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take, bevond a piece of equipment, to successfully inte-

| A High-Tech Tool Meets
| Low-Income Weatherization
by John Snell

Infrared cameras—once only seen in
expensive R&D studies—are finding their
way into weatherization programs.
Several agencies time-share the equipment,
using it to train crews and inspect work.

or many vears infrared thermography seemed dis-
tant from the reality of the low-income weatheriza-
tion program. Maybe it had a place in well-funded
research studies. or maybe you could get a peek at a

_camera at a conference, but that was about it. I often
1 ' .
heard such comments as, “Oh ves, I read about that in

National Gcographlc " or “Great stuff, but how can we
afford that?” Well, the equlpment is no longer so obscure.
If you are involved with the weatherization program, you
are more likely than ever to hear about, see, use, or even
owninfrared imaging equipment. Thermographv has come
into its own as a weatherization tool.

To find out exactly how thermography is being used in
low-income weatherization, I sent questionnaires to 360
people around the country who work in all levels of the
federal program, and received 150 back.' I combined
their responses with the personal impressions and experi-
ences gained as a trainer of thermographic applications
during the past five years. I have worked with over 500
people from weatherization programs in 16 states who are
learning how this equipment works. The resulting com-
posite pu‘tuxe which [ share with vou here, is nnpreaswe
As of this point, at least 75 termm.: -aphic imaging sys-
tems are in regular use by weatherization programs in two
dozen states,

[ wanted to getat the answers to several questions in my
survey. First, how is this technology being used? Second,
what seem to be the best uses? And third, what does it

John Snell lives in Vermont, a place where the biggest source of
infrared radiation in the winter is wood stoves. He frequently
travels to places with more radiant heat to get warm and train
weatherization crews Lo use thermography.

grate thermography into a program?

Uses of Thermography in
Weatherization Programs

l i ere are some ways weatherization and related agen-
cies are using thermography.

Training: 1f any single application has emerged as the
best use of thermography, itis the role the tool can play in
training. First, itallows us to see something that was pretty
much invisible before. Seeing is believing. For instance,
the first time people see a thermal image of air leakage,
they usually break into a smile of satisfied recognition;
they usually know exactly what it is, because it looks just
like they always thought it would. Figure 1 is unveiled as
figure 2, which shows air leakage into a wall cavity under
natural pressure conditions.
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John Snell
Figure 1. With the naked eye, thermal patterns in the
walls can only be imagined.

Second, 90% of the imaging systems used in weatheri-
zation are video compatible. This means that the live or
recorded thermal image can be played on a television for
an entire crew to see: or a group of auditors in training
can incrementally seal a house and watch the reduction in
air leakage. With the house depressurized, the surfaces
chilled by cooler outside air grow dark before their eyes.
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Figure 2. The same shot as figure 1 through the infrared
imager shows voids in the wall cavities (dark squares) and
resulting cold air leakage into the ceiling.

This is powerful stuff! As a training tool, thermography
serves to bring state monitoring staffs and local agencies
into better communication with each other.

Several states, most notably Ohio and Pennsylvania, are
also using thermography in their training centers. Watch
for more of this as a way to justifv the purchase of IR
systems, which cost $14,000 to $24,000 and up.

Monatoring: The monitoring of local programs and con-
tractors by state-level administrations is another prime

use of the equipment. My survey shows two types of moni-
toring taking place in nearly every state using thermography.
The “big stick approach” is designed to reduce the inci-
dence of outright fraud. The monitoring agency can tell
builders they're going to inspect, “so don’t try to get away
with inadequate insulation.” A softer approach enables
the monitoring agency to more fully see the local pro-
gram'’s finished work and, as a result, to modily existing
support systems or design new ones. The state's purpose
with the soft approach is quality control rather than po-
lice work. The cooperative relationship allows the state to
help the programs see their work and improve it.

Taken together, fraud and general quality control prob-
lems, especially for sidewall insulation, have been shown
to be significant. Ron Ward, of Rhode Islanders Saving
Energy (RISE), a non-profit energy conservation service
(see HE. Jan/Feb '86), has accumulated data from over
3,000 infrared inspections. Even with solid training and
monitoring, about 15% of the sidewall work failed the
criterion of having less than 10 ft® of void area per house.
The control group, with little monitoring and training
(similar to conditions in the open market), contractor
failure rates were five to six times higher.

As for the effectiveness of the big stick approach to
monitoring, the results are hard to measure. No one
knows exactly how big a problem fraud is. never mind
how much is deterred by various methods of monitoring.
One major fraud case was the catalyst for a bulk purchase
of sixteen imaging systems in one state alone. Often the
mere threat of such “Inframan vision” is enough to dis-
suade a dishonest contractor.,

“Soft” monitoring has produced some excellent results.
One local agency found that the work of a sub—contractor’s

What is Infrared Thermography?

All objects emit infrared radiation, or heat. It is a form of
light, butit is outside the visible range. Thermographic equip-
ment senses this form of electromagnetic radiation, much as
your eyes sense light and colors. The camera then electroni-
cally displays the radiation as a visual image, or thermogram,
of the thermal patterns normally invisible to us. The equip-
ment is relatively easy to use., about as complex as a good
camera or videocamera. However, the interpretation of the

thermal image can be more difficult, requiring a background
in buildings and thermographic training aswell as experience
reading the images.

Figure 3 shows a typical imaging system, the L.S.I. Video-
Therm® Model 91, and the thermal image (Figure 4) that is
seen through the viewfinder of the system. In this image the
cold (dark) area over the door is an insulation void.
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Figure 4. What he sees.




crew. swhich was using

IR
= e atwo-ttole method for
blowing in stdewall in-
sulution, consistently
showed madequiune ther-
tad resistance. Alfter e
had changed to an in-
sertion tube method,
tollow-up thermal in-
speciions revealed adra-
Hilt improvement,
Figures D and b showa

cross-braced wadl intra-
redmonitorne showed
that this cress had not
seen the imporance of
following the instruc-
tons to "phunbd and
probe all caviees.”

John Snell

Figure 6. Thermogram of same wall.

Research and development projects: Thermography enjoys
ancimportant role in R&D. Many of the ground-breaking
studies by the Center for Energyv and Environmerntal Stud-
ies at Princeton University relied heailv on it More
recendy the Coalition for Ohio Appalachianr Develop-
ment (COAD) made thermographic inspections an inte-
aral part of their mobile-home study, Figures 7 and 8 are
thenmogrums taken from this soudy. Both are wken of the
same arca of wall, showing displacement of the fiber-glass
insulation, In each case a 23°F temperiure difference
existed bewween the inside and the outsinie wall surfaces,
but in figure 8 a blower door. which had been operating
tor [ive minutes, greatly enhanced the thermal pattern,
Several programs reported that they hope to be undertak-
iy R&D projects in the futire, especially to test materials
and instadlation procedures.

Lo Seding: Researchers and crews can leain even more
by asing a blower door in conjuncaon with the infraved
e dmmes cold wir through
[he IR cammere and the
blower door as many prograaus have lound, cach become
move valuable when teamed up together. Tuer wall air
leakage and bypasses that might not show up clearly in a

catner s they can see haw air leaks
walls, even through insulation,

smoke test are often shockinglv evident in a thermal
image. The camera can also see leaks in areas that are
futlvinsulaced (espectallvwith [iber glass) when the home
is depressurized. Figures 9 and 10 show such air leakage
nto o wall arca that is insulated with R-19 Hber glass,
Leaks that show up without the biower door are even

more dramatic with it turned on.

Problem: solving: Tdeallv, every anditor and crew in the
weatherizaton progrim would have casy access to an in-
frared imager, The intormation it can provide cannot be
gained as cusilv by anv other method. [tis also vital to help
accurately assess the problems in a building and effec-
tivelv solve them. especidlv when thevinvolve air leakage,
moistre, or partialbhv-imsulated cavities, Currently, prob-
lem solving on individual buildings, orindividual categories

"COAD
Figure 7. Thermogram of displaced fiber glass.

Figure 8.

Same shot with house depressurized reveals
more detail.
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of buildings, is only a minor use in the program. As more
and more local agencies gain access to equipment, this
will change. In fact, many community action programs
have already discovered how quickly duct separations in
mobile homes can be located—without pulling the cover-
ing off the underside of the mobile home.

Profit-making ventures: A handful of agencies are testing
the waters of commercial thermography with new profit-
making ventures. Some provide building inspections to
sister agencies, other housing programs, or utility-spon-
sored conservation programs. Again, expect some growth
in this application—it’s a natural.

Client education: Anyone who has ever used a thermogra-
phic imager in a client’s home has seen the impact it can
have with the homeowner. A few utility conservation
programs have incorporated thermography into client
education videotapes or “vanscan’type programs with
beneficial results. This applicaton, though, is essentially
untapped.

Selecting the Right Equipment

Nex[ to adequate administrative support, selection of
appropriate equipment and the training to use it ap-
pear most important throughout the two-dozen states us-
ing thermography. Before buving equipment, it is impor-
tant to define the goals of the program. If the major goal
is simply to spot check each house, then consider the less-
expensive point radiometer (see box). If anv substantial
monitoring or training is to be accomplished, then the
job must fall to an imager.

A small selection of appropriate infrared imagers is
available. The good news is that some fit the bill nearly
perfectlv. Looking at the more than 75 pieces of imaging
equipment now in the field, some interesting trends emerge.

 Portability: More than 95% are very portable, i.e. not
cart or harness mounted.

John Snell
Figure 9. Inconspicuous crack above the trim might be
overlooked by an untrained retrofitter.

Inframan catches Joe Blow-in red-handed.

Rick Stover

All electric operation: More than 90% are electrically
operated. The few systems that require either nitrogen
or argon coolants are either underutilized or used by
onlv a limited number of individuals; they are perfectly
fine systems, but the fact that thev are not all-electric
makes them more difficult to share among many users.

The most popular feature on an imager—and nearly
100% of those purchased in the last two vears have it—
is compatibility with video. What this means is that the
live or recorded thermal image, with audio, can be
shown with a VCR on a television set. The value of this
feature as a training tool, in particular, is immense.
Ease of use: This is the classic KISS (Keep It Simple
Stupid) principle at work. The most widely and fully
used systems are easy to operate, even if the thermogra-
pher hasn’t thought about them for 3—4 months.
Cost: New systems range from $14,000 on up. Used sys-
tems are sometimes available, but beware! Repairs, if
needed, can ruin an otherwise good bargain.

Interchangeable lenses: Several models can be quickly
adapted with differentlenses, much like a 33mm camera

John Snell
Figure 10. A blower door teamed with an infrared imager
reveals this striking image of air leakage.
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difference between inside and outis needed. Thisisnota
hard and fast rule, but, at least for beginners, it is impor-
tant. Obviously that means that during some months
inspections will be difticult, during others just plain im-
possible. Users have found several wavs to get around this
problem.

Most thermographers stretch the limits by working in
the mornings, outside temperatures having stabilized at a
minimum level overnight. Even in the summer, adequate
imaging can be done on many mornings. Unfortunately,
most weatherization programs like to keep their work
hours on an 8-5 schedule.

Many programs keep a blower door in their bag of
tricks, and use it to enhance temperature differences and
conduction patterns when weather isn't favorable. (The
blower-door depressurization draws outside air in through
cracks and voids in a dramatic fashion, as can be seen in
Figures 7 and 8.) Used with a blower door, thermography
can detect air leakage even with a smaller temperature
gradient; usually 5° is sufficient. (Whether outside is warmer
or colder than room temperature doesn’t matter.)

Inspection of ceilings, on the other hand, is easily done
from the inside most any time of the day or the vear.
Either high or low temperatures will result in a readable
lmage.

Because of the limited inspection season, work cannot
always be checked rightafter it is finished. Programs must

adapt their procedures so that a job can be “signed off,”
and the contractor paid (perhaps in part), yet keep some
control over having the deficient work corrected.

What’s Next?

Ioften hear folks speculate, with great hope, that the
price ot thermographic imaging equipment will come

down just like calculators did years ago. I'd be willing to

bet quite a lot of money that this will not happen, at least

not for 5 or 10 years. In the meantime. look for equip-

ment that does more and does it better.

Also, as the users of the first 75 systems make the
value of thermography clear, you'll be seeing more. More
equipment, more trained users, and more applications.
Probably most exciting is the prospect that the tech-
nology will see expanded use at the local program level,
both as a training and a qualitycontrol tool. Look out,
too. for studies that further quantify the value of ther-
mography as a weatherization tool. Regardless, it is a tool
that is here to stay, and its value is already being demon-
strated extensively.

So, keep vour eyes open, and you may just see some
things—Tlike infrared radiation—that you have never seen
before.

Endnote

1. Survev results to be published in Proceedings of the International
Society for Optical Engineening (Thermosense XI), Bellingham,
WA. Preview copies available from John Snell at 17 First Ave.,
Montpelier, VT 05602. Tel: (802) 229-9820.

ENHANCE YOUR EXPERTISE
with portable

INFRARED SCANNERS
from EXERGEN

Here are just a few of the things our
instruments will enable you to do:

e Find air leaks around windows and doors

e Locate drafts ® Check R-values

® Check air supply temperature

¢ Find open or leaky fireplace dampers

® Check for leaks in hidden steam lines

* Locate defects, voids and wet spots in insulation
e Check window reflective film or shading devices
Easy to use!

Fits in your pocket and your budget!

EXERGEN

CALL TODAY for more information
and the name of your local representative.

(800) 422-3006 « (508) 651-8146 in MA
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