best
interests! Other methods include simple "rules of thumb" based on the size of the home or using
a chart that accounts for a variety of factors. While these methods might provide a first estimate,
they should not be used to size a system.
Why Most Older Systems are Oversized
Before the era of tightly constructed homes, it was not uncommon to install furnaces and air
conditioners that had two to four times the necessary capacity. Since many people have added
new windows, caulking, weather-stripping, and insulation to their homes, going by the nameplate
is likely to result in an oversized system. Making improvements such as these to reduce heat loss
in the winter and heat gain in the summer should allow the installation of smaller systems while
still being comfortable, as well as saving large amounts of energy.
Manual J and Manual D: The Correct Way to Size a System
Correct system sizing requires considering many factors other than simply reading the nameplate
of the existing unit. Key factors for correctly sizing a heating and cooling system include the
following:
* The local climate
* Size, shape, and orientation of the house
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* Insulation levels
* Window area, location, and type
* Air infiltration rates
* The number and ages of occupants
* Occupant comfort preferences
* The types and efficiencies of lights and major home appliances (which give off heat).
Homeowners should insist that contractors use a correct sizing calculation before signing a
contract. This service is often offered at little or no cost to homeowners by gas and electric
utilities, major heating equipment manufacturers, and conscientious heating and air conditioning
contractors. Manual J, "Residential Load Calculation," published by the Air Conditioning
Contractors of America (ACCA), is the recommended method for use in the United States. There
are also many user-friendly computer software packages or worksheets that can simplify the
calculation procedure. The homeowner should make sure that the procedure used by the
contractor follows Manual J.
If ducts are part of the installation, they should be sized using the ACCA's Manual D,
"Residential Duct Design." The ACCA also offers a comprehensive guide for choosing home
heating and cooling systems, called Manual S, "Residential Equipment Selection."
A Special Case: Sizing Steam Heating Systems
One exception to the above is in steam heating systems. For these systems, the boiler should be
sized to match the radiators. However, there is still room for energy savings. First of all, the
original boiler may be oversized for the radiators, so the contractor shouldn't just order the same
capacity boiler, but instead should match the boiler to the radiators. Second, if homeowner has
increased the energy efficiency of their home, it may have more radiators than it needs.
It may be possible to remove radiators in the core of the house and shift the others around,
replacing larger radiators with smaller ones. Since radiators are modular, it is theoretically
possible to downsize a radiator by removing sections; in practice, this is usually difficult to do
without damaging them. In many parts of the country, used radiators are available cheaply, so the
homeowner can potentially buy small radiators to replace large radiators; if the homeowner does
so, they should be prepared to replace the shutoff valves as well, since they often won't match.
Newly manufactured steam radiators are available as well.
In any case, the homeowner should work with a heating and cooling professional when
downsizing the system. The house's heating needs should be calculated using Manual J, and the
radiators should be downsized appropriately. Match the new boiler to the remaining radiators.
Note that balancing steam heating systems is more an art than a science; ideally, the homeowner
will find a heating professional with experience in steam heating systems.
Steps a Good Contractor Should Take to Size the System
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Many factors affect a home's heating or cooling requirement, or "load." A good estimator will
measure walls, ceilings, floor space, and windows to determine the room volumes, and will
assess the R-value of the home's insulation, windows, and building materials. A close estimate of
the building's air leakage is also necessary. A blower door test is the best way to measure air
leakage.
A good estimate will also include an inspection of the size, condition of seals on joints and
insulation, and location of the distribution ducts in forced air systems. The placement of supply
and return registers should be appropriate for the system type and size.

The orientation of the house also affects heat gain and heat loss through windows. Overhangs
can reduce solar gain through windows. The contractor should use the correct design for the
outdoor temperature and humidity in the local area. Using a higher summer design temperature
results in oversizing air conditioners.
When the contractors are finished, a copy of their calculations, assumptions, and the computer
printout or finished worksheet should be provided. This is the only proof that they did the job
right. To summarize, when designing a new heating and air conditioning system, the contractor
should do the following:
•
•

Use a computer program or written calculation procedure to size the system
Provide a written contract listing the main points of the installation and includes the
results of the heating and cooling load calculation
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•

Provide a written warranty on equipment and workmanship
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Cooling Systems
Although your first thought for cooling a home may be air conditioning, there are many
alternatives that provide cooling with less energy use. A combination of proper insulation,
energy-efficient windows and doors, daylighting, shading, and ventilation will usually keep
homes cool with a low amount of energy use in all but the hottest climates. Although ventilation
should be avoided in hot, humid climates, the other approaches can significantly reduce the need
to use air conditioning.
Ventilation
Whether relying on natural ventilation or forcing air through the home with fans, ventilation is
the most energy-efficient way to cool a house.
Evaporative Cooling
For homes in dry climates, evaporative cooling or "swamp cooling" provides an experience like
air conditioning, but with much lower energy use.
Air Conditioning
Air conditioners range from a small room air conditioner to a large central air conditioning unit.
Most air conditioners operate at less than their maximum efficiency, presenting energy-saving
opportunities. New air conditioning units are far more efficient than earlier models.
Other Cooling Technologies
Absorption coolers use heat rather than electricity as their energy source, and are now available
for large homes. Radiant cooling can be appropriate in arid climates, but is problematic
elsewhere. Earth cooling tubes have been installed in a few hundred homes, but the technology is
not effective.
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Ventilation Systems
Ventilation is the least expensive and most energy-efficient way to cool buildings. Ventilation
works best when combined with methods to avoid heat buildup in a home. In some cases, natural
ventilation will suffice for cooling, although it usually needs to be supplemented with spot
ventilation, ceiling fans and window fans. For large homes, homeowners might want to
investigate whole house fans.
Ventilation is ineffective in hot, humid climates where temperature swings between day and
night are small. In these climates, attic ventilation can help to reduce the use of air conditioning.
Ventilating the attic greatly reduces the amount of accumulated heat, which eventually works its
way into the main part of the house. Ventilated attics are about 30°F (16°C) cooler than
unventilated attics. Properly sized and placed louvers and roof vents help prevent moisture
buildup and overheating in the attic.
Principles of Heating and Cooling
It is important to understand the roles of conduction, convection, radiation, and perspiration.
Avoiding Heat Buildup
Keeping the outside heat outside, avoiding heat-generating activities, and using spot ventilation
can help keep the home cool during hot days.
Natural Ventilation
In some parts of the United States, natural convection and cool breezes are sufficient to keep
homes cool.
Ceiling Fans and Other Circulating Fans
Fans that circulate air within the home can improve the comfort level.
Window Fans
Window fans use relatively little electricity and provide sufficient cooling for homes in many
parts of the country.
Whole House Fans
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For larger homes, a whole house fan provides excellent ventilation to achieve lower indoor
temperatures. For homes with ducts, an alternative approach uses those ducts to supply
ventilation air throughout the home.
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Natural Ventilation
Natural ventilation relies on the wind and the "chimney effect" to keep a home cool. Natural
ventilation works best in climates with cool nights and regular breezes.
The wind will naturally ventilate the home by entering or leaving windows, depending on their
orientation to the wind. When wind blows against the home, air is forced into the windows on
the side facing into the wind, while a natural vacuum effect tends to draw air out of windows on
the leeward (downwind) side. In coastal climates, many seaside buildings are designed with large
ocean-facing windows to take advantage of cooling sea breezes. For drier climates, natural
ventilation involves avoiding heat buildup during the day and ventilating at night.
The chimney effect relies on convection and occurs when cool air enters a home on the first floor
or basement, absorbs heat in the room, rises, and exits through upstairs windows. This creates a
partial vacuum, which pulls more air in through lower-level windows. The effect works best in
open-air designs with cathedral ceilings and windows located near the top of the house, in
clerestories, or in operable skylights.
Passive solar homes are often designed to take advantage of convection to distribute heat evenly
through the home. These homes are often amenable to natural ventilation by ventilating them
near the top.
Natural ventilation can be enhanced or diminished through landscaping. Depending on the house
design and wind direction, a windbreak—like a fence, hedge, or row of trees that blocks the
wind—can force air either into or away from nearby windows.
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Ceiling Fans and Other Circulating Fans
Circulating fans include ceiling fans, table fans, floor fans, and fans mounted to poles or walls.
These fans create a wind chill effect that will make it more comfortable in the home, even if it's
also cooled by natural ventilation or air conditioning. Ceiling fans are considered the most
effective of these types of fans, since they effectively circulate the air in a room to create a draft
throughout the room.
If air conditioning is used, a ceiling fan will allow the homeowner to raise the thermostat setting
about 4°F with no reduction in comfort. In temperate climates, or during moderately hot weather,
ceiling fans may allow the homeowner to avoid using the air conditioner altogether. The
homeowner could install a fan in each room that needs to be cooled during hot weather.
Ceiling fans are only appropriate in rooms with ceilings at least eight feet high. Fans work best
when the blades are 7–9 feet above the floor and 10–12 inches below the ceiling. Fans should be
installed so their blades are no closer than 8 inches from the ceiling and 18 inches from the walls.
Larger ceiling fans can move more air than smaller fans. A 36- or 44-inch diameter fan will cool
rooms up to 225 square feet, while fans that are 52 inches or more should be used in larger
rooms. Multiple fans work best in rooms longer than 18 feet. Small- and medium-sized fans will
provide efficient cooling in a 4- to 6-foot diameter area, while larger fans are effective up to 10
feet.
A larger blade will also provide comparable cooling at a lower velocity than a smaller blade.
This may be important in areas where loose papers or other objects will be disturbed by a strong
breeze. The fan should also be fitted to the aesthetics of the room—a large fan may appear
overpowering in a small room.
A more expensive fan that operates quietly and smoothly will probably offer more trouble-free
service than cheaper units. The noise ratings should be checked, and, if possible, the fan in
operation should be listened to before it is purchased.
When buying window fans, the homeowner should look for the ENERGY STAR® label. Fans
that earn the label move air 20% more efficiently, on average, than standard models.
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Window Fans
Window fans use little energy and can provide effective cooling in many climates. Window fans
are best used in windows facing away from the prevailing wind and exhausting hot air from the
home. To cool as much of the home as possible, the homeowner can tightly close windows near
the fan and open windows in rooms far from the fan, preferably on the windward side of the
home. Windows near cooler, shaded outdoor areas provide the best intake air.
In multi-level houses, the fan should be located on the upper level, if possible, and the open
windows should be located on a lower level. If that's not practical, the homeowner may want to
independently ventilate each level of the home with separate fans.
Depending on the layout of the home, the homeowner might want to use several window fans
working together to pull the air through the home. For instance, fans in several upstairs
bedrooms will assure that each bedroom is cooled, and will work together to pull air in through
the rest of the home.
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Cooling Using a Whole House Fan
Whole house cooling using a whole house fan can substitute for an air conditioner most of the
year in most climates. Whole house fans combined with ceiling fans and other circulating fans
provide acceptable summer comfort for many families, even in hot weather. In addition to whole
house fans, the ducts of the central heating and cooling system can be modified to provide whole
house cooling.
How Whole House Fans Work
The whole house fan pulls air in from open windows and exhausts it through the attic and roof. It
provides good attic ventilation in addition to whole house cooling. Whole house fans should
provide houses with 30–60 air changes per hour (varies with climate, floor plan, etc.) The airchange rate depends on the climate and how much the homeowner will depend on the whole
house fan for cooling.
Sizing a Whole House Fan
Whole house fans are sized in cubic feet per minute (cfm) of cooling power. To determine the
size the homeowner will need, the volume of the house needs to be calculated in cubic feet. To
do that, the square footage of the floor area the homeowner wants to cool is multiplied by the
height from floor to ceiling. Take that volume and multiply by 30 to 60 air changes per hour
(depending on the power needed). Then, divide by 60 minutes to get the cubic feet per minute of
capacity the house requires.
[(Square feet______ x room height______) x 30 or 60/ 60 = cfm required _________.]
Installing and Using a Whole House Fan
Installing a whole house fan is tricky and should be done by a professional. An experienced
professional should perform the attic measurements and install the dedicated circuit wiring and,
if needed, the new attic vents.
Attic ventilation will usually need to be increased to exhaust the fan's air outdoors. The home
will need 2–4 times the normal area of attic vents, or about one square foot of net free area for
every 750 cubic feet per minute of fan capacity. The net free area of a vent takes into account the
resistance offered by its louvers and insect screens. More vent area is better for optimal whole
house fan performance.
If the fan doesn't come with a tight-sealing winter cover, the homeowner should either buy one
or build one. If the homeowner switches between air conditioning and cooling with a whole
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house fan as the summer weather changes, a tightly sealed, hinged door for the fan opening that
is easy to open and close when switching cooling methods should be built.
Be cautious when operating these large exhaust fans. Open windows throughout the house to
prevent a powerful and concentrated suction in one location. If enough ventilation isn't provided,
the fans can cause a backdraft in the furnace, water heater or gas-fired dryer, pulling combustion
products such as carbon monoxide into the living space.
Drawbacks of Whole House Fans
Whole house fans can be noisy, especially if improperly installed. In general, a large-capacity
fan running at low speed makes less noise than a small fan operating at high speed. All whole
house fans should be installed with rubber or felt gaskets to dampen noise. The homeowner can
set a multi-speed fan to a lower speed when noise is a problem.
Using the Duct System as a Whole House Fan
The homeowner may be able to use the heating and air conditioning ducts in their home as a
means of whole house ventilation. This would involve installing an intake duct to pull air into an
attic-mounted system that directs the air into the heating and cooling ducts. A damper would
control exhaust air from the home into the attic.
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Evaporative Coolers
In a typical evaporative cooler, a small motor (top) drives a large fan (center) which blows air
out the bottom and into the home. The fan sucks air in through the louvers around the box, which
are covered with water-saturated absorbent material.
In low-humidity areas, evaporating water into the air provides a natural and energy-efficient
means of cooling. Evaporative coolers, also called swamp coolers, rely on this principle, cooling
outdoor air by passing it over water-saturated pads, causing the water to evaporate into it. The
15°–40°F-cooler air is then directed into the home, and pushes warmer air out through windows.
When operating an evaporative cooler, windows are opened part way to allow warm indoor air to
escape as it is replaced by cooled air. Unlike central air conditioning systems that recirculate the
same air, evaporative coolers provide a steady stream of fresh air into the house.
Evaporative coolers cost about one-half as much to install as central air conditioners and use
about one-quarter as much energy. However, they require more frequent maintenance than
refrigerated air conditioners and they're suitable only for areas with low humidity.
Sizing and Selection
Evaporative coolers are rated by the cubic feet per minute (cfm) of air that they deliver to the
house. Most models range from 3,000 to 25,000 cfm. Manufacturers recommend providing
enough air-moving capacity for 20–40 air changes per hour, depending on climate.
Installation
Evaporative coolers are installed in one of two ways: the cooler blows air into a central location,
or the cooler connects to ductwork, which distributes the air to different rooms. Central-location
installations work well for compact houses that are open from room to room. Ducted systems are
required for larger houses with hallways and multiple bedrooms.
Most people install down-flow evaporative coolers on the roofs of their houses. However, many
experts prefer to install ground-mounted horizontal units, which feature easier maintenance and
less risk of roof leaks.
Small horizontal-flow coolers are installed in windows to cool a room or section of a home.
These portable evaporative coolers work well in moderate climates, but may not be able to cool a
room adequately in hot climates. Room evaporative coolers are becoming more popular in areas
of the western United States with milder summer weather. They can reduce the temperature in a
single room by 5°–15°F.
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Small, portable evaporative coolers on wheels are now available as well. Although the units have
the advantage of portability, their cooling ability is limited by the humidity within the home.
Generally, these units will provide only a slight cooling effect.
Operation
An evaporative cooler should have at least two speeds and a vent-only option. During vent-only
operation, the water pump does not operate and the outdoor air is not humidified. This lets the
homeowner use the evaporative cooler as a whole-house fan during mild weather.
Control the cooler's air movement through the house by adjusting window openings. Open the
windows or vents on the leeward side of the house to provide 1–2 square feet of opening for each
1,000 cfm of cooling capacity. The homeowner should experiment to find the right windows to
open and the correct amount to open them. If the windows are open too far, hot air will enter. If
the windows are not open far enough, humidity will build up in the home.
The homeowner can regulate both temperature and humidity by opening windows in the areas
they want to cool, and closing windows in unoccupied areas. Where open windows create a
security issue, up-ducts can be installed in the ceiling. Up-ducts open to exhaust warm air into
the attic as cooler air comes in from the evaporative cooler. Evaporative coolers installed with
up-ducts will need additional attic ventilation.
Optional filters remove most of the dust from incoming air—an attractive option for
homeowners concerned about allergies. Filters can also reduce the tendency of some coolers to
pull water droplets from the pads into the blades of the fan. Most evaporative coolers do not have
air filters as original equipment, but they can be fitted to the cooler during or after installation.
Evaporative Cooler Maintenance
The homeowner can save themselves a lot of work and money by draining and cleaning their
own evaporative cooler regularly. Build-up of sediment and minerals should be regularly
removed. Coolers need a major cleaning every season, and may need routine maintenance
several times during the cooling season.
The more a cooler runs, the more maintenance it will need. In hot climates where the cooler
operates much of the time, look at the pads, filters, reservoir, and pump at least once a month.
Replace the pads at least twice during the cooling season, or as often as once a month during
continuous operation.
Some paper and synthetic cooler pads can be cleaned with soap and water or a weak acid
according to manufacturer's instructions. Filters should be cleaned when the pads are changed or
cleaned. The electricity to the unit must be disconnected before servicing it.
Two-Stage Evaporative Coolers
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Two-stage evaporative coolers are newer and even more efficient. They use a pre-cooler, more
effective pads, and more efficient motors, and don't add as much humidity to the home as singlestage evaporative coolers. Because of their added expense, they are most often used in areas
where daytime temperatures frequently exceed 100°F.
Drawbacks of Evaporative Coolers
Evaporative coolers should not be used in humid climates because they add humidity. Also, they
cool the house down to a higher temperature than an air conditioner would. They require
maintenance about once a month. If the cooler is installed on the roof, there is some roof
deterioration caused by routine maintenance trips. A sunlit rooftop cooler will be about 1°F less
effective than a shaded cooler. Rooftop maintenance also requires using a ladder, which may be
an inconvenience.
By their nature, evaporative coolers also continually use water. In areas with limited water
supplies, homeowners may be concerned about the water-use impact of adding an evaporative
cooler.
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Air Conditioning
Two-thirds of all homes in the United States have air conditioners. Air conditioners use about
5% of all the electricity produced in the United States, at a cost of over $11 billion to
homeowners. As a result, roughly 100 million tons of carbon dioxide are released into the air
each year—an average of about two tons for each home with an air conditioner.
Switching to high-efficiency air conditioners and taking other actions to keep the home cool
could reduce this energy use by 20%–50%.
The two most common types of air conditioners are room air conditioners and central air
conditioners. A compromise between the two types of systems is provided by ductless, mini-split
air conditioners.

Page 123 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

Central Air Conditioners
Central air conditioners circulate cool air through a system of supply and return ducts. Supply
ducts and registers (i.e., openings in the walls, floors, or ceilings covered by grills) carry cooled
air from the air conditioner to the home. This cooled air becomes warmer as it circulates through
the home; then it flows back to the central air conditioner through return ducts and registers.
Air conditioners help to dehumidify the incoming air, but in extremely humid climates or in
cases where the air conditioner is oversized, it may not achieve a low humidity. Running a
dehumidifier in the air conditioned home will increase the energy use, both for the dehumidifier
itself and because the air conditioner will require more energy to cool the house. A preferable
alternative is a dehumidifying heat pipe, which can be added as a retrofit to most existing
systems.
Types of Central Air Conditioners
A central air conditioner is either a split-system unit or a packaged unit.
In a split-system central air conditioner, an outdoor metal cabinet contains the condenser and
compressor, and an indoor cabinet contains the evaporator. In many split-system air conditioners,
this indoor cabinet also contains a furnace or the indoor part of a heat pump. The air
conditioner's evaporator coil is installed in the cabinet or main supply duct of this furnace or heat
pump. If the home already has a furnace but no air conditioner, a split-system is the most
economical central air conditioner to install.
In a packaged central air conditioner, the evaporator, condenser, and compressor are all located
in one cabinet, which usually is placed on a roof or on a concrete slab next to the house's
foundation. This type of air conditioner also is used in small commercial buildings. Air supply
and return ducts come from indoors through the home's exterior wall or roof to connect with the
packaged air conditioner, which is usually located outdoors. Packaged air conditioners often
include electric heating coils or a natural gas furnace. This combination of air conditioner and
central heater eliminates the need for a separate furnace indoors.
Choosing or Upgrading the Central Air Conditioner
Central air conditioners are more efficient than room air conditioners. In addition, they are out of
the way, quiet, and convenient to operate. To save energy and money, the homeowner should try
to buy an energy-efficient air conditioner and reduce the central air conditioner's energy use. In
an average air-conditioned home, air conditioning consumes more than 2000 kilowatt-hours of
electricity per year, causing power plants to emit about 3500 pounds of carbon dioxide and 31
pounds of sulfur dioxide.
If the homeowner is considering adding central air conditioning to their home, the deciding
factor may be the need for ductwork.
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If the homeowner has an older central air conditioner, they might choose to replace the outdoor
compressor with a modern, high-efficiency unit. If they do so, they should consult a local heating
and cooling contractor to assure that the new compressor is properly matched to the indoor unit.
However, considering recent changes in refrigerants and air conditioning designs, it might be
wiser to replace the entire system.
Today's best air conditioners use 30%–50% less energy to produce the same amount of cooling
as air conditioners made in the mid 1970s. Even if the air conditioner is only 10 years old, the
homeowner may save 20%–40% of their cooling energy costs by replacing it with a newer, more
efficient model.
Proper sizing and installation are key elements in determining air conditioner efficiency. Too
large a unit will not adequately remove humidity. Too small a unit will not be able to attain a
comfortable temperature on the hottest days. Improper unit location, lack of insulation, and
improper duct installation can greatly diminish efficiency.
When buying an air conditioner, the homeowner should look for a model with a high efficiency.
Central air conditioners are rated according to their seasonal energy efficiency ratio (SEER).
SEER indicates the relative amount of energy needed to provide a specific cooling output. Many
older systems have SEER ratings of 6 or less. The minimum SEER allowed today is 13. Look for
the ENERGY STAR® label for central air conditioners with SEER ratings of 13 or greater, but
consider using air conditioning equipment with higher SEER ratings for greater savings.
New residential central air conditioner standards went into effect on January 23, 2006. Air
conditioners manufactured after January 26, 2006 must achieve a Seasonal Energy Efficiency
Ratio (SEER) of 13 or higher. SEER 13 is 30% more efficient than the previous minimum SEER
of 10. The standard applies only to appliances manufactured after January 23, 2006. Equipment
with a rating less than SEER 13 manufactured before this date may still be sold and installed.
The average homeowner will remain unaffected by this standard change for some time to come.
The standards do not require to change the existing central air conditioning units, and
replacement parts and services should still be available for the home's systems. The "lifespan" of
a central air conditioner is about 15 to 20 years. Manufacturers typically continue to support
existing equipment by making replacement parts available and honoring maintenance contracts
after the new standard goes into effect.
Other Features to Look For When Purchasing an Air Conditioner:
• A thermal expansion valve and a high-temperature rating (EER) greater than 11.6, for
high-efficiency operation when the weather is at its hottest
• A variable speed air handler for new ventilation systems
• A unit that operates quietly
• A fan-only switch, so you can use the unit for nighttime ventilation to substantially
reduce air-conditioning costs
• A filter check light to remind the homeowner to check the filter after a predetermined
number of operating hours
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•

An automatic-delay fan switch to turn off the fan a few minutes after the compressor
turns off.

Installation and Location of Air Conditioners
If the air conditioner is installed correctly, or if major installation problems are found and fixed,
it will perform efficiently for years with only minor routine maintenance. However, many air
conditioners are not installed correctly. As an unfortunate result, modern energy-efficient air
conditioners can perform almost as poorly as older inefficient models.
Be sure that the contractor performs the following procedures when installing a new central air
conditioning system:
• Allows adequate indoor space for the installation, maintenance, and repair of the new
system, and installs an access door in the furnace or duct to provide a way to clean the
evaporator coil
• Uses a duct-sizing methodology such as the Air Conditioning Contractors of America
(ACCA) Manual D
• Ensures there are enough supply registers to deliver cool air and enough return air
registers to carry warm house air back to the air conditioner
• Installs duct work within the conditioned space, not in the attic, wherever possible
• Seals all ducts with duct mastic and heavily insulates attic ducts
• Locates the condensing unit where its noise will not keep the homeowner or their
neighbors awake at night, if possible
• Locates the condensing unit where no nearby objects will block the flow of air to it
• Places the condensing unit in a shady spot, if possible, which can reduce the air
conditioning costs by 1%–2%
• Verifies that the newly installed air conditioner has the exact refrigerant charge and air
flow rate specified by the manufacturer
• Locates the thermostat away from heat sources, such as windows or supply registers.
If the homeowner is replacing an older or failed split system, they should be sure that the
evaporator coil is replaced with a new one that exactly matches the condenser coil in the new
condensing unit. (The air conditioner's efficiency will likely not improve if the existing
evaporator coil is left in place; in fact, the old coil could cause the new compressor to fail
prematurely.)
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Heating Systems
A variety of technologies are available for heating the house. In addition to heat pumps, which
are discussed separately, many homes use the following approaches:
Furnaces and Boilers
By far the most common way to heat a home.
Wood and Pellet-Fuel Heating
Provides a way to heat a home using biomass or waste sources.
Electric Resistance Heating
Among the most expensive ways to heat a home.
Active Solar Heating
Uses the sun to heat either air or liquid and can serve as a supplemental heat source.
Radiant Heating
Can draw on a number of energy sources, including electricity, boilers, solar energy, and wood
and pellet-fuel heating.
Small Space Heaters
Less efficient than central heating systems, but can save energy when used appropriately.
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Furnaces and Boilers
Most U.S. homes are heated with either furnaces or boilers. Furnaces heat air and distribute the
heated air through the house using ducts; boilers heat water, providing either hot water or steam
for heating. Steam is distributed via pipes to steam radiators, and hot water can be distributed via
baseboard radiators or radiant floor systems, or can heat air via a coil. Steam boilers operate at a
higher temperature than hot water boilers, and are inherently less efficient, but high-efficiency
versions of all types of furnaces and boilers are currently available.
Understanding the Efficiency Rating of Furnaces and Boilers
A central furnace or boiler's efficiency is measured by annual fuel utilization efficiency (AFUE).
The Federal Trade Commission requires new furnaces or boilers to display their AFUE so
consumers can compare heating efficiencies of various models. AFUE is a measure of how
efficient the appliance is in the energy in its fuel over the course of a typical year.
Specifically, AFUE is the ratio of heat output of the furnace or boiler compared to the total
energy consumed by a furnace or boiler. An AFUE of 90% means that 90% of the energy in the
fuel becomes heat for the home and the other 10% escapes up the chimney and elsewhere. AFUE
doesn't include the heat losses of the duct system or piping, which can be as much as 35% of the
energy for output of the furnace when ducts are located in the attic.
An all-electric furnace or boiler has no flue loss through a chimney. The AFUE rating for an allelectric furnace or boiler is between 95% and 100%. The lower values are for units installed
outdoors because they have greater jacket heat loss. However, despite their high efficiency, the
higher cost of electricity in most parts of the country makes all-electric furnaces or boilers an
uneconomic choice. If the homeowner is interested in electric heating, a heat pump system
should be considered.
The minimum allowed AFUE rating for a non-condensing fossil-fueled, warm-air furnace is
78%; the minimum rating for a fossil-fueled boiler is 80%; and the minimum rating for a gasfueled steam boiler is 75%. A condensing furnace or boiler condenses the water vapor produced
in the combustion process and uses the heat from this condensation. The AFUE rating for a
condensing unit can be much higher (by more than 10 percentage points) than a non-condensing
furnace. Although condensing units cost more than non-condensing units, the condensing unit
can save money in fuel costs over the 15- to 20-year life of the unit, and is a particularly wise
investment in cold climates.
You can identify and compare a system's efficiency by not only its AFUE but also by its
equipment features, listed below.
Old, low-efficiency heating systems:
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* Natural draft that creates a flow of combustion gases
* Continuous pilot light
* Heavy heat exchanger
* 68%–72% AFUE
Mid-efficiency heating systems:
* Exhaust fan controls the flow of combustion air and combustion gases more precisely
* Electronic ignition (no pilot light)
* Compact size and lighter weight to reduce cycling losses
* Small-diameter flue pipe
* 80%–83% AFUE
High-efficiency heating systems:
* Condensing flue gases in a second heat exchanger for extra efficiency
* Sealed combustion
* 90%–97% AFUE

Retrofitting the Furnace or Boiler
Furnaces and boilers can be retrofitted to increase their efficiency. These upgrades improve the
safety and efficiency of otherwise sound, older systems. The costs of retrofits should be carefully
weighed against the cost of a new boiler or furnace, especially if replacement is likely within a
Page 129 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

few years or if the homeowner wishes to switch to a different system for other reasons, such as
adding air conditioning (see the section on selecting and replacing heating and cooling systems).
If the homeowner chooses to replace their gas heating system, they’ll have the opportunity to
install equipment that incorporates the most energy-efficient heating technologies available.
Retrofitting options that can improve a system's energy efficiency include installing
programmable thermostats, upgrading ductwork in forced-air systems, and adding zone control
for hot-water systems.
Replacing the Furnace or Boiler
Although older furnace and boiler systems had efficiencies in the range of 56%–70%, modern
conventional heating systems can achieve efficiencies as high as 97%, converting nearly all the
fuel to useful heat for a home. Energy efficiency upgrades and a new high-efficiency heating
system can often cut fuel bills and the furnace's pollution output in half. Upgrading the furnace
or boiler from 56% to 90% efficiency in an average cold-climate house will save 1.5 tons of
carbon dioxide emissions each year if you heat with gas, or 2.5 tons if you heat with oil.
If the furnace or boiler is old, worn out, inefficient, or significantly oversized, the simplest
solution is to replace it with a modern high-efficiency model. Old coal burners that were
switched over to oil or gas are prime candidates for replacement, as well as gas furnaces with
pilot lights rather than electronic ignitions. Newer systems may be more efficient but are still
likely to be oversized, and can often be modified to lower their operating capacity.
Before buying a new furnace or boiler or modifying the existing unit, the homeowner should first
make every effort to improve the energy efficiency of their home, then have a heating contractor
size their furnace. Energy-efficiency improvements will save money on a new furnace, because
they will need a smaller furnace. A properly sized furnace will also operate most efficiently.
They'll also want to look for a dependable unit and compare the warranties of each furnace or
boiler under consideration.
When shopping for high-efficiency furnaces and boilers, look for the ENERGY STAR® label. If
the home is in a cold climate, it usually makes sense to invest in the highest-efficiency system. In
milder climates with lower annual heating costs, the extra investment required to go from 80% to
90%-95% efficiency may be hard to justify.
You can estimate the annual savings from heating system replacements by using Table 1. The
table assumes that both furnaces have the same heat output. However, most older systems are
oversized, and will be particularly oversized if the energy efficiency of the home is significantly
improved. Because of this additional benefit, the actual savings in upgrading to a new system
could be much higher than indicated in the table.
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The homeowner could specify a sealed combustion furnace or boiler, which will bring outside air
directly into the burner and exhaust flue gases (combustion products) directly to the outside,
without the need for a draft hood or damper. Furnaces and boilers that are not sealed-combustion
units draw heated air into the unit for combustion and then send that air up the chimney, wasting
the energy that was used to heat the air. Sealed-combustion units avoid that problem and also
pose no risk of introducing dangerous combustion gases into the house. In furnaces that are not
sealed-combustion units, backdrafting of combustion gases can be a big problem.
High-efficiency sealed-combustion units generally produce an acidic exhaust gas that is not
suitable for old, unlined chimneys, so the exhaust gas should either be vented through a new duct
or the chimney should be lined to accommodate the acidic gas (see the section on maintaining
proper ventilation, below).
Maintaining Furnaces and Boilers
The following maintenance should be provided by a heating system professional.
All systems:
* Check the condition of the vent connection pipe and chimney. Parts of the venting system
may have deteriorated over time. Chimney problems can be expensive to repair, and may help
justify installing new heating equipment that won't use the existing chimney.
* Check the physical integrity of the heat exchanger. Leaky boiler heat exchangers leak water
and are easy to spot. Furnace heat exchangers mix combustion gases with house air when they
leak—an important safety reason to have them inspected.
* Adjust the controls on the boiler or furnace to provide optimum water and air temperature
settings for both efficiency and comfort.

Page 131 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

* If a homeowner is considering replacing or retrofitting the existing heating system, have the
technician perform a combustion-efficiency test.
Forced-air Systems:
* Check the combustion chamber for cracks
* Test for carbon monoxide (CO) and remedy if found
* Adjust blower control and supply-air temperature
* Clean and oil the blower
* Remove dirt, soot, or corrosion from the furnace or boiler
* Check fuel input and flame characteristics, and adjust if necessary
* Seal connections between the furnace and main ducts.
Hot-water Systems:
* Test pressure-relief valve
* Test high-limit control
* Inspect pressure tank, which should be filled with air, to verify that it's not filled with water
* Clean the heat exchanger.
Steam Systems:
* Drain some water from the boiler to remove sediments. This improves the heat exchange
efficiency
* Test low-water cutoff safety control and high-limit safety control
* Drain the float chamber to remove sediments. This prevents the low-water cutoff control
from sediment clogs
* Analyze boiler water and add chemicals as needed to control deposits and corrosion
* Clean the heat exchanger
* See also the section on steam radiators.
Maintaining Proper Ventilation for Combustion Systems
Anytime a homeowner maintains, retrofits, or replaces a gas heating system they also need to be
concerned with air quality. Combustion air is needed by all oil and gas heating systems to
support the combustion process. This air is provided in some homes by unintentional air leaks, or
by air ducts that connect to the outdoors. The combustion process creates several byproducts that
are potentially hazardous to human health and can cause deterioration in the home. A
homeowner can protect against these hazards, as well as maintain energy efficiency, by ensuring
that their chimney system functions properly and that their gas heating system is properly
ventilated. In some cases, installing a sealed-combustion furnace or boiler can also help.
Chimneys
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Properly functioning chimney systems will carry combustion byproducts out of the home.
Therefore, chimney problems put occupants at risk of having these byproducts, such as carbon
monoxide, spill into their home.
Most older gas furnaces and boilers have naturally drafting chimneys. The combustion gases exit
the home through the chimney using only their buoyancy combined with the chimney's height.
Naturally drafting chimneys often have problems exhausting the combustion gases because of
chimney blockage, wind or pressures inside the home that overcome the buoyancy of the gases.
Atmospheric, open-combustion furnaces and boilers, as well as fan-assisted furnaces and boilers,
should be vented into masonry chimneys, metal double-wall chimneys, or another type of
manufactured chimney. Masonry chimneys should have a fireclay, masonry liner or a retrofitted
metal flue liner.
Many older chimneys have deteriorated liners or no liners at all and must be relined during
furnace or boiler replacement. A chimney should be relined when any of the following changes
are made to the combustion heating system:
•

•

When a homeowner replaces an older furnace or boiler with a newer one that has an
AFUE of 80% or more. These mid-efficiency appliances have a greater risk of depositing
acidic condensation droplets in chimneys, and the chimneys must be prepared to handle
this corrosive threat. The new chimney liner should be sized to accommodate both the
new heating appliance and the combustion water heater by the installer.
When a homeowner replaces an older furnace or boiler with a new 90+ AFUE appliance
or a heat pump. In this case, the heating appliance will no longer vent into the old
chimney, and the combustion water heater will now vent through an oversized chimney.
This oversized chimney can lead to condensation and inadequate draft. The new chimney
liner should be sized for the water heater alone, or the water heater in some cases can be
vented directly through the wall.

Other Ventilation Concerns
Some fan-assisted, non-condensing furnaces and boilers, installed between 1987 and 1993, may
be vented horizontally through high-temperature plastic vent pipe (not PVC pipe, which is safely
used in condensing furnaces). This type of venting has been recalled and should be replaced by
stainless steel vent pipe. If horizontal venting was used, an additional draft-inducing fan may be
needed near the vent outlet to create adequate draft. Floor furnaces may have special venting
problems because their vent connector exits the furnace close to the floor and may travel 10 to 30
feet before reaching a chimney. Check to see if this type of venting or the floor furnace itself
needs replacement. If you smell gases, you have a venting problem that could affect human
health. Contact the local utility or heating contractor to have this venting problem repaired
immediately.
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Electric Resistance Heating
Electric resistance heating converts nearly 100% of the energy in the electricity to heat.
However, most electricity is produced from oil, gas, or coal generators that convert only about
30% of the fuel's energy into electricity. Because of electricity generation and transmission
losses, electric heat is often more expensive than heat produced in the home or business using
combustion appliances, such as natural gas, propane, and oil furnaces.
If electricity is the only choice, heat pumps are preferable in most climates, as they easily cut
electricity use by 50% when compared with electric resistance heating. The exception is in dry
climates with either hot or mixed (hot and cold) temperatures (these climates are found in the
non-coastal part of California; the southern tip of Nevada; the southwest corner of Utah; southern
and western Arizona; southern and eastern New Mexico; the southeast corner of Colorado; and
western Texas). For these dry climates, there are so few heating days that the high cost of heating
is not economically significant.
Electric resistance heating may also make sense for a home addition if it is not practical to
extend the existing heating system to supply heat to the new addition.
Types of Electric Resistance Heaters
Electric resistance heat can be supplied by centralized forced-air electric furnaces or by heaters
in each room. Room heaters can consist of electric baseboard heaters, electric wall heaters,
electric radiant heat, or electric space heaters. It is also possible to use electric thermal storage
systems to avoid heating during times of peak power demand.
Electric Furnaces
Electric furnaces are more expensive to operate than other electric resistance systems because of
their duct heat losses and the extra energy required to distribute the heated air throughout the
home. Heated air is delivered throughout the home through supply ducts and returned to the
furnace through return ducts. If these ducts run through unheated areas, they lose some of their
heat through air leakage as well as heat radiation and convection from the duct's surface.
Blowers (large fans) in electric furnaces move air over a group of three to seven electric
resistance coils, called elements, each of which are typically rated at five kilowatts. The furnace's
heating elements activate in stages to avoid overloading the home's electrical system. A built-in
thermostat called a limit controller prevents overheating. This limit controller may shut the
furnace off if the blower fails or if a dirty filter is blocking the airflow.
As with any furnace, it's important to clean or replace the furnace filters as recommended by the
manufacturer, in order to keep the system operating at its top efficiency.
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Electric Baseboard Heaters
Electric baseboard heaters are zonal heaters controlled by thermostats located within each room.
Baseboard heaters contain electric heating elements encased in metal pipes. The pipes,
surrounded by aluminum fins to aid heat transfer, run the length of the baseboard heater's
housing, or cabinet. As air within the heater is warmed, it rises into the room, and cooler air is
drawn into the bottom of the heater. Some heat is also radiated from the pipe, fins, and housing.
Baseboard heaters are usually installed underneath windows. There, the heater's rising warm air
counteracts falling cool air from the cold window glass. Baseboard heaters are seldom located on
interior walls because standard heating practice is to supply heat at the home's perimeter, where
the greatest heat loss occurs.
Baseboard heaters should sit at least three-quarters of an inch (1.9 centimeters) above the floor or
carpet. This is to allow the cooler air on the floor to flow under and through the radiator fins so it
can be heated. The heater should also fit tightly to the wall to prevent the warm air from
convecting behind it and streaking the wall with dust particles.
The quality of baseboard heaters varies considerably. Cheaper models can be noisy and often
give poor temperature control. Look for labels from Underwriter's Laboratories (UL) and the
National Electrical Manufacturer's Association (NEMA). Compare warranties of the different
models being considered.
Electric Wall Heaters
Electric wall heaters consist of an electric element with a reflector behind it to reflect heat into
the room and usually a fan to move air through the heater. They are usually installed on interior
walls because installing them in an exterior wall makes that wall difficult to insulate.
Electric Thermal Storage
Some electric utilities structure their rates in a way similar to telephone companies and charge
more for electricity during the day and less at night. They do this in an attempt to reduce their
"peak" demand.
If your client is a customer of such a utility, they may be able to benefit from a heating system
that stores electric heat during nighttime hours when rates are lower. This is called an electric
thermal storage heater, and while it does not save energy, it can save money because they can
take advantage of these lower rates.
The most common type of electric thermal storage heater is a resistance heater with elements
encased in heat-storing ceramic. Central furnaces incorporating ceramic block are also available,
although they are not as common as room heaters. Storing electrically heated hot water in an
insulated storage tank is another thermal storage option.
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Some storage systems attempt to use the ground underneath homes for thermal storage of heat
from electric resistance cables. However, this requires painstaking installation of insulation
underneath concrete slabs and all around the heating elements to minimize major heat losses to
the earth. Ground storage also makes it difficult for thermostats to control indoor temperatures.
Control Systems
All types of electric resistance heating are controlled through some type of thermostat: baseboard
heaters often use a line-voltage thermostat (the thermostat directly controls the power supplied to
the heating device), while other devices use low-voltage thermostats (the thermostat uses a relay
to turn the device on and off). Line-voltage thermostats can be built into the baseboard heater,
but then they often don't sense the room temperature accurately. It's best to instead use a remote
line-voltage or low-voltage thermostat installed on an interior wall. Both line-voltage and lowvoltage thermostats are available as programmable thermostats for automatically setting back the
temperature at night or while the occupants away.
Since baseboard heaters supply heat to each room individually, they are ideally suited to zone
heating, which involves heating the occupied rooms in the home while allowing unoccupied
sections (such as empty guest rooms or seldom-used rooms) to remain cooler. Zone heating can
produce energy savings of more than 20% compared to heating both occupied and unoccupied
areas of the house.
Zone heating is most effective when the cooler portions of the home are insulated from the
heated portions, allowing the different zones to truly operate independently. Note that the cooler
parts of the home still need to be heated to well above freezing to avoid freezing pipes.
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Active Solar Heating
There are two basic types of active solar heating systems based on the type of fluid—either
liquid or air—that is heated in the solar energy collectors. (The collector is the device in which a
fluid is heated by the sun.) Liquid-based systems heat water or an antifreeze solution in a
"hydronic" collector, whereas air-based systems heat air in an "air collector."
Both of these systems collect and absorb solar radiation, then transfer the solar heat directly to
the interior space or to a storage system, from which the heat is distributed. If the system cannot
provide adequate space heating, an auxiliary or back-up system provides the additional heat.
Liquid systems are more often used when storage is included, and are well suited for radiant
heating systems, boilers with hot water radiators, and even absorption heat pumps and coolers.
Both air and liquid systems can supplement forced air systems.
Economics and Other Benefits of Active Solar Heating Systems
Active solar heating systems are most cost-effective when they are used for most of the year, that
is, in cold climates with good solar resources. They are most economical if they are displacing
more expensive heating fuels, such as electricity, propane, and oil heat. Some states offer sales
tax exemptions, income tax credits or deductions, and property tax exemptions or deductions for
solar energy systems.
The cost of an active solar heating system will vary. Commercial systems range from $30 to $80
per square foot of collector area, installed. Usually, the larger the system, the less it costs per unit
of collector area. Commercially available collectors come with warranties of 10 years or more,
and should easily last decades longer. The economics of an active space heating system improve
if it also heats domestic water, because an otherwise idle collector can heat water in the summer.
Heating a home with an active solar energy system can significantly reduce the fuel bills in the
winter. A solar heating system will also reduce the amount of air pollution and greenhouse gases
that result from the use of fossil fuels such as oil, propane, and natural gas for heating or that
may be used to generate the electricity that is used.
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Selecting and Sizing a Solar Heating System
Selecting the appropriate solar energy system depends on factors such as the site, design, and
heating needs of the house. Local covenants may restrict the options; for example homeowner
associations may not allow the installation of solar collectors on certain parts of a house.
The local climate, the type and efficiency of the collector(s), and the collector area determine
how much heat a solar heating system can provide. It is usually most economical to design an
active system to provide 40%–80% of the home's heating needs. Systems providing less than
40% of the heat needed for a home are rarely cost-effective except when using solar air heater
collectors that heat one or two rooms and require no heat storage. A well-designed and insulated
home that incorporates passive solar heating techniques will require a smaller and less costly
heating system of any type, and may need very little supplemental heat other than solar.
Besides the fact that designing an active system to supply enough heat 100% of the time is
generally not practical or cost effective, most building codes and mortgage lenders require a
back-up heating system. Supplementary or back-up systems supply heat when the solar system
cannot meet heating requirements. They can range from a wood stove to a conventional central
heating system.
Controls for Solar Heating Systems
Controls for solar heating systems are usually more complex than those of a conventional heating
system, because they have to analyze more signals and control more devices (including the
conventional, backup heating system). Solar controls use sensors, switches, and/or motors to
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operate the system. The system uses other controls to prevent freezing or extremely high
temperatures in the collectors.
The heart of the control system is a differential thermostat, which measures the difference in
temperature between the collectors and storage unit. When the collectors are 10°–20°F (5.6°–
11°C) warmer than the storage unit, the thermostat turns on a pump or fan to circulate water or
air through the collector to heat the storage medium or the house.
The operation, performance, and cost of these controls vary. Some control systems monitor the
temperature in different parts of the system to help determine how it is operating. The most
sophisticated systems use microprocessors to control and optimize heat transfer and delivery to
storage and zones of the house.
It is possible to use a solar panel to power low voltage, direct current (DC) blowers (for air
collectors) or pumps (for liquid collectors). The output of the solar panels matches available
solar heat gain to the solar collector. With careful sizing, the blower or pump speed is optimized
for efficient solar gain to the working fluid. During low sun conditions the blower or pump speed
is slow, and during high solar gain, they run faster.
When used with a room air collector, separate controls may not be necessary. This also ensures
that the system will operate in the event of utility power outage. A solar power system with
battery storage can also provide power to operate a central heating system, though this is
expensive for large systems.
Building Codes Covenants and Regulations for Solar Heating Systems
Before installing a solar energy system, the homeowner should investigate local building codes,
zoning ordinances, and subdivision covenants, as well as any special regulations pertaining to the
site. They will probably need a building permit to install a solar energy system onto an existing
building.
Not every community or municipality initially welcomes residential renewable energy
installations. Although this is often due to ignorance or the comparative novelty of renewable
energy systems, they must comply with existing building and permit procedures to install their
system.
The matter of building code and zoning compliance for a solar system installation is typically a
local issue. Even if a statewide building code is in effect, it's usually enforced locally by the city,
county, or parish. Common problems homeowners have encountered with building codes include
the following:
* Exceeding roof load
* Unacceptable heat exchangers
* Improper wiring
* Unlawful tampering with potable water supplies.
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Potential zoning issues include these:
* Obstructing sideyards
* Erecting unlawful protrusions on roofs
* Siting the system too close to streets or lot boundaries.
Special area regulations—such as local community, subdivision, or homeowner's association
covenants—also demand compliance. These covenants, historic district regulations, and floodplain provisions can easily be overlooked. To find out what's needed for local compliance, the
homeowner can contact their local jurisdiction's zoning and building enforcement divisions and
any appropriate homeowner's, subdivision, neighborhood, and/or community association(s).
Installing and Maintaining a Solar Heating System
How well an active solar energy system performs depends on effective siting, system design, and
installation, and the quality and durability of the components. The collectors and controls now
manufactured are of high quality. The biggest factor now is finding an experienced contractor
who can properly design and install the system.
Once a system is in place, it has to be properly maintained to optimize its performance and avoid
breakdowns. Different systems require different types of maintenance, but the homeowner
should figure on 8–16 hours of maintenance annually. The homeowner should set up a calendar
with a list of maintenance tasks that the component manufacturers and installer recommends.
Most solar water heaters are automatically covered under a homeowner's insurance policy.
However, damage from freezing is generally not. The homeowner should contact their insurance
provider to find out what its policy is. Even if their provider will cover the system, it is best to
inform them in writing that they own a new system.
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Radiant Heating
Radiant heating systems involve supplying heat directly to the floor or to panels in the wall or
ceiling of a house. The systems depend largely on radiant heat transfer: the delivery of heat
directly from the hot surface to the people and objects in the room via the radiation of heat,
which is also called infrared radiation. Radiant heating is the effect you feel when you can feel
the warmth of a hot stovetop element from across the room. When radiant heating is located in
the floor, it is often called radiant floor heating or simply floor heating.
Radiant heating has a number of advantages: it is more efficient than baseboard heating and
usually more efficient than forced-air heating because no energy is lost through ducts. The lack
of moving air can also be advantageous to people with severe allergies. Hydronic (liquid-based)
systems use little electricity, a benefit for homes off the power grid or in areas with high
electricity prices. The hydronic systems can also be heated with a wide variety of energy sources,
including standard gas- or oil-fired boilers, wood-fired boilers, solar water heaters, or some
combination of these heat sources.
Despite their name, radiant floor heating systems also depend heavily on convection, the natural
circulation of heat within a room, caused by heat rising from the floor. Radiant floor heating
systems are significantly different than the radiant panels used in walls and ceilings.
There are three types of radiant floor heat: radiant air floors (air is the heat-carrying medium);
electric radiant floors; and hot water (hydronic) radiant floors. All three types can be further
subdivided by the type of installation: those that make use of the large thermal mass of a
concrete slab floor or lightweight concrete over a wooden subfloor (these are called "wet
installations"); and those in which the installer "sandwiches" the radiant floor tubing between
two layers of plywood or attaches the tubing under the finished floor or subfloor ("dry
installations").
Types of Radiant Floor Heat
Air-Heated Radiant Floors
Because air cannot hold large amounts of heat, radiant air floors are not cost-effective in
residential applications, and are seldom installed. Although they can be combined with solar air
heating systems, those systems suffer from the obvious drawback of only being available in the
daytime, when heating loads are generally lower. Because of the inefficiency of trying to heat a
home with a conventional furnace by pumping air through the floors, the benefits of using solar
heat during the day are outweighed by the disadvantages of using the conventional system at
night. Although some early solar air heating systems used rocks as a heat-storage medium, this
approach is not recommended.
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Electric Radiant Floors
Electric radiant floors typically consist of electric cables built into the floor. Systems that feature
mats of electrically conductive plastic are also available, and are mounted onto the subfloor
below a floor covering such as tile.
Because of the relatively high cost of electricity, electric radiant floors are usually only costeffective if they include a significant thermal mass, such as a thick concrete floor, and the
electric utility company offers time-of-use rates. Time-of-use rates allow you to "charge" the
concrete floor with heat during off-peak hours (approximately 9 p.m. to 6 a.m.). If the floor's
thermal mass is large enough, the heat stored in it will keep the house comfortable for eight to
ten hours, without any further electrical input (particularly when daytime temperatures are
significantly warmer than nighttime temperatures). This saves a considerable number of energy
dollars compared to heating at peak electric rates during the day.
Electric radiant floors may also make sense for additions onto homes for which it would be
impractical to extend the heating system into the addition. However, homeowners should
examine other options, such as mini-split heat pumps, which operate more efficiently and have
the advantage of also providing cooling.
Hydronic Radiant Floors
Hydronic (liquid) systems are the most popular and cost-effective radiant heating systems for
heating-dominated climates. Hydronic radiant floor systems pump heated water from a boiler
through tubing laid in a pattern underneath the floor. In some systems, the temperature in each
room is controlled by regulating the flow of hot water through each tubing loop. This is done by
a system of zoning valves or pumps and thermostats. The cost of installing a hydronic radiant
floor varies by location and also depends on the size of the home, the type of installation, the
floor covering, remoteness of the site, and the cost of labor.
Types of Floor Installations
Whether cables or tubing, the methods of installing electric and hydronic radiant systems in
floors is about the same.
So-called "wet" installations embed the cables or tubing within a solid floor and are the oldest
form of modern radiant floor systems. The tubing or cable can be embedded in a thick concrete
foundation slab (commonly used in "slab" ranch houses that don't have basements) or in a thin
layer of concrete, gypsum, or other material installed on top of a subfloor. If concrete is used and
the new floor is not on solid earth, additional floor support may be necessary because of the
added weight.
Thick concrete slab systems have high heat capacity and are ideal for storing heat from solar
energy systems, which have a fluctuating heat output. The downside of the thick slabs is their
slow thermal response time, which makes strategies such as night or daytime setbacks difficult if
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not impossible. Most experts recommend maintaining a constant temperature in homes with
these heating systems.
Due to recent innovations in floor technology, so-called "dry" floors, in which the cables or
tubing run in an air space beneath the floor, have been gaining in popularity, mainly because a
dry floor is faster and less expensive to build. But because dry floors involve heating an air
space, the radiant heating system needs to operate at a higher temperature.
Some dry installations involve suspending the tubing or cables underneath the subfloor between
the joists. This method usually requires drilling through the floor joists in order to install the
tubing. Reflective insulation must also be installed under the tubes to direct the heat upward.
Tubing or cables may also be installed from above the floor, between two layers of subfloor. In
these instances, liquid tubing is often fitted into aluminum diffusers that spread the water's heat
across the floor in order to heat the floor more evenly. The tubing and heat diffusers are secured
between furring strips (sleepers), which carry the weight of the new subfloor and finished floor
surface.
At least one company has improved on this idea by making a plywood subfloor material
manufactured with tubing grooves and aluminum heat diffuser plates built into them. The
manufacturer claims that this product makes a radiant floor system (for new construction)
considerably less expensive to install and faster to react to room temperature changes. Such
products also allow for the use of half as much tubing or cabling since the heat transfer of the
floor is greatly improved over more traditional dry or wet floors.
Floor Coverings
Ceramic tile is the most common and effective floor covering for radiant floor heating, as it
conducts heat well from the floor and adds thermal storage because of its high heat capacity.
Common floor coverings like vinyl and linoleum sheet goods, carpeting, or wood can also be
used, but any covering that helps to insulate the floor from the room will decrease the efficiency
of the system.
If a homeowner wants carpeting, a thin carpet with dense padding should be used and as little
carpeting as possible should be installed. If some rooms, but not all, will have a floor covering,
then those rooms should have a separate tubing loop to make the system heat these spaces more
efficiently. This is because the water flowing under the covered floor will need to be hotter to
compensate for the floor covering. Wood flooring should be laminated wood flooring instead of
solid wood. This reduces the possibility of the wood shrinking and cracking from the drying
effects of the heat.
Radiant Panels
Wall- and ceiling-mounted radiant panels are usually made of aluminum and can be heated with
either electricity or with tubing that carries hot water, although the latter creates concerns about
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leakage in wall- or ceiling-mounted systems. The majority of commercially available radiant
panels for homes are electrically heated.
Like any type of electric heat, radiant panels can be expensive to operate, but they can provide
supplemental heating in some rooms or can provide heat to a home addition when extending the
conventional heating system is impractical.
Unlike other types of radiant heating systems, radiant panels have very low heat capacity and
have the quickest response time of any heating technology. Because the panels can be
individually controlled for each room, the quick response feature can potentially result in cost
and energy savings compared to other systems when rooms are infrequently occupied: when
entering a room, the occupant can increase the temperature setting and reach a comfortable level
within minutes. But as with any system, the thermostat must be maintained at a minimum
temperature that will prevent pipes from freezing.
Radiant heating panels operate on a line-of-sight basis: you'll be most comfortable if you're close
to the panel. Some people find the ceiling-mounted systems uncomfortable, since the panels heat
the top of their heads and shoulders more effectively than the rest of their body.
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Heat Pump Systems
For climates with moderate heating and cooling needs, heat pumps offer an energy-efficient
alternative to furnaces and air conditioners. Like a refrigerator, heat pumps use electricity to
move heat from a cool space into a warm, making the cool space cooler and the warm space
warmer. During the heating season, heat pumps move heat from the cool outdoors into a warm
house; during the cooling season, heat pumps move heat from a cool house into the warm
outdoors. Because they move heat rather than generate heat, heat pumps can provide up to 4
times the amount of energy they consume.
The most common type of heat pump is the air-source heat pump, which transfers heat between
the house and the outside air. If the house is heated with electricity, a heat pump can trim the
amount of electricity you use for heating by as much as 30%–40%. High-efficiency heat pumps
also dehumidify better than standard central air conditioners, resulting in less energy usage and
more cooling comfort in summer months. However, the efficiency of most air-source heat pumps
as a heat source drops dramatically at low temperatures, generally making them unsuitable for
cold climates, although there are systems that can overcome that problem.
For homes without ducts, air-source heat pumps are also available in a ductless version called a
mini-split heat pump. In addition, a special type of air-source heat pump called a "reverse cycle
chiller" generates hot and cold water rather than air, allowing it to be used with radiant floor
heating systems in heating mode.
Higher efficiencies are achieved with geothermal (ground-source or water-source) heat pumps,
which transfer heat between the house and the ground or a nearby water source. Although they
cost more to install, geothermal heat pumps have low operating costs because they take
advantage of relatively constant ground or water temperatures. However, the installation depends
on the size of the lot, the subsoil and landscape. Ground-source or water-source heat pumps can
be used in more extreme climatic conditions than air-source heat pumps, and customer
satisfaction with the systems is very high.
A new type of heat pump for residential systems is the absorption heat pump, also called a gasfired heat pump. Absorption heat pumps use heat as their energy source, and can be driven with a
wide variety of heat sources.
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Air-Source Heat Pumps
An air-source heat pump can provide efficient heating and cooling for the home, especially if the
house is in a warm climate. When properly installed, an air-source heat pump can deliver oneand-a-half to three times more heat energy to a home than the electrical energy it consumes. This
is possible because a heat pump moves heat rather than converting it from a fuel, like in
combustion heating systems.
Although air-source heat pumps can be used in nearly all parts of the United States, they do not
generally perform well over extended periods of sub-freezing temperatures. In regions with subfreezing winter temperatures, it may not be cost effective to meet all the heating needs with a
standard air-source heat pump.
However, new systems with gas heating as a backup are able to overcome this problem. There is
also a "Cold Climate Heat Pump" which shows promise, but is currently facing manufacturing
problems. In addition, a version called the "Reverse Cycle Chiller" claims to be able to operate
efficiently at below-freezing temperatures.
In a heat pump cooling cycle refrigerant circulates through a closed loop that passes through the
wall of a house. Inside the house the refrigerant winds through indoor coils, with a fan blowing
across them, and outside the house is another fan and another set of coils, the outdoor coils. A
compressor is between the coils on one half of the loop, and an expansion valve is between the
coils on the other half.
In cooling mode, an air-source heat pump evaporates a refrigerant in the indoor coil; as the liquid
evaporates it pulls heat from the air in the house. After the gas is compressed, it passes into the
outdoor coil and condenses, releasing heat to the outside air. The pressure changes caused by the
compressor and the expansion valve allow the gas to condense at a high temperature outside and
evaporate at a lower temperature indoors.
How They Work
A heat pump's refrigeration system consists of a compressor and two coils made of copper tubing
(one indoors and one outside), which are surrounded by aluminum fins to aid heat transfer. In the
heating mode, liquid refrigerant in the outside coils extracts heat from the air and evaporates into
a gas. The indoor coils release heat from the refrigerant as it condenses back into a liquid. A
reversing valve, near the compressor, can change the direction of the refrigerant flow for cooling
as well as for defrosting the outdoor coils in winter.
When outdoor temperatures fall below 40°F, a less-efficient panel of electric resistance coils,
similar to those in your toaster, kicks in to provide indoor heating. This is why air-source heat
pumps aren't always very efficient for heating in areas with cold winters. Some units now have
gas-fired backup furnaces instead of electric resistance coils, allowing them to operate more
efficiently
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The efficiency and performance of today's air-source heat pumps is one-and-a-half to two times
greater than those available 30 years ago. This improvement in efficiency has resulted from
technical advances and options such as these:
A split-system heat pump heating cycle has refrigerant circulating through a closed loop that
passes through the wall of a house. Inside the house the refrigerant winds through indoor coils,
with a fan blowing across them, and outside the house is another fan and another set of coils, the
outdoor coils. A compressor is between the coils on one half of the loop, and an expansion valve
is between the coils on the other half.
In heating mode, an air-source heat pump evaporates a refrigerant in the outdoor coil; as the
liquid evaporates it pulls heat from the outside air. After the gas is compressed, it passes into the
indoor coil and condenses, releasing heat to the inside of the house. The pressure changes caused
by the compressor and the expansion valve allow the gas to evaporate at a low temperature
outside and condense at a higher temperature indoors.
•
•
•
•
•

Thermostatic expansion valves for more precise control of the refrigerant flow to the
indoor coil
Variable speed blowers, which are more efficient and can compensate for some of the
adverse effects of restricted ducts, dirty filters, and dirty coils
Improved coil design
Improved electric motor and two-speed compressor designs
Copper tubing, grooved inside to increase surface area.

Most central heat pumps are split-systems—that is, they each have one coil indoors and one
outdoors. Supply and return ducts connect to a central fan, which is located indoors.
Some heat pumps are packaged systems. These usually have both coils and the fan outdoors.
Heated or cooled air is delivered to the interior from ductwork that protrudes through a wall or
roof.
Selecting a Heat Pump
Every residential heat pump sold in this country has an EnergyGuide Label, which features the
heat pump's heating and cooling efficiency performance rating, comparing it to other available
makes and models.
Heating efficiency for air-source electric heat pumps is indicated by the heating season
performance factor (HSPF), which is the total space heating required during the heating season,
expressed in Btu, divided by the total electrical energy consumed by the heat pump system
during the same season, expressed in watt-hours.
Cooling efficiency is indicated by the seasonal energy efficiency ratio (SEER), which is the total
heat removed from the conditioned space during the annual cooling season, expressed in Btu,
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divided by the total electrical energy consumed by the heat pump during the same season,
expressed in watt-hours.
The Heating Seasonal Performance Factor (HSPF) rates both the efficiency of the compressor
and the electric-resistance elements. The most efficient heat pumps have an HSPF of between 8
and 10.
The Seasonal Energy Efficiency Ratio (SEER) rates a heat pump's cooling efficiency. In general,
the higher the SEER, the higher the cost. However, the energy savings can return the higher
initial investment several times during the heat pump's life. Replacing a 1970s vintage, central
heat pump (SEER = 6) with a new unit (SEER=12) will allow the use of half the energy to
provide the same amount of cooling, cutting air-conditioning costs in half. The most efficient
heat pumps have SEERs of between 14 and 18.
To choose an air-source electric heat pump, look for the ENERGY STAR® label, which is
awarded to those units with SEERs of 12 or greater and HSPFs of 7 or greater. If the homeowner
is purchasing an electric air-source heat pump and is uncertain whether it meets ENERGY STAR
qualifications, they can look on the bright yellow EnergyGuide label for an efficiency of 12
SEER/7HSPF or greater. For units with comparable HSPF ratings, they can check their steadystate rating at -8.3 degrees C, the low temperature setting. The unit with the higher rating will be
more efficient.
Homeowners should consider buying a heat pump with an HSPF of at least 7.7. In September
2006, the U.S. Department of Energy will begin enforcing a new standard that will require
central heat pumps to have a minimum rating of 7.7 HSPF. In warmer climates, SEER is more
important than HSPF; in colder climates, focus on getting the highest HSPF feasible.
These are some other factors for a homeowner to consider when choosing and installing airsource heat pumps:
• Select a heat pump with a demand-defrost control. This will minimize the defrost cycles,
thereby reducing supplementary and heat pump energy use.
• If you're adding a heat pump to an electric furnace, the heat pump coil should usually be
placed on the cold (upstream) side of the furnace for greatest efficiency.
• Fans and compressors make noise. Locate the outdoor unit away from windows and
adjacent buildings, and select a heat pump with an outdoor sound rating of 7.6 bels or
lower. You can also reduce this noise by mounting the unit on a noise-absorbing base.
• The location of the outdoor unit may affect its efficiency. Outdoor units should be
protected from high winds, which can cause defrosting problems. You can strategically
place a bush or a fence upwind of the coils to block the unit from high winds.
Performance Issues with Heat Pumps
According to a report on research funded by ENERGY STAR‚ more than 50% of all heat pumps
have significant problems with low airflow, leaky ducts, and incorrect refrigerant charge.
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There should be about 400–500 cubic feet per minute (cfm) airflow for each ton of the heat
pump's air-conditioning capacity. Efficiency and performance deteriorate if airflow is much less
than 350 cfm per ton. Technicians can increase the airflow by cleaning the evaporator coil or
increasing the fan speed, but often some modification of the ductwork is needed.
Refrigeration systems should be leak-checked at installation and during each service call. Room
heat pumps and packaged heat pumps are charged with refrigerant at the factory. They are
seldom incorrectly charged. Split-system heat pumps, on the other hand, are charged in the field,
which can sometimes result in either too much or too little refrigerant. Split-system heat pumps
that have the correct refrigerant charge and airflow usually perform very close to manufacturer's
listed SEER and HSPF. Too much or too little refrigerant, however, reduces heat-pump
performance and efficiency.
For satisfactory performance and efficiency, a split-system heat pump should be within a few
ounces of the correct charge, specified by the manufacturer. The technician must measure
airflow prior to checking refrigerant charge because the refrigerant measurements aren't accurate
unless airflow is correct. When the charge is correct, specific refrigerant temperatures and
pressures listed by the manufacturer will match temperatures and pressures measured by your
service technician. Verify these measurements with the technician. If the manufacturer's
temperatures and pressures don't match the measured ones, refrigerant should be added or
withdrawn, according to standards specified by the EPA.
Advanced Technologies: Reverse Cycle Chillers
One of the more notable innovations in air-source heat pumps is called a Reverse Cycle Chiller
(RCC). It offers the advantages of allowing the homeowner to choose from a wide variety of
heating and cooling distribution systems, from radiant floor systems to forced air systems with
multiple zones. It also offers the potential for lower winter electric bills and hotter air out of the
supply vents for greater comfort.
An RCC is especially economical for all-electric homes or in areas where natural gas is not
available. Depending on other fuel rates, it may even be the least expensive heating option over
all of the remaining heating fuel choices.
The system consists of a standard 12 SEER, single speed, air-source heat pump, sized to the
heating load rather than the usual smaller summer cooling load. The heat pump is connected to a
large, heavily insulated tank of water that the heat pump heats or cools, depending on the season
of the year. Most systems will use a fan coil with ducts, employing the stored water to heat or
cool the air and distribute it to the house. During the heating season, the hot water can be
distributed through a radiant floor system.
The RCC eliminates one of the biggest complaints about air source heat pumps, which is the
periodic blowing of cool air during their defrost cycle and during the initial start of the heating
cycle as the distribution ducts warm up. The RCC system solves these problems by using the
stored heat in the water tank to defrost the cooling coils, rather than the room air.
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The RCC system also allows the heat pump to operate at peak efficiency even at low
temperatures. This provides greater comfort and economy without the need for electric resistance
auxiliary heating coils. For example, in one Michigan installation, the RCC system supplied
115°F water to the air handler and a radiant floor system even though the outdoor temperature
was negative 15°F.
Another significant energy saving benefit is that the RCC can be equipped with a refrigeration
heat reclaimer (RHR). This is similar to the common desuperheater coil found on the high-end
heat pumps and air conditioners (discussed below). The main difference is that the RHR not only
makes hot water during the cooling season, but also does it during the heating season by using
the excess capacity of the outdoor unit during the milder winter weather to make essentially free
domestic hot water. In the summer it makes free hot water by reclaiming the waste heat from the
house as long as the system is also cooling the building.
The combined RCC and RHR system costs about 25% more than a standard heat pump of similar
size. The simple payback on the additional cost in areas where natural gas is not available is in
about 2–3 years.
Advanced Technologies: Cold Climate Heat Pump
One company has developed the Cold Climate Heat Pump, which features a two-speed, twocylinder compressor for efficient operation; a back-up Booster compressor that allows the system
to operate efficiently down to 15°F; and a plate heat exchanger called an "economizer" that
further extends the performance of the heat pump to well below 0°F, according to the company.
The system has been tested favorably by several utilities in the Northwest, which announced that
the heat pump showed a 60% efficiency improvement over standard air-source heat pumps in
preliminary testing.
The product has never been made available to consumers on a large scale, but it appears that
manufacturing may resume and the heat pumps will soon be available to consumers.
Advanced Technologies: All-Climate Heat Pump
Another technology showing promise is an All Climate Heat Pump, which the manufacturer says
can operate in the coldest days of winter without supplemental heat, maintaining comfortable
indoor temperatures even when the temperature outdoors falls below zero. The heat pump could
reduce heating and cooling costs 25%–60%. Wenatchee Valley College in Washington has
installed the heat pump and campus and has been testing it since October 2006.
While the design of most heat pumps puts the focus on cooling, the All Climate Heat Pump was
designed with heating as the primary focus. Initial costs for the All Climate Heat Pump are high,
but if it continues to work as well as predicted, the energy savings over the life of the system
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would more than make up the up-front cost. The All Climate Heat Pump is currently available
for consumer purchase.
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Geothermal Heat Pumps
Geothermal heat pumps (sometimes referred to as GeoExchange, earth-coupled, ground-source,
or water-source heat pumps) have been in use since the late 1940s. Geothermal heat pumps
(GHPs) use the constant temperature of the earth as the exchange medium instead of the outside
air temperature. This allows the system to reach fairly high efficiencies (300%-600%) on the
coldest of winter nights, compared to 175%-250% for air-source heat pumps on cool days.
While many parts of the country experience seasonal temperature extremes—from scorching
heat in the summer to sub-zero cold in the winter—a few feet below the earth's surface the
ground remains at a relatively constant temperature. Depending on latitude, ground temperatures
range from 45°F (7°C) to 75°F (21°C). Like a cave, this ground temperature is warmer than the
air above it during the winter and cooler than the air in the summer. The GHP takes advantage of
this by exchanging heat with the earth through a ground heat exchanger.
As with any heat pump, geothermal and water-source heat pumps are able to heat, cool, and, if so
equipped, supply the house with hot water. Some models of geothermal systems are available
with two-speed compressors and variable fans for more comfort and energy savings. Relative to
air-source heat pumps, they are quieter, last longer, need little maintenance, and do not depend
on the temperature of the outside air.
A dual-source heat pump combines an air-source heat pump with a geothermal heat pump. These
appliances combine the best of both systems. Dual-source heat pumps have higher efficiency
ratings than air-source units, but are not as efficient as geothermal units. The main advantage of
dual-source systems is that they cost much less to install than a single geothermal unit, and work
almost as well.
Even though the installation price of a geothermal system can be several times that of an airsource system of the same heating and cooling capacity, the additional costs are returned in
energy savings in 5–10 years. System life is estimated at 25 years for the inside components and
50+ years for the ground loop. There are approximately 50,000 geothermal heat pumps installed
in the United States each year.
Types of Geothermal Heat Pump Systems
There are four basic types of ground loop systems. Three of these—horizontal, vertical, and
pond/lake—are closed-loop systems. The fourth type of system is the open-loop option. Which
one of these is best depends on the climate, soil conditions, available land, and local installation
costs at the site. All of these approaches can be used for residential and commercial building
applications.
Closed-Loop Systems
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Horizontal
This type of installation is generally most cost-effective for residential installations, particularly
for new construction where sufficient land is available. It requires trenches at least four feet
deep. The most common layouts either use two pipes, one buried at six feet, and the other at four
feet, or two pipes placed side-by-side at five feet in the ground in a two-foot wide trench. The
Slinky™ method of looping pipe allows more pipe in a shorter trench, which cuts down on
installation costs and makes horizontal installation possible in areas it would not be with
conventional horizontal applications.
Vertical
Large commercial buildings and schools often use vertical systems because the land area
required for horizontal loops would be prohibitive. Vertical loops are also used where the soil is
too shallow for trenching, and they minimize the disturbance to existing landscaping. For a
vertical system, holes (approximately four inches in diameter) are drilled about 20 feet apart and
100–400 feet deep. Into these holes go two pipes that are connected at the bottom with a U-bend
to form a loop. The vertical loops are connected with horizontal pipe (i.e., manifold), placed in
trenches, and connected to the heat pump in the building.
Pond/Lake
If the site has an adequate water body, this may be the lowest cost option. A supply line pipe is
run underground from the building to the water and coiled into circles at least eight feet under
the surface to prevent freezing. The coils should only be placed in a water source that meets
minimum volume, depth, and quality criteria.
Open-Loop System
This type of system uses well or surface body water as the heat exchange fluid that circulates
directly through the GHP system. Once it has circulated through the system, the water returns to
the ground through the well, a recharge well, or surface discharge. This option is obviously
practical only where there is an adequate supply of relatively clean water, and all local codes and
regulations regarding groundwater discharge are met.
Benefits of Geothermal Heat Pump Systems
The biggest benefit of GHPs is that they use 25%–50% less electricity than conventional heating
or cooling systems. This translates into a GHP using one unit of electricity to move three units of
heat from the earth. According to the EPA, geothermal heat pumps can reduce energy
consumption—and corresponding emissions—up to 44% compared to air-source heat pumps and
up to 72% compared to electric resistance heating with standard air-conditioning equipment.
GHPs also improve humidity control by maintaining about 50% relative indoor humidity,
making GHPs very effective in humid areas.
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Geothermal heat pump systems allow for design flexibility and can be installed in both new and
retrofit situations. Because the hardware requires less space than that needed by conventional
HVAC systems, the equipment rooms can be greatly scaled down in size, freeing space for
productive use. GHP systems also provide excellent "zone" space conditioning, allowing
different parts of the home to be heated or cooled to different temperatures.
Because GHP systems have relatively few moving parts, and because those parts are sheltered
inside a building, they are durable and highly reliable. The underground piping often carries
warranties of 25–50 years, and the heat pumps often last 20 years or more. Since they usually
have no outdoor compressors, GHPs are not susceptible to vandalism. On the other hand, the
components in the living space are easily accessible, which increases the convenience factor and
helps ensure that the upkeep is done on a timely basis.
Because they have no outside condensing units like air conditioners, there's no concern about
noise outside the home. A two-speed GHP system is so quiet inside a house that users do not
know it is operating: there are no tell-tale blasts of cold or hot air.
Next
A water heater can be a significant part of the energy used in a house. In the next sections, let’s
learn about water heating, and using and wasting less hot water.
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Water Heating
Water heating can account for 14%–25% of the energy consumed in a home. A homeowner can
reduce their monthly water heating bills by selecting the appropriate water heater for their home
or pool and by using some energy-efficient water heating strategies.
Conventional Storage Water Heaters
Conventional storage water heaters remain the most popular type of water heating system for the
home. In this section you'll find basic information about how storage water heaters work; what
criteria to use when selecting the right model; and some installation, maintenance, and safety
tips.

How They Work
A single-family storage water heater offers a ready reservoir—from 20 to 80 gallons—of hot
water. It operates by releasing hot water from the top of the tank when you turn on the hot water
tap. To replace that hot water, cold water enters the bottom of the tank, ensuring that the tank is
always full.
On top of the tank are two thin pipes; one pipe is the hot water outlet, and the other is the cold
water inlet. A large pipe in the middle is called a vent pipe. A pressure/temperature relief valve is
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also on top of the tank and is connected to an open pipe that runs down the side of the tank.
Another valve near the bottom of the outside of the tank is the thermostat and gas valve. A cutout
shows the parts inside the tank, which include a large tube called a flue tube/heat exchanger.
Inside this tube is a jagged insert called a flue baffle. Beside the flue tube/heat exchanger is a
thin tube called the anode rod. At the bottom of the tank is a gas burner, and beneath the burner
are combustion air openings.

Conventional storage water heater fuel sources include natural gas, propane, fuel oil, and
electricity. Natural gas and propane water heaters basically operate the same. A gas burner under
the tank heats the water. A thermostat opens the gas valve as the water temperature falls. The
valve closes when the temperature rises to the thermostat's setpoint. Oil-fired water heaters
operate similarly, but they have power burners that mix oil and air in a vaporizing mist, ignited
by an electric spark. Electric water heaters have one or two electric elements, each with its own
thermostat. With two electric elements, a standby element at the bottom of the tank maintains the
minimum thermostat setting while the upper demand element provides hot water recovery when
demand heightens.
Because water is constantly heated in the tank, energy can be wasted even when a hot water tap
isn't running. This is called standby heat loss. Only tankless water heaters—such as demand
water heaters and tankless coil water heaters—avoid standby heat losses. However, you can find
some storage water heater models with heavily insulated tanks, which significantly reduce
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standby heat losses, lowering annual operating costs. Look for models with tanks that have a
thermal resistance (R-Value) of R-12 to R-25.
Gas and oil water heaters also have venting-related energy losses. Two types of water heaters—a
fan-assisted gas water heater and an atmospheric sealed-combustion water heater—reduce these
losses. The fan-assisted gas water heater uses a draft-induced fan that regulates the air that passes
through the burner, which minimizes the amount of excess air during combustion, increasing
efficiency. The atmospheric sealed-combustion water heater uses a combustion and venting
system that is totally sealed from the house.
A homeowner might also want to consider some less conventional storage water heaters—heat
pump water heaters and solar water heaters. These water heaters are usually more expensive but
they typically have lower annual operating costs.
Demand (Tankless or Instantaneous) Water Heaters
Demand (tankless or instantaneous) water heaters provide hot water only as it is needed. They
don't produce the standby energy losses associated with storage water heaters, which can save
money.
Cold water flows in one end of a pipe, flows through and around several curved pipes over the
heating elements, and out the other end as hot water. Beneath the heating unit, a typical sink
setup is shown. The sink has two pipes coming out the bottom, one for the hot water line and one
for the cold water line. Both pipes lead to the heating unit, which is installed in close proximity
to the area of hot water use, and is connected to a power source (110 or 220 volts).
How They Work
Demand water heaters heat water directly without the use of a storage tank. Therefore, they
avoid the standby heat losses associated with storage water heaters. When a hot water tap is
turned on, cold water travels through a pipe into the unit. Either a gas burner or an electric
element heats the water. As a result, demand water heaters deliver a constant supply of hot water.
You don't need to wait for a storage tank to fill up with enough hot water. However, a demand
water heater's output limits the flow rate.
Typically, demand water heaters provide hot water at a rate of 2–5 gallons (7.6–15.2 liters) per
minute. Gas-fired demand water heaters produce higher flow rates than electric ones. Sometimes,
however, even the largest, gas-fired model cannot supply enough hot water for simultaneous,
multiple uses in large households. For example, taking a shower and running the dishwasher at
the same time can stretch a demand water heater to its limit. To overcome this problem, a
homeowner can install two or more demand water heaters, connected in parallel for simultaneous
demands of hot water. A homeowner can also install separate demand water heaters for
appliances—such as a clothes washer or dishwater—that use a lot of hot water in the home.
Other applications for demand water heaters include the following:
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•
•
•

Remote bathrooms or hot tubs
Booster for appliances, such as dishwashers or clothes washers
Booster for a solar water heating system.

Although gas-fired demand water heaters tend to have higher flow rates than electric ones, they
can waste energy if they have a constantly burning pilot light. This can sometimes offset the
elimination of standby energy losses when compared to a storage water heater. In a gas-fired
storage water heater, the pilot light heats the water in the tank so the energy isn't wasted. The
cost of operating a pilot light in a demand water heater varies from model to model. If a
homeowner purchases a model that uses a standing pilot light, they can always turn it off when
it's not in use to save energy. Also consider models that have an intermittent ignition device (IID)
instead of a standing pilot light. This device resembles the spark ignition device on some gas
kitchen ranges and ovens.
For homes that use 41 gallons or less of hot water daily, demand water heaters can be 24%–34%
more energy efficient than conventional storage tank water heaters. They can be 8%–14% more
energy efficient for homes that use a lot of hot water—around 86 gallons per day. You can
achieve even greater energy savings of 27%–50% if the homeowner installs a demand water
heater at each hot water outlet.
Solar Water Heaters
Solar water heaters—also called solar domestic hot water systems—can be a cost-effective way
to generate hot water for the home. They can be used in any climate, and the fuel they use—
sunshine—is free.
How They Work
Solar water heating systems include storage tanks and solar collectors. There are two types of
solar water heating systems: active, which have circulating pumps and controls, and passive,
which don't.
Most solar water heaters require a well-insulated storage tank. Solar storage tanks have an
additional outlet and inlet connected to and from the collector. In two-tank systems, the solar
water heater preheats water before it enters the conventional water heater. In one-tank systems,
the back-up heater is combined with the solar storage in one tank.
Three types of solar collectors are used for residential applications:
Flat-plate collector
Glazed flat-plate collectors are insulated, weatherproofed boxes that contain a dark absorber
plate under one or more glass or plastic (polymer) covers. Unglazed flat-plate collectors—
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typically used for solar pool heating—have a dark absorber plate, made of metal or polymer,
without a cover or enclosure.
Integral collector-storage systems
Also known as ICS or batch systems, they feature one or more black tanks or tubes in an
insulated, glazed box. Cold water first passes through the solar collector, which preheats the
water. The water then continues on to the conventional backup water heater, providing a reliable
source of hot water. They should be installed only in mild-freeze climates because the outdoor
pipes could freeze in severe, cold weather.
Evacuated-tube solar collectors
They feature parallel rows of transparent glass tubes. Each tube contains a glass outer tube and
metal absorber tube attached to a fin. The fin's coating absorbs solar energy but inhibits radiative
heat loss. These collectors are used more frequently for U.S. commercial applications.

There are two types of active solar water heating systems:
Direct circulation systems
Pumps circulate household water through the collectors and into the home. They work well in
climates where it rarely freezes.
Indirect circulation systems
Pumps circulate a non-freezing, heat-transfer fluid through the collectors and a heat exchanger.
This heats the water that then flows into the home. They are popular in climates prone to freezing
temperatures.
A large, flat panel called a flat plate collector is connected to a tank called a solar storage/backup
water heater by two pipes. One of these pipes runs through a cylindrical pump into the bottom of
the tank, where it becomes a coil called a double-wall heat exchanger. This coil runs up through
the tank and out again to the flat plate collector. Antifreeze fluid runs only through this collector
loop. Two pipes run out the top of the water heater tank; one is a cold water supply into the tank,
and the other sends hot water to the house.
Passive solar water heating systems are typically less expensive than active systems, but they're
usually not as efficient. However, passive systems can be more reliable and may last longer.
There are two basic types of passive systems:
Integral collector-storage passive systems
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These work best in areas where temperatures rarely fall below freezing. They also work well in
households with significant daytime and evening hot-water needs.
Thermosyphon systems
Water flows through the system when warm water rises as cooler water sinks. The collector must
be installed below the storage tank so that warm water will rise into the tank. These systems are
reliable, but contractors must pay careful attention to the roof design because of the heavy
storage tank. They are usually more expensive than integral collector-storage passive systems.
Cold water enters a pipe and can either enter a solar storage/backup water heater tank or the
batch collector, depending on which bypass valve is opened. If the valve to the batch collector is
open, a vertical pipe (which also has a spigot drain valve for cold climates) carries the water up
into the batch collector. The batch collector is a large box holding a tank and covered with a
glaze that faces the sun. Water is heated in this tank, and another pipe takes the heated water
from the batch collector into the solar storage/backup water heater, where it is then carried to the
house.
Solar water heating systems almost always require a backup system for cloudy days and times of
increased demand. Conventional storage water heaters usually provide backup and may already
be part of the solar system package. A backup system may also be part of the solar collector,
such as rooftop tanks with thermosyphon systems. Since an integral-collector storage system
already stores hot water in addition to collecting solar heat, it may be packaged with a demand
(tankless or instantaneous) water heater for backup.
Next
There are many things a homeowner can do to save energy in relation to hot water. In the next
section, let’s go over the how to use and waste less hot water.
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Reduce Hot Water Use for Energy Savings
A homeowner can lower their water heating costs by using and wasting less hot water in their
home. To conserve hot water, they can fix leaks, install low-flow fixtures, and purchase an
energy-efficient dishwasher and clothes washer.
Fix Leaks
A homeowner can significantly reduce hot water use by simply repairing leaks in fixtures—
faucets and showerheads—or pipes. A leak of one drip per second can cost $1 per month.
If the water heater's tank leaks, you’ll need a new water heater.
Install Low-Flow Fixtures
Federal regulations mandate that new showerhead flow rates can't exceed more than 2.5 gallons
per minute (gpm) at a water pressure of 80 pounds per square inch (psi). New faucet flow rates
can't exceed 2.5 gpm at 80 psi or 2.2 gpm at 60 psi. You can purchase some quality, low-flow
fixtures for around $10 to $20 a piece and achieve water savings of 25%–60%.
Showerheads
For maximum water efficiency, select a shower head with a flow rate of less than 2.5 gpm. There
are two basic types of low-flow showerheads: aerating and laminar-flow. Aerating showerheads
mix air with water, forming a misty spray. Laminar-flow showerheads form individual streams
of water. If the home is in a humid climate, the homeowner might want to use a laminar-flow
showerhead because it won't create as much steam and moisture as an aerating one.
Before 1992, some showerheads had flow rates of 5.5 gpm. Therefore, if the home has fixtures
that pre-date 1992, the owner might want to replace them if they’re not sure of their flow rates.
Here's a quick test to determine whether a shower head should be replaced:
1. Place a bucket—marked in gallon increments—under your shower head.
2. Turn on the shower at the normal water pressure you use.
3. Time how many seconds it takes to fill the bucket to the 1-gallon (3.8 liter) mark.
If it takes less than 20 seconds to reach the 1-gallon mark, the homeowner could benefit from a
low-flow shower head.
Faucets
The aerator—the screw-on tip of the faucet—ultimately determines the maximum flow rate of a
faucet. Typically, new kitchen faucets come equipped with aerators that restrict flow rates to 2.2
gpm, while new bathroom faucets have ones that restrict flow rates from 1.5 to 0.5 gpm.
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Aerators are inexpensive to replace and they can be one of the most cost-effective water
conservation measures. For maximum water efficiency, purchase aerators that have flow rates of
no more than 1.0 gpm. Some aerators even come with shut-off valves that allow you to stop the
flow of water without affecting the temperature.
Energy-Efficient Dishwashers and Clothes Washers
The biggest cost of washing dishes and clothes comes from the energy required to heat the water.
A homeowner can significantly reduce energy costs if they purchase or own and use an energyefficient dishwasher and clothes washer.
Dishwashers
It's commonly assumed that washing dishes by hand saves hot water. However, washing dishes
by hand several time a day can be more expensive than operating an energy-efficient dishwasher.
You can consume less energy with an energy-efficient dishwasher when properly used and when
only operating it with full loads.
Dishwashers fall into one of two categories: compact capacity and standard capacity. Although
compact-capacity dishwashers may appear to be more energy efficient on the label, they hold
fewer dishes, which may force you to use it more frequently. In this case, the energy costs could
be higher than with a standard-capacity dishwasher.
One feature that makes a dishwasher more energy efficient is a booster heater. A booster heater
increases the temperature of the water entering the dishwasher to the 140ºF recommended for
cleaning. Some dishwashers have built-in boosters, while others require manual selection before
the wash cycle begins. Some also only activate the booster during the heavy-duty cycle.
Dishwashers with booster heaters typically cost more, but they pay for themselves with energy
savings in about 1 year if you also lower the water temperature on the water heater.
Another dishwasher feature that reduces hot water use is the availability of cycle selections.
Shorter cycles require less water, thereby reducing energy cost.
Clothes Washers
Unlike dishwashers, clothes washers don't require a minimum temperature for optimum cleaning.
Therefore, to reduce energy costs, you can use either cold or warm water for most laundry loads.
Cold water is always sufficient for rinsing.
Inefficient clothes washers can cost three times as much to operate than energy-efficient ones.
Some machines allows you to adjust the water temperature and levels for different loads.
Efficient clothes washers spin-dry your clothes more effectively too, saving energy when drying
as well. Also, front-loading machines use less water and, consequently, less energy than top
loaders.
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Small-capacity clothes washers often have better ratings. However, a reduced capacity might
increase the number of loads you need to run, which could increase your energy costs.
Lower Water Heating Temperature for Energy Savings
A homeowner can reduce their water heating costs by simply lowering the thermostat setting on
the water heater. For each 10ºF reduction in water temperature, a homeowner can save between
3%–5% in energy costs.
Although some manufacturers set water heater thermostats at 140ºF, most households usually
only require them set at 120ºF. Water heated at 140ºF also poses a safety hazard—scalding.
However, if the home has a dishwasher without a booster heater, it may require a water
temperature within a range of 130ºF to 140ºF for optimum cleaning.
Reducing the water temperature to 120ºF also slows mineral buildup and corrosion in the water
heater and pipes. This helps the water heater last longer and operate at its maximum efficiency.
Consult the water heater owner's manual for instructions on how to operate the thermostat. You
can find a thermostat dial for a gas storage water heater near the bottom of the tank on the gas
valve. Electric water heaters, on the other hand, may have thermostats positioned behind screwon plates or panels. As a safety precaution, shut off the electricity to the water heater before
removing/opening the panels. Keep in mind that an electric water heater may have two
thermostats—one each for the upper and lower heating elements.
Homeowner Tip: Mark the beginning temperature and the adjusted temperature on the thermostat
dial for future reference. After turning it down, check the water temperature with a thermometer
at the tap farthest from the water heater. Thermostat dials are often inaccurate. Several
adjustments may be necessary before you get the right temperature.
If the occupants plan to be away from home for at least 3 days, they should turn the thermostat
down to the lowest setting or completely turn off the water heater. To turn off an electric water
heater, switch off the circuit breaker to it. For a gas water heater, they should make sure they
know how to safely relight the pilot light before turning it off.
Insulate the Water Heater Tank for Energy Savings
Unless the water heater's storage tank already has a high R-value of insulation (at least R-24),
adding insulation to it can reduce standby heat losses by 25%–45%. This will save around 4%–
9% in water heating costs.
If you don't know the water heater tank's R-value, touch it. A tank that's warm to the touch needs
additional insulation.
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Insulating the storage water heater tank is fairly simple and inexpensive, and it will pay for itself
in about a year. You can find pre-cut jackets or blankets available from around $10–$20. Choose
one with an insulating value of at least R-8. Some utilities sell them at low prices, offer rebates,
and even install them at a low or no cost.
Insulating an Electric Water Heater Tank
A homeowner can probably install an insulating pre-cut jacket or blanket on their electric water
heater tank themselves. The thermostat access panel(s) must be left uncovered. Don't set the
thermostat above 130ºF on electric water heater with an insulating jacket or blanket—the wiring
may overheat.
A homeowner also might consider placing a piece of rigid insulation—a bottom board— under
the tank of their electric water heater. This will help prevent heat loss into the floor, saving
another 4%–9% of water heating energy. It's best done when installing a new water heater.
The electric water heater has cut-outs in the insulation for the heating coil elements, and the gas
heater has cut-outs for combustion air. The insulation placed on top of the heaters has cut-outs
for the heat trap pipes.
Insulating a Gas Water Heater Tank
The installation of insulating blankets or jackets on gas and oil-fired water heater tanks is more
difficult than those for electric water heater tanks. It's best to have a qualified plumbing and
heating contractor add the insulation. If a homeowner wants to install it, they should read and
follow the directions very carefully. Keep the jacket or blanket away from the drain at the bottom
and the flue at the top. Make sure the airflow to the burner isn't obstructed. Leave the thermostat
uncovered, and don't insulate the top of a gas water heater tank—the insulation is combustible
and can interfere with the draft diverter.
Insulate Hot Water Pipes for Energy Savings
Insulating the hot water pipes reduces heat loss and can raise water temperature 2ºF–4ºF hotter
than uninsulated pipes can deliver, allowing for a lower water temperature setting. You also
won't have to wait as long for hot water when you turn on a faucet or showerhead, which helps
conserve water.
Insulate all accessible hot water pipes, especially within 3 feet of the water heater. It's also a
good idea to insulate the cold water inlet pipes for the first 3 feet.
Use quality pipe insulation wrap, or neatly tape strips of fiberglass insulation around the pipes.
Pipe sleeves made with polyethylene or neoprene foam are the most commonly used insulation.
Match the pipe sleeve's inside diameter to the pipe's outside diameter for a snug fit. Place the
pipe sleeve so the seam will be face down on the pipe. Tape, wire, or clamp (with a cable tie) it
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every foot or two to secure it to the pipe. If tape is used, some recommend using acrylic tape
instead of duct tape.
On gas water heaters, keep insulation at least 6 inches from the flue. If pipes are within 8 inches
of the flue, the safest choice is to use fiberglass pipe-wrap (at least 1-inch thick) without a facing.
Either wire or aluminum foil tape to secure it to the pipe can be used.
Install Heat Traps on a Water Heater Tank for Energy Savings
Pipes on the top of a water heater with two heat traps installed, one in the hot water line and one
in the cold water line. The heat traps look like small cylinders installed on the end of the pipes.
Inside the heat traps are balls that either float or sink to stop convection.
If the storage water heater doesn't have heat traps, you can save energy by adding them to the
water heating system. They can save around $15–$30 on the water heating bill by preventing
convective heat losses through the inlet and outlet pipes.
Heat traps—valves or loops of pipe—allow water to flow into the water heater tank but prevent
unwanted hot-water flow out of the tank. The valves have balls inside that either float or sink
into a seat, which stops convection. These specially designed valves come in pairs. The valves
are designed differently for use in either the hot or cold water line.
A pair of heat traps costs only around $30. However, unless you can properly solder a pipe joint,
heat traps require professional installation by a qualified plumbing and heating contractor.
Therefore, heat traps are most cost effective if they're installed at the same time as the water
heater. Today, many new storage water heaters have factory-installed heat traps or have them
available as an option.
Next
We learned all about hot water, now let’s learn about how to use energy efficiently in relation to
compact fluorescent lamps.
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Lighting
Making improvements to the lighting is one of the fastest ways to cut energy bills. An average
household dedicates 11% of its energy budget to lighting. Using new lighting technologies can
reduce lighting energy use in a home by 50% to 75%. Advances in lighting controls offer further
energy savings by reducing the amount of time lights are on but not being used.
Artificial lighting consumes almost 15% of a household's electricity use. Use of new lighting
technologies can reduce lighting energy use in homes by 50%–75%.
A homeowner can reduce lighting energy use by selecting lighting and sources that use energy
more efficiently, and by installing lighting controls.
Indoor Lighting
Use linear fluorescent tubes and energy efficient compact fluorescent light bulbs (CFLs) in
fixtures throughout the home to provide high-quality and high-efficiency lighting. Fluorescent
lamps are much more efficient than incandescent (standard) bulbs and last about 6 to 12 times
longer.
Today's CFLs offer brightness and color rendition that is comparable to incandescent bulbs.
Although linear fluorescent and CFLs cost a bit more than incandescent bulbs initially, over their
lifetime they are cheaper because of how little electricity they use. CFL lighting fixtures are now
available that are compatible with dimmers and operate like incandescent fixtures.
CFLs contain a very small amount of mercury sealed within the glass tubing. Many retailers are
offering free recycling services for consumers at their stores.
Indoor Lighting Tips
ENERGY STAR qualified CFLs are available in sizes and shapes to fit in almost any fixture.
Be sure to buy ENERGY STAR qualified CFLs.
•
•
•
•

They will save you about $30 or more in electricity costs over each bulb's lifetime.
Producing about 75% less heat, they are safer to operate and can cut home cooling costs.
Visit www.energystar.gov to find the right light bulbs for the fixtures. They are available
in sizes and shapes to fit in almost any fixture.
They provide the greatest savings in fixtures that are on for a long time each day. The
best fixtures to use qualified CFLs in are usually found in the family and living rooms,
kitchen, dining room, bedrooms, and outdoors.
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Controls such as timers and photo cells save electricity by turning lights off when not in use.
Dimmers save electricity when used to lower light levels. Be sure to select products that are
compatible with CFL bulbs; not all products work with CFLs.
When remodeling, look for recessed downlights, or "cans", that are rated for contact with
insulation (IC rated).
Homeowners can take advantage of daylight by using light-colored, loose-weave curtains on
their windows to allow daylight to penetrate the room while preserving privacy. Also, they can
decorate with lighter colors that reflect daylight.
If a homeowner has torchiere fixtures with halogen lamps, they should consider replacing them
with compact fluorescent torchieres. Compact fluorescent torchieres use 60% to 80% less energy
and do not get as hot as halogen torchieres.
Outdoor Lighting
Many homeowners use outdoor lighting for decoration and security. When shopping for outdoor
lights, you will find a variety of products, from low-voltage pathway lighting to motion-detector
floodlights. Light emitting diodes, or LEDs, thrive in outdoor environments because of their
durability and performance in cold weather. Look for ENERGY STAR LED products such as
pathway lights, step lights, and porch lights for outdoor use.
Outdoor Lighting Tips
LED—A New Kind of Light
Light emitting diodes, or LEDs, offer better light quality than incandescent bulbs, last 25 times
as long, and use even less energy than CFLs. Look for ENERGY STAR qualified LED products
at home improvement centers and lighting showrooms.
Because outdoor lights are usually left on a long time, using CFLs in these fixtures will save a lot
of energy. Most bare spiral CFLs can be used in enclosed fixtures that protect them from the
weather.
CFLs are also available as flood lights. These models have been tested to withstand the rain and
snow so they can be used in exposed fixtures. Most though, cannot be used with motion
detectors.
Look for ENERGY STAR qualified fixtures that are designed for outdoor use and come with
features like automatic daylight shut-off and motion sensors.
Compact Fluorescent Lamps
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Compact fluorescent lamps (CFLs) combine the energy efficiency of fluorescent lighting with
the convenience and popularity of incandescent fixtures.
CFLs can replace incandescents that are roughly 3–4 times their wattage, saving up to 75% of
the initial lighting energy. Although CFLs cost 3–10 times more than comparable incandescent
bulbs, they last 6–15 times as long (6,000–15,000 hours).
How They Work
CFLs work much like standard fluorescent lamps. They consist of two parts: a gas-filled tube,
and a magnetic or electronic ballast. The gas in the tube glows with ultraviolet light when
electricity from the ballast flows through it. This in turn excites a white phosphor coating on the
inside of the tube, which emits visible light throughout the surface of the tube.
CFLs with magnetic ballasts flicker slightly when they start. They are also heavier than those
with electronic ballasts. This may make them too heavy for some light fixtures. Electronic
ballasts are more expensive, but light immediately (especially at low temperatures). They are
also more efficient than magnetic ballasts. The tubes will last about 10,000 hours and the ballast
about 50,000 hours. Most currently available CFLs have electronic ballasts.
CFLs are designed to operate within a specific temperature range. Temperatures below the range
cause reduced output. Most are for indoor use, but there are models available for outdoor use.
You can find a CFL's temperature range on most lamp packages. You should install outdoor
CFLs in enclosed fixtures to minimize the adverse effects of colder temperatures.
CFLs are most cost effective and efficient in areas where lights are on for long periods of time.
You'll experience a slower payback in areas where lights are turned on for short periods of time,
such as in closets and pantries. Because CFLs do not need to be changed often, they are ideal for
hard-to-reach areas.
Types of Compact Fluorescent Lamps
CFLs are available in a variety of styles or shapes. Some have two, four, or six tubes. Others
have circular or spiral-shaped tubes. The size or total surface area of the tube(s) determines how
much light it produces.
Some CFLs have the tubes and ballast permanently connected. Other CFLs have separate tubes
and ballasts. This allows you to change the tubes without changing the ballast. There are also
types enclosed in a glass globe. These look somewhat similar to conventional incandescent light
bulbs, except they're larger.
Sub-CFLs fit most fixtures designed for incandescent lamps. Although most CFLs fit into
existing 3-way light sockets, only a few special CFL models can be dimmed.

Page 168 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

Compact fluorescent lamps (CFLs) come in a variety of sizes and shapes including (a) twin-tube
integral, (b and c) triple-tube integral, (d) integral model with casing that reduces glare, (e)
modular circline and ballast, and (f) modular quad-tube and ballast. CFLs can be installed in
regular incandescent fixtures, and they consume less than one-third as much electricity as
incandescent lamps do.
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Landscaping and the Regional Climate
The energy-conserving landscape strategies a homeowner can use should depend on which
region they live in.
The United States can be divided into four approximate climatic regions: temperate, hot-arid,
hot-humid, and cool. See the map to find your climatic region. Below you'll find landscaping
strategies listed by region and in order of importance.

Map of the United States showing climatic regions. Hot-Arid states include southern California,
southern Nevada, most of Arizona and New Mexico, and western Texas. Hot-humid states
include Hawaii and the region spanning from southern Texas east to southern Virginia, and north
through Tennessee and parts of western Kentucky and southern Illinois. The temperate region
spans from northern California and all up the west coast, through the mid-section of the country
to the east coast from Maryland to Maine. The cool region includes Alaska and the northern
states of Wyoming, most of western Montana, North Dakota, northern South Dakota, Minnesota,
Wisconsin, Michigan, northern Vermont and New Hampshire, and most of Maine.
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Temperate Region
* Maximize warming effects of the sun in the winter.
* Maximize shade during the summer.
* Deflect winter winds away from buildings.
* Funnel summer breezes toward the home.
Hot-Arid Region
* Provide shade to cool roofs, walls, and windows.
* Allow summer winds to access naturally cooled homes.
* Block or deflect winds away from air-conditioned homes.
Hot-Humid Region
* Channel summer breezes toward the home.
* Maximize summer shade with trees that still allow penetration of low-angle winter sun.
* Avoid locating planting beds close to the home if they require frequent watering.
Cool Region
* Use dense windbreaks to protect the home from cold winter winds.
* Allow the winter sun to reach south-facing windows.
* Shade south and west windows and walls from the direct summer sun, if summer
overheating is a problem.
Landscaping and the Microclimate
Mature deciduous trees provide shade in the summer and sunlight filtration in the winter.
The climate immediately surrounding the home is called its microclimate. When inspecting for
energy efficiency, it's important to consider the microclimate along with the regional climate.
The home's microclimate may receive more sun, shade, wind, rain, snow, moisture, and/or
dryness than average local conditions. If the home is located on a sunny southern slope, it may
have a warm microclimate, even if the house is in a cool region. Or, even though the home is in a
hot-humid region, it may be situated in a comfortable microclimate because of abundant shade
and dry breezes. Nearby bodies of water may increase the site's humidity or decrease its air
temperature.
Microclimatic factors also help determine what plants may or may not grow in the landscape.
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Landscape Shading
Solar heat absorbed through windows and roofs can increase the air conditioner use.
Incorporating shading concepts into the landscape design can help reduce this solar heat gain,
reducing the cooling costs.
Shading and evapotranspiration (the process by which a plant actively moves and releases water
vapor) from trees can reduce surrounding air temperatures as much as 9° F (5°C). Because cool
air settles near the ground, air temperatures directly under trees can be as much as 25°F (14°C)
cooler than air temperatures above nearby blacktop.
Using shade effectively requires a homeowner to know the size, shape, and location of the
moving shadow that the shading device casts. Also, homes in cool regions may never overheat
and may not require shading. Therefore, you need to know what landscape shading strategies
will work best in your regional climate and your microclimate.
Trees can be selected with appropriate sizes, densities, and shapes for almost any shading
application. To block solar heat in the summer but let much of it in during the winter, use
deciduous trees. To provide continuous shade or to block heavy winds, use dense evergreen trees
or shrubs.
Deciduous trees with high, spreading crowns (i.e., leaves and branches) can be planted to the
south of the home to provide maximum summertime roof shading. Trees with crowns lower to
the ground are more appropriate to the west, where shade is needed from lower afternoon sun
angles. Trees should not be planted on the southern sides of solar-heated homes in cold climates
because the branches of these deciduous trees will block some winter sun.
Although a slow-growing tree may require many years of growth before it shades the roof, it will
generally live longer than a fast-growing tree. Also, because slow-growing trees often have
deeper roots and stronger branches, they are less prone to breakage by windstorms or heavy
snow loads. Slow-growing trees can also be more drought resistant than fast-growing trees.
A 6-foot to 8-foot (1.8-meter to 2.4-meter) deciduous tree planted near a home will begin
shading windows the first year. Depending on the species and the home, the tree will shade the
roof in 5–10 years. If the home’s got an air conditioner, shading the unit can increase its
efficiency by as much as 10%.
Trees, shrubs, and groundcover plants can also shade the ground and pavement around the home.
This reduces heat radiation and cools the air before it reaches the home's walls and windows. Use
a large bush or row of shrubs to shade a patio or driveway. Plant a hedge to shade a sidewalk.
Build a trellis for climbing vines to shade a patio area.

Page 172 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

Vines can also shade walls during their first growing season. A lattice or trellis with climbing
vines, or a planter box with trailing vines, shades the home's perimeter while admitting cooling
breezes to the shaded area.
Shrubs planted close to the house will fill in rapidly and begin shading walls and windows within
a few years. However, avoid allowing dense foliage to grow immediately next to a home where
wetness or continual humidity are problems. Well-landscaped homes in wet areas allow winds to
flow around the home, keeping the home and its surrounding soil reasonably dry.
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Landscape Windbreaks
Properly selected and placed landscaping can provide excellent wind protection, or windbreaks,
which will reduce heating costs considerably. Furthermore, the benefits from these windbreaks
will increase as the trees and shrubs mature.
To use a windbreak effectively, you need to know what landscape strategies will work best in
your regional climate and your microclimate.
Basically, a windbreak can lower the wind chill near a home. Wind chill occurs when wind speed
lowers the outside temperature. For example, if the outside temperature is 10°F (-12°C) and the
wind speed is 20 miles per hour (32 kilometers per hour), the wind chill is -24°F (-31°C).
A windbreak will reduce wind speed for a distance of as much as 30 times the windbreak's
height. But for maximum protection, plant your windbreak at a distance from the home of two to
five times the mature height of the trees.
The best windbreaks block wind close to the ground by using trees and shrubs that have low
crowns. Dense evergreen trees and shrubs planted to the north and northwest of the home are the
most common type of windbreak. Trees, bushes, and shrubs are often planted together to block
or impede wind from ground level to the treetops. Evergreen trees combined with a wall, fence,
or earth berm (natural or man-made walls or raised areas of soil) can deflect or lift the wind over
the home. Be careful not to plant evergreens too close to the home's south side if you are
counting on warmth from the winter sun.
If snow tends to drift in your area, plant low shrubs on the windward side of your windbreak.
The shrubs will trap snow before it blows next to the home.
In addition to more distant windbreaks, planting shrubs, bushes, and vines next to the house
creates dead air spaces that insulate the home in both winter and summer. Plant so there will be
at least 1 foot (30 centimeters) of space between full-grown plants and the home's wall.
Summer winds, especially at night, can have a cooling effect if used for home ventilation.
However, if winds are hot and the home is air conditioned all summer, the homeowner may want
to keep summer winds from circulating near the home.
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Landscaping Water Conservation
A homeowner can design a landscape that not only conserves energy but also water. Here is a
brief overview of some water-conserving landscaping strategies that you can recommend to your
clients.
Xeriscaping
Xeriscaping is a systematic method of promoting water conservation in landscaped areas. It's
based on seven principles:
Planning and design
Provides direction and guidance, mapping the water and energy conservation strategies, both of
which will be dependent upon the regional climate and microclimate.
Selecting and zoning plants appropriately
Bases the plant selections and locations on those that will flourish in the regional climate and
microclimate.
Limiting turf areas
Reduces the use of bluegrass turf, which usually requires a lot of supplemental watering.
Improving the soil
Enables soil to better absorb water and to encourage deeper roots.
Irrigating efficiently
Encourages using the irrigation method that waters plants in each area most efficiently.
Using mulches
Keeps plant roots cool, minimizes evaporation, prevents soil from crusting, and reduces weed
growth.
Maintaining the landscape
Keeps plants healthy through weeding, pruning, fertilizing, and controlling pests.

Xeriscaping is mostly used in arid regions, but its principles can be used in any region to help
conserve water.
Watering
If a homeowner can determine how much water the plants actually need, then they won't
overwater them and waste water. It is important to not only understand a plant's particular
watering requirements, but also evapotranspiration.
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Evapotranspiration is the amount of water that is evaporated from the soil and transpired through
the plant's leaves. This amount of water needs to be replaced through watering. If you know your
area's Et rate, you can plan the amount of water to be replaced through irrigation. Call your local
water district or cooperative extension service and ask about your Et rate. However, your
particular microclimate will also affect evapotranspiration in different areas of the yard.
Also, it's best to water or irrigate the plants in the early morning when evaporation rates are low.
This also provides plants with water before mid-day when the evaporation rate is the highest.
Next
Let’s learn about checking the ground around the house to see how the site manages water. A
wet house is not an efficient one.
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Checking the Site and Foundation
An energy efficient house is one that manages moisture properly on the inside of the house as
well as the outside. Check for moisture problems while inspecting the house. Start that by
checking the building site (the grounds surrounding the structure). The site a vital factor
providing for a moisture-resistant home.

Considering the moisture and drainage conditions at a home to be inspected is perhaps the first
and most important step in inspecting for a moisture-resistant foundation. Building foundations
should be located on sites in a manner that prevents moisture problems by providing for adequate
drainage of on- and off-site surface water flows, including roof water run-off. Ground water
conditions should also be considered during an inspection of a home with moisture related
problems. The foundation type, foundation elevations, and foundation moisture-resistant
detailing are related factors that are dependent on a number of site characteristics.
Many sites are considered “normal” and fall within standard conditions addressed in the
residential building code. However, the use of marginal sites – which is becoming more and
more common - without the proper site design can result in costly mistakes such as foundation
structural and moisture problems. Appropriate foundation elevations and drainage patterns for
the site should be considered.
Check the Site’s Drainage
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When a house is built, a site plan should be developed to do more than just locate the building
and utilities on the site and demonstrate compliance with set-backs and other zoning
requirements. The site plan should also consider a drainage plan that indicates the slope of land
and drainage patterns that convey surface waters from the building site. For sites that generally
provide natural drainage away from the building location, the main concern is establishing an
appropriate foundation elevation to maintain drainage immediately adjacent to the foundation.
Model building standards typically require a minimum of 6” of fall in ground level over a
distance of 10 feet from the perimeter of the building. Providing for additional slope is a good
method to offset future settlement of foundation backfill next to the building (unless the soil is
moderately compacted or tamped during the backfill process).
Conditions that should warrant careful consideration by an inspector on any site include:
• high local water table (e.g., within 4 to 8 feet of the lowest proposed foundation
floor/grade level)
• natural depressions that collect or channel on- and off-site flows • springs or wet areas on
site
• “soft” or “loose” soils indicative of poor bearing capacity
• development that will result in more than 10 to 20 percent impervious area coverage on
the site
• steep slopes that may be unstable or easily eroded (e.g., greater than 25 percent slopes)
• signs of existing erosion (gullies, slope failures, etc.)
• sensitive areas that may be impacted by proposed development (e.g., natural streams,
wetlands, or other features)
• off-site surface water flows directed onto and across the proposed site
• inadequate building offset from adjacent steep slopes that generate increased surface
water run-off (a minimum offset of 15 feet from the toe of a 1:3 (33 percent) or greater
slope is generally recommended, but special conditions may warrant a greater or lesser
amount of offset)
• 100-year flood plain located on site or near building location
Poor site drainage of surface water is perhaps the most important contributor to foundation
moisture problems. Thus, the above types of factors should be considered during an inspection.
Wetness of the site, soil bearing conditions, and slope of the site are key factors in making a
decision on whether to build or not, and how to build a house. When poor site conditions exist,
they can often be overcome technically (provided there are not land-use restrictions involved).
However, the added cost of design and non-conventional foundation construction (e.g., elevated
foundation and/or special drainage features) should be considered as an important part of the
expense of building a house. It is usually very costly to correct site drainage problems and
foundation moisture issues after the fact. Therefore, the inspector must be very careful as to
what recommendations are made about a site with poor drainage.
Further Evaluation of the Site by a Professional

Page 178 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

Fortunately, a site’s propensity for moisture problems can be screened relatively quickly by:
• Interviewing adjacent and/or previous property owners
• Conducting a site exploration including shallow soil borings to assess soil bearing
strength and water table to several feet below the proposed foundation depths
• Understanding the history of local foundation practices used in the vicinity of the
proposed site
• Reviewing publicly available Soil Survey reports published by the USDA Natural
Resources Conservation Service (formerly Soil Conservation Service); these reports from
the Soil Data Mart (http://soildatamart.nrcs.usda.gov/) are published for most counties
and address soil characteristics and provide general land use recommendations
• Reviewing local topography for drainage patterns (e.g., USGS topographic maps,
available for free on www.topozone.com
• Observing the site during or immediately following a significant rainfall event that
produces excess rainfall
If any initial screening observations indicate the potential existence of site conditions mentioned
previously, the site should be more carefully investigated by a geotechnical engineer or other
qualified professional familiar with local building practices and ground conditions. The
foundation plan should be based on the results of the findings. For a site considered to be normal
(absent of the conditions mentioned previously), minimum foundation moisture-resistant
practices in modern building codes are usually adequate. The best practices featured later in this
section will provide enhanced performance in comparison to minimum accepted practices for
foundation design.
Next
In the preceding sections, we’ve learned a lot about all of the systems in a typical house. We
learned about appliances, insulation, air leaks and air sealing, windows, doors, HVAC, water
heaters, lighting, landscaping and the building site.
Now in the next section, let’s put it all together and learn about the house as a collection of
integrated parts, all working and affecting one another. The following section is titled Building
Science.
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Building Science
It is important to look at a house as a complete system. This training will take you through the
systems of a typical house related to building science and energy performance. Just like the
engine of an automobile, a house works as a system of independent parts. Every part has an
impact on the operation of many others. A typical house has more than 10,000 parts. What
happens when all the parts work together in the most desirable, optimal way? The homeowner is
rewarded with a house that is durable, comfortable, healthy and energy-efficient.
Building science is the collection of scientific knowledge that focuses on the analysis and control
of the physical phenomena affecting buildings. This includes the detailed analysis of building
materials and building envelope systems.
This study includes materials science, thermodynamics, hydrodynamics, fluidics, architecture,
engineering and construction sciences.
Building Science is the study of construction, safety, maintenance and energy efficiency.
It examines buildings by breaking down the house into systems, components and items,
including:
• Chimneys
• Insulation
• Ventilation
• Roofing
• Drainage
• Windows
• Exterior
• Doors
• Structure
• Electrical
• Plumbing
• Interior
• Heating
• Air conditioning
• Foundation
Building Science, specifically, studies the three major factors that affect the building:
Heat
•
•
Air
•
•

Resistance to heat effects on the building
Temperature control and management inside
Effects of air and wind on the exterior
Air flow and ventilation of the interior
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Moisture
• Exterior resistance to water and moisture
• Control of interior environment
One of the areas that you’ll be inspecting at a house is the rim or band joist area, that area of the
framing that lying on top of the foundation wall. A lot of wind comes through that area. On
existing homes, there is usually a lack of insulation. In the cold winter, you may find cold air
rushing into that area and missing with the warm moist basement air and condensing.
Sometimes you’ll see actual frost developing at that area. So, understanding air and air
movement is important, and that’s part of building science – air movement.

These are two very old ways of keeping shelter. These structures fit their environment. But
these are more than just simple structures that were built by old civilizations. These structures
were efficient and durable and they fit their environment and performed extremely well. We
can’t say that for most homes in the U.S. today.
Since ancient times, man has tried to make living easier and to protect himself from adverse
environments.
• Wind
• Heat
• Cold
• Water
• Light
• Noise
• Animals
• Privacy
• Location
• Portability
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•

Durability

Besides protecting its inhabitants from the outside environment, a building must also create and
interior environment different from the outside.
Buildings are environmental separators, creating a building envelope to regulate the interior
environment.
• Air Movement
• Humidity
• Temperature
• Air Quality
• Light
• Dust
• Insects
• Vermin
• Water
• Waste Management
• Food and material storage
Besides providing shelter, buildings also provided space for community gatherings, religious and
scientific study and for the preservation and commemoration of the dead.
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What Factors Affect the House?
What must be controlled?
Exterior:
• Wind
• Rain
• Sun
One of the factors that affect a building’s durability is water. Rain must be managed. The roof
covering is designed primarily to handle the rain and the sunlight. The UV radiation deteriorates
roofing materials. The heat from the sun deteriorates the roof covering. The heat generated at
the roof structure needs ventilation. Ventilation involves insulation. Insulation provides
protection against wind and temperature differences. Do you see how everything involves
everything else? If you are going to study how a building manages rain water, you have to study
all of the other factors related.
Interior:
• Air Flow
• Heating / Cooling
• Humidity / Moisture
• Lighting

The Building Envelope is the combination of systems that provide separation between the
environment inside and outside the building.
It includes the roof, walls, exterior and interior wall coverings, insulation, foundation, windows
and doors.
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These systems are barriers that work to maintain environmental stasis.
Three main factors need to be controlled by the building. These factors are also most responsible
for the degradation of the building.
• Heat
• Wind
• Moisture
All of these factors tend to add energy to the building. Energy is detrimental to the building and
works against controlling the interior environment that is most needed by its inhabitants.
These factors are exponential and synergistic in their effects. This means that their effects grow
fast and interact with each other. You add heat to moisture, that warm air will have some
amazing deleterious effects on a building’s integrity.
Arrhenius Equation:
k = A exp (–Ea/RT) (Simple, eh?)
For every 10-degree (centigrade) increase in temperature, the rate of any chemical reaction
doubles.
Examples:
As the temperature of asphalt shingles is increased, so is their degradation.
• More brittle, more chance of breakage by hail or wind
• Granule loss
• Off-gassing of volatiles
• As the temperature increases, exterior wall coverings degrade faster.
• Paint / Primer chalking, peeling
• Increased differential movement of masonry
• Degradation of vinyl siding
• Split block sealer failure
• Together with elevated moisture levels
• Increased moisture in materials speeds up degradation
• Increased biological organism growth (mold, wood rot)
Examples:
• For every 18% increase in relative humidity, the vapor pressure is doubled and the life of
wooden building materials is decreased by 50%. This is amazing. So, structures in hot,
humid climates are very special. You have to build structures in hot, humid climates
differently that you would in northern, cold, low-humidity climates.
• For every 20% increase in ultraviolet radiation (sunlight) there is a 50% decrease in the
life of most building materials.
• Water and moisture is the most harmful damage factor to buildings. And they work
together with heat.
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•
•

Buildings will retain water and moisture, at differing rates, depending on the materials
involved.
The building envelope needs a drying period, which is usually done in the winter, not the
summer. We think that a house sheds water, but it actually absorbs moisture, particularly
at its siding materials. A house absorbs moisture when the warm air (carrying moisture)
infiltrates a structure. Take a brick veneer front on a house, that material absorbs
moisture, and needs a period of time to dry.

Basic Energy Principles
Energy is a quantity of heat, work or light. And energy can be measured. Potential energy is
that energy which is stored. Energy can’t be created nor destroyed. It just moves from place to
place (transferred) or changes state.
A Btu is the amount of heat needed to raise 1 pound of water 1 degree Fahrenheit. This is
referred to as sensible heat. Latent heat is the amount of energy needed to change water into
steam or to change its state. (liquid to steam, steam to liquid, liquid to solid (ice), or solid (ice)
to liquid (by melting).
Laws of Thermodynamics
There are four laws or principles:
• The zeroth law of thermodynamics, which underlies the definition of temperature.[1]
• The first law of thermodynamics, which mandates conservation of energy, and states in
particular that the flow of heat is a form of energy transfer. The first law states that
energy cannot be created or destroyed; rather, the amount of energy lost in a steady state
process cannot be greater than the amount of energy gained. This is the statement of
conservation of energy for a thermodynamic system. It refers to the two ways that a
closed system transfers energy to and from its surroundings – by the process of heating
(or cooling) and the process of mechanical work. The rate of gain or loss in the stored
energy of a system is determined by the rates of these two processes. In open systems, the
flow of matter is another energy transfer mechanism, and extra terms must be included in
the expression of the first law.
• The second law of thermodynamics law states "energy systems have a tendency to
increase their entropy rather than decrease it." This can also be stated as "heat can
spontaneously flow from a higher-temperature region to a lower-temperature region, but
not the other way around." Heat can appear to flow from cold to hot, for example, when a
warm object is cooled in a refrigerator, but the transfer of energy is still from hot to cold.
The heat from the object warms the surrounding air, which in turn heats and expands the
refrigerant. The refrigerant is then compressed, expending electrical energy.
• The third law of thermodynamics, which concerns the entropy of a perfect crystal
at absolute zero temperature, and implies that it is impossible to cool a system all
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the way to exactly absolute zero. As temperature approaches absolute zero, the
entropy of a system approaches a constant minimum.
Heat always moves from a place of higher temp. to a place of lower temp. By comparison,
moisture moves from higher to lower concentration, air moves from a place of higher pressure to
lower pressure.

How Moisture Moves
To be able to inspect for moisture intrusion and related problems, an inspector should understand
the basics of how moisture can move through a house.
Moisture or water vapor moves in and out of a house in three ways:
• With air currents;
• By diffusion through materials; and
• By heat transfer.
Of these three, air movement accounts for more than 98% of all water vapor movement in
building cavities. Air naturally moves from a high pressure area to a lower one by the easiest
path possible—generally through any available hole or crack in the building envelope. Moisture
transfer by air currents is very fast (in the range of several hundred cubic feet of air per minute).
Thus, to control air movement, a house should have any unintended air paths carefully and
permanently sealed.
The other two driving forces—diffusion through materials and heat transfer—are much slower
processes. Most common building materials slow moisture diffusion to a large degree, although
they never stop it completely. Insulation also helps reduce heat transfer or flow.
The laws of physics govern how moist air reacts within various temperature conditions. The
study of moist air properties is technically referred to as "psychrometrics." A psychrometric chart
is used by professionals to determine at what temperature and moisture concentration water
vapor begins to condense. This is called the "dew point." By understanding how to find the dew
point, you will better understand how to diagnose moisture problems in a house.
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Relative Humidity
Relative humidity (RH) refers to the amount of moisture contained in a quantity of air compared
to the maximum amount of moisture the air could hold at the same temperature. As air warms, its
ability to hold water vapor increases; this capacity decreases as air cools. For example, according
to the psychometric chart, air at 68ºF (20ºC) with 0.216 ounces of water (H2O) per pound of air
(14.8g H2O/kg air) has a 100% RH. The same air at 59ºF (15ºC) reaches 100% RH with only
0.156 ounces of water per pound of air (10.7g H2O/kg air). The colder air holds about 28% of
the moisture that the warmer air does. The moisture that the air can no longer hold condenses on
the first cold surface it encounters (the dew point.) If this surface is within an exterior wall
cavity, wet insulation and framing will be the result.
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In addition to air movement, one can also control temperature and moisture content. Since
insulation reduces heat transfer or flow, it also moderates the effect of temperature across the
building envelope cavity. In most U.S. climates, properly installed vapor diffusion retarders can
be used to reduce the amount of moisture transfer. Except in deliberately ventilated spaces, such
as attics, insulation and vapor diffusion retarders work together to reduce the opportunity for
condensation in a house's ceilings, walls, and floors.
•
•
•
•

If the air temperature stays the same but more moisture is added the RH % goes up.
If the air temperature stays the same and moisture is removed, the RH% goes down.
If the moisture content stays the same but the temperature goes down, the RH% goes up.
If the moisture content stays the same but the temperature goes up, the RH% goes down.

Hygrothermal Regions
There are many different types of climates in North America. And you build a house depending
upon the climate. You don’t build a house in the same way no matter where it’s located.
Climate, weather, heat degree-days, precipitation index, temperatures, humidity levels, etc. –
they all have to be taken into account when building a house. An inspector needs to be aware of
all of these factors too, and how they interact with each other, when inspecting a building.
A building must work to provide a separation for the occupant (and the building’s structure)
from the three basic environmental factors:
• Heat
• Sunlight
• Moisture
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Hot – Humid
Hot – Dry
Mixed Humid
Marine
Mixed Dry
Cold
Severe Cold
Sub-Arctic / Arctic
Just look at the map, and see how many different types of climates exist, and imagine how many
different types of designs are needed to build structures across the continent.

Maintaining the temperature of a building relies on two factors:
• The heating (and cooling) system of the building; and
• The retention of the building’s interior temperature against the outside temperature.
These factors are synergistic with the other two controlling factors of the buildings environment.
Both the air flow (both inside and outside) and the moisture levels of the building affect the
heating of the house.
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The igloo is built from ice and animal skins. The animal skins are draped inside, hanging and
supported from the inside curved dome of the igloo. This “primitive” structure actually performs
very well. The ice and snow provides shelter. The trapped air pockets in the ice and snow
provide thermal insulation. And the animal skins create an air space inside the igloo. This is an
amazingly well performing structure.

Here are two old types of structures. The one on the left is a gravity heating system (later
converted with a fan). The structure on the right is a tent. The tent and the “octopus” heater are
essentially the same type of heating system. The heat is in the middle of the structure. The
smoke and heat rises up vertically through the structure, warming the occupants inside it.
Houses lose heat by many different means:
• Attic / Roof: 10 – 15%. Easy to add insulation
• Exterior Walls: 25 – 50%. Harder to add insulation
• Basements: 10 – 15%. Crawlspaces lose more
• Windows and Doors: 15 – 30%. Easier to fix
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Air leakage is the most common, and least evident, source of heat loss. Without ventilation
provisions, the more airtight a house is, the more problems you might create by air sealing the
house. After air sealing, the house may need to be fitting with devices to provide proper air
exchange and ventilation.

The Hygric Buffer Capacity is the storage water capacity of building materials.
• All building materials will, to some extent, retain water.
• If the moisture levels do not exceed the hygric buffer capacity of the buildings materials,
moisture damage will not occur.
• When the building materials suspend (buffer) moisture, it cannot enter the building
(condense) and cannot cause damage to the building. And that’s great, because most
houses are wood framed.
• Different building materials have different hygric buffer capacities.
• Most modern construction tries to utilize multiple layers of different materials to
maximize the hygric buffer capacity.
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So you have an old teepee, and old yurt-like house, and a small stone cottage, and a large brick
structure. Different areas have different building materials.
Typical hygric buffer capacities of a typical 2,200 sq.ft. house:
• Metal siding and framing with gypsum sheathing – 4 to 6 gallons
• Wood siding, framing and sheathing – 40 to 60 gallons
• Masonry – 400 to 600 gallons
For masonry house, the house can absorb into the exterior wall cover (such as a brick veneer)
about 500 gallons of water before the buffer is overcome, and water starts moving into the house.
The masonry house can absorb 100 times more moisture, compared to a metal siding house
before allowing into the house.
The exterior wall covering of the building will determine how it can much moisture absorb
before the hygric buffer is saturated and deterioration begins.
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The material must provide a hygric buffer capacity properly suited for the climate zone.
The material must also be able to dry, to gain more buffer capacity, which also depends on the
climate area. Take a brick veneer house for example. It rains for a week. The brick is wet. It’s
absorbed a lot of moisture. The rain stops and the sun comes out. That sun beats down on that
brick. You’d think that would dry it. But actually the heat migrates through the brick. And as
the heat migrates, the moisture follows it. So as the heat passes through the brick, the brick
passes through too. The brick actually doesn’t dry from inside out. The moisture in the brick
dries or rather moves inward. That’s why it is very important to have that 1-inch space (air
space) behind the brick veneer. What happens when the moisture passes through the brick and
gets to that air space? It stops movement. The moisture drops and weeps out at the bottom of
the brick veneer. The weep holes (wicks) allow the moisture to escape and drain away.

The air space also allows the moisture to evaporate and move upwards. The top of the brick
veneer must provide a way for that 1-inch air space behind the veneer to ventilate up and out the
top of the wall. Ideally it would vent to the outside or up through the vent provisions of the roof
system.
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Vapor barriers add, somewhat, to the building’s capacity, but the proper vapor barrier should be
used for the specific climate area of the house.
• Hot – Dry: Low moisture levels, low drying needs
• Hot – Humid: High moisture levels, high drying needs
• Marine: High moisture levels (water and humidity vary), high drying needs
• Cold: Medium moisture levels, varying temperatures
• Very Cold: Low moisture levels, cold temperatures
• Drying does not always require heat, in fact excessive heat and sun can actually slow drying
• Drying can occur more efficiently in cold and very code zones.
• Building materials must be suited to the zone, its conditions and the drying factors.
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•
•
•
•
•

Sunlight dries, but also heats the brick, which causes moisture to migrate inwards.
Rain, drawn by capillary action, also migrates inward
Wind drives the rain, but also can create pressure differences
Wind together with humidity, creates a vapor pressure gradient which can further cause
moisture migration
Air gaps can slow this moisture movement

Vapor Barriers
Vapor Barriers are used to control the flow of moisture into the building envelope. The moisture
can be in liquid form or humidity.
New houses are generally wrapped in a “house wrap” material. House wrap allows some
moisture vapor flow while stopping both liquid water and air. Different grades of house wrap
have different properties.
Older houses sometimes used building paper (tar paper), which had many seams that would
compromise the envelope.
Other houses just relied on asphalt impregnated fiberboard sheathing.
When discussing vapor barriers (also called “drainage planes”) the measure of water vapor
permeability is called the “perm.”
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A material with one perm would allow transmission of one grain (gram) of water vapor per
square foot of area per hour per one inch of mercury pressure differential.
Depending on the climate zone, different levels of vapor barriers are used. Some areas require
low perm vapor barriers and some require high perm vapor barriers.
Vapor Impermeable – Vapor Barriers
• Class I – 0.1 perms or less
• Class II – 1.0 perms or less
• Rubber membrane, polyethylene film, glass, sheet metal, aluminum foil, foil-faced sheathings.
Vapor Semi-Permeable – Vapor Retarders
• Class III – 10 perms or less
• Exterior grade plywood, asphalt impregnated building paper, many latex-based paints, paper or
bitumen faced fiberglass batt insulation
Vapor Permeable – “Breathable”
• More than 10 perms
• Unpainted gypsum board, un-faced fiberglass insulation, most house wraps.
Moisture is transported through building materials by 3 different methods:
• Capillary Action: The surface must be wet.
• Air Transported Moisture: Small particles of water carried by the air. Usually occurs under
high pressure. This method is usually more significant then vapor diffusion.
• Vapor Diffusion: Part of the 2nd law of thermodynamics. Moisture will flow across a
concentration gradient as well as a heat gradient. More flows to less.
Proper moisture control usually requires both an air barrier as well as a vapor barrier.
Uncontrolled air infiltration into buildings because of inadequate air barriers can lead to
significant damage.
Vapor Barrier Requirements in Different Climate Zones
Cold Climate
• Make it as difficult as possible for building materials to get wet from the interior
• Install air and vapor barriers on the interior building walls
• Let the building dry by installing vapor permeable materials on the exterior
Hot and Humid Climate
• Make it as difficult as possible for building materials to get wet from the exterior.
• Install air and vapor barriers on the exterior building walls.
• Let building materials dry to the interior.
• Interior spaces must be maintained at a slight positive pressure with dehumidification. Interior
spaces must be kept below 50% humidity. In hot and humid climates this requires both dehumidification
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AND the use of ventilation to create a positive pressure within the conditioned space so as to prevent
infiltration of humid outside air.

Mixed Climate - Complex
• Flow through approach: Use permeable or semi-permeable material on interior and
exterior. Requires both air pressure control and interior humidity control.
• Install vapor barrier in the approximate “middle” of the wall with insulated sheathing on
the exterior. Air barrier can be either towards the interior or the exterior. Air pressure and
humidity control must be utilized.
• Humidity flows inwards in the warm, summer months. Must be stopped at the exterior or
at the sheathing.
• Humidity flows outwards in the cold, dry months. Must be stopped at the interior walls.
• Both air and vapor barriers should be employed.
Wood and Moisture
Wooden framed houses are common. Wood grows with increased moisture, thicker, not longer.
It also shrinks along its width, not its length.
Manufactured wood products try to compensate for this by using cross graining and fiber
orientation, resins and water proofing materials. They tend to expand in all directions with rather
than just one.
This expansion and contraction will cause separation and allow for water (and water vapor) to
enter through the gaps.
Common moisture levels in wood:
• Green lumber – 45 to 50%
• Air dried lumber – 20 to 30%
• Kiln dried lumber – 5 to 6%
• Manufactured – 3 to 4 %
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Remember, most builders do not take the time to cover their lumber, or their framed houses, to
protect them from the elements. A wooden framed house can absorb a great deal of moisture
during construction.
• Wood fiber saturation is 25 to 30%, by weight.
• Naturally occurring wood rot (mold) spores in the wood will activate when the moisture
content raises above 19 to 20%.
• To prevent mold amplification (accelerated deterioration of materials with mold growth) the
moisture content must be kept below 16%.
• Even with low indoor humidity levels, cold weather caused condensation (window frames,
exterior door hinges, inside walls without sufficient vapor barriers), which will increase moisture
content in small areas.
Exterior moisture can be from rain, but also from humidity. While most people can understand
that the house must be protected from rain, they can overlook the real mechanism of moisture
penetration into the house. Water, in the form of water vapor, has a much greater effect on the
house than does liquid water.
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Rain patterns differ each year and according to region.

Rain affects the house even before it is built. As well as after.
Rules for water movement:
• Water always runs downhill.
• Water vapor travels from areas of high pressure to areas of low pressure.
• Water vapor travels from warm areas to cold areas driven by heat.
• Water vapor travels from wetter areas to dryer areas driven by capillary action
• In short, water can move in many directions through the building’s exterior envelope and inside
the house as well.
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The house must be able to shed water, from the roof to the footing. The roof is not “water proof”
but “water resistant”, designed to take the rainwater away from the house.
The roof must work with the gutters, downspouts and the exterior wall covering. These different
components must be matched on order to work together properly.
The interface of the roof to the exterior wall must also allow water to properly shed as well as
allowing for proper ventilation of the attic area and provide a proper seal against water intrusion
into the exterior wall covering.
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These details are often lost between the work of the framers, roofers and masons. If not properly
coordinated a latent defect is created.
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Masonry Wall
Let’s check out this brick structure, particularly one wall. This is triple brick wall warehouse.
On the top you have the typical coping tiles on the parapet wall. The mortar of the coping tiles
deteriorate, and the contractors unfortunately slap on black roofing tar, and that allows water
penetration. You can see water deterioration, mortar joints deteriorating. You can see
efflorescence. You can see moisture wicking up the masonry that is in contact with the ground.
This building actually has a poured concrete foundation, but the grade is burying the brick at the
bottom. So you have water coming down from the parapet leaking condition, and you have
moisture coming up (wicking up) from the ground.

Here’s a thermal image. You can see the temperature difference is at the spalling area. It is most
likely that the spalling area is retaining moisture. It is not warm air coming through the brick.
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Same wall. Just down to the right more. There are two “arches” of moisture deterioration.
There’s significant moisture damage in this two areas. Excessive water and cracking is observed
at the foundation. Now, there are small cracks in the poured concrete foundation. Those small
cracks tend to form a capillary and tend to allow water (moisture) to be drawn or wick upwards
on the insides of the crack. There is water coming down from the coping tile at the parapet, and
there’s moisture coming up from the ground.
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There’s moisture and high temperatures. The area with the spalling has high moisture content.
Now, let me say that before you start saying things are “wet,” be sure to confirm your “guesses”
with another device – particularly a moisture meter tool.
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Siding (wood, metal or vinyl) does not provide this additional air barrier.
How does this differ with regards to the hygric capacity of this wall system?
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Two-coat stucco, usually applied over a brick wall, allows for a greater hygric buffer, but unless
sufficient drying is allowed, moisture is retained in the brick.
Three-coat stucco adds a waterproof layer of sheathing paper.
This system has a lower hygric buffer capacity, but makes up for it in the added waterproof
layer.
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The type of waterproofing is important.
Regular tar paper or rubber membrane?

EIFS systems add an insulation layer but are very susceptible to damage if not flashed or sealed
properly.
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With EIFS, the quality of the installation is always the key.
If not properly installed, the foam becomes a huge sponge.

Because of the foundation’s porous nature, moisture can also wick up from the ground.
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Knowing what we now know, how many ways is this causing water to enter the house? Where
will this water show up inside the house?

Downspout near the foundation. Water wicking up the foundation wall. Colder temperatures on
the exterior. Building must be able to shed water and manage water away from the foundation
and structure. Simple things like diverting downspouts is essential.
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All of the little red dots represent a minimum number of critical areas to inspect for moisture
intrusion problems. These areas are prone to water penetration on any house. They include: the
chimney, roof ridges, gable vents, dormer flashing, window flashing, header flashing at the
windows and doors, window sills, planter windows, planters up against the house, deck ledger
flashing, deck railing attachment to the structure, bottom of door jambs, door treads, light
fixtures, roof-to-wall intersections, where siding contacts ground, site drainage, roof vents, roof
attachments, overhangs and gutters.
Moisture and Air
Since moisture is also dissolved in air (water vapor), moisture also moves with air movement.
The effects of wind on the exterior of the house are synergistic with the effects of moisture
intrusion, they work in tandem with each other.
Wind can drive water intrusion, but it can also have a drying effect if the relative humidity (RH)
is different.
Moist air can wet a house and dry air can dry the house.
All these effects interact and affect the hygric buffer capacity of the house.
How does the added pressure of the wind effect moisture intrusion?
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When inspecting a house, pay attention and look at all the factors involved.

Wind will produce a positive pressure on one side and a negative pressure on the opposite side.
Consider these effects if the house has a complex shape.
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•
•
•
•

Upward air flow on the negative pressure side. Makes the rain to flow upwards on the
exterior siding material in many instances.
Positive or negative pressure on roof, ridge, gable and soffit vents.
Balance of interior and exterior pressures.
The wind pressure effects on a house must also be considered with regards to neighboring
structures.
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Where are the positive and negative pressure areas on the next house that you are going to
inspect?
Exterior areas of high pressure will drive air (and moisture) through walls and through wall
penetrations. Interior areas of low pressure will cause air to be sucked into the house.
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Exterior wind pressure will cause interior air pressure changes. This is a picture of a house,
along the ocean shoreline, that was devastated by air pressure changes. Air rushed into the house
interior and blew it up just like a balloon.

Examine the possible areas of interior air and moisture penetration.
How does the air flow in the house?
How do the flow patterns change when the wind changes?
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Here’s an illustration showing how the cold winter air can rush into a house through certain air
leakage points of the building envelope. Air infiltration can be caused by the wind. It can be
caused also by air leakage points at the top portion of the structure, which causes a stack effect
on the building. Wind can push air into a house, but the stack effect can also suck air into the
house.
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Here is another illustration provided by the EPA about where air can enter and escape from a
typical house. Notice the air exhausting through the stove’s exhaust hood, and the air exhausting
from the dryer. This air being pushed out of the house causes air to move in other areas.

Sun and Heat Movement
Sunlight affects the house by two means:
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• Heating of the exterior; and
• Ultraviolet radiation deteriorates the exterior
Both must be taking into account if the building envelope is to operate properly. The number one
cause of roof deterioration is UV radiation. Flat roofs should be covered with gravel or
reflective paint. Asphalt roofs are impregnated with mineral granules. Other roof types can be
damaged (wooden shingle, shake).

As the sun heats the exterior of a brick wall, the heat migrates inward (heat travels to cold). As
the heat migrates, it also draws moisture with it (moisture travels to dry areas). Therefore,
sunlight on a wet brick wall will dry the wall but will also act to force heat and moisture through
the wall. Exterior heating will cause drying but will also cause moisture to migrate inwards.
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Controlling the temperature inside the building is critical. The inhabitants must be kept warm in
cold weather, but the house must also protect itself from the effects that interior heating causes.
Over time, the evolution of heating has changed, as well as the way building science approaches
the problem.
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Insulation barrier
The house’s insulation is probably the most important factor in maintaining conditioned space of
the house. Insulation requirements have increased over the years, as have the materials being
used for insulation. Some of the older materials have been found to be hazardous:
• Vermiculite – Friable asbestos
• Urea – Formaldehyde foam
• Newspaper – Used to fill floor and joist voids
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Houses are being built “tighter” and that has caused problems, because additional ventilation
provisions and indoor air quality and safety were not considered after designing the home to be
so airtight.
Changes, and their accompanying problems:
• Homes are more heavily insulated.
• Exterior, and interior vapor barriers further tighten the house’s building envelope.
• The movement to forced air heating and cooling systems further tightens the house’s building
envelope.
• Less ventilation through efficient windows.
• Less air volume turnover.
• Roof designs have become more complex with smaller soffits.
• People are spending more time indoors.
• Less drying capability of the hygric buffer.
• More areas where insulation is difficult to install.
• Excessive use of humidifiers.
• Increased in mold formation.
Be careful in your analysis of a house in relation to ventilation and indoor air quality. Air
sealing needs to be accompanied by a test for back drafting. Back drafting may occur after
making an existing home airtight. Be careful in recommending air sealing practices in existing
homes with combustion appliances installed.
Building science is the collection of scientific knowledge that focuses on the analysis and control
of the physical phenomena affecting buildings. This includes the detailed analysis of building
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materials and building envelope systems. This study of building science includes materials
science, thermodynamics, hydrodynamics, fluidics, architecture, engineering and construction
sciences. Building science is the study of construction, safety, maintenance and energy
efficiency. If you are performing property inspections, especially energy audits, you should
understand the how a building performs as a system of individual parts that are all related to each
other and therefore affect one another. The goal is to provide your client with information that
they can use to take action in making their home perform better and be more energy efficient.
Next
We learned about all of the parts of a house working together as a complete system. Now let’s
now learn about blower door tests, how they work and what we can learn from performing a
blower door test on a typical house.
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Blower Door Test
A blower door is a diagnostic tool designed to measure the airtightness of a building and to help
locate air leakage sites. The blower door has a variable speed fan and meters to measure airflow
and pressure. Blower doors are used for a variety of purposes including:
• Documenting the construction airtightness of buildings;
• Estimating natural infiltration rates in houses;
• Measuring and documenting the effectiveness of air sealing activities; and
• Measuring duct leakage in forced air distribution systems.
A building can lose energy by the transfer of heat via conduction, radiation and convection.
Convection loss deals with air movement. Almost all buildings have some air movement
through the building envelope. Where there is a driving force or a pressure difference across the
envelope, air moves. If there is air moving into a dwelling through an open gap, then there is
also air moving out of the dwelling through another open gap located somewhere else.
Pressure can cause air to move. Pressure differences can be caused by wind, exhaust fans, or the
venting of combustion appliances.
Temperature can cause air to move. The stack affect is a powerful force that can cause
convective losses in many homes particularly during the cold-in-winter months.

Stack Effect
Stack effect (in relation to residential energy audits) is the movement of air into and out of a
house. It is driven by buoyancy. Buoyancy occurs due to a difference in indoor-to-outdoor air
density resulting from temperature and moisture differences. The result is either a positive or
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negative buoyancy force. The greater the thermal difference and the height of the structure, the
greater the buoyancy force.
Since houses are not completely sealed, the stack effect can cause air to infiltrate. During the
heating season, the warmer indoor air rises up through the structure and exits through open
windows, vents, or air leakage points. The rising warm air drops the pressure in the lower part of
the building, forcing cold air to infiltrate through open doors, windows, or other openings and air
leakage points.
When there is only a temperature difference causing the air to move and leak, there exists what is
called the neutral zone of a building (or the neutral pressure level - NPL). It is where the interior
and exterior air pressures are equal. At all other areas above and below, the pressure differences
between the interior and exterior depends on the distance from the neutral zone and the
difference between the air densities of the inside and outside air. At the neutral zone there is
neither infiltration nor exfiltration of air in significant amounts. The neutral zone is typically
located in the middle of a building where the pressure differences are at a minimum.
It is important to understand the significance of sealing the air leakage points at the top and
bottom portions of a building rather than anywhere else.
Usually, the natural air movement in a house depends on a combined force of wind and stack
effects. Pressures continually change as the temperatures and wind forces change.
The wind and stack pressures in a house depend on the house’s height, resistance to air flow
through the house interior, the air leakage openings, local terrain, and the immediate shielding of
the house’s structure.

How a Blower Door Works
The blower door is a tool used to exaggerate pressure differences on a building. The blower door
is made up of a powerful fan that is temporarily installed inside an exterior doorway opening.
The fan blows air into or out of the building to create a slight pressure difference between inside
and outside. This pressure difference forces air through holes and penetrations in the exterior
envelope.
By simultaneously measuring the air flow through the fan and its effect on the air pressure in the
building, the blower door system measures the airtightness of the entire building envelope.
The tighter the building (e.g. fewer holes), the less air you need from the blower door fan to
create a change in building pressure.
Blower Door Test
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A typical blower door test will include a series of fan flow measurements at a variety of building
pressures ranging from 60 Pascals to 15 Pascals. (One Pascal (Pa) equals approximately 0.004
inches of water column.)
During a blower door test, the fan is on at high speeds. The door needs to create significant
pressure differences in order to create results that are measurable. Tests are done at relatively
high pressures to also mitigate the effects of wind and stack effect pressures on the test results.
Oftentimes a simple “one-point” test is conducted where the building is tested at a single
pressure (typically 50 Pascals). This is done when a quick assessment of airtightness is needed.
How Long Does It Take?
About 20 minutes. It takes about 20 minutes to set up a blower door, conduct a test, and
document the airtightness of a building.
The blower door can be used to estimate the amount of leakage between the conditioned space of
a house and attached structural components like a garage.
It can also be used to estimate the amount of leakage in forced air duct systems.
The blower door forces air through holes and gaps. And these problem spots are easier to find
using chemical smoke, an infrared camera or simply using the sensitive backside of your hand.
The blower door can also help investigate backdrafting and help determine the need for
mechanical ventilation.
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Wind Can Affect a Blower Door Test
Wind blowing on the house can significantly affect the blower door test. Wind has the largest
impact on blower door tests. If the wind is blowing at 20 mph against the house, it can create an
indoor-outdoor pressure difference as much as 50 Pascals. A measurement of a house using a
blower door during a time of high wind pressures can affect the test, the flow rate of the blower
fan itself can be changed, and the measurement accuracy of the fan flow will be affected.

Try avoiding performing a blower door test when there are high wind conditions (15 to 20 mph
winds). If you have to do a blower door test while the wind is blowing, try to set up the blower
door on the leeward side of the house.
If the wind speed is greater than 5 mph, consider do a blower door test at multiple points of the
house. With the correct type of instrument and software, you may be able to easily conduct
multiple tests and create an automated average with a single result.
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Temperature and Humidity
When performing an energy audit, you should take the measurements of the temperature and
humidity levels outside the dwelling and then inside the dwelling. There are many simple, easyto-use digital meters available that provide accurate readings.
Temperatures Can Affect the Blower Door Test
The difference between the indoor and outdoor air temperatures can affect a blower door test
results in a couple of important ways.
Differences between the temperature inside a house and the outdoors alone create small stack
effect pressures inside house. In cold weather, the stack effect creates a small negative (or low)
pressure at the bottom portion of the house (pulling outside air in) and positive (or high)
pressures at the top of the house portions of the house (pushing inside air out).
Baseline
The size of the stack effect is related to the height of the house and the difference in the
temperature between inside and outside air. For example, a 15-foot tall structure (floor to
ceiling) with a 50°F difference between inside and outside temperature, would have a 5 Pascal
pressure difference between the bottom and top of the house. If leaks in the building were
uniformly distributed, you would measure –2.5 Pa at the bottom, and +2.5 Pa at the top. You
need to adjust for this baseline stack effect pressure. Failure to account for a baseline stack
effect pressure of –2.5 Pa would cause an underestimation of the house leakage measurement
(CFM50) by about 3%.
You should always take a baseline pressure reading before performing a blower door test, and
adjust the house pressure readings by subtracting the baseline reading.
Leaks in the Ductwork
When you depressurize the house with the blower door fan, you can check the ductwork for air
leakage. Turn off the air handler unit. Turn on the blower door and depressurize the house to 50
Pascals. If you feel any air movement at the supply or return registers, then that means there is
outside air infiltrating the house. You can then conduct a test to estimate the magnitude of the
duct leakage problem.
Turn off the blower door fan and seal up all of the supply and return registers. A sticky plastic
tape with perforations is readily available for this task. After all of the registers are seal, the turn
on the blower door again at 50 Pascals. The flow rate at 50 Pascals is lower with the registers
sealed than with them open. The difference is the amount of leakage through the ductwork
openings to the outside.
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If you want to try and find the area of the duct leakage problem, then you can use the blower
door again. Turn on the blower door to 50 Pascals. Measure the difference between the inside
the house and each individual register. A pressure pan is useful in this type of investigation. The
pan covers the register. There is a single hole drilled through the pan to fit a plastic tube or
pressure probe from the manometer. High readings mean that you are close to the leakage area.
Estimating energy losses associated with convective duct leakage requires detailed simulations
and software.
Check Pressure Differences in Bedrooms
If you notice that the house does not have a supply and return register in each bedroom, but has a
large return register centrally located in the house, you may perform a pressure test to check for
pressure difference problems in the house. The test is simple. Turn on the air handler of the
furnace with all of the interior doors open. Then systematically check the pressure difference
between the hallway that contains the m main return register and each room has becomes
isolated by closing a door. Insert the probe under each door and read the pressure difference in
relation to the hallway pressure. Large pressure differences should be reported.
Leaks in Upper and Lower Portions
The top portion of the house is the most important place with which to be concerned because
that’s where air exits the structure. The next most important place to look for leaks is at the
bottom portion of the house. At the bottom portion of the house there exists negative pressures
that cause cold air infiltration.
If there are natural draft combustion appliances in the basement, which can be induced to back
drafting or spillage, then there is a danger in sealing the lower level without first addressing the
leaks in the attic or top portion of the house. If the lower portion of a house is sealed without air
sealing the leakage points at the top portion, then large enough negative pressures in the
basement could be created that would cause backdrafting or spillage at the combustion
appliances in the basement.
In addition to leakage areas in the upper and lower portions of the house, there can also be large
leakage areas in other architectural details such as bump-outs, cantilevered floors, cathedral
ceilings, overhangs, attached structures and porches. There are numerous areas of a typical
house that could be overlooked by insulation contractors.
Operating a Blower Door Fan
There are many manufacturers of blower doors. For each manufacturer there are several models.
In general, a blower door consists of:
• Blower door fan;
• Testing instrument and controller;
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•
•
•
•
•

Gauges for pressure and air flow;
Fan speed controller;
Nylon door panel;
Adjustable door frame; and
Software.

Fan
A common fan would be a  horse-powered AC motor. The air flow is determined by
measuring the pressure at a flow sensor, which is attached to the end of the motor. Air is pulled
into the inlet side of the fan. Air exists through the exhaust side.
The air flow can be accurately measured using a series of calibrated flow rings that attach to the
inlet side of the fan. Blower doors can come with two or three rings. Some ring attachments are
capable of measuring flow rates as low as 10 cfm.
The blower door test instrument can offer several different flow capacity ranges depending upon
the configuration of the flow rings at the fan inlet. The smaller the flow ring, the greater the
accuracy in measuring fan flow.
While the fan is operating, be sure to stand away from the fan. Standing in front of the fan may
affect the flow readings.
Controls
Some blower door units have a cruise control option that allows the inspector to maintain the
building at any defined pressure. The system will automatically adjust the speed of the fan while
simultaneously monitoring the house’s air pressure and air flow through the fan. Test results can
recorded, displayed on the screen and saved to a file.
The control can be mounted to a wall using a mounting board and Velcro strips.
Some systems have more than one pressure channels. Additional channels can be used to
monitor and record pressures in a separate zone such as a crawlspace during a test.
The blower door will have a controller for the fan speed. The controller can be attached or
integrated with the other instruments mounted to the wall.
Door Frame
The adjustable door frame with the nylon panel is used to fit into an exterior doorway (typically
at the front egress door). The frame is adjustable to fit any residential doorway. The frame is
snapped together. The material is stretched over the frame. The frame is inserted into the
doorway and tightened inside the door side jambs.
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Blower Door for Depressurization Testing
Depressurization testing involves blowing air out of the house. Depressurization testing is the
most common method of taking blower door measurements.
Pick a large room with an exterior door and install the blower door unit there. Pick a door that
does not have obstructions or a nearby stairway that might interfere with testing and air flow.
Install the blower door from the inside of the house. Make sure the storm door (if installed) and
the exterior door are wide open as much as possible during the test to prevent restrictions to
airflow.
Point the Tubing
Run about 5 to 8 feet of the one end of the tubing outside through the blower door panel. Point
or direct the end of the tube away from the exhaust flow of the fan.
Install the Fan
The exhaust side of the fan should be facing the exterior. Install the fan in the opening of the
blower door panel. Strap it in tightly.
Attached the Gauge Mounting Board
The mounting board is attached using a simply C-clamp. It can be installed inside the doorway
where the blower door fan is installed, or it can be installed on a bookcase or other structure.
Tubing
The blower door will come with some tubing. One tube will be for measuring the building
pressure. The other tubing will be for measuring the fan pressure and airflow. Two different
channels. One channel is measuring the building pressure with reference to the outside, and the
other channel is measuring fan pressure and flow.
First - Prepare the House for a Blower Door Test
Getting ready to turn the blower door on first requires preparing the house for a blower door test.
You will need to set up the house for an airtightness test. This involves closing all openings and
turning off all combustion appliances.
At an existing home, the blower door can be used to determine the potential for air sealing
procedures, the effectiveness of weatherization techniques or estimating natural infiltration rates.
At a new construction home, the blower door test can document how airtight the construction
techniques are. And that will take additional steps to prepare the new house.
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Openings
•
•
•
•
•

Close all openings.
Close all windows including storm windows.
Close all exterior doors, attic hatches or scuttles. Close all exterior crawlspace hatches or
access panels. Close all crawlspace vents if they are normally closed most of the year.
Open all interior doors to conditioned rooms. Doors to basements are included. The idea
is to open up the entire house and test it as one big conditioned space and to subject all of
the leakage areas to the same pressure difference.
Close-up or cover with plastic and tape all window air conditioner units and evaporator
units (swamp coolers).

Combustion Appliances and Exhaust Fans
•

•

•
•

Adjust (turn down or off) all combustion appliances so that they do not turn on during the
test. If you do not do this, the flames could roll out of the burner and catch something on
fire. Or the exhaust gases could backdraft into the house and result in high CO levels.
Be aware that attached structures that have combustion appliances (such as an attached
townhouse of a neighbor) could be affected by the blower door test.
There must not be any fires in fireplaces or wood-burning stoves. Fires must be
completely out and cold. Ashes must not be sucked into the house during the test. You
can close the damper, tape the glass doors shut, clean out the ashes, or cover the ashes
with a damp newspaper.
Turn off all of the exhaust fans, clothes dryers, air conditioners, evaporator coolers,
ventilation fans, air handlers, etc.
For new construction, you may temporarily seal all intentional openings in the building
envelope including dryer exhaust, ventilation system intakes or exhausts, or chimneys for
furnaces or water heaters.

One-Point and Multi-Point Tests
The one-point test uses a single measurement of fan flow needed to create a 50 Pascal difference
in the air pressure of the house (equivalent to a 20 mph wind blowing on the house). The onepoint is commonly used, because it provides a quick and simple way to measure the airtightness
of the house without needing a lot of computer analyzing software.
A multi-point test involves testing the house over a range of pressures (15 to 60 Pascals) and
analyzing the data using a computer program. The multi-test can provide the inspector with an
estimate as to the size of the leakage area, the cumulative size of the hole in the building
envelope.
Baseline
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In order to measure the change in building pressure accurately, we need to account for any
existing pressures on the house caused by stack affect, wind or other forces. This existing
building pressure is referred to as the “baseline building pressure.”
With the house sealed and the fan sealed, take a baseline building pressure reading with the
instrument over a certain period of elapsed time. It is a simple matter of pushing a button on the
control when you are satisfied with the baseline measurement.
Choosing a Ring
Remove the cover from the fan and install the flow ring that you think best matches the needed
fan flow. Which ring you pick will depend upon the airtightness of the house. If the house
seems leaky, then you might want to not use any rings. If the house is very tight, you may want
to install the ring with a small opening. As you test tighter houses, you’ll install more rings. If
you guess wrong, don’t worry. You can change rings during the test very easily.
Turn On the Blower Door Fan
Once you installed the blower door fan and prepare the house for a depressurization test, you’re
ready to turn on the blower door fan. You will turn it on, and put the fan in the proper mode.
One channel is used to measure the house’s pressure while the other channel is used to display
the estimated building leakage at a test pressure of 50 Pascals. The leakage estimate that is
displayed is determined by mathematically adjusting the actual airflow at the fan to a test
pressure of 50 Pascals using a real-time building pressure reading.
Turn the fan on slowly using the controller. As the fan speed increases, the house’s
depressurization should also increase. As you increase the fan speed, you increase the pressure
difference between the inside and outside air.
Before Leaving the House
Return the house to its original condition before leaving. Remember the thermostat and the hot
water source. Inspectors leave their keys on the water heater as a reminder. If there are pilot
lights, check and make sure that the flames were not blown out during the test. You may need a
plumber to assist you in adjusting (deactivating and reactivating) the fuel-burning appliances.
Open up any openings that you closed or covered, including the fireplace and fans. Combustion
safety tests should be preformed before leaving the house.
Basic Results from a Blower Door Test
Basic tests results from a one-point test can be manually calculated for a quick assessment of the
house’s airtightness.
CFM/50
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Airflow at 50 Pascals is the most commonly used value for blower door testing. A 50 Pascal
pressure is roughly equal to the pressure of a 20 mph wind blowing on the house.
Performing a one-point test can provide a quick indication of the cumulative air leakage in the
building envelope. The amount of airflow measured in cubic feet per minute (cfm). And a
pressure difference measured at the blower door (between the inside and outside air pressures) of
50 Pa is expressed as CFM/50.
You get this value by increasing the fan speed until the pressure difference between the inside
and the outside of the house is at 50 Pascals (or CFM/50).
Airflow readings can be taken at numerous pressure differences. These readings, referred to as
data sets, are recorded, averaged and corrected for temperature and other variables using a simple
computer program. The program then determines the result for an airflow of 50 Pa (or CFM/50).
Leaky or Tight
A tight house would be around 600 to 1,000 cfm at 50 Pascals. A leaky house would be 4,000 to
8,000 cfm at 50 Pascals.
Before and After Sealing
A test at 50 Pascal could be used to determine the effectiveness of air sealing procedures. Take a
50 Pascal reading of the house before air sealing and take one afterwards. This can determine
the increase in a building’s airtightness.
Estimated Costs of Heating and Cooling
The following equations could be used to calculate the annual cost for air leakage related to
heating and cooling.
Annual heating cost = [26 x HDD x (Fuel price) x (Test result at 50 Pascals)] / [0.6 x N x
Efficiency], where:
• HDD is the annual base 65°F heating degree days for the house’s location;
• Fuel price is the cost of fuel in dollars per BTU;
• N is the Energy Climate Factor (see following map by Alan Meier); and
• Seasonal Efficiency is the AFUE rating of the heating system.
Annual cooling cost = [0.026 x CDD (Fuel price) x (Test result at 50 Pascals)] / [N x SEER],
where:
• CDD is the annual base 65°F heating degree days for the house’s location;
• Fuel price is the cost of electricity in dollars per kwh;
• N is the Energy Climate Factor (see following map by Alan Meier); and
• SEER is the SEER rating of the cooling system.
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ACH/50
The expression ACH/50 refers to the number of times in one hour that the inside air volume is
replaced with outside air at a house pressure difference of 50 Pascals. It is calculated by
multiplying the previously obtained CFM/50 value by 60 (minutes) and dividing by the volume
of the house.
ENIR
The Estimated Natural Infiltration Rate (ENIR) is used to estimate of the natural infiltration rate,
ACH/Natural = ACH50 / ENIR.
The software that comes with your blower door will provide other measures including
Equivalent Leakage Area and Leakage ratio. For additional information, refer to the
manufacturer’s instructions and to ASTM E779 – 87 "Standard Test Method for Determining Air
Leakage Rate by Fan Pressurization.”
Leaky or Tight?
The following little table provides a reasonable estimate of relative leakiness for a typical,
moderate-sized house.
Unit
CFM at 50 Pascals
ACH at 50 Pascals
ENIR

Tight
Less than 1,500
CFM/50
Less than 5 ACH/50
Less than 0.35 ACH

Leaky
Above 4,000 CFM/50
Above 10 ACH/50
Above 1 ACH

A natural infiltration rate (ENIR) is 0.35 air exchange rate per hour. If the ENIR falls below 0.25
ACH, the house may have some moisture or indoor air quality problems.
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Pressure Testing
Airtightness is done by depressurization testing with the blower door fan exhausting outside.
But a pressure test is done for a couple of reasons. If there is a fire going inside a fireplace, a
pressure test should be performed to prevent hazardous conditions developing. Pressurization
testing could be done to prevent known pollutants from entering the house. Pressurization and
depressurization test results could be averaged to provide information about the building’s
airtightness. The fan should be installed with the inlet side facing outwards, and the exhaust side
facing into the house during a pressurization test.
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Finding Air Leaks
There are many ways to find air leakage points using a blower door fan. The ultimate goal is to
find the leaks that allow air to move through or across the building’s exterior envelope and
concentrate on sealing those areas.
One way to find leaks is to depressurize the house and move around the interior, checking for air
leaks with your hand. Walk around each room, checking and looking and feeling. If there is a
door, slowly close the door to where there is about a one-inch opening. If there’s a lot of air
passing through that small door opening and the door feels like it’s going to slam shut all by
itself, that may indicate a major air leakage problem in that room.
Puffer
While using the fan in a depressurization mode, use a puffer bottle to squirt small puffs of smoke
toward suspected leakage areas. See where the smoke gets sucked.
Infrared Camera
An ideal way for finding leaks and insulation deficiencies is with the use of an infrared camera
and a blower door. You can take a scan of the house from the outside and inside before
depressurizing the house. Depressurize the house for about 15 minutes. Then take another scan
inside and outside. As long as there is a difference in temperature between the air being sucked
through the leakage point and the surrounding building material, the differences in temperature
on the surface of the building material will show up.
It takes training to use an infrared camera effectively. Without training, an infrared camera will
simply help you make erroneous evaluations.
Duct Leakage
Air leaks in forced duct systems is a major source of energy waste. It can be the single largest
cause of performance and comfort problems. Most duct problems are not readily visible and are
hidden within walls or ceilings. And the hard to find leaks are usually the most important leaks
to fix. The leaks that are connected to the outside are very important to correct.
Ducts that leak air to the outside have the biggest impact on the performance of the HVAC
system. The ducts that leak to the outside are commonly found in the unconditioned areas of the
building such as the crawlspace or attic. But ducts that leak to the outside can also be located
within the building envelope. The leaking ducts inside the house can be indirectly connected to
the outside through cavities and spaces within walls, ceilings and chases.
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Ducts can leak air for a variety of reasons:
• Holes in the duct material;
• The ducts have come apart and are separated;
• The seams are poorly fitted;
• The boots are loose;
• Poor connections with supply registers;
• Missing sealant at the joints; and
• Others.
There is an easy to way find a leaking duct. Turn off the air handler. Open all the registers.
Remove all filters. Open all interior doors. Activate a pressurization of 25 Pascals in reference
to the outside. Move all around the house with a smoke bottle and squirt a puff near each
register. If the smoke vigorously enters the register, there is a leak nearby that register in the
ductwork.
Another way to find a duct leak is to use a pressure pan. Pressurize or depressurize the house at
50 Pascals. Place a pressure pan over a register and take a measurement. The measurement of
the pressure difference between the duct interior and the room in which the register is located can
often tell you about a leak that is nearby. The higher the reading, the more the leak is connected
to the outside. A typical reading may be 0 to 20 Pa. A very leaky reading would be near 50 Pa.
Next
Let’s learn might to use an infrared camera during an energy audit. Before using an infrared
camera, you must understand how the camera works, the advantages of using the camera and its
limitations. We’ll do that in the next section.
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Energy Inspections with Infrared Cameras
Energy auditors may use thermography—or infrared scanning with a camera—to detect thermal
defects and air leakage in building envelopes.
How They Work
Thermography measures surface temperatures by using infrared video and still cameras. These
tools see light that is in the heat spectrum. Images on the video or film record the temperature
variations of the building's skin, ranging from white for warm regions to black for cooler areas.
The resulting images help the auditor determine whether insulation is needed. They also serve as
a quality control tool, to ensure that insulation has been installed correctly.
A thermographic inspection is either an interior or exterior survey. The energy auditor decides
which method would give the best results under certain weather conditions. Interior scans are
more common, because warm air escaping from a building does not always move through the
walls in a straight line. Heat loss detected in one area of the outside wall might originate at some
other location on the inside of the wall. Also, it is harder to detect temperature differences on the
outside surface of the building during windy weather. Because of this difficulty, interior surveys
are generally more accurate because they benefit from reduced air movement.
Thermographic scans are also commonly used with a blower door test running. The blower door
helps exaggerate air leaking through defects in the building shell. Such air leaks appear as black
streaks in the infrared camera's viewfinder.
Thermography uses specially designed infrared video or still cameras to make images (called
thermograms) that show surface heat variations. This technology has a number of applications.
Thermograms of electrical systems can detect abnormally hot electrical connections or
components. Thermograms of mechanical systems can detect the heat created by excessive
friction. Energy auditors use thermography as a tool to help detect heat losses and air leakage in
building envelopes.
Infrared scanning allows energy auditors to check the effectiveness of insulation in a building's
construction. The resulting thermograms help auditors determine whether a building needs
insulation and where in the building it should go. Because wet insulation conducts heat faster
than dry insulation, thermographic scans of roofs can often detect roof leaks.
In addition to using thermography during an energy audit, a homebuyer should have a scan done
before purchasing a house; even new houses can have defects in their thermal envelopes.
Homebuyers may wish to include a clause in the contract requiring a thermographic scan of the
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house. A thermographic scan performed by a certified inspector is usually accurate enough to use
as documentation in court proceedings.
The energy auditor may use one of several types of infrared sensing devices in an on-site
inspection. A spot radiometer (also called a point radiometer) is the simplest. It measures
radiation one spot at a time, with a simple meter reading showing the temperature of a given
spot. The auditor pans the area with the device and notes the differences in temperature. A
thermal line scanner shows radiant temperature viewed along a line. The thermogram shows the
line scan superimposed over a picture of the panned area. This process shows temperature
variations along the line.
The most accurate thermographic inspection device is a thermal imaging camera, which
produces a 2-dimensional thermal picture of an area showing heat leakage. Spot radiometers and
thermal line scanners do not provide the necessary detail for a complete home energy audit.
Infrared film used in a conventional camera is not sensitive enough to detect heat loss.
Preparing for a Thermographic Inspection
To prepare for an interior thermal scan, the inspector could ask the occupant to take steps to
ensure an accurate result. This may include moving furniture away from exterior walls and
removing drapes. The most accurate thermographic images usually occur when there is a large
temperature difference (at least 20°F [14°C]) between inside and outside air temperatures. In
northern states, thermographic scans are generally done in the winter. In southern states,
however, scans are usually conducted during warm weather with the air conditioner on.

Thermography
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Thermal imaging, more than anything else, means actually taking the pictures. But it also means
knowing the proper methods to use when taking them, as well as how to properly interpret what
the images show.
•
•
•
•

Proper focus, composition, angle, post processing, presentation.
Proper interpretation. What, exactly, does the image show, and what does it not show.
Backing up the interpretation with verification, by other means.
Proper placement of the image, and its interpretation into the complete presentation of the
entire house.

In this section, we will focus on actually taking, looking at and interpreting the images, as well as
how to properly image under different conditions and in different situations. We will also learn
the different, distinctive patterns that different kinds of problems display. We will also put the
images in the proper context of the house’s condition, and try to look at the entire house and all
its systems within the context of Building Science concepts.
More importantly, we will learn what images show problems, and what images only show minor,
common and normal conditions. Just because thermal anomalies are found, this does not always
mean that there is a significant problem.

Energy – Emissivity - Temperature:
Let's go over a few things. We need to learn how to understand what we see in the infrared
camera. We need to know what those images represent. We need to know what emissivity is
and how it factors into taking and inter
• Understanding what infrared images represent.
• Understanding the factors that affect Emissivity.
• Knowing the meaning of apparent temperature.
Infrared thermography is the use of infrared radiation to qualitatively and quantitatively express
heat signatures and heat differences. Infrared inspection can help identify water intrusion,
missing insulation, insulation deficiencies, heat or energy loss areas, air leakage points. An
infrared camera can help the inspector “see” when no other tool can provide enough information.
Infrared radiation is emitted by any object that is warmer than absolute 0 (0 Kelvin or negative () 273° Celsius). Infrared radiation is just outside the visible wavelength region of the
electromagnetic spectrum. The eye cannot see infrared radiation. In order to get an infrared
image, a detector is used to detect the wavelength of the radiation. This wavelength is related to a
specific temperature, and a color is then assigned to that temperature or wavelength.
Generally, a gradient color scheme is used in color thermal images, so that the hotter the object
the whiter the image, and the cooler the object the darker the image.
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In non-contact temperature measurement, an infrared camera detects the thermal energy or
infrared radiation emitted by an object. From this detected radiation, the camera shows the
inspector images of what appears to be different temperatures of various surfaces. However,
many things can affect the images and its interpretation.
To be accurate, you should understand that the amount of energy emitted by an object largely
depends upon the emissivity of the material.
Errors in trying to read and interpret temperatures, as seen through the infrared camera, might
occur due to an incorrect understanding of a particular object’s emissivity.
In short, emitted energy increases with temperature.
The amount of thermal energy an object will radiate is not only a function of temperature, but it
depends on the material itself. Emissivity describes a material’s ability to emit or release the
thermal energy which is has absorbed. A perfect radiator – referred to as a “black body” – emits
everything back at you – emits the entire amount of the energy it has absorbed. A real, actual
body or object will always emit less energy than a black body at the same temperature.
Emissivity  is the ratio of radiation emitted of a particular object (real body) and a black body
at the same temperature. Therefore, emissivity is a factor between 0 and 1, or between 0 and
100%.
What factors influence emissivity?
Emissivity of a real object depends primarily on the type of material and its surface properties.
Type of materials, such as wood, concrete, rubber, ice, porcelain, metal, Formica, etc. Nonmetals usually have fairly high emissivity and little variations. Non-metallic and non-transparent
objects have good emissivity >80%. The emissivity of shiny, reflective metal surfaces will have
lower emissivity levels around 5 and 90%.
Metals that are pure, smooth and un-oxidized have very low emissivity. But thick metal oxides
have high emissivity. Also surface structure, geometry, smooth, rough, polished, sanded, shiny,
etc. effect emissivity. The rougher the surfaces, the more emissivity.
Cavities, angles, holes, resemble darker areas in thermal images. Viewing from different angles
can affect effective emissivity. At a 90-degree angle you may reflect yourself!
TIP:
Walls can look cooler viewed at an angle. For best results, view from various angles, when
possible. Wavelength of the camera can affect the emissivity reading of an image. (long and
short wavelength cameras vary). Temperature can affect the surface emissivity. Different colors
absorb and emit different degrees of temperature.
Emissivity Effects:

Page 240 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

•
•

High emissivity will be more true (trust).
Low emissivity can be affected by surrounding objects and will have just a close
“APPARENT temperature” (do not trust).

Example: Formica, smooth metal or glass may reflect the hot light bulb near the counter top or
the cold AC vent in ceiling. Also consider a painted surface vs. a non-painted surface will affect
the same material and cause different emissivity.
Atmosphere can absorb, and distort a certain amount of emitted radiation.
Apparent temperature
There are many things that can affect the thermal image and temperature readings. Because of
so many factors that can affect the thermal image, the temperature displayed by the IR camera
should be interpreted by the inspector as “APPARENT temperature”, unless the proper settings
are adjusted.
Can apparent temperature be used for an energy audit or inspection? For the energy auditor or
property inspector, the answer is YES.

Qualitative or Quantitative?
There are basically TWO different methods to measure infrared thermography. Qualitative and
Quantitative. You want work in the realm of qualitative measurements and interpretations.
Qualitative
• Analysis of image
• Apparent temperature
• Find Anomaly
• Find location
• Analyze PATTERNS
Quantitative
• Temperature measurement
• Compensation made
• Classify seriousness of anomaly

Qualitative or Quantitative?
Which one does the property inspector need for inspections?
ANSWER: Qualitative

Page 241 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

In other words, if you find a moisture spot in the ceiling from the pattern shown on your IR
camera, the temperature of the moisture is irrelevant. The pattern is relevant.
Remember:
Temperature = Irrelevant
Pattern = Relevant
Where is the moisture problem?
Look at the pattern, not the temperature.
This is why the “apparent temperature” is all the property inspector will need for locating
defects.
TIP:
Always confirm moisture with a dual function moisture meter, when possible. The infrared
camera must be used in conjunction with other tools to confirm accuracy when reporting defects.
Confirming the findings of the IR camera is especially important while a person is still new to
the field of thermography.
The following is a question that was posed to the principle instructor and consultant at the
Building Science Institute:
How Should You Adjust the Emissivity and Look at the Temperature Reference in the IR
Camera?
“Emissivity and Tref are ONLY necessary if you are measuring temperatures (spot,
average etc.) and want a good NUMBER. Since you NEVER look at the specific
temperature of the cold water spot when you are just looking for wet areas you will not
need to adjust the E or Tref. That said, it's usually good to set the E value high (80 plus)
and the Tref at a typical room temperature setting, not high, not low.”
Principle Instructor/Consultant
Building Science Institute
XXXXXm@buildingscienceinstitute.com
Director Building Sciences
National Association of Certified Thermographers

Interpretation of Infrared Pictures
Water Infiltration
Water infiltration is indicated by certain shapes of colder (or warmer) areas:
• “Puddle” like appearance – leaks. Spreading out from one spot.

Page 242 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

• “Wicking”. Water appearing to flow upwards. Seen in wood, drywall and brick.
• Well defined fold spots between joists with some spread beyond the joists.
• Always back up your initial suspicions with moisture meter readings or further inspection from
the attic, roof, etc.
Roof Leaks
Commercial roofs are generally constructed of metal roof decking with insulation, covered by
rubber membrane roofing material. Leaks can be hard to see until the water starts leaking
through the metal decking
The thermographic pictures of commercial flat roofs can reveal much information about the
condition of the covering and its performance. Take your pictures in mid morning during a
sunny day. The water infiltration of the roof underlayment retains the night’s cold and shows as
a colder area.

An infrared camera can produce pictures of normal a commercial style roof with clear
indications of the underlayment / insulation with spaces allowing for expansion.
Look for colder areas to be confined to one or more sections and some sections only partially
wet. Remember to image in the early morning or a couple of hours after sunset. This is the
thermal window.
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Here we see a gutter with no downspout, and empties onto the roof at the open gutter end.
Excessive water flowing down the roof at one area can overflow or damage the flashing and
penetrate into the sheathing of the dormer.

This picture shows the inside. Note the accumulation of the water just above the reticule and the
generalized wicking of moisture to the entire area at the angle of the roof. This shows the
importance of proper interpretation. This area of the wall also displayed higher moisture readings
with a Tramex meter. Never rely on just one tool! Always backup the image with other testing.
Duct Leakage
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Here we see another indication of a common problem. The duct was not properly insulated and
sealed in the attic and condensate moisture from the cold duct is leaking into the drywall.
Commonly seen on the second floor of larger houses, where the colder duct meets the humid air
from the attic area. The duct should be properly insulated and sealed against humid air.

Here is something commonly seen in attic duct work. Duct connections are not properly
insulated. This causes heat loss (winter) and condensation (summer).
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Here we see a common problem. This ceiling can light allows hot moist air to escape through
holes in and around the can. This hot moist air hits the cold attic air are and condenses, leaving
water to accumulate on the ceiling and the joists. The slow and steady accumulation will cause
mold growth and greatly deteriorate the drywall and the wood before displaying itself in
normally visual ways.
Best to find problems when they are small and easy to fix rather than after they have done
considerable damage.

Here is an example of water in exterior materials. There is a roof leak at the wall / roof junction
in a commercial building. The exterior of the building is EIFS and water has infiltrated past the
flashing and accumulated in the Styrofoam backing below the flashing.
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Nice Hardiboard siding?
See any problems?
Flashing at roofline and corner is bad.

Photos Courtesy of NACHI Member Carl Pennick
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Moisture intrusion around the chimney above a fireplace. Older plaster and lathe wall with no
other indications of water. Moisture in the chimney chase that would not otherwise have been
detected (until too late!). Courtesy of NACHI member John McKenna, CMI

Inside wall of sunroom addition in an older house. See anything? Would a normal home
inspection find anything? What would show up later, after the close? Would the buyer have a
complaint with you?
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Notice the increase moisture at the inside corner junction. Moisture meter readings showed
raised readings (32%) in this area. What was the cause?

At the outside of this area, the copper gutter had a crack at its soldered seam. Water was leaking
into the between wall space.
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Interior wall with vinyl siding exterior. Smaller roof over the corner section with no flashing tins.

Thermal image of the wall corner displays extensive water infiltration where the roof / wall
junction was not properly flashed.
House wrap can be a moisture barrier, but it is “breathable” and therefore allows air to pass, both
out and in. There are also many building details that can allow air to infiltrate the house, if they
are not properly done. Cold air infiltration can cause wall and ceiling stud or joist bays to appear
colder. In extreme temperatures, and when the interior humidity is excessive, condensation and
even ice formation can be seen on the colder interior surface.
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Air leak points into the house depend on the quality of construction, as well as whether proper
maintenance has been done to the house over the years.
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Most air leaks occur in floors, walls and ceilings. Un-sealed interior HVAC ducts are the second
most common. Fireplace installation and exterior and plumbing penetrations are the third most
common.

Exterior ceiling/wall interface. Thermal imaging shows hot air infiltration where the rim joist is
not properly sealed.

The same effect can be seen with cold air infiltration. Tip: Look for surface mold formation in
these areas. Pictures Courtesy of Dave Valley
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Check around doors. Weather stripping or improper door positioning can also cause air
infiltration.
Exterior Insulation Finishing System (EIFS) wall coverings have become very popular, and have
developed a very bad reputation, mainly because of improper installation and untrained
installers. Another big factor was improper architectural detailing. Remember, EIFS is not just a
wall covering, but a system. The wall covering part of a complete system that includes:
• Flashing at wall penetrations, base and roof intersections
• Backer rod and caulking at joints
• Waterproof membrane over the wall sheathing
• Drainage system
• EIFS specific paint
• Proper Maintenance
Any system is only as good as its weakest component.
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Exterior Insulation Finishing System (EIFS) walls can be very water resistant, if they are
installed properly. The keys to proper installation are:
1) Factory trained and certified installers;
2) Proper flashing and grading; and
3) Proper maintenance.

EIFS is usually installed over plywood sheathing. Proper flashing is the key to a good
installation. EIFS either fails as a result of improper flashing or physical damage to the surface.
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Flashing around windows is key. There should be metal sill and head flashings. The flashing
should be under the water barrier strips. Remember, all windows are just big wall penetrations
that are waiting to fail. Caulking the window exterior is not sufficient.
EIFS Inspection:
• Check all flat or near flat surfaces
• Review all surface attachments and penetrations
• Check for little or no roof overhang
• Look for evidence of bulging stucco
• Check for door and window openings for sealant and backer rod
• Check base of stucco for proper back wrapping and adequate ground clearance
• Check for cracks, fungus, peeling, bulges, and exposed mesh
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Thermal imaging can reveal moisture in the closed cell material behind the surface, most
probably caused by moisture wicking from the grade flashing.

EIFS window flashing allowing water behind the surface. Back up with moisture meter readings!

Page 256 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

EIFS window flashing allowing water behind the surface. Images Courtesy Mike Germain

EIFS control joint failure often leads to upward water migration (wicking) in the underlying
sheathing material. Cracks in the control joints, or the use of improper caulk or lack of backer
rod are commonly seen.
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Lack of the proper flashing between the EIFS and surrounding wood trim (windows, doors, wall
penetrations) can lead to wicking to the wood. Flashing must be waterproof to avoid moisture
migration.

Photos courtesy of Scott Wood.
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No kick out flashing (and note the crack) where roof surfaces end. Improper flashing at the roof
interface with mere caulking. The result?

Proper installation requires sheathing membrane, with a 2nd and 3rd layer on top of the step
flashing tins and the step flashing to be installed behind the step tins.
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Water leaks with accumulation of water in the Styrofoam, which is held against the underlying
sheathing. Also, note the lack of house wrap under the upper foam. Improper installation, all
around.
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Here we have a properly installed EIFS wall. Rake flashing is good and there is a kick out
flashing installed. BUT! No one coordinated with the roofer and the downspout was installed
improperly. Excessive water drained to the lower roof will overcome even a good install.

Sided houses (wooden, vinyl, aluminum) share many specifics in their construction, and in the
problems that can occur. The major difference between different types of siding is that vinyl and
metal siding are waterproof, whereas wooden siding is not. As we look at the issues for
inspection siding, we will concentrate on wooden siding with the understanding that all siding
types are pretty much the same.
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Wooden siding base flashing, installed at the base should be equipped with metal flashing, both
on the wall and at the sill plate. The flashing should extend behind the siding and be installed
under the house wrap with, at least, a 4” lap. Of course, the grade should be at least 8” below the
lowest siding course.
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Window and door flashing should be installed both above and below the wall opening. The head
flashing should be installed under the house wrap and flashing tape and the sill or threshold
flashing should extend under the sill or threshold. Copper flashing is best, but galvanized or
plastic flashing is also seen because of its lower price.
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Rake flashing should extend under the house wrap and the step flash tins should be interlaced
with the shingles. The wooden siding should be cut back at least 2” to guard against wicking.
With wooden siding, the flashing should always be visible while vinyl and metal siding will
terminate in J bar. If this interface is caulked, beware!
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Decks, porches and balconies must also be flashed. Flashing should extend under the house wrap
and cover the ledger board. Since the wood is usually treated, aluminum or copper flashing will
corrode. All these areas should also be scanned from the interior, if possible.

Wooden shingle siding. Displays no visible problems. Thermal imaging reveals moisture
buildup. This was verified with moisture meter readings. Thermal imaging can be a great
screening tool, but must not be solely relied upon. Always verify with other means!
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Leakage from downspout and gutter behind wooden siding. Don’t entirely rely on the camera.
Use your eyes and brain as well. Pictures courtesy of Scott Wood

Don’t forget to check balconies. Here, it had rained recently. What if it hadn’t? How could you
check? What would you miss? How would you explain this of the client complained?
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Leakage around window frame because of failed flashing. With all exterior scanning, remember
to avoid direct sunlight reflection or to adjust the reflectivity. Pictures courtesy of Scott Wood
Brick veneer and brick walls present special problems for thermal imaging. Because of the high
thermal mass or brick, and its large hygric buffer capacity, moisture levels are no always easy to
determine. Even if a moisture meter displays high moisture readings, that is not, necessarily and
indication of a problem. Flashing is, as always, key. Understanding the hydrodynamics of the
wall structure, and how the wall handles air flow, is essential. Brick walls are, almost always,
two walls. An interior, structural wall, and an exterior weather wall, with one of more air spaces
between the two.
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Brick veneer walls are really two walls. The outer brick wall provides most of the hygric buffer
capacity. The intervening air space (at least 1”) allows the exterior brick to dry on both sides. For
proper operation, the bottom and the top of the wall system should be ventilated, allowing the
free flow of air in the air space. The exterior wall provides protection from the elements while
the interior wall provides insulation.

South face of a structural brick wall. Signs of moisture intrusion from failed coping tile with
efflorescence and deteriorated mortar joints. Thermal image displays moisture only in upper area
with some descent.
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Same building, with marked mortar and brick deterioration seen. Note the efflorescence pattern,
which radiates out from the most moist area. Thermal image of the same area. Note the interior
wall interface to the right of the moist area and how it wicks water into it.

Note how this section of wall, between the two efflorescence fronts, remains warmer and dryer.
Efflorescence is often and indication of moisture migration and can show, if traced back, where
the original water infiltration began.
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Here we see a common occurrence. The grade around the building is too high and allowing
“rising damp” to wick moisture up from the grade. Note the hotter, vertical anomaly to the on the
right? What is it?
Even when kick out flashing is installed, it can still fail to perform properly. Why is this so?
Look carefully. Always look at the house with your eyes before you check it with thermal
imaging. You may find a problem, but fining the cause of the problem is a sign of a true
professional.

What is the cause of this colder area at the exterior corner of the house? Is this a problem with
the flashing between the stucco and the brick? No. Just watering the lawn. The above picture was
taken 3 hours after the watering stopped. Double check everything!
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Because of the difference in thermal masses of different building materials, they will absorb and
radiate heat, and infrared light, at different rates. This leads to the ‘see through the wall’ illusion
of thermal imaging. The inspector must remember that they are not really seeing through the wall
but only seeing slight differences in surface temperature cause by the greater thermal mass of the
material behind the surface. It is important to make sure that you client is also aware of the
difference.

The client’s expectations of the inspector’s ability should be well managed and made clear to
avoid misunderstandings and avoid liability problems. We ain’t Superman!

Here we see a ceiling joist structure. Note that the LVL joists on the right are slightly cooler
(have slightly greater density and thermal mass) than the dimensional lumber joists on each side.
The denser (and usually stronger) structural members are slower to absorb and radiate heat.
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Bedroom wall, seen in visible and infrared light. Note the studs, the insulation gap at the top and
the colder readings at the inside corner where the doubles studs are.

The gabled end of a cathedral ceiling. Note the studs and the ceiling joists with blocking. What is
that glow in the upper right hand corner?
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Here is a tricky one. What are the cold spots in the thermal image? Water? Mold? No. It’s just
wood knots, which are denser than the surrounding wood.

Structural members in a stepped ceiling.
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This picture shows triple studs at a joist that supports a doubled joist under a wall on the upper
floor. Care must be taken when interpreting thermal images. Never rely only on the picture.
Check for other signs and do other tests to confirm your findings.
Water freely flows throughout most houses. It’s called plumbing. Pipes leak. Drain pipes get
clogged and back up. Plumbing fixtures come loose and allow water to go where it’s not
supposed to go. Pipes in houses can also carry heated water and steam, for heating. When
evaluating the plumbing in a house, all the water sources (sinks, basins, bathtubs, dishwashers)
should be run for at least 5 minutes to properly illustrate the pipe positions and allow leaks to
form. It is best to run hot water in the winter and cold water in the summer to obtain the proper
Delta T for imaging.

Here is a classic problem. Improper sealing of the plumbing fixtures to the tile shower enclosure
has lead to water infiltration behind the wall.

Page 274 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

Ceiling water from a leaky toilet wax ring. It is just as important to scan interior walls and
ceilings, as it is to check exterior walls. Picture courtesy of Jeff Pope

How do you check toilets for wax seal leaks? Thermal imaging can add to your technique.
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It is always very important to check for water leaks in houses that have been “weather proofed”.
The people who shut down the water do not always do such a good job.
Whenever electrical power flows, it meets resistance, which causes some of the current to be
converted into heat. Seeing higher temperatures in electrical wiring is common. Seeing much
higher temperatures is not. As with all thermal imaging, care must be taken in interpreting what
is seen. Just because something is hot (or cold) does not necessarily mean it is defective. It is also
important to remember that the temperature difference seen in the colors of the image are not
enough. Actual numerical temperature readings of the hottest and coldest areas are needed to
determine if the temperature differences are sufficient to be a problem.

Hot spots at the utility pole can also be an indication of problems. While not part of a home
inspection, documentation will give the client help in understanding what to expect.
It’s always a good idea to check the house’s drop splices. You never know what you will find.
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Visual inspection of a ceiling fan switch reveals no apparent problems. Thermal imaging reveals
a hot switch. Note the warmth in the shared hot wire with the other switch. Why is the one
switch hotter?

This image shows an electrical distribution panel in a condominium unit. No apparent problems
are seen. What does thermal imaging show?
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The GFCI breaker at the upper left is warm and the breaker (and wire) at the lower right is also
warmer. When the dead front was removed, the GFCI breaker started to arc. The breaker at the
lower right was rated for 15 amps, but was supplying a 20-amp furnace blower motor.

On closer examination, the greatest temperature difference can be seen where the breaker
attaches to the buss bar, where the arcing is occurring.
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The other breaker displays greater temperature not only at the breaker, but also at the conductor
(14 AWG) that it serves.

Rectangular air return duct in a plaster wall. Where was the duct installed? Note thermal images
during both heating and A/C operation. Which is which?
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This is a duct encased in a ceiling soffit in a finished basement. Note the framing of the soffit as
well as the hot spot at the far end, where the duct had been physically damaged.

Here we see a branch duct off the main duct and its termination at a supply register.
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Hydronic heating pipes under the floor in an office building floor.

Radiant heating pipes under tile flooring. Note the rug and sofa.
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A leaking hydronic heating pipe in a slab floor at the wall.

Concrete slab construction with radiant heat. Seen by thermal imaging, the placement of the
pipes can be seen and any leakage can be noted.
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Barrel ceiling in an older house. No problems seen. With a substantial radiant heating system in
the ceiling. What kind of problems will this configuration potentially cause?

Client complaining of cavitations in circulating hot water heating system. Basement was finished
with new, large bathroom. When the basement slab circuit was shut off, the cavitations stopped.
Thermal imaging revealed that the copper tubing, under the slab, was leaking which was
allowing air to enter the system and causing the cavitations. Thermal imaging was able to locate
the leak and only a small section of floor was involved.
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Driveway with heat pipes. The upper section was not functioning and the client wanted the leak
point located.

With careful adjustment of the span and level of the image, pipe leaks can be localized. Look for
a dramatic decrease in the temperature of the pipe at one place.
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Proper adjustment of the span, level and reflectivity settings of the camera can even allow for
accurate exterior scanning. Here we see the lines of a heat pump system running inside the wall
to the attic air handler system.
Next
The following section contains the inspection procedures adapted from the 2006 Mortgage
Industry National Home Energy Rating Systems Standards authored by the Residential Energy
Services Network.
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2006 Mortgage Industry National Home Energy
Rating Systems Standards
The following section contains the inspection procedures adapted from the 2006 Mortgage
Industry National Home Energy Rating Systems Standards authored by the Residential Energy
Services Network.

Basement and crawlspace
Determine whether a crawlspace or basement is
• unconditioned,
• indirectly conditioned, or
• directly conditioned
To determine whether a crawlspace or basement is conditioned, assess the insulation placement
in the walls or floor/ceiling assembly. A vented crawlspace is considered unconditioned
regardless of the location or existence of insulation. This is because the ambient temperature of
the crawlspace is close to the outdoor ambient temperature.
An unvented crawlspace or basement may be considered unconditioned, indirectly conditioned,
or fully conditioned, based on the following criteria:
An unconditioned crawlspace or basement is one in which its foundation walls are not insulated,
floor/ceiling assembly is insulated, and any heating or plumbing distribution systems in the space
is insulated. The intention in an unconditioned crawlspace or basement is to minimize the
heating system losses into the space by means of the distribution and plumbing insulation, and to
minimize heat flow through the insulated floor/ceiling assembly.
Conditioned indirectly means the foundation walls are not insulated with floor/ceiling assembly
insulated and distribution system in the space uninsulated, or foundation walls insulated with
floor ceiling assembly insulated or non-insulated and distribution system uninsulated. In an
indirectly conditioned crawlspace or basement, heating or cooling is unintentionally delivered to
the space either through the floor/ceiling assembly or by unintentional losses from the
heating/cooling system. Indirectly conditioned spaces are typically between the temperature of
the outdoor ambient temperature and the indoor conditioned space temperature.
Conditioned directly means that the foundation walls insulated or uninsulated and basement or
crawlspace is intentionally or unintentionally conditioned, by means of a forced air heating or
cooling system, hydronic heat, electric resistance, etc. Fully conditioned spaces are typically
maintained at the same temperature as the above grade spaces. The distinction between indirectly
and directly conditioned basement spaces may be difficult, but is important from a heat transfer
perspective. Judgment will have to be utilized in many cases. Interview the owner about the
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temperature in the basement during the heating season, and assess the potential for standby loss
from the heating equipment and distribution system, e.g., jacket insulation, leakiness of ducts,
insulation on distribution systems, etc.
Identify floor over crawlspace
A crawlspace is typically defined as a foundation condition with a clear vertical dimension 4 feet
high or less. Crawlspaces may be vented or unvented. Vented crawlspaces have some form of
vent or louver in the crawlspace walls, or are constructed in such a manner so that air moves
freely from outside the walls to inside the crawlspace. Unvented crawlspaces are constructed
without any form of vents or louvers in the wall, and are constructed to exclude, to the greatest
extent possible, air leakage from outside the walls to inside the crawlspace. Crawlspaces may be
accessed by a hatchway in the floor of the house or in the wall of the crawlspace. To identify a
crawlspace, look for foundation vents and/or stairs leading up to floor levels from the outside of
the building.
Identify floor over full basement
A full basement has characteristics similar to an unvented crawlspace, except that the clear
vertical dimension is typically greater than 4 feet. Stairs that lead from the main floor to a below
grade space are an indication of a basement in a house, although a house may have a basement
with access similar to a crawlspace access.
Identify floor over exterior space
Floor area that borders exterior unenclosed space above grade is considered floor to exterior. For
example, in a two-story house, the second story may extend horizontally further than the first
story, creating some floor area that is exposed to the exterior.
Identify floor over unconditioned garage
Identify floors over an unconditioned garage.
Identify slab on grade foundation
A slab on grade can be recognized by the absence of either a crawlspace or basement. A slab on
grade is constructed by pouring a concrete slab directly on the ground as the floor for the house.
Identify walkout basement
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A walkout basement, if fully conditioned, is typically considered partially slab on grade
construction (where the floor level is above grade) and partially a basement (where the floor
level is below grade).

Page 288 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

Floors
Determine the inside surface condition of floor (exposed or covered)
A floor covered with wall-to-wall carpet is considered covered. Floors with only area rugs are
not considered covered.
An exposed floor is one that is not covered. The floor may be made of tile, linoleum or wood.
Measure floor dimensions
Measure floor dimensions.
For conditioned basements and crawlspaces, find dimensions of basement walls and floor.
Divide walls into above and below grade sections.
Measure the house or assembly element (window, wall, ceiling, etc.) to the nearest inch, and
record the square footage to the nearest square foot. Use exterior measurements; those
measurements should start at the exterior finished surface of the outside wall. Openings to the
floor below should not be included in the square footage calculation, with the exception of
stairways; stairways and associated landings are counted as square footage on both the starting
and ending levels. Do not include the “footprint” of protruding chimneys or bay windows. Do
include the “footprint” of other protrusions like a cantilever when it includes finished floor area.
Do include the square footage of separate finished areas that are connected to the main body of
the house by conditioned hallways or stairways.
Note to divide basement and crawlspace walls into above and below grade.
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Determine presence of thermal mass
Concrete slabs and basement walls when uninsulated or insulated on the exterior can be
considered as thermal storage mass when combined with solar gain from south fenestration. Note
type of thermal mass: concrete, brick, tile, and water.
South fenestration is defined as fenestration oriented between 45E SE to 45E SW.
Slab-on-grade construction in climates with more than 3600 HDD (65) may not be considered
solar storage mass unless properly insulated (edge, perimeter, or under slab).

Page 290 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

Determine insulation in walls and floor of conditioned basement or crawlspace
If basement or crawlspace is determined to be fully conditioned, its walls and floor are
considered part of the building envelope. (The floor between the house's ground floor and the
basement or crawlspace is considered an interior boundary with no associated heat transfer
calculated.)
Determine insulation type, thickness and R-value in walls. Wall insulation may be located inside
foundation wall (studs and batts, foam under drywall, etc.), integral with foundation wall
(insulated cores of block wall, insulating concrete block such as insulating formwork) or outside
the foundation wall (rigid foam insulation).
Determine amount of floor insulation
The floor insulation should be installed in complete contact with the subfloor surfaces it is
intended to insulate. For loose fill applications, multiply the thickness of the insulation (in
inches) by the appropriate R-value per inch based on the insulation type in order to calculate the
total existing floor insulation R-value.
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Determine perimeter of slab foundation
Determine the perimeter of the slab foundation by measuring each dimension to the nearest 
foot and adding them together.

Determine if slab perimeter insulation exists
If present, slab perimeter insulation is usually installed on the outside of the slab and extends
both above and below grade.
To identify slab perimeter insulation, look for a protective coating above grade as opposed to the
usual exposed slab edge at any conditioned space(s).
Move a little bit of dirt away from an edge of the slab where conditioned space is located. If
present, the rigid insulation around the perimeter of the slab may be seen. However, it may be
difficult to visually verify the existence of slab perimeter insulation because of the protective
covering, which may be installed over the rigid insulation.

Page 292 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

Slab insulation may also occur between the foundation wall and the slab itself, although this is
harder to assess and verify. If the floor has carpeting, a sharp needle may be poked through the
carpet near the baseboard on an outside wall. If the needle penetrates beyond the depth of the
carpet, there is probably foam insulation between the slab and foundation wall.
Under slab insulation cannot be assumed to exist unless visually verified by a photograph of
construction, at chase way, at sump opening or at plumbing penetrations.
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Determine the color of the wall
Identify the color of the wall as light, medium, or dark.

Page 294 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

Determine the structural system of walls
Wood framing is very common in residential construction. Wood studs are located 16" or 24" on
center all along the wall. Knocking on the wall will give a "hollow" sound in the cavities
between the studs and a "solid" sound at the stud locations.

Metal framing can be found in some newer residential construction. A strong magnet slid against
the wall will hold to metal framing. Also check inside the attic at the edges for evidence of metal
wall framing. Masonry walls - include walls constructed of concrete or brick. A wood framed
wall with brick veneer would not be considered a masonry wall. Also note the siding or finish
material on the wall.

Foam core walls are a sandwich panel consisting of a foam center with outer layers of structural
sheathing, gypsum board or outer finish materials. Foam core panels may be structural (load
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bearing) or non-structural. Non-structural panels are frequently used in post and beam
construction.

Log walls are typically solid wood walls, using either milled or rough logs or solid timbers.
Some homes may have the appearance of solid log walls, yet may actually be wood frame walls
with siding that looks like solid logs inside and out. Some log walls are manufactured with
insulated cores. Unless manufacturer's documentation is available or visual inspection of
insulation type and thickness can be made, assume no added insulation exists in a log wall.
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Determine framing member size for all framed walls exposed to unconditioned space
To determine whether 2x4 or 2x6 framing exists:
• Measure the width of the window jambs;
• Subtract the widths of the wall coverings and sheathing materials (approximately .25" to
1.0" for stucco, .5" to .6" for interior sheetrock, and .5" to .75" for other exterior siding
materials);
• Compare the remaining width to 3.5" for a 2x4 wall or 5.5" for a 2x6 wall;
• If exposed garage walls exist, examine them for reference (although they will not always
be the same as other walls);
• If a wall does not come close to the framing width of a 2x4 or 2x6, inspect for foam
sheathing on the inside or outside of the walls. In super insulated construction, "double
stud" or "strapped" walls may account for thickness greater than 5.5". For brick veneer
walls, assume 4.5" - 5" for brick, airspace and sheathing material.

Check the framing member size on all sides of the house. If an addition has been added, be sure
to check the walls of the addition separately. If the house has more than one story, check the
framing member size for each floor.
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Determine type and thickness of existing insulation and resultant R-value
Check at plumbing outlet under sink or, in order of preference, remove cable outlet plate,
telephone plate, electrical switch plates and/or electrical outlet plates on exterior walls.

Probe the cavity around the exposed plate with a non-metal device (such as a plastic crochet
hook or wooden skewer). Determine type of insulation (fiberglass, cellulose insulation, foam,
etc.). Inspect outlets/switch plates on each side of the house to verify that all walls are insulated.
Multiply the wall framing member size (in inches) by the R-value per inch. Be sure to use the
actual thickness of the insulation when calculating the total insulation R-values. Use 3.5" for 2 x
4 walls and 5.5" for 2 x 6 walls constructed after 1945.
Parts of the house that were added later must be checked separately from the original walls.
Insulated sheathing may exist on walls, but can be difficult to verify. Walls with insulated
sheathing may be thicker than walls without insulated sheathing. Visual verification of insulated
sheathing may be found in the attic at the top of the wall, exterior wall penetrations, and at the
connection between the foundation and the wall.
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Determine cavity insulation installation characteristics
When it is possible to inspect insulation as installed (i.e., new construction), inspectors shall rate
the installation as “Grade I, II, or III” according to the following guidelines, regardless of
insulation material or installation process. Note that all insulation installation techniques require
proper care to ensure they are completed correctly. If they are not, thermal performance can
suffer dramatically. These guidelines apply to cavity fill insulation, continuous rigid insulation,
and any other field-installed insulation products.
1. "Grade I" shall be used to describe insulation that is generally installed according to
manufacturers instructions and/or industry standards. A "Grade I" installation requires that the
insulation material uniformly fills each cavity side-to-side and top-to-bottom, without substantial
gaps or voids around obstructions (such as blocking or bridging), and is split, installed, and/or
fitted tightly around wiring and other services in the cavity. To inspect, probe in, around, or
through the insulation and/or vapor retarder in several places to see whether these requirements
are met. Replace or repair the vapor retarder and insulation as necessary. During inspection
(typically before drywall is installed), if the exterior sheathing is visible from the building
interior through gaps in the cavity insulation material, it is not considered a “Grade I”
installation.
To attain a rating of "Grade I", wall insulation shall be enclosed on all six sides, and shall be in
substantial contact with the sheathing material on at least one side (interior or exterior) of the
cavity.
For rim or band joist insulation, use the inspection guidelines under “Walls—Insulation value” to
assess “Grade I”, “Grade II”, or “Grade III” installation..
For exterior applications of rigid insulation, insulation shall be in firm contact with the structural
sheathing materials, and tightly fitted at joints to be considered a “Grade I” installation.
For faced batt insulation, Grade I can be designated for side-stapled tabs, provided the tabs are
stapled neatly (no buckling), and provided the batt is only compressed at the edges of each
cavity, to the depth of the tab itself, and provided it meets the other requirements of Grade I.
For sprayed or blown-in products, density shall be sufficient that the fill material springs back
when compressed slightly with a hand or finger, and provided it meets the other requirements of
Grade I.
The following illustrations represent the boundary conditions between Grade I and Grade II, that
is, the installation shall be at least this good to be labeled as “Grade I”:
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Occasional very small gaps are acceptable for “Grade I”.

Compression or incomplete fill amounting to 2% or less, if the empty spaces are less than 30% of
the intended fill thickness, are acceptable for “Grade I”.
The following standards may be applied as a reference: NAIMA, Recommendations for
Installation in Residential and Other Light-Frame Construction—Fiber Glass Home Insulation
(PUB # BI402), Recommendations for Installation in Residential and Other Light-Frame
Construction—Fiber Glass Loose Fill Insulation (PUB # BI403), CIMA, Technical Bulletin #2 -Standard Practice for Installing Cellulose Building Insulation, Technical Bulletin #3-- Standard
Practice for Installation of Sprayed Cellulosic Wall Cavity Insulation. For other products and
materials, manufacturer's installation instructions will apply.
2. "Grade II" shall be used to describe an installation with moderate to frequent installation
defects: gaps around wiring, electrical outlets, plumbing and other intrusions; rounded edges or
“shoulders”; or incomplete fill amounting to less than 10% of the area with 70% or more of the
intended thickness (i.e., 30% compressed); or gaps and spaces running clear through the
insulation amounting to no more than 2% of the total surface area covered by the insulation. To
attain a rating of "Grade II", wall insulation shall be enclosed on all six sides, and shall be in
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substantial contact with the sheathing material on at least one side (interior or exterior) of the
cavity.
The following illustrations represent the boundary conditions between Grade II and Grade III,
that is, the installation shall be at least this good to be labeled as “Grade II”:

No more than 2% of surface area of insulation missing is acceptable for “Grade II”

No more than 10% of surface area of insulation compressed or incomplete fill, by up to 30%
(70% or more of intended thickness) is acceptable for “Grade II”.
3. "Grade III" shall be used to describe an installation with substantial gaps and voids, with
missing insulation amounting to greater than 2% of the area, but less than 5% of the surface area
is intended to occupy. More than 5% missing insulation shall be measured and modeled as
separate, uninsulated surfaces according to 3.B.5.p.
This designation shall include wall insulation that is not in substantial contact with the sheathing
on at least one side of the cavity, or wall insulation in a wall that is open (unsheathed) on one
side and exposed to the exterior, ambient conditions or a vented attic or crawlspace. The
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presence of an air-impermeable barrier such as housewrap will be considered to enclose the
building cavities.
The following illustration represents the boundary conditions between Grade III and the situation
whereby one must measure the uninsulated areas; that is, the installation shall be at least this
good to be labeled as “Grade III”:
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Determine whether walls border exterior space, attic, garage or crawlspace
A wall that is borders an enclosed unconditioned space is one in that borders unconditioned
attics, garages and crawlspaces.
Determine surface area of all walls exposed to unconditioned space
Measure linear perimeter of the walls to the nearest  foot. Measure the interior wall height of
the walls to the nearest 1/4-foot. Use these measurements to calculate surface area.
Determine type and thickness of all mass walls
If the dwelling's walls are constructed of concrete, masonry or brick, determine their type and
thickness.
Solid concrete walls (poured): Measure the thickness of the poured concrete wall in inches.
Concrete Masonry Unit: Cinder block or uninsulated concrete wall - hollow in the middle. May
contain vermiculite or perlite insulation. Check for additional insulation (interior furring, foam
board, foam fill).
Measure the thickness of the wall in inches.
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Roof and Ceiling
Obtain measurements of all ceiling areas
Measure the linear perimeter of the ceiling area to the nearest  foot and use these measurements
to calculate surface area of the ceiling.
If a ceiling area is vaulted, it may be necessary to calculate dimensions geometrically.
Identify the ceiling as one of the following types.
Ceiling to attic:
If the ceiling has attic space above (even if the ceiling is vaulted, as in a scissor truss) it is
considered ceiling to attic. If there is a vaulted ceiling check it's angle against the angle of the
roof -- if the ceiling angle is gentler there is attic space above the ceiling. Also check for an attic
access, either separate or from an attic over another part of the house.
Framed ceilings fall into two categories:
Roof on exposed beams or rafters - when you look up from inside the room, you will see
exposed beams or rafters.
Finished framed ceiling - if the ceiling is framed (has no attic space above it, but you cannot see
the rafters because the ceiling is finished with drywall, plaster, paneling, etc.), consider it a
finished framed ceiling.
Determine the size of the framing members for framed ceilings
Determine the framing member size for framed ceilings exposed to unconditioned spaces.
Check the framing by looking for an access through an attic over another part of the house or by
looking at the rafters from the outside.
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Determine the color of the roof
Identify the color of the roof as light, medium or dark. Also check for a special reflective roof
coating.
Determine the roof's construction type
Identify the type of roofing surface. Some common types include:
• Asphalt shingle;
• Pebble/gravel built-up roof;
• Tile roof;
• Wood shingle roof;
• Rubber roof/roof coating;
• Metal.
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Ceiling
Determine R-value of insulation in attic
Measure the average depth in four places.
Use the inspection guidelines under “Walls—Insulation value” to assess “Grade I”, “Grade II”,
or “Grade III” installation. Note: in addition to the inspection guidelines under “Walls”, “Grade
I” installation for ceiling insulation also requires that the insulation be installed in complete
contact with the drywall or plywood surfaces it is intended to insulate. For loose fill applications,
be sure to get four readings that accurately reflect the insulation level (do not just measure the
low or high spots; the depth should be representative of the entire attic area being examined).
Multiply the average depth of insulation by its R-value per inch to obtain the total R-value.
Ceiling insulation need not be enclosed to attain a “Grade II” or “Grade I” assessment. For
ceiling insulation, eave baffles or equivalent construction is required to prevent wind washing to
be considered “Grade I”.
Note whether the cavity insulation leaves the framing exposed, or covers them; if covered, note
the thickness that covers the framing.
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Determine the R-value of insulation in framed ceiling
Determine the insulation R-value that exists in the ceiling area (cavity). Use the following
method for calculating the overall ceiling R-value:
• Determine the type of ceiling insulation present (may be a combination of more than one
type);
• Multiply the R-value of the material by the depth of the insulation;
• If there is no access to the framed ceiling, ask the customer for documentation of
insulation or use a default value based on age.
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Floor
Determine the floor insulation value
The rim joist is the band joist around the perimeter of the floor joists over a basement or
crawlspace, or between 2 stories of a house.
Crawlspace or Basement:
From the basement or crawlspace, visually identify and measure the depth of insulation at the
rim joist. The insulation used is generally fiberglass batts, often folded in an L-shape and
attached to the rim joist. Rigid board insulation may also be found.
Look for access to the area from a garage or a utility access trap door. Visually identify and
measure insulation if it exists. If no access can be found, assume insulation exists at the rim joist
between stories if:
• Insulation was found at the rim joist at the top of the crawlspace or basement in the same
house; or
• Insulation is found in the walls of the same house.
Otherwise, assume no rim joist insulation exists.
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Determine construction type of doors
Determine if the exterior door(s) is fiberglass, metal, or wood by making a close inspection of its
texture, distinguishing the sound produced when knocking on it, and checking its side view.
Determine whether doors are insulated
Judge whether the exterior door(s) is insulated (or not) by its sound, temperature transfer,
labeling, or thermal break.
Sound - Insulated/solid door will sound dull when knocked on. An uninsulated/hollow door will
sound hollow.
Heat transfer - Feel the inside and outside of the door with flat palms. Insulated/solid door will
less readily transfer heat. The inside will feel warmer in cold outside weather and cooler in hot
outside weather than an uninsulated/hollow door.
Labeling - Check the side view of the door at the hinges for a descriptive label.
Thermal break - Check the side view of metal doors for thermal breaks.
Determine surface area of doors
Measure the surface area of the door(s) to the nearest  square foot.
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Determine area of windows
Measure the area of the window openings using width times height to the nearest inch.
Window openings are measured from the outside edge of the framing and include the frame
width.
Determine window framing and glazing characteristics
Framing Type:
Examine each window frame in order to determine the type of material used. Open the window
and examine it to see whether the frame is made of metal, wood, or vinyl. Tap the frame with
fingernail or knuckle to test if it's vinyl or metal. Wood frames are usually thicker than metal.
If the window is dual-pane or multiple-pane and is metal framed, determine if a thermal break is
present by looking for two separated metal extrusions connected by a rubber spacer. Ask the
customer for documentation if you can't tell.
Some wood windows may have vinyl or aluminum cladding. Check both the inside and outside,
since some windows will have vinyl cladding on one side only.
Glazing Type:
Check all windows in the house for number of panes and existence of tint and/or low-e coating.
To determine whether the windows are single-paned or multiple-paned:
• Look at frame width and spacers;
• Look at reflections;
• Look at edge thickness.
To determine if glazing has a tint or low-e coating:
• Check the customer's product literature if available;
• Perform a "match test" - there should be one reflection per pane or coating, including
low-e and tinting (e.g., a double-paned window with low-e and tint should show 4
reflections);
• Compare to glazing samples with and without tinting;
• Compare the windows within the space, since tinting is often applied only to certain
windows in a house;
• Look for a low-e label or etching on the glass.
Determine orientation of all windows
Use a compass to determine orientation of all windows.
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Determine shading of windows
Identify shading by external shade screens, house overhangs/awnings, and shade from trees and
other buildings.
External Shade Screens:
The most common screen is an insect screen that covers some or the entire window. If it is a fullcoverage type screen, assume it is a shade screen. Compare samples of the screen's mesh pattern
to those of a window screen sample to determine the type and shading coefficient of the screen.
Ask customer for documentation for the shading coefficient (SC) of the screen.
If you cannot determine the shading coefficient of the screen, use 36% SC as a default.
Projection (Overhang):
The shading impact of an overhang can be found by measuring the distance of the projection
from the exterior wall surface and the distance (height) between the top of the window and the
bottom edge of the overhang.
Measure the length of the overhangs over each exterior wall.
Measure the height above the window to the bottom edge of the overhang.
Exterior Shading:
Full (40% SC) - Consider a 40% SC for an entire side of a house as being roughly equivalent to
having a shade screen over a window. For trees and/or bushes to equal this effect, there should
be a very dense amount of trees and/or bushes along the entire side of the house that shade both
its vertical and horizontal surfaces almost totally.
Partial (70% SC) -Based on the above definition for full shading, partial shading is considered to
be anything in between full and none (no shading).
None (100% SC) - No shading indicates there may be small plants or shrubs only,
Determine solar heat gain factor of glazing
Check product information if available and consult NFRC guide.
Determine window U-value
Look for an NFRC label on new windows (it will display full window U-value). If no label can
be found but customer has documentation, look up product information in NFRC Certified
Products Directory to determine U-value, or consult manufacturer's literature.
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Determine area of skylights
See windows.
Determine framing and glazing characteristics of skylights
See windows.
Determine orientation of skylights
Determine the orientation of the lower edge of the skylight. Use this direction as the orientation
of the skylight.
Determine shading of skylights
See windows.
Determine solar heat gain coefficient of skylights
See windows.
Determine tilt of skylights
Measure the tilt of the skylight relative to horizontal. This can be done with a level and angle
finder instrument, or geometrically with a protractor (from the ceiling length and heights).
Determine skylight U-value
See windows.
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Determine effective leakage area from a blower door test
You could use the testing protocol described in ASHRAE Standard 119 Section 5.1, with the
modifications described below:
The following protocol shall be followed in preparing the building envelope for testing:
1. Leave all supply registers and return grills open and uncovered.
2. Leave all bathroom and kitchen fans open (i.e., in their normal operating condition). Only
a permanently installed back draft damper in its normal condition may impede the flow of
air.
3. Leave any combustion air ducts or louvers to the exterior open. (If a homeowner or
builder has sealed them off, open them for the test.)
4. Leave any make-up air ducts with in-line dampers (e.g., for large kitchen exhaust fans or
combustion air) as-is (unsealed). Only a permanently installed back draft damper or
motorized damper, in its normal condition may impede the flow of air.
5. Leave the dryer vent as-is, whether or not the dryer is in place during the test. Only a
permanently installed back draft damper in its normal condition may impede the flow of
air.
6. Leave open any outside air duct supplying fresh air for intermittent ventilation systems
(including a central-fan-integrated distribution system)
7. Operable crawl-space vents, where present, are to be left in the open position.
8. Open all interior doors within the conditioned space, including doors to conditioned
basements. (Closet doors may be left closed unless the closet contains windows or access
to the attic or crawlspace).
9. Leave louvered openings of a whole-house fan as is. (If there is a seasonal cover in place
during the test, leave it in place.)
10. Close all doors to the exterior or unconditioned spaces; if any door to the exterior or
unconditioned space lacks weather-stripping at testing time, it can be temporarily taped
off.
11. Close and latch all windows.
12. Close chimney dampers.
13. Either seal or fill with water plumbing drains with p-traps that may be empty.
14. Seal off exterior duct openings to continuously operating fresh-air or exhaust-air
ventilation systems (preferably at the exterior envelope).
15. Close any adjustable window trickle ventilators and/or adjustable through-the-wall vents.
16. If an evaporative cooler has been supplied with a device used to seal openings to the
exterior during the winter, that device should be installed for the test.
Use the testing protocol described in ASHRAE Standard 119 Section 5.1. Blower door and
associated pressure testing instruments, which include but are not limited to hoses, and
Manometers, gauges and fans shall be field tested annually for calibration by the HERS provider
or rater. The provider shall use a standard for field testing of calibration provided by the
equipment manufacturer. Magnehelic gauges cannot be field tested and shall be recalibrated by
the Blower Door manufacturer annually. Field check the fan and flow measuring systems for
defects and maintain them according to manufacturers recommendations.
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The HERS provider shall maintain a written log of the annual calibration check to verify all
equipment accuracy for a period of three (3) years. These records shall be made available within
24 hours to a RESNET Quality Assurance Committee member upon request.
It is recommended all pressure equipment be field checked for calibration more frequently than
is required in these standards, i.e., monthly, quarterly, etc.
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Determine conditioned volume of space
Determine conditioned and indirectly conditioned volume of space by multiplying conditioned
floor area by ceiling height. The house may need to be split into different spaces with different
ceiling heights and added to each other for both conditioned and indirectly conditioned spaces.
For areas with vaulted ceilings, volume must be calculated geometrically.
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Determine air leakage from the HVAC ducts
The application of ASHRAE Standard 152 for testing of ducted distribution systems can be
implemented with the following additions and exceptions:
1. Air Handler Fan Flow Measurement using either of the methods specified in Annex A of
the standard is preferred. If such measurement is not made, default values of 275 CFM
per 12,000 BTU/hour of nominal HVAC capacity shall be used. For fossil-fired furnace
systems, a default value of 200 CFM for every 12,000 BTU/hour of nominal furnace
capacity shall be used for heating.
2. Supply and return leakage may be determined by measuring the leakage of each side as in
Annex B, or as an alternate the leakage of the entire system may be measured, with the
duct pressurization device in the return and the duct-pressure probe in the supply side.
The ratio of supply side leakage to return side leakage Q25s to Q25r shall be selected
separately for heating and cooling based on a worst case determination. The supply side
of the system shall be assigned 67% of the leakage and the return shall be assigned 33%,
and the overall distribution efficiency determined; then the efficiency with the reverse
conditions (67% return and 33% supply) shall be determined, and the lower of the two
efficiencies will be applied.
3. Total leakage (Annex C). The limitation of applicability of Annex C (Section C1) to
leakage measurement of 10% or less of air handler air flow shall be based on tested air
flow or default air flow, as appropriate according to (1) above. The calculations of 2.5%
of air flow shall use tested air flow, or nominal air flow of 400 CFM per ton. If the
register grilles are not installed during the test (C1.2), the 2.5% of fan flow added to the
measured leakage may be waived, on condition that a visual inspection, verifying
effective sealing of register boot-to-drywall and/or boot-to-subfloor connections, is
conducted prior to issuing the final rating.
Determine the value of distribution system insulation
Air ducts may be insulated with insulation blankets or rigid insulation board. Inspect the duct or
pipe insulation for R-value labeling (printed on the insulation by the manufacturer). If the
insulation is not marked with the R-value, identify type and measure the thickness of the
insulation to determine R-value. Check for internal insulation by tapping on the exterior and
listening to the sound.
Determine the location of ducts
Air ducts may be located in the attic, crawlspace, basement or in a conditioned area. You must
locate and differentiate between supply and return ducts. Ducts may be located in more than one
area (e.g., some return ducts in attic and some in conditioned space, etc.).

Page 316 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

Identify type of distribution system used to provide space heating and cooling
Forced air - a central fan unit connected to ducts which supply heated or cooled air to each room
in the home. Forced air systems have supply and return duct work. Supply ducts typically run to
each room; return duct work may come from each room or from one or more central locations in
the home.
Forced hot water - heated water is pumped through a series of radiator elements to supply heat.
The radiator elements may be conventional radiators, baseboard "fin tube" radiators, cast iron
baseboards or radiant hot water panels located at the baseboards or on walls or ceilings.
Hot water radiant system - heated water is circulated through plastic or metal tubing which is
installed in a concrete slab or finished floor or, occasionally, in walls or ceilings.
Unit heater/air conditioner - heating or cooling is supplied directly from a heating or cooling
device located within the space it serves. Window air conditioners and through-the-wall heaters
are common examples. Unitary equipment typically has no distribution system.
Steam heating - steam systems utilize a distribution system with cast iron radiators connected to
a boiler that creates steam. The steam rises into the radiators through one set of pipes, condenses
into water, and drains back to the boiler through another set of pipes.
Electric radiant system - electric cables are installed in concrete floor slabs or in the ceiling.
Electric current is passed through the cables, causing them to heat up, heating the floor or ceiling
assembly, which radiates the heat to the space. Electric radiant systems may also be comprised of
individual radiant panels mounted on the walls or ceilings.
Baseboard electric resistance - electric elements are installed in baseboard enclosures. Electric
current is passed through the electric element to provide heat to the space.
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Determine fuels used for heating and cooling
Heating systems may use natural gas, propane, oil, electricity, or some other fuel. Typically the
homeowner will know what type of heating fuel is used. Cooling is typically driven by
electricity, however some cooling equipment may use natural gas or propane. Look for electric
cables and dedicated fuses or circuit breakers for the cooling equipment or gas lines running to
the equipment. Note that gas equipment will also have electric cables to power some of the
components. Be sure to distinguish between refrigerant lines and possible gas supply lines.
Oil - look for a large storage tank (typically oblong-shaped) or fill pipes, which would indicate a
buried tank. Oil is typically supplied to the heating equipment via a 1/4" - 3/8" copper line. A
fuel filter may be evident in the line.
Natural gas - look for a meter connected to piping on the exterior of the home. Piping to the
heating equipment is typically done with " - 1" iron piping.
Propane - look for storage tank(s) (typically cylindrical-shaped). Large tanks may be buried with
a 12" - 18" cap exposed above grade. Fuel is typically supplied to equipment through 1/4" - 3/8"
diameter copper piping.
Electric - look for large gauge cables running to a central piece of equipment or look at circuit
breaker panel for circuits marked for resistance heat circuits (electric resistance or electric
radiant systems).
Other fuels - include coal, wood, processed wood pellets, or other combustible products.
Identify the control system for the heating and cooling system(s)
Determine the type of control systems. There may be separate controls for the heating and
cooling systems.
Thermostat controls may be programmable. Note types of features available and/or utilized.
Determine the heating and cooling equipment efficiency
Check nameplate for efficiency rating. If the nameplate is missing, use appropriate directories to
determine an appropriate default value.
SEER is used to measure the efficiency of central air conditioning and air source heat pump
systems. AFUE is used to measure the efficiency of furnaces and boilers. EER is used to
determine the efficiency of room air conditioners and ground source heat pumps. Check
nameplate for SEER or AFUE rating. EER can be calculated from nameplate information by
dividing BTU output by watt input.
Identify type(s) of equipment for heating and/or cooling
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Furnace - comprised of a combustion chamber and heat exchanger (natural gas, propane or oil)
or an electric resistance element (electric) and a fan which forces air across the heat exchanger or
resistance element to provide heat in a forced air system.
Fan coil unit - hot water from a boiler, domestic water heater, or heat pump is circulated through
a coil. A fan blows air over the coil to provide heating. This device is used in a forced air system.
Boiler - this device creates hot water or steam, and can be powered by any fuel type. Can be used
with forced air (in conjunction with a fan coil unit), forced hot water, steam, or hot water radiant
slab systems.
Split system central air source heat pump - these systems move energy from one location to
another using the vapor compression cycle. They are electrically driven, and can provide heating
in winter and cooling in summer by reversing the direction of heat flow. Split system heat pumps
consist of an outdoor unit and an indoor air handling unit, resembling a furnace. These systems
require ductwork for air distribution. Most air source heat pumps incorporate electric resistance
supplemental heat in the indoor section. However, some heat pump systems use fossil fuel
furnace for supplemental heating. These are known as "dual fuel" or add-on systems.
Single package central air source heat pump - a single package central heat pump is similar to a
split system, except it combines the functions of the indoor and outdoor units into one cabinet,
usually mounted on the roof or on the ground. It also requires a separate distribution system.
These are uncommon in single-family residences, however they are sometimes found in multifamily dwellings.
Ground source heat pumps - are coupled to the ground through the use of a water well
sometimes the same well as used for domestic water (known as "open loop" which water or a
water/antifreeze mixture is circulated (known as "closed loop"). Look for 3/4" or larger diameter
piping going to and from the heat pump. Circulating pumps may be installed in this piping
(closed loop systems) or the pump for the water well may be used for circulating water through
the heat pump (open loop). The same piece of equipment can be used in either open or closed
loop applications, however given the same piece of equipment, closed loop applications typically
have lower efficiency ratings than open loop applications. Ground source heat pumps can also
utilize a direct expansion of the refrigerant with copper piping buried in the ground. Look for
0.25" - 0.50" copper piping leading from the unit to the outdoors with no outdoor unit.
Split system central air conditioner - similar to a split system air source heat pump. Consists of
an outdoor unit and a coil in the forced air distribution system, usually in a fossil fuel furnace.
These systems are electrically powered and provide cooling.
Single packaged central air conditioner - similar to single packaged air source heat pumps,
providing cooling only.
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Through-the-wall ductless air source heat pump - a single packaged air source heat pump
designed to be installed without a distribution system. Provides both heating and cooling and is
usually installed through an exterior wall.
Window/through-the-wall air conditioner - a single packaged ductless air conditioner designed to
be installed without a distribution system.
Direct evaporative cooler - is used primarily in very dry climates. Evaporative coolers work by
blowing air over a damp pad or by spraying a fine mist of water into the air. Direct evaporative
coolers add moisture to the home.
Indirect evaporative cooler - evaporation takes place on only one side of a heat
Absorption cooler - this is a gas air conditioner. Look for a cooling tower, an exhaust pipe, a gas
burner to evaporate refrigerant and a heat exchanger similar to an electric air conditioner.
Unitary space heater - these are fossil fuel burning heaters which have individual controls and no
distribution system. They may be equipped with a fan for forcing air circulation over a heat
exchanger, or they may use simple convective forces. These heaters are typically mounted on
outside walls in order to facilitate venting and can use natural gas, kerosene, propane, or other
types of fossil fuel.
Determine the location of heating and cooling equipment
Note whether systems are located in conditioned or unconditioned space.
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Determine the Energy Factor or Seasonal Efficiency of the water heater

Storage Water Heaters:
Look for the water heater's rating plate and product literature. Some water heaters will list their
EF right on the rating plate.
If the water heater is wrapped and there is no accessible information, approximate the age of the
unit and use a default efficiency.
If accessible, record the Make and Model #.
Look up the EF rating of that model in an appropriate efficiency rating directory.
If the EF rating is not listed in the directory use a default based on the estimated age of the water
heater.
Instantaneous Water Heaters:
Check the unit's nameplate for the RE (Recovery Efficiency). If a gas model, note whether there
is a standing pilot light.

Page 321 of 343

How to Perform Residential Energy Audits
By Ben Gromicko
Copyright © 2010 Ben Gromicko

Determine the insulation value of any exterior wrap
Visually determine if the water heater is wrapped with exterior insulation. If so, measure
thickness of the wrap and determine R-value.
Determine location of storage tank
Determine whether water heater is located in conditioned or unconditioned space.
Determine the insulation value of the pipes
Determine whether pipe insulation is installed on all 3/4" or larger, non-recirculating hot water
mains. Measure depth of insulation and identify material to determine R-value.
Determine type and heat source of water heater
Storage:
These water heaters are the most common type. Water is heated in an insulated tank that
typically ranges in capacity from 30 to 75 gallons. Storage water heaters may use electric
resistance, gas, propane, oil or electric heat pump.
Storage electric -look for rigid or flexible 240 A/C conduit, UL seal, no vent, no burner or pilot
tubing. Thermostats are usually hidden behind metal access doors. Often there is both an upper
and a lower thermostat.
Storage gas -look for a vent connection (top of tank), gas connector and line valve, thermostat,
burner and pilot tubing, burner compartment doors, and "AGA" seal rating plate. Most gas water
heaters have legs to lift the unit above the floor level to provide combustion air to the burner.
Storage propane -look for the same features as those listed for gas water heaters. Also, look for a
rating plate or tag that states "For Use with LP Gas Only."
Storage oil -look for features that are similar to a gas water heating storage system. In addition,
oil systems are usually furnished with draft regulators, which are attached to the vent pipe
between the tank and chimney (hinged metal flap with counterweight to allow for variations in
flue gas pressure). Vent dampers may also be apparent on the vent pipe.
Storage heat pump -water heaters remove heat from the air in the room where they are located
and then release the heat to the water in the storage tank. Look for the same features as those
found on electric water heating systems. In addition, there will be a fan, condenser and
evaporator. Also, the system may be one single unit, or may be a split system.
Combination DHW/furnace system - natural gas combo systems use heat drawn from a hot water
tank circulating through an air handling module to heat the space.
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Geothermal heat pump de-superheaters – devices that utilize heat pump cycle superheater to
heat domestic hot water. Look for insulated lines between air handler unit and storage water
heater tank.
Instantaneous:
These water heaters heat water on demand, instead of storing pre-heated water in a large tank.
They are usually small units, with storage of no more than 2 gallons, and are often attached to a
wall close to the point of use. Instantaneous water heaters may be used in addition to a primary
storage water heater to serve fixtures in a distant location of the house, so check for a main
storage unit as well. Determine if the instantaneous heater uses gas or electricity.
Instantaneous gas - look for a connector and line valve, vent connection, thermostat, burner and
pilot tubing, and AGA seal. Check whether unit has a pilot light or intermittent ignition device.
Instantaneous electric - look for the absence of a gas line, vent or pilot light. Look for a UL seal.
Super-heater - check for this supplementary heat source.
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Solar water heater
Determine area, orientation, and tilt of collector
Determine the area of the collector.
Determine the orientation of the solar collector by taking a compass reading (adjusting for
magnetic deviation) in the direction toward which the collector faces.
Determine the tilt of the collector. A site selection and angle finder instrument can be used to
determine the tilt of the collector. Geometric calculations based on horizontal length and vertical
height measurements can also be used.
Determine efficiency of solar system
Look for SRCC label. Check for SRCC system and component name plates.
Determine the insulation value of any exterior wrap
See Domestic Hot Water, above.
Determine the insulation value of the pipes
Determine the R-value of insulation installed on pipes.
Identify type of solar collector
Identify the type of solar collector by checking for the SRCC label or manufacturer’s
information.
Determine the capacity of the storage tank and location
To determine the size of the storage tank refer to documentation or a label indicating the tank
capacity.
Note if storage is inside or outside of conditioned space.
Determine type of solar systems
Identify whether a solar domestic hot water system exists. These systems collect and store solar
thermal energy for domestic water heating applications. If a solar water heating system exists,
determine system type. For systems manufactured after Jan. 1, 1995, system type, energy factor
(EF), and other performance characteristics shall be determined from the SRCC label (usually
affixed to the solar storage tank) and by referring to SRCC literature. For systems lacking an
SRCC label, energy factor and other performance characteristics can be determined using a
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certified HERS modeling tool, or appropriate default values. Identify as passive or active. Base
your evaluation on these criteria:
Passive - No purchased electrical energy is required for recirculating water through a passive
solar collector. Three types of passive systems are integrated collector storage (ICS),
thermosiphon systems and self-pumped systems.
Integrated Collector Storage (ICS) - consists of a single unit which incorporates both
collector and water storage. An example is the common "bread box" design. Storage is
usually outside the conditioned space.
Thermosiphon - consists of a flat-plate solar collector and hot water storage tank. Instead
of using a pump, circulation of the fluid is achieved by natural convection action. The
storage tank must be located above the collector, and is usually outside the conditioned
space.
Self-pumped - circulates fluid from storage to collectors without purchased electrical
energy. Photovoltaic and percolating systems are examples of self-pumped systems. The
storage tank is usually inside the conditioned space.
Active -Also known as pumped systems.
Pumped -purchased electrical energy input is required for operation of pumps or other
components. The storage tank is usually inside the conditioned space.
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Passive Solar Heating System
Identify system type and determine solar aperture orientation, aperture area
A solar direct gain system can reduce heating, cooling, and lighting energy requirements through
proper sizing, placement, orientation, and/or control of windows, skylights, shading devices, and
solar storage mass within the building.
To determine aperture area, measure width and height of south-facing glazing and indicate tilt
angle. Note glass type(s) (e.g., double glazing) and presence of night insulation (if any).
Determine orientation with a compass reading (adjusted for magnetic deviation).
Determine the type of thermal mass, its thickness and dimensions. Determine if the mass will be
lit by direct solar rays between the hours of 9:00 a.m. and 3:00 p.m. during the winter. Note any
trees or other obstructions to solar gain.
Identify system type and determine solar aperture orientation, aperture area and
information about thermal mass
A greenhouse or solarium creates a South-glazed buffer zone between the house and the exterior
and can help heat the living area. They may be used in conjunction with thermal mass (such as
bricks or drums filled with water) to store heat and reradiate it at night.
See Direct gain, above, for specific inspection items.
Identify system type and determine solar aperture orientation, aperture area and
information about thermal mass
Thermal mass systems consist of solar-exposed heavyweight materials with high heat
capacitance and relatively high conductance (high thermal diffusivity) such as masonry, brick,
concrete, tile, stone, or water placed in the same zones(s) as the solar collection area(s). These
elements may be integral with the building or distinct elements within the building.
Distinct components:
Trombe wall -uses a heat storage mass placed between the glass and the space to be heated.
Measure area of storage mass, determine material, thickness, and capacitance.
Water wall -replaces the existing wall, or parts of it, with containers that hold water.
Thermosiphon air panel (TAP) -has one or more glazing layers of glass or plastic, an air space,
an absorber, another air space, and (often) an insulated backing. These are similar in appearance
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to active flat-plate collectors, often mounted vertically on walls, or ground-mounted, so that the
living space is higher than the collector to facilitate convection form the TAP to the house.
See Greenhouse, above, for specific items.
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Information Collected
The energy auditor will collect information and use a software to calculate the HERS index. The
inspector/auditor will collect information on the building’s thermal envelope characteristics from
either the building plans or from an inspection and rating. Information is collected and organized
and entered into the program. A detailed inspection may be performed on the building, but the
only requirements resulting in an HERS Index are the minimum standards in which to perform
the inspection or audit.
The Minimum Rated Features, HERS list of things to inspect include items such as: foundation
floor, ceilings, rim joists, walls, window/doors, mechanical equipment, lights and appliances, onsite power generation.
The rating software will create 2 buildings:
• The Reference Home and the Rated home.
• Reference Home as defined in B.2 of the National Home Energy Rating Technical
Guidelines is the reference home that is the geometric twin of the rated home, configured to a
standard set of thermal performance characteristics, from which the energy budget, that is the
basis for comparison, is derived.
The Reference Home the “geometric twin” of the Rated Home. The computer software will
build a “twin” home - the same areas as the rated home (conditioned area, volume, ceiling areas,
wall areas foundation areas, etc.)
The Reference Home will have many features the same as the rated home but many will be
changed to reflect the Reference Home values. All the features will be analized for both homes
and a comparison will be made.
In effect, the normalized energy load becomes the point to which the HERS Index is compared
and represents 100 points on the scale.
The Rated Home is the home as it is actually being inspected, or it is the structure that is being
designed to be built in the future.
The Index scores homes from 0 points (the best, zero net annual energy use) to 500 points (the
worst) and 100 points is equal to the Reference Home.
For every 1% of total energy use, either above or below the Reference House, the Index changes
by 1 point. If a Rated Home has a 10% greater usage than the Reference Home, then it would
have an Index of 110. If a Rated Home had a load of 20% less than the Reference Home, it
would have an Index of 80.
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An estimate of the annual energy use of the building based on local average weather, local utility
costs and the actual construction of the home will be produced from the software. It will include,
at the final rating, actual tested blower door and duct leakage rates.
Once the actual energy use of the building is determined, each building component, or rated
feature of the home can be analyzed for potential improvements.
The software compares the recommended improvement made by the auditor to the cost and
analyzes the savings. It will determine the recommendation with the greatest energy savings at
the lowest cost. It will provide simple “payback” dollar values too. It will be expressed in how
many years will it take for the energy savings to pay for the recommended improvement.
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Homeowner Checklist to Save Energy
The following is a simple checklist of energy conservation or efficiency measures that an
inspector could recommend to a homeowner.
Today
Turn down the temperature of your water heater to the warm setting (120°F). You'll not only
save energy, you'll avoid scalding your hands.
Check if your water heater has an insulating blanket. An insulating blanket will pay for itself in
one year or less!
Heating can account for almost half of the average family's winter energy bill. Make sure your
furnace or heat pump receives professional maintenance each year. And look for the ENERGY
STAR® label when replacing your system.
Review additional strategies to reduce your water heating bills. Water heating can account for
14%-25% of the energy consumed in your home.
Survey your incandescent lights for opportunities to replace them with compact fluorescents
(CFLs) or light-emitting diodes (LEDs). CFLs can save three-quarters of the electricity used by
incandescents. The best targets are 60-100 W bulbs used several hours a day. Measure the
clearance in the fixtures to make sure they will accommodate compact fluorescents, which are
slightly bigger than incandescents.
Turn off the lights in unoccupied rooms or consider installing timers, photo cells, or occupancy
sensors to reduce the amount of time your lights are on.
Install a programmable thermostat that can be adjusted to temperatures according to your
schedule.
During winter, open curtains on your south-facing windows during the day to allow sunlight to
naturally heat your home, and close them at night to reduce the chill you may feel from cold
windows.
Clean or replace filters in your furnace, air-conditioner, and heat pump.
ENERGY STAR® labeled products can cut your energy bills by up to 30 percent. Find retailers
near you at http://www.energystar.gov/ when you're ready to replace your heating and cooling
systems—as well as appliances, lighting, windows, office equipment, and home electronics.
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This Week
Visit the hardware store. Buy a water-heater blanket, low-flow showerheads, faucet aerators, and
compact fluorescents, as needed.
Rope caulk leaky windows.
Assess your heating and cooling systems. Determine if replacements are justified, or whether
you should retrofit them to make them work more efficiently to provide the same comfort (or
better) for less energy.
This Month
Collect your utility bills. Separate electricity and fuel bills. Target the largest energy consumer or
the largest bill for energy conservation measures.
Insulate your hot water pipes to prevent heat loss.
Insulate heating ducts in unheated areas, such as attics and crawlspaces. Keeping ducts in good
repair can prevent heat loss of up to 60 percent at the registers.
Seal up the largest air leaks in your house—the ones that whistle on windy days, or feel drafty.
The worst culprits are usually not windows and doors, but utility cut-throughs for pipes
("plumbing penetrations"), gaps around chimneys and recessed lights in insulated ceilings, and
unfinished spaces behind cupboards and closets. Better yet, hire an energy auditor with a blower
door to point out where the worst cracks are. All the little, invisible cracks and holes may add up
to as much as an open window or door, without you ever knowing it!
Install a clock thermostat to set your thermostat back automatically at night.
Schedule an energy audit (ask your utility company or state energy office) for more expert
advice on your home as a whole. Learn more about home energy audits.
This Year
Insulate. If your walls aren't insulated have an insulation contractor blow cellulose into the walls.
Bring your attic insulation level up to snuff.
Replace aging, inefficient appliances. Even if the appliance has a few useful years left, replacing
it with a top-efficiency model is generally a good investment. Especially check the age and
condition of your refrigerator.
Upgrade leaky windows. It may be time to replace them with energy-efficient models or to boost
their efficiency with weatherstripping and storm windows. The typical home loses more than 25
percent of its heat through windows.
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Reduce your air conditioning costs by planting shade trees and shrubs around your house—
especially on the west side.
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Commercial Office Energy Checklist
The following is a simple checklist of energy conservation and efficiency measures to use at an
inspection of a commercial office space.
•

Replace incandescent lights with compact fluorescent lights (CFLs) or light-emitting
diodes (LEDs) for desk lamps and overhead lighting. Using CFLs instead of comparable
incandescent bulbs can save about 50 percent on your lighting costs. CFLs use only onefourth the energy and last up to 10 times longer.

•

Switch off all unnecessary lights. Use dimmers, motion sensors, or occupancy sensors to
automatically turn off lighting when not in use to reduce energy use and costs.

•

Turn off lights when everyone leaves at night.

•

Use natural lighting or daylighting. When feasible, turn off lights near windows.

•

Use task lighting; instead of brightly lighting an entire room, focus the light where it is
needed, to directly illuminate work areas.

•

Use energy efficient ENERGY STAR® products.

•

Close or adjust window blinds to block direct sunlight to reduce cooling needs during
warm months. Overhangs or exterior window covers are most effective to block sunlight
on south-facing windows.

•

In the winter months, open blinds on south-facing windows during the day to allow
sunlight to naturally heat your workspace. At night, close the blinds to reduce heat loss at
night.

•

Unplug equipment that drains energy when not in use (i.e. cell phone chargers, fans,
coffeemakers, desktop printers, radios, etc.).

•

Turn off your computer and monitors at the end of the workday, if possible. If the work
desk is left for an extended time, turn off any computer monitor(s).

•

Turn off photocopier at night or purchase a new copier with low standby feature.
Purchase printers and fax machines with power management feature and use it.

•

Coordinate with vending machine vendor to turn off advertising lights.
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•

Have a qualified professional perform an energy audit. Check with the utility company
for names of auditors or inspectors.

•

Clean or change furnace filters once a month during the heating season.

•

Check furnace ducts for disconnects or leaks.

•

Ensure HVAC ductwork is well insulated.

•

Ensure adjustable speed drives are operating properly.

•

Insulate water heater, hot water piping and tanks to reduce heat loss.

•

Install low-flow toilets and shower heads.

•

Verify the energy management system (EMS) switches into setback mode during
unoccupied hours. Also, time clocks and computer controls may need adjustments after
power outages or seasonal time changes.

•

Install meters to track energy use.

•

Save paper. Photocopy only what is needed. Always use the second side of paper, either
by printing on both sides or using the blank side as scrap paper.

•

Collect the utility bills. Separate electricity and fuel bills. Target the largest energy
consumer or the largest bill for energy conservation measures.

•

Carpool, bike, or use mass transit when commuting to work.

•

To save gas: drive the speed limit, accelerate and decelerate slower, and make sure tires
are pumped up.

•

Use coffee mugs instead of disposable cups.

Adapted from information provided by the U.S. Department of Energy
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Terminology Related to Energy Audits
Heating, Ventilation and Cooling Terminology
System Capacity
System capacity is a measurement of the total amount of heat or cooling your furnace,
heat pump or air conditioner can produce in one hour. This amount is reported in BTU/hr
on the nameplate of your equipment.
BTU
BTU, short for British Thermal Unit is a unit of heat energy. One BTU is the amount of
heat needed to raise the temperature of one pound of water 1°F. To get a rough idea of
how much heat energy this is, the heat given off by burning one wooden kitchen match is
approximately one BTU.
AFUE
The AFUE, or Annualized Fuel Utilization Efficiency, is the ratio of the total useful heat
your gas furnace delivers to your house to the heat value of the fuel it consumes.
Heat Pump
A heat pump is basically an air conditioner with a reversible valve that allows it to
operate in reverse, removing heat from your house and shunting it outdoors in the
summer, and removing heat from outdoor air and shunting it into your house in the
winter. Because heat pumps do not actually create heat—they just move it from one place
to another—heat pumps are more efficient than other forms of heating.
COP
Coefficient of Performance, COP, is the ratio of energy input to heating capacity. This is
the instantaneous measurement of the heating performance of your heat pump. It is
comparable to knowing how many miles per gallon of gasoline your car gets when it is
going full speed. You can find the COP on the nameplate of your heat pump.
HSPF
The Heating Seasonal Performance Factor, HSPF, is an efficiency rating for heat pumps.
It is a measure of the average number of BTU of heat delivered for every Watt-hour of
electricity used by the heat pump over the heating season. It takes into account variations
due to weather conditions over a season. HSPF is comparable to knowing how many
miles per gallon of gasoline your car got, averaged over the entire year.
EER
Energy Efficiency Ratio, EER, is the instantaneous measurement of the cooling
efficiency of your air conditioner or heat pump. The higher the EER for your air
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conditioner or heat pump, the more efficient it is.
SEER
The Seasonal Energy Efficiency Ratio, SEER, measures the average cooling efficiency,
over the entire cooling season for your air conditioner or heat pump.
Programmable Thermostat
A thermostat with the ability to record different temperature settings for different times
for your heating and/or cooling equipment. Programmable thermostats can be electronic,
or mechanical. Here is a sample schedule for both heating and cooling.
Time

Heating Temp. Cooling Temp.

Wake up

6:00 am - 9:00 am

72°F

75°F

Leave

9:00 am - 5:30 pm

50°F

80°F

Evenings 5:30 pm - 11:00 pm 68°F

75°F

Sleep

11:00 pm - 6:00 am

50°F or off

78°F or off

ACH
ACH stands for Air Changes per Hour. It is the number of times in one hour that the air
in your house is completely replaced with outside air.
Conduction
The transfer of heat through a solid material.
Convection
The transfer of heat by air flow.
Radiation
The transfer of heat directly from one surface to another (without the intermediate air
acting as a transfer mechanism).

Insulation Terminology
Insulation
Insulation is a substance that resists the transfer of heat, generally by incorporating small
pockets of air. Insulation is rated in terms of thermal resistance, called R-value, which
indicates the resistance to heat flow. The higher the R-value, the greater the insulating
effectiveness. The R-value of thermal insulation depends on the type of material, its
thickness and density.
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Radiant barrier
Radiant barriers are thin sheets of highly reflective material, like aluminum, which reduce
heat transfer from thermal radiation across the air space between the roof and the attic
floor. Radiant barrier do nothing to prevent heat transfer by conduction or convection.
U-Value
U-Value is a measurement of heat flow. The lower the U-value the more slowly the
material transfers heat in and out of your home.
R-Value
R-value is a measurement of heat resistance. It is the inverse of the U-value, so the higher
the R-value the better the insulation resists heat transfer. Many factors can affect the Rvalue of insulation, including the type of insulation, and the age of the insulation. To
determine the R-value of the insulation in your house, first determine the type of
insulation present, whether that insulation is new, and measure the depth of the insulation
in inches. Look your insulation up on the table below, and multiply the R-value per inch
by the number of inches present in your house.
R-values of Various Insulation Types
Insulation Type

R-value / inch
R-value / inch
(old insulation) (new insulation)
Flexible Batts

Fiberglass

2.6

3.2

Rockwool

3.1

3.6

Loose-Fill
Redwood Bark

1.0

1.0

Cellulose

3.2

3.5

Fiberglass

2.0

2.4

Rockwool

2.4

2.9

Perlite

2.3

2.7

Vermiculite

2.0

2.4

Rigid Foam Boards
Polystyrene, large curd, molded
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Polystyrene, small curd, extruded

5.0

Polyurethane

6.0

Polyisocyanurate

8.0

Foam-in-Place Insulation
Urethane

6.0

Foam Roofing

8.0

Insulation Descriptions
Fiberglass
Fiberglass is the most familiar type of insulation. It is spun from molten glass, and is pure
white in its virgin state. Additives and binders often color the fiberglass, with pink and
yellow being the most common. Fiberglass comes in rolls, batts and as loose insulation
that is blown into place.
Rockwool
Dirty grey, although the color can range through green and brown as well. Rockwool
looks like old wool with dark flecks, and you can often find what looks like sand or small
pebbles underneath the insulation. Rockwool is spun, like fiberglass, from the slag from
refining metals. The debris that settles underneath the insulation is remnants of the slag,
and condensed droplets of metal.
Cellulose
Cellulose insulation is made from wastepaper, such as used newspaper and boxes. It is
shredded into small particles, and chemicals providing resistance to fire and insects are
added. Cellulose insulation is dusty and brown, with flat particles, on which you can
frequently find legible print.
Perlite
Perlite is a white gravelly, yet extremely light material. It is the same material found in
garden centers and used as part of potting mixtures. Perlite is no longer used as an
insulating material, except for the occasional do-it-yourselfer, although it is not
uncommon to find it in existing houses.
Vermiculite
Vermiculite is made from expanded mica, a mineral. Vermiculite used as insulation is
identical to the material found in garden centers. Like perlite, it is generally no longer
used for insulation, although again, it can still be found in existing houses.
Rigid Boards
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Rigid boards are fibrous materials or plastic foams pressed or extruded into board-like
forms. These provide thermal and acoustical insulation, strength with low weight, and
coverage with few heat loss paths.
Window Efficiency Terminology
Multiple layers of glazing
Each layer of additional glazing improves the efficiency of a window, as dead air
between panes prevents conduction of heat. Proper spacing of panes prevents convection
loops from occurring between the window panes, further reducing heat loss.
Tinted glazing
Tinted glass and tinted window films reduce the amount of the sun's heat entering the
building. The shading coefficient (SC) of a window is the amount by which the window
reduces heat gain. The lower the shading coefficient, the less solar heat is admitted. New
glazings reduce the heat gained by your house without reducing visibility as much as
older tinted glass and films. Visible light transmittance (VLT) is the measure of the
amount of light that comes through the window. Select a window with a VLT of 0.60 or
higher.
Frame material
Wood, vinyl or fiberglass frames conduct less heat than aluminum frames, increasing
window efficiency.
Thermal break
A material that doesn't transmit heat well, such as plastic, sandwiched inside the metal
parts of the frame. This reduces the heat being transferred through the frame. Thermal
breaks can be used in the spacer between panes of glass in multi-pane windows as well as
in the main body of the frame.
Low-E glazing
A special window coating that helps prevent the warmth inside your house from escaping
through the glass in the winter (pyrolitic). A variation (solar control) is designed to block
heat from the summer sun. Low-E coating can reduce energy use by up to 35 percent.
Gas fill
An inert gas such as argon is used instead of air between the window panes. Inert gases
have a much better insulation value than air.
Condensation
Condensation is the buildup of water droplets on a cold window pane. This can occur on
the inside of single pane windows, and in between the panes of multiple pane windows.
Condensation on single pane windows can damage windowsill and wall surfaces if
extensive. Condensation between the panes of multiple pane windows indicates a
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problem with the seal between the panes.
U-Value
U-Value is a measurement of heat flow. The lower the U-value, the more slowly the
window transfers heat in and out of your home.
R-Value
R-value is a measurement of heat resistance. It is the inverse of the U-value, so the higher
the R-value the better the window resists heat transfer.

Water Heater Terminology
Peak-hour demand
The maximum water usage, in gallons/hour, during the time of day when your family is
likely to use the greatest amount of hot water.
First-hour rating
The ability of a water heater to meet peak-hour demands. It measures how much hot
water the heater will deliver during a busy hour. The first-hour rating accounts for the
effects of tank size, and how quickly cold water is heated.
Standby losses
Storage water heaters constantly loose heat by conduction through the walls of the tank,
and through the first few feet of water pipes. To reduce standby losses, insulate the tank,
the first two feet of the cold water inlet pipe, and the first three feet of the hot water outlet
pipe.
Energy Factor
The efficiency of storage water heaters is indicated by its Energy Factor (EF), which is
based on an average hot water consumption of 64 gallons/day. The higher the EF, the
more efficient the water heater.
Recovery efficiency
How efficiently heat from the heat source is transferred to the water.
Storage capacity
The gallons of hot water a storage water heater can hold in the storage tank.
Water Heater Temperature
Water heaters have a thermostat that controls the temperature of the water. You can save
money by lowering the temperature of your water heater to 120°F (about midway
between the "Low" and "Medium" settings). If you have a dishwasher without a heating
element, you should leave your thermostat on the "Medium" setting (140°F).
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Lighting Terminology
Lumen
A lumen is the total amount of light emitted from a source. Lumens are typically used to
rate the output of lamps.
Lamp
The lighting industry uses the term lamp to refer to the source of light, the light bulb
itself, not the fixture where the light bulb is located.
Fixture
The physical item referred to as a "lamp," i.e., "table lamp" or "floor lamp," is called the
fixture by the lighting industry.
Incandescent lamp
The most common source of light, glass bulbs with a filament inside. Approximately
ninety percent of the energy consumed by an incandescent lamp is given off as heat
rather than light.
Fluorescent lamp
Fluorescent lamps are up to five times more efficient than incandescent lamps, and last
up to twenty times longer. They require a special fixture. Electronic ballast fluorescents
are a new efficient improvement over the traditional magnetic ballast fluorescents.
Fluorescent lamps are available as straight tubes, U-shaped tubes, circular tubes and
compact fluorescent lamps.
Compact Fluorescent Lamps
These fluorescent lamps are small, and are designed to fit in regular lamp sockets. They
do require a special fixture. The electronic ballast-based fluorescents are more efficient,
and produce better light than the older magnetic ballast models.
Color Rendition or CRI
The CRI rates the ability of the bulb to render an object's true color when compared to
sunlight. Look for lamps with a CRI of 80 or higher.
Color Temperature or CCT
The CCT refers to the color objects emit when heated to a certain temperature on the
absolute temperature scale (Kelvin). The lower numbers correspond to reddish color and
the higher to blue-white color. For color similar to incandescent lighting look for CCTs
around 2700.
Lamp
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Incandescent

90-95

2700

Cool-White Fluorescent

62

4100

Warm-White Fluorescent

51

3000

Compact Fluorescent

82

2700

Halogen

95+

2950
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Online Video Demonstrating an Inspection with an
Infrared Camera
http://www.nachi.tv/episode47
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Residential Energy Audits
By Ben Gromicko

Questions and Answers
* denotes correct answer

Homeowners Can do Energy Audits
T/F: Homeowners can do energy audits for themselves.
* True
False
T/F: The potential energy savings from reducing drafts in a home may range from 5% to 30%
per year.
* True
False
T/F: If the unit is more than 15 years old, the homeowner should consider replacing the system
with one of the newer, energy-efficient units.
* True
False

Professional Home Energy Auditor
A professional home energy auditor can use _____ techniques and equipment to determine the
energy efficiency of a home.
* a variety of
only one set of
two specific
invasive and destructive
The objective of an energy audit is to make good recommendations that will likely improve the
performance of the structure while lowering _____.
* energy consumption
the temperature
expectations
risk
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A _____ inspection at the property will find the more subtle conditions such as small air leaks
that might not have been so obvious during the first audit.
* second
mold
moisture

Energy Bills
It is important to request the energy bills of the home of the last _____ months from the
occupants or homeowner.
* 12
24
48
2
Safety
Before starting the blower door test, you must turn _____ all gas-fired appliances.
* off
on
over

Appliances and Electricity
Appliances account for about _____% of a household's energy consumption, with refrigerators,
clothes washers, and clothes dryers at the top of the consumption list.
* 17
5
25
51
One _____ watt-hours equals 1 kilowatt-hour.
* thousand
hundred
tenth
million
T/F: Refrigerators and freezers typically use more electricity than any other single household
appliance.
* True
False
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A homeowner should keep the refrigerator around 35 to 38 degrees Fahrenheit.
* True
False

Types of Insulation
_____-cell foam insulation is able to provide a better R-value where the space is limited.
* Closed
Open

Insulation Fundamentals
T/F: Heating and cooling takes accounts for 50 to 70% of the energy used in the average home in
the United States.
* True
False
Insulation provides ______ to heat flow.
* resistance
an open path
The _____-value is an indicator of insulation’s resistance to heat flow.
*R
H
T
Flow

Inspecting the Insulation
T/F: Adding more insulation where you already see insulation, such as in the attic, will likely
reduce energy bills.
* True
False
Air sealing _____ heat flow from air movement (convection).
* reduces
completely stops
increases
has no effect on
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T/F: There should not be any insulation in between the finished basement space (conditioned
space) and the floor above.
* True
False
T/F: For air to move into and out of a house, there has to be a pressure difference between the
inside and outside of the house.
* True
False
Wind pressures are generally _____ on the windward side of a building and _____ on the
leeward side.
* positive, negative
negative, positive
positive, neutral
neutral, negative
When air movement is caused by the ______ effect, the flow of air is in the vertical direction and
is along the path of least resistance.
* stack
fan
wind
surge
Houses with forced air HVAC systems that are not _____ properly can cause air leakage
problems.
* balanced
cleaned
attached
heating

Air Sealing
Air sealing is important because air carries both moisture and _____, usually in the direction that
your client does not want.
* energy
dampness
air
fungus
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The use of air barriers and air-leakage sealing practices can _____ the supply of combustion air
for fuel-fired equipment.
* reduce
increase
double
T/F: Most insulation will not stop air leaks.
* True
False
The use of air barriers and air-leakage sealing practices can _____ the supply of combustion air
for fuel-fired equipment.
* reduce
increase

Caulking
T/F: Polyurethane, expandable spray foam shrinks and expands moderately.
* False
True
In addition to sealing air leaks, _____ can also prevent water damage inside and outside of the
home when applied plumbing fixtures.
* caulking
paint
duct tape
solvents

Condensation on Double-Paned Windows
______ is the accumulation of liquid water on relatively cold surfaces.
* Condensation
Evaporation
Dessiccant
Saturation
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A _____ imaging camera can be used to identify failed windows by imaging unusual temperature
gradients.
* thermal
digital
compressed
glossy

Energy Performance Ratings for Windows
The rate at which a window, door, or skylight conducts non-solar heat flow is referred as the
_____ - factor.
*U
R
C
Flow
T/F: The higher the U-factor, the more energy-efficient the window, door, or skylight.
* False
True
_____ is the fraction of solar radiation admitted through a window, door, or skylight—either
transmitted directly and/or absorbed, and subsequently released as heat inside a home.
* Solar heat gain coefficient (SHGC)
U-factor
Solar transmittance
Visible gain (VG)
T/F: A product with a high SHGC rating is more effective at collecting solar heat gain during
the winter.
* True
False
To improve the thermal performance of windows with insulated glazing, some manufacturers fill
the space between the glass panes with _____.
* gas
moist air
water
beads
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T/F: The Low-E coating reduces the infrared radiation from a warm pane of glass to a cooler
pane, thereby lowering the U-factor of the window.
* True
False
_____ is the use of windows and skylights to bring sunlight into a home.
* Daylighting
Windowing
Lighting
Glazing

Exterior Doors
The R-values of most steel and fiberglass-clad entry doors range from _____ (not including the
effects of a window.)
* R-5 to R-6
R-1 to R-2
R-10 to R-12
R-18 to R-24
T/F: Weatherstripping to seal air leaks around movable joints, such as windows or doors, should
NOT be used in an energy efficient home.
* False
True
Felt weatherstripping is difficult to install and very expensive.
* False
True
T/F: Magnetic weatherstripping could be found on a refrigerator door.
* True
False

Heating and Cooling Systems
Heating and cooling account for about _____% of the energy use in a typical U.S. home, making
it the largest energy expense for most homes.
* 56
25
78
5
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Heat is transferred to and from objects via three processes: conduction, radiation, and _____.
* convection
induction
reduction
evaporation

T/F: The U.S. government has established a minimum rating for furnaces of 78%.
* True
False
A furnace that has an 80% AFUE rating converts _____% of the fuel that is supplied to heat.
* 80
20
50
92.5

Cooling Systems
T/F: A combination of proper insulation, energy-efficient windows and doors, daylighting,
shading, and ventilation will usually keep homes cool with a low amount of energy use in all but
the hottest climates.
* True
False

Natural Ventilation
_____ ventilation relies on the wind and the "chimney effect" to keep a home cool.
* Natural
Mechanical
Forced air
Hydronic

Ceiling Fans
If air conditioning is used, a ceiling fan will allow the homeowner to raise the thermostat setting
about _____°F with no reduction in comfort.
*4
1
12
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Cooling Using a Whole House Fan
Whole house fans should provide houses with _____ air changes per hour (varies with climate,
floor plan, etc.)
* 30-60
10-15
70-90
250
_____ ventilation will usually need to be increased to exhaust the whole house fan's air outdoors.
* Attic
Bathroom
Kitchen
Utility room

Air Conditioning
T/F: About two-thirds of all homes in the United States have air conditioners.
* True
False
Air conditioners use about _____% of all the electricity produced in the United States, at a cost
of over $11 billion to homeowners.
*5
1
20

Central Air Conditioning
New residential central air conditioner standards went into effect on January 23, 2006. Air
conditioners manufactured after January 26, 2006 must achieve a Seasonal Energy Efficiency
Ratio (SEER) of _____ or higher.
* 13
10
18
6
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Furnaces and Boilers
T/F: The AFUE rating for an all-electric furnace or boiler is between 95% and 100%.
* True
False
The minimum allowed AFUE rating for a non-condensing fossil-fueled, warm-air furnace is
_____%
* 78
65
89
_____-efficiency heating systems have a second heat exchanger that condenses flue gases for
extra efficiency.
* High
Mid
Low

Active Solar Heating
There are _____ basic types of active solar heating systems based on the type of fluid—either
liquid or air—that is heated in the solar energy collectors.
* two
three
one
T/F: Heating a home with an active solar energy system can significantly reduce the fuel bills in
the winter.
* True
False

Heat Pump Systems
T/F: When properly installed, an air-source heat pump can deliver one-and-a-half to three times
more heat energy to a home than the electrical energy it consumes.
* True
False
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T/F: In September 2006, the U.S. Department of Energy will begin enforcing a new standard that
will require central heat pumps to have a minimum rating of 7.7 HSPF.
* True
False
T/F: The Heating Seasonal Performance Factor (HSPF) rates both the efficiency of the
compressor and the electric-resistance elements.
* True
False

Water Heating
Water heating can account for _____% of the energy consumed in a home.
* 14 to 25
5 to 8
30 to 39
T/F: Because water is constantly heated in a conventional tank, energy can be wasted even when
a hot water tap isn't running.
* True
False

Reduce Hot Water Use
T/F: A leak of one drip per second can cost $1 per month.
* True
False
Federal regulations mandate that new showerhead flow rates can't exceed more than _____
gallons per minute (gpm) at a water pressure of 80 pounds per square inch (psi).
* 2.5
1.9
3.4
6.2
T/F: Washing dishes by hand several time a day is less expensive than operating an energyefficient dishwasher.
* False
True
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T/F: One feature that makes a dishwasher more energy efficient is a booster heater, which
increases the temperature of the water entering the dishwasher to 140 degrees.
* True
False
For each _____ºF reduction in water temperature at the water heater, a homeowner can save
between 3%–5% in energy costs.
* 10
2
25
T/F: Insulating the hot water pipes reduces heat loss and can raise water temperature 2ºF–4ºF
hotter than uninsulated pipes can deliver, allowing for a lower water temperature setting.
* True
False

Lighting
T/F: Artificial lighting consumes almost 15% of a typical household's electricity use.
* True
False
T/F: Compact fluorescent lamps are much more efficient than incandescent (standard) bulbs and
last about 6 to 12 times longer.
* True
False
CFLs contain a very small amount of _____ sealed within the glass tubing.
* mercury
gold
silver
kryptonite

Landscaping
T/F: The energy-conserving landscape strategies a homeowner can use should depend on which
region they live in.
* True
False
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The climate immediately surrounding the home is called its _____.
* microclimate
surrounding
outside
exterior barrier
T/F: Evapotranspiration is the process by which a plant actively moves and releases water vapor.
* True
False
If the home’s got an air conditioner, shading the unit can increase its efficiency by as much as
_____%.
* 10
2
32
T/F: A windbreak can lower the wind chill near a home.
* True
False
_____ is a systematic method of promoting water conservation in landscaped areas. It's based on
seven principles:
* Xeriscaping
Landscaping
Theraptixing
Evaportranspirating

Building Science
T/F: Building science is the collection of scientific knowledge that focuses on the analysis and
control of the physical phenomena affecting buildings.
* True
False
For every 10-degree (centigrade) increase in temperature, the rate of any chemical reaction
______.
* doubles
triples
quadrouples
is reduced by 50%
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T/F: For every 18% increase in relative humidity, the vapor pressure is doubled and the life of
wooden building materials is decreased by 50%.
* True
False
T/F: For every 20% increase in ultraviolet radiation (sunlight) there is a 50% decrease in the life
of most building materials.
* True
False

Basic Energy Principles
A Btu is the amount of heat needed to raise 1 pound of water _____ degree Fahrenheit.
*1
2
10
3.8
T/F: Heat always moves from a place of higher temperature to a place of lower temperature.
* True
False
T/F: Moisture moves from higher to lower concentration.
* True
False
T/F: Air moves from a place of higher pressure to lower pressure.
* True
False

How Moisture Moves
T/F: Air movement accounts for more than 98% of all water vapor movement in building
cavities.
* True
False
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Relative Humidity
T/F: Relative humidity (RH) refers to the amount of moisture contained in a quantity of air
compared to the maximum amount of moisture the air could hold at the same temperature.
* True
False
T/F: The Hygric Buffer Capacity is the storage water capacity of building materials.
* True
False

T/F: We learned that this picture shows moisture coming down the brick wall causing masonry
damage.
* True
False
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Wind will produce a positive pressure on one side (windward) and a negative pressure on the
opposite side (______).
* leeward
other
down
transposition

T/F: Sunlight on a wet brick wall will dry the wall but will also act to force heat and moisture
through the wall.
* True
False
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Blower Door Test
T/F: A blower door is a diagnostic tool designed to measure the airtightness of a building and to
help locate air leakage sites.
* True
False
T/F: The stack affect is a powerful force that can cause convective losses in many homes
particularly during the cold-in-winter months.
* True
False

T/F: This is an illustration of the stack effect.
* True
False
(#   !   $
* True
False
(#  &%'   
)" "/,  *$
* True
False
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* True
False
T/F: A house is “leaky” if at CFM/50 is 4,000 CFM/50 or above.
* True
False
T/F: A house is “tight” if the ACH/50 is less than 5.
* True
False

Finding Air Leaks
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T/F: Interior surveys are generally more accurate because they benefit from reduced air
movement.
* True
False
T/F: Infrared scanning allows energy auditors to check the effectiveness of insulation in a
building's construction.
'  
 

The most accurate thermographic images usually occur when there is a large temperature
difference (at least _____°F [14°C]) between inside and outside air temperatures.
* 20
*)
,)


        

T/F: The eye cannot see infrared radiation.
'  
 

T/F: Generally, a gradient color scheme is used in color thermal images, so that the hotter the
object the darker the image, and the cooler the object the whiter the image.
' 
 

_____ describes a material’s ability to emit or release the thermal energy which is has absorbed$
'!#
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* True
False
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