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The main purpose of an energy
audit is to determine whether your
home wastes energy. and to pinpoint

where energy is being lost Audits also deter-
mine the e.:.cienCy of your home's heating
and cooling systems, and ways to conserve
hot water Audits can be very detailed,
using specific tools and techniques to pin-
point air leaks, or can be as simple as a
do-it-yourself audit.
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Tools and Techniques
Profess:onal audits can be simple or

complex The most frequent type of audit
is a walk-through More complex audits
often use tools such as blower doors.
infrared cameras. digital surface
thermometers, and smoke pencils
to detect leaks in the building's
envelope A building pressurization test
measures the leakiness of the bidding
envelope, and a thermographic
inspection reveals the often hard-to-
detect areas of infiltration and areas
where insulation is missing However.
these tests tend to be expensive
so most homeowners do not invest in such
detailed audits

THROUGH CEILINGS
5%

17%
THROUGH 3%

FRAME WALLS THROUGH

DOORS

THROUGH
WINDOWS47.1.
4.16%

tf
THROUGH
BASEMENT

WALLS
20%

1

1%
THROUGH
BASEMENT

FLOOR

:1

FS 224, 1st Edition, March 1989
The Service Is operated by Advanced Sciences Inc for the U S Department of Energy The statements herein are based on information known to the 5ervce at ine time of printing
No recommendation or endorsement of any product or service is implied by its mention here For more information please contact the Se vice at P u Box d900 Saver Sprang MD
20907 or call toll.free (800) 523.2929

AIR LEAKAGE THROUGH
CRACKS IN WALLS, WINDOWS

AND DOORS
38%

Air Leakage in a Home

Walk-Through
A walk-through is the most common

method of conducting an energy audit It

involves a room-by-room examiiiation of a
residence, as well as a thorough examina-
tion of :.rist heating and cooling bills A
walk-through takes note of the amount of
insulation in attics, crawl spaces. uncondi-
tioned basements, and other visually ac-
cessible parts of the building envelope,
type of building construction. types of win-
dows and doors. the occupants' energy-
use habits, and other factors that may af-
fect energy consumption

Thermographic Inspection
A thermographic inspection may be

performed as part of an energy audit
Thermography measures surface tempera-
tures using specially-designed infrared
cameras with heat sensitive film Images on
the film record the temperature variations of
the building's skin ranging from deep red
for warm regions to blue for cold regions
These pictures are termed thermograms
Thermography has many applications
Thermograms of electrical systems can
detect abnormally hot or cold electrical
connections, wires. or components Infrared
scans of mechanical systems can detect
excessive friction Energy auditors use ther-
mography to detect thermal radiation. con-
duct:on, and air leakage in building
envelopes

Infrared scanning can be used to
check the insulation in a building's walls
The resulting thermograms help auditors
determine whether insulation is needed, or
as quality control. to insure that insulation
has been installed correctly In addition to
using thermography during an energy
retrofit, a scan can be performed before
purchasing a house, even new houses can
have unexpected problems Some:imes a
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Clause requiring a scan of the house to
docume .t how well the house is insulated
is included in the contract Thermograms
are valid documentation in legal pro-
ceedings, but only when the inspection is
performed by a certified, trained
technician.

Infrared scanning consists of either
an interior or exterior survey An exterior
survey has a number of drawbacks
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 Air movement also affects the ability
to determine temperature differences The
greater the wind speed. the harder it is to
detect temperature differences on the out-
side surf ace of the building Thus. interior
surveys may be more effective due to
reduced air movement
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Building Pressurization
Building pressuizatior tests may also

be performed as part of an energy audit
These tests use a blower door to deter-
mine the susceptibility of a home to air in-
filtration These tests can also be used
during retrofits to help establish an ap
propriate level of airtightness within the
building's envelope Several reasons for
establishing the proper building tightness
are to reduce energy consumption due
to air leakage to avoid moisture conden-
sation problems. to avoid uncomfortable
drafts caused by cold air leaking Into the
airspace. and to assess the need for
mechanical ventilation

A blower door is a powerful fan that
mounts into the frame of a door leading
outsicie It is important that the blower
door has access to the outside so it can
evacuate air from the interior of the
house When the fan is turned on it pulls
air forcefully out of the house, Crealing a
partial vacuum inside the house The
higher outside air pressure will then force
outside air in through all unsealed cracks
and openings Blower doors are either
calibrated or uncalibr ed The calibration
device on the fan measures the amount
of air flowing through the house and out
through the fan Uncalibrated blower
doors can be used to help locate leaks in
homes, but a calibrated door provides
more specific information that can be
usea to evaluate the overall airtightness
of the home

Who Conducts An
Energy Audit

You can conduct your own doit
yourself audit, or you can have your local

utility or company contracted by the util-
ity, or a team of "house doctors" con-
duct the audit Most firms perform simple
audits which generally consist of a ques-
tionnaire to determine how energy is
used in the home, and a walk-through to
point out areas of energy loss.

Do-It-Yourself Audit
Much of the audit is easy enough for

you to do yourself When auditing your
home, make a list of obvious leaks Make
a note of any broken windows and be
sure to check basement windows for
looseness or broken panes. Determine
whether fireplace dampers, basement
doors, attic doors, and garage doors
close tightly. There are many potential
sites for air to leak into or out of your
home, including- windows and doors,
gaps around pipe and wire feedthroughs,
electrical outlets, foundation seals, mat!
slots, exhaust fans, attics, garage doors,
siding cracks, and old caulking. Here are
some simple steps for conducting an
audit

Room-By-Room
Check for indoor air leaks such as

gaps along the baseboard or edge of the
flooring, and at junctures of the walls and
ceiling See if air is flowing out through
electrical outlets and switch plates. Note
whethor exterior walls are insulated Com-
pare the R-value of your home's insula-
tion with the minimum R-value required
for your region

Inspect windows and doors for air
leaks See if you can rattle them, since
movement means possible air leaks If

light shines around door and window
frames. or if a piece of paper slides easily
between the frame and door or sash, the
door or window is leaky These leaks can
be sealed by caulking and weatherstripp-
ing Note whether existing caulking and
weatherstripping has been properly ap-
plied and is in good condition

If you are having difficulty lo iting
leaks, you may want to conduct your own
building pressurization test First, close
and lock all doors. windows, and
fireplace flues Then turn on all ventilating
fans (generally located in the kitchen and
bathrooms) This will increase infiltration
through cracks and leaks, making them
easier to detect Punk, incense sticks, or
your damp hand work well for locating
these leaks Moving air will cause the
smoke to waivt., and a breeze will be
easily felt as it cools your damp hand



: In the Attic
Note whether the attic insulation

meets minimum R-value standards for
your area. If the attic hatch is located
above a heated or cooled area, see if it is
properly insulated and weatherstripped
Determine whether openings for items
such as pipes, ductwork, and chimneys
are properly sealed

During retrofit work, any gaps should
be stuffed with insulation and caulked
whenever possible However, never cover
light fixtures with insulation Allow a 3-inch
space around these fixtures to avoid fire
hazards

Check to see if there is a vapor
retarder under the attic insulation If there
is no vapor retarder, during the retrofit
you may want to consider painting the in-
terior ceilings with vapor retarder paint to
reduce the amount of humidity that
passes through the ceiling Moisture can
reduce the effectiveness of insulation If

you have vents in your attic, be sure they
can be closed tightly to prevent heat loss
in winter, and that they are not blocked
by insulation

In the Basement
If unheated basement areas are

located under living spaces, determine
whether there is insulation under the floor-
ing Inspect the caulking and insulation
between the basement and floor of living
spaces Insulation where the top of the
foundation meets the floor should have
an R-value of 11 or greater If the b Ise-
ment is heated, the exterior walls shuuld
be insulated Check windows for broken
panes, cracks, or loose frames Note
whether all tot water pipes and ductwork
are insulated

Outside
Inspect the caulking wherever two

building materials meet Look for cracks
in places such as the mortar, foundation,
and siding. Other places to look for leaks
include all exterior corners, the spaces
between chimneys and siding or brick,
areas where the foundation meets the
bottom of exterior brick or siding, holes
or service entries for faucets, pipes, elec-
tric outlets, and wiring Check exterior
caulking around doors and windows, and
see whether exterior doors seal tightly
See if air is escaping around or through
your wall or window-mounted air
conditioner(s).

Heating/Cooling Equipment
Check to see if filters are clean They

should be changed about once a month
during periods of high usage Have a
professional test the efficiency of your
equipment

Residential and Commercial
Conservation Program

Energy audits may be available to
you from your local utility company
through the Federal Residential and Com-
mercial Conservation Program (RCCP)
The RCCP requires that large gas and
electric utilities perform energy audits of
their customers' homes 'loon request and
provide other related inturraation to thew
customers States Ere &Hawed to adopt
alternative residential conservation plans,
and utilities can seek waivers from the
RCCP requirements, sc you will need to
check with your local utility or state
energy office to see if RCCP audits are
available in your area The RCCP will end
on June 30, 1989 Many utilities.
however, will continue to offer similar
programs

The cost of an RCCP audit ranges
from no cost to a maximum of $15
Under the RCCP, home audits must in-
clude an inspection of windows, doors.
caulking, weatherstripping, insulation of
wells, attics, and floors, water heater in-
sulation, ducts, heating pipes, and
heating systems The auditors may or
may not use a blower door or infrared
camera The utility company is required
to monitor the quality of any retrofit work
done after the audit

If ;au are interested in receiving an
audit from your local utility. there are
several questions to research Does your
local utility provide home energy audits?
Flow much will it cost? Will the audit in-
clu,,e testing the efficiency of your fur-
nace? Will it include general conservation,
or just conservation of the utility's fuels? If
the utility does not conduct audits, you
may want to call your state energy office
to find out what other options are
availablE io you

House Doctors
House doctors usually work in teams

to audit a home using a blower door, in-
frared cameras, furnace efficiency meter,
and sometimes a digital surface ther-
mometer The advantage of house doc-
tors is that they carry out some energy-
conserving measures on site at the time
of the audit, so your payback period
begins immediately A house call con-

sisting of a 4 to 8 hour audit and follow-
up retrofit work costs around $300 to
$500 The house doctor will perform
tasks such as sealing hard-to-find leaks in
walls and attics, installing insulating
blankets around the hot water heater, ad-
justing the calibration on the thermostat
or installing a dual-setback clock ther-
mostat, putting flow restrictors on faucets,
tuning the furnace, and recommending
more extensive retrofit work i; necessary
The average savings in heating and cool-
ing bills after a call ranges from 5 to 30
percent annually, and the home is
generally more comfortable afterwards
due to fewer drafts

Before making a visit, the house doc-
tor usually analyzes the home's fuel bills,
and asks questions about thermostat set-
tings, number and types of appliarie;es,
number of occupants, and other pertinent
information From this the doctor
establishes what to look for during the
audit The team examines the outside of
the home to size the structure and
catalog the important features (e.g.
number and size of windows) They may
take pictures and measurements of the
house to have a record of the size and
details of the structure The team notes
the obvious energy problems, such as
cold rooms, inadequate insulation, and
leaky windows They conduct a room-by-
room survey to determine how well the
to iperature is balanced and whether the
thermostat is functioning properly

As with selecting any contractor, choos-
ing a house docto, requires some effort
and planning House doctors will prob-
ably be listed under "Energy Conserva-
tion" in the Yellow Pages Before
contracting with a house doctor, there are
several items you should verify

1 Ask for at least three references, and
contact all three Ask the references if
they were satisfied with the work

2 Call the local utility and ask for any in-
sights on the company's reputation

3 Check with the Better Business
Bureau for any records of complaints
about the company

4 Make sure the company uses a
calibrated blower door, since this is
the only way to measure the effec-
tiveness of the work done

5 Make sure that they conduct a ther-
mographic inspection, or contract
another company to conduct one

6 Don't let yourself be pushed into a
contract Take your time and pick a
firm with which you feel comfortable.
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What To Do When Your
Home is Being Audited
1. Make a list of any problems, questions,

or upgrades that you might want to
discuss with the auditor. Have copies
or a summary of the year's energy
bills for all fuels. (Your utility should
have a set of your records.) Make a
note of occupant behavior. Some
questions to consider are: Is anyone
home during working hours? What is
the average thermostat setting for
summer? For winter'? Are there any
conservation tips that he can offer'?
Does he have any advice on specific
projects that you may be undertaking?

2. Walk through your home with the
auditor as he measures spaces,
checks the c edition of caulking,
weatherstripping, and insulation, and
looks for areas of ,nfiltration. Ask any
questions you may haw) as you go
along. The auditor may use a smoke
pencil to demonstrate air leaks.

3. Ask what the findings show Does the
auditor have any suggestions for im-
proving the energy efficiency of your
home, such as recaulking, adding
storm windows, or putting in additional
insulation? What would be the cost
and payback periods of any im-
provements that he suggests? Does
the company &ler any financing or
other incentives for more expensive
retrofits?

Summary
Energy audits can be as simple as a

do-a-yourself cr a walk-through and
examination of your annua' energy bills,
or as involved as a full audit using ther-
mography and building pressurization.
Energy audits are important in determin-
ing how much energy your home uses
each year, and whether this energy is
used effectively. Your state energy office
or local utility company may be able to
provide you with workbooks and instruc-
tions on conducting your own energy
audit. They should also be able to pro-
vide you with a list of companies -1,-:at can
audit your home in mcre detail. Many
utilities will provide the homeowner with
an audit at a low cost

Implement any audit measures that
you can afford and that appear to offer
reasonable payback (i.e. less than 6
years). This will free up money that would
otherwise be spent on energy bills. It will
also ensure that the time, money, and

effort that went into your audit were
worthwhile. Many improvements can be
adjusted to your preference or lifestyle,
but any improvements will help lower
your energy bills

The following publications provide
further information on energy audits. This
list does not cover all the available books,
reports, and articles on energy audits, nor
is the mention of any publication to be
considered a recommendation or
endorsement To obtain the publications
in this bibliography, contact your local
library, bookstore, or the publisher.
Check the prices through your bookstore
or the publisher before placing an order

Books and Pamphlets

Handbook of Energy Audits . A
Thumann, The Fairmont Press, Inc., P 0
Box 14227, Atlanta, GA 30324, 1983,
443 pp

The Home Energy Audit . R Mont-
gomery; John Wiley and Sons, Inc , 605
Third Ave , New York, NY 10158, 1982,
191 pp. (Out of print.)

The Home Energy Decision Book . G.
Coe, M. Eaton, and M. Garland, Sierra
Club Books, 530 Bush St., San Fran-
cisco, CA 94108, 179 pp, 1984

How to Do It: New Jersey Home
Energy Savings Workbook #2 .. New
Jersey Department of Commerce,
Energy, and Economic Development,
Office of Operations, 101 Commerce St ,

Newark, NJ 07102-5281, 61 pp, 1988

Reports

Computerized Instrumented Residen-
tial Audit (CIRA) . Lawrence Berkeley
Laboratory, June 1984, 10 pp. Rept. No.
LBL-PbB-473-1, available from NTIS (see
Source L st).

Demonstration House Doctor Pro-
gram: Final Project Report M

McKeever and D. van Houweling, Central
Oregon Renewable Resources, Inc.,
December 1982, 33 pp. Rept. No.
DOE/R0/01327-TI, available from NTIS
(see Source List).

Energy Analysis Program: Annual
Report, FY 1984. E Cairns and M.
Rothkopf, Lawrence Berkeley Laboratory,
May 1985, 94 pp Rept No LBL-18755,
available from NTIS (see Source List).

Energy Savings One and Two Years
After Participation in Minrsco? Home
Energy Audit and Retrof....oan Pro-
grams ... E. Hirst and R. Goeltz, Oak
Ridge National Laboratory, January 1985,
45 pp. Rept. No ORNUCON-168,
available from NTIS (see Scu'? List).

Evaluation of the Missouri Division of
Energy Class B Energy Audit Project

D.R. Barnett; Missouri Dept of Natural
Resources, April 1984, 27 pp Rept. No.
NP-4901204, available from NTIS (see
Source List).

Michigan Community Based Ther-
mogram Information Program: Com-
parison of Participants and Nonpar-
ticipants ... J Jeppeseh, Michigan Dept
of Commerce, 1983, 9 pp Rept No.
DOE/CS/60204-2, available from NTIS
(see Source List).

Real World Applications: Field Testing
the Value of House Doctors as an
Incremental Conservation Measure
D Engels and H Peach, National Con-
ference on Energy Program Evaluation,
Chicago, IL, August 1985, 107 pp Rept.
No. CONF-8508111-VOL 1, available
from NTIS (see Source List)

Articles
Are RCS Energy Audits Valid? E Hirst
and R Goeltz, ASHRAE Journal
26(7) 24-27, June 1984

Blower Door Fundamentals
Solar Age 11(1) 69-71,
December/January 1986.

R Zilin,

Blower Doors Infiltration Is Where the
Action Is E. Mills; Energy Auditor and
Retrofitter 3(2).6-13, March/April 1986

Blower Doors. A Subsidized Success
Energy Auditor and Retrofitter
4(5).27-31, September/October 1987

Blower Doors Variations in Leakage
Measurements P. duPont, Energy
Auditor and Retrofitter 3(5) 7-10,
September/October 1986
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I'
1 Energy Audits as an Investment: The

Residential Conservation Service Program
... M. Frankel and J. Duberg, Public
Utility Fortnightly 113(8):20.25, April
1984.

Energy Doctors .. D Best; Rods le's
Practical Homeowner 2(2) 84.86,
February 1987.

Low Energy or Low Quality .. S Zucker-
man; Energy Auditor and Retrofitter
4(3):10.13, May/une 1987

CORRECTION

Practical Techniques for Residential Ther-
mography ... L. Allen and S. Allen;
Energy Auditor and Retrofitter 3(1) 6-9,
January/February 1936.

Strong-Armed Retrofit Software R

Nelson, Solar Age 10(4) 61.64, April
1985.

On page 3, column 1, paragraph , the
last sentence "If you have vents in
your attic, be sure they can be closed
tightly to prevent heat loss in win
ter, and that they are not blocked by
insulation" should read "If you have
vents in your attic, be sure that they
are riot blocked by insulation."

Source List

National Technical Information Service
(NTIS)

5285 Port Royal Road
Springfield, VA 22161


