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lectricity bills, oil bills, gas bills - E all homeowners pay for one or 
more of these utilities, and wish they 
paid less. Often many of us do not 
really know how to control or reduce 
our utility bills. We resign ourselves to 
high bills because we think that is the 
price we have to pay for a comfortable 
home. We encourage our children to 
turn off the lights and appliances, but 
may not recognize the benefits of 
insulating the attic. 

Why Should You Insulate? 
Heating and cooling ("space 

conditioning") account for 50 to 70% of 
the energy used in the average 
American home. About 20% goes for 
heating water. On the other hand, 
lighting and appliances and everything 
else account for only 10 to 30% of the 
energy used in most residences. It 
makes good sense to turn lights and 
appliances off when they are not 
needed, and you'll save even more on 
your energy costs if your reduce the 
amount of energy needed for heating 
and cooling. 
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Unless your home was constructed 
with special attention to energy 
efficiency, adding insulation will 
probably reduce your utility bills. Much 
of the existing housing stock in the 
United States is not insulated to the 
best level. Older homes are likely to 
use more energy than newer homes, 
leading to very high heating and air- 
conditioning bills. Even if you own a 
new home, adding insulation may save 
enough money in reduced utility bills to 
pay for itself within a few years, 
continue to save you money for as long 
as you own the home, and increase 
the resale value of your house. 

The Crucial Role ofThermal 
Insulation 

Inadequate insulation and air 
leakage are leading causes of energy 
waste in most homes. Insulation saves 
money and our nation’s limited energy 
resources. It can also make your 
house more comfortable by helping to 
maintain a uniform temperature 
throughout the house. Walls, ceilings, 
and floors will be warmer in the winter 
and cooler in the summer. Insulation 
can also act as a sound absorber or 
barrier, keeping noise levels down. 

It is possible to add insulation to 
almost any house. You may be able to 
do the job yourself if the structural 
framing is accessible - for instance, in 
unfinished attics or under the floor over 
an unheated space. Or, you may 
prefer to hire an insulation contractor. 
In either case, it is important to choose 
and install the insulation correctly. 

The amount of energy you conserve 
will depend on several factors: your 
local climate; the size, shape, and 
construction of your house; the living 
habits of your family; the type and 
efficiency of the heating and cooling 
systems; and the fuel you use. Once 
the energy savings have paid for the 
installation cost, energy conserved is 
money saved - and the annual savings 
will increase if utility rates go up. 

Insulation Priorities 

0 Insulate your attic to the 
recommended level, including the attic 
door, or hatch cover. 
0 Provide the recommended level of 
insulation under floors above unheated 
spaces, around walls in a heated 
basement or unventilated crawl space, 
and on the edges of slabs-on-grade. 
0 Use the recommended levels of 
insulation for exterior walls for new 
house construction. When remodeling 
or residing your house, consider using 
the levels recommended for new 
construction in your existing walls. 

It is most important to: 

HOW DOES INSULATION 
WORK FOR YOU? 

eat flows naturally from a warmer 
to a cooler space. In the winter, 

this heat flow moves directly from all 
heated living spaces to adjacent 
unheated attics, garages, and 
basements, or to the outdoors; or 
indirectly through interior ceilings, 
walls, and floors - wherever there is a 
difference in temperature. During the 
cooling season, heat flows from 
outdoors to the house interior. To 
maintain comfort, the heat lost in 
winter must be replaced by your 
heating system and the heat gained in 
summer must be removed by your air 
conditioner. Insulating ceilings, walls, 
and floors decreases this heat flow by 
providing an effective resistance to the 
flow of heat. 

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. In calculating 
the R-value of a multi-layered 
installation, the R-values of the 
individual layers are added. Installing 

more insulation in your home 
increases R-value and the resistance 
to heat flow. 

The effectiveness of an insulated 
wall or ceiling also depends on how 
and where the insulation is installed. 
For example, insulation which is 
compressed will not give you its full 
rated R-value. Also, 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. That is, the overall R- 
value of a wall with insulation between 
wood studs is less than the R-value of 
the insulation itself because the wood 
provides a thermal short-circuit around 
the insulation. The short-circuiting 
through metal framing is much greater 
than that through wood-framed walls; 
sometimes the metal wall’s overall R- 
value can be as low as half the 
insulation’s R-value. With careful 
design, this short-circuiting can be 
reduced. More information about 
whole-wall R-values can be found on 
the Web page referenced on page 18. 

DOES YOUR HOME NEED 
MORE I NSU LATl ON? 

o begin to answer this question, 
you must first find out how much 

insulation you already have and then 
determine how much more would be 
cost-effective. Many older homes have 
less insulation than homes built today. 
A qualified home energy auditor will 
include an insulation check as a 
routine part of an energy audit. For 
information about home energy audits, 
call your local utility company. State 
energy offices are another valuable 
resource for information. An energy 
audit of your house will identify the 
amount of insulation you have and 
need, and will likely recommend other 
improvements as well. 

If you don’t have someone else 
inspect your home, you’ll need to look 
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Figure 1. Examples of Where to Insulate 

1. In unfinished attic spaces, insulate between and over the floor joists to seal off living 
spaces below,' 
1A attic access door 

2. In finished attic rooms with orwithout dormer, insulate ... 
2A 
28 
2C 
2D 

between the studs of "knee" walls; 
between the studs and rafters of exterior walls and roof; 
ceilings with cold spaces above; 
extend insulation into joist space to reduce air flows. 

walls between living spaces and unheated garages, shed roofs, or storage areas; 
foundation walls above ground level; 
foundation walls in heated basements, full wall either interior or exterior. 
(See Builder's Foundation Handbookon page 79,) 

3. All exterior walls, including.,. 
3A 
38 
3C 

4. Floors above cold spaces, such as venfed crawl spaces and unheated garages. Also insulate. .. 
4A any portion of the floor in a room that is cantilevered beyond the exterior wall below; 
48 slab floors built directly on the ground;*' 
4C as  an alternative to floor insulation, foundation walls of unvented crawl spaces; 
4D extend insulation into joist space to reduce air flows. 

5. Band joists. 

6. Replacement or storm windows and caulk and seal around all windows and doors. 

1 

* Well-insulated atfics, crawl 
spaces, storage areas, and 
other enclosed cavities should 
be ventilated to prevent 
excessive moisture build-up. 

slab on grade insulation 
should be installed to the 
extent required by building 
codes, or greater. 

** For new construction, 



fable '1 Types of Insulation-Basic Forms 

cavities or open new wall 
cavities 

Blankets: Batts or Rolls Fitted between studs, 
Fiber glass 
Rock wool 

retrofits (adding insulation to 
existing finished areas) 

I Loose-Fill (poured in) 
Vermiculite or Perlite" 

Loose-Fill (blown-in) or 
Spray-applied 

Rock wool 
Fiber glass 
Cellulose 
Polyurethane foam 

Blown into place or 
spray applied by 
special equipment 

Rigid Insulation 
Extruded polystyrene 
foam (XPS) 
Expanded polystyrene 
foam (EPS or 
beadboard) 
Polyurethane foam 
Polyisocyanurate foam 

Interior applications: 
Must be covered with 
ll2-inch gypsum 
board or other 
building-code 
approved material for 
fire safety 

Exterior applications: 
Must be covered with 
weather-proof facing 

Reflective Systems 
Foil-faced paper 
Foil-faced polyethylene 
bubbles 
Foil-faced plastic film 
Foil-faced cardboard 

Foils, films, or 
papers: Fitted 
between wood-frame 
studs joists, and 
beams 

and ceilings 1 

Suited for standard stud and 
joist spacing, which is relatively 
free from obstructions 

Basement walls 

Exterior walls under 
finishing (Some foam 
boards include a foil 
facing which will act as a 
vapor retarder. Please 
read the discussion about 
where to place, or not to 
place, a vapor retarder) 

Unvented low slope roofs 

*not currently used for home insulation, but may be found in older homes 

for insulation in several places. Figure 
1 shows the places in a typical house 
where insulation should be installed. 
These are the areas you should check. 
In each location, you'll need to 
measure the thickness of the insulation 
and identify which type of insulation 
was used (see "Types of Insulation - 
Basic Forms" in Table 1). 

Your home may have one or more of 
several different insulation materials. 
Mineral fiber insulation, including fiber 
glass and rock wool, is produced from 
either molten glass, slag, or rock. 
Fiber glass insulation is usually very 
light-weight, and yellow, pink, or white 

High insulating value for 
relatively little thickness 

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

~ 

Unfinished ceilings, walls, 
and floors 

Do-it-yourself 

All suitable for framing at 
standard spacing. Bubble-form 
suitable if framing is irregular or 
if obstructions are present 

Effectiveness depends on 
spacing and heat flow direction 

in color. Fiber glass can be found in 
loose-fill and blanket, either batt or roll, 
forms. Rock wool loose-fill is usually 
more dense than fiber glass, and is 
most commonly gray with black 
specks. Some rock wool products, 
however, are near-white. Loose-fill 
cellulose insulation is commonly 
manufactured from recycled newsprint, 
cardboard, or other forms of waste 
paper. Most cellulose is in the form of 
small flat pieces rather than fibers. 
However, some cellulose products are 
so finely divided they look fibrous as 
well. Vermiculite- and perlite-loose-fill 
products are no longer commonly 

used as home insulation, but you may 
find them in an older home. They are 
produced by expanding naturally 
occurring minerals in a furnace. The 
resulting granules are non-combustible 
and are commonly poured-in-place. 

First, check the attic; then check 
walls and floors adjacent to an 
unheated space like a garage or 
basement. In these places, the 
structural frame elements (the ceiling 
joists or wall framing boards) are often 
exposed, making it easy to examine 
the insulation (if any) and to measure 
the depth or thickness of the insulation. 
It is more difficu!t to inspect finished 
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exterior walls. One method is to use 
an electrical outlet on the wall, but first 
be sure to turn off the power to the 
outlet. Then remove the cover plate 
and shine a flashlight into the crack 
around the outlet box. You should be 
able to see whether or not insulation is 
in the wall. You may need to pull a 
small amount out to determine which 
type of material was used. Also, you 
should check separate outlets on the 
first and second floor, and in old and 
new parts of the house, because wall 
insulation in one wall doesn't 
necessarily mean that it's everywhere 
in the house. An alternative to 
checking through electrical outlets is to 
remove and then replace a small 
section of the exterior siding. 

Next, inspect and measure the 
thickness of any insulation in 
unfinished basement ceilings and 
walls, or above crawl spaces. If the 
crawl space is not ventilated, it may 
have insulation on the perimeter wall. 
If your house is relatively new, it may 
have been built with insulation outside 
the basement or foundation wall. 
However, this insulation would not be 
visible because it would be covered by 
a protective layer of stucco, plastic, 
fiber glass, metal flashing, or a rigid 
protection board. The builder or the 
original homeowner may be able to tell 
you if such exterior insulation was 
used. 

Compare your findings with 
recommended levels of insulation by 
following the steps described next. 

DETERMINING THE R-VALUE 
YOU NEED FOR AN EXISTING 

HOUSE 

he amount of insulation you need T depends on the climate, type of 
heating (gas, oil, electricity) you use, 
and the section of the house that you 
plan to insulate. The attic is the first 
area to consider because it is 

accessible and therefore less 
expensive to insulate. 

A computer program is available to 
help you calculate the amount of 
insulation appropriate for your house. 
This program will run on a personal 
computer and the reference sources 
on page 18 tell you how to find it on 
the Internet. The program is called the 
ZIP-Code because it includes weather 
and cost information for local regions 
defined by the first three digits of each 
postal service zip code. The program 
also allows you to define your own 
local costs and certain facts about your 
house to improve the accuracy of the 
recommendations. If you don't want to 
use this computer program (or other 
computer programs that exist), or just 
want to make a quick estimate, you 
can follow the steps outlined here. 

Tables 1 and 2 will help you to identify 
the type of insulation and its R-value 
as presently installed. Determine the 
kind of insulation you have from Table 
1, and circle it on Table 2. Then, 
multiply the thickness of your insulation 
by the "R-value per inch". This will give 
you the total R-value of your existing 
insulation. 

The next step is to compare the R- 
value of your insulation with the 
recommended total R-value for your 
house and your type of space heating. 
These recommended R-values can be 
found by using Tables 3, 4, and 5. 
(More precise recommendations than 
can be shown in this fact sheet can be 
found for your zip-code on the Internet 
site shown on page 18). 

Find the first three numbers of your 
zip code in Table 3 to determine the 
Insulation Zone for your location (or 
look at Fig. 2). Next go to Table 4 to 
find out which Insulation Group is 
appropriate for your Insulation Zone 
and heating system type; be sure to 
use the columns labled "Existing 
Houses". Then, on Table 5, locate your 
Insulation Group in the left column. 
Reading across this line, find the 
recommended R-values for the various 
parts of your house. Having 
determined these recommended R- 

t 

values, use the formula on the bottom 
of Table 2 to subtract the R-value of the 
insulation already in your home. The 
result will be the R-value you should 
add. 

You can use the information on Table 
2 to estimate the thickness required 
from different materials to achieve this 
added R-value. This approximate 
thickness may help you choose your 
insulation material, especially if you 
are working within a confined space. 
However, when purchasing or installing 
new insulation, always consult the 
product label for accurate thickness 
information. Many special products 
have been developed to give higher R- 
values in a smaller thickness. On the 
other hand, some materials require a 
greater initial thickness to offset 
eventual settling or to assure that you 
get the rated R-value under a range of 
temperature conditions. 

When you stack new insulation on 
top of existing attic insulation, the 
existing insulation is compressed a 
small amount. This will slightly 
decrease the R-value of the existing 
insulation. This effect is most important 
if the new insulation is more dense 
than the old insulation. You can 
compensate for this stacking effect and 
achieve the desired total R-value by 
adding about one extra inch of 
insulation if the old insulation is fiber 
glass, or about 1/2 inch if the old 
insulation is rock wool or cellulose. 

As an example of the use of the 
tables, consider an existing house in 
St. Paul, Minnesota (zip code 55103) 
with a gas furnace. Table 3 shows that 
the region with zip codes starting with 
551 are in Insulation Zone 8. Now look 
at Table 4 and locate Insulation Zone 8 
in the left-hand column. Next look for 
the gas heat column under "Existing 
Houses", which shows that the 
Insulation Group for this house is E5. 
Looking at Table 5, the recommended 
R-value for attic floor insulation for 
Insulation Group E5 is R-38. If the 
existing attic floor insulation has an R- 
11 insulation value, then an additional 
R-27 would be needed to bring the 
attic floor insulation up to the level 

5 



recommended for that house. The 
homeowner could then check Table 1 
to find several choices. Remember to 
buy the new insulation based on this 
R-value, and to check the product label 
to determine the proper thickness of 
the new insulation. Choosing a slightly 
higher level of insulation, such as R- 
30, would serve to offset the stacking 
effect discussed above. 

Fiber glass blanket or batt 

MAKING YOUR DECISION 

2.9 to 3.8 (use 3.2) 

he amount of money you are willing P to invest in insulation will of course 

Loose-fill fiber glass 

Loose-fill rock wool 

depend on your personal finances. 
But remember that the initial 
investment will pay for itself in reduced 
energy consumption, particularly 
where the amount already installed is 
substantially less than recommended. 
If fuel and electrical power costs rise, it 
will make even more sense to invest in 
insulation. If you are financing a new 
home, or a major home improvement, 
you may wish to check to see if banks 
in your area allow larger loan amounts 
for energy efficient housing. 

The insulation levels recommended 
here were chosen based on a life- 
cycle cost analysis. This analysis 
includes many assumptions about 
system efficiencies, and what rate of 
return you would like to earn on 

2.3 to 2.7 (use 2.5) 

2.7 to 3.0 (use 2.8) 

your investment. If you want to find out 
more about how the recommended 
insulation levels were chosen, please 
see the Supporting Documentation in 
the list of US DOE publications on 
page 19. Also, remember that the ZIP- 
Code computer program on the 
Internet (see page 18) will let you 
calculate insulation levels for your own 
set of assumptions about costs, 
efficiencies, and desired return on 
investment. 

Perlite or vermiculite 

fable 2. Evaluating the R-value of Insulation Previously Installed in Existing Homes 
(Includes Effects of Aging and Settling). 

2.4 to 3.7 (use 2.7) 

Extruded polystyrene board 

Hiah oerformance fiber alass blanket or batt I 3.7 to 4.3 (use 3.8) 

4.5 to 5 (use 4.8) 

~ ~~ ~ 

Spray polyurethane foam 

Loose-fill cellulose I 3.4 to 3.7 [use 3.51 

5.6 to 6.3 (use 5.9) 

Polvisocvanurate board. foil-faced 17 

Use this formula to determine the R-value of your existing insulation: 

n x u =  0 
Thickness (inches) x R-value per inch = Total R-value 

Use this fomula to determine how much insulation you need to add: 

I--= - 
Tofal recommended - Existing insulation = R-value needed 

R-value R-value 

Do you want to know if you have the space available to add the insulation you need? Then use this formula to 
determine the approximafe thickness you need to add: 

1- f 1 1  = 1-1 
R-value needed f R-value per inch = Approximate thickness needed 

However, remember to use the product information on the insulation 
packaging to determine the actual thickness for any new insulation. 
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Table 3. Zip Codes and Corresponding Insulation Zones For Use With Recommendations in Table 4 
123 9 

IfYourBp Your 124 9 

010 
01 1 
012 
013 
014 
015 
016 
017 
01s 
019 
020 6 
021 6 
022 6 
023 6 
024 6 
025 8 
026 6 
027 6 
028 8 
029 8 
030 9 
031 9 
032 9 
033 9 
034 9 
035 9 
036 9 
037 9 
038 9 
039 9 
040 9 
041 9 
042 9 
043 9 
044 9 
045 9 
046 9 
047 9 
048 9 
049 9 
050 9 
051 9 
052 9 
053 9 
054 9 
056 9 
057 9 
058 9 
059 9 
060 9 
061 9 
062 9 
063 9 
064 9 
065 9 
066 8 
067 9 

6 
6 
8 
8 
8 
8 
8 
8 
8 
6 

068 9 
069 9 
070 6 
071 6 
072 6 
073 6 
074 6 
075 6 
076 6 
077 6 
078 8 
079 8 
080 6 
081 6 
082 6 
083 6 
084 6 
085 6 
086 6 
087 6 
088 6 
089 6 

300 
100 8 
101 8 
102 8 
103 8 
104 8 
105 8 
106 8 
107 8 
108 8 
109 9 
110 8 
111 8 
112 8 
113 8 
114 8 
115 8 
116 8 
117 0 
118 0 
119 8 
120 9 
121 9 
122 9 

126 9 
127 9 
128 9 
129 9 
130 9 
131 9 
132 9 
133 9 
134 9 
135 9 
136 9 

137 9 
138 9 
139 9 
140 9 
141 9 
142 9 
143 9 
144 9 
145 9 
146 9 
147 9 
148 9 
149 9 
150 8 
151 8 
152 8 
153 8 
154 8 
155 8 
156 9 
157 8 
158 9 
159 8 
160 8 
161 8 
162 9 
163 8 
164 9 
165 9 
166 9 
767 9 
168 8 
169 9 
170 8 
171 8 
172 8 
173 8 
174 8 
175 8 
176 8 
177 8 
178 8 
179 8 
180 8 
181 8 
182 9 
183 8 
184 8 
185 8 
186 0 
187 0 
188 9 
189 8 
190 8 
191 8 

193 8 
194 8 
195 8 
196 8 
197 7 
198 7 
199 7 

2OD 
200 7 
201 7 
202 7 
203 7 
204 7 
205 7 
206 a 

208 a 
207 8 

209 8 
210 8 
211 8 
212 8 
213 8 
214 8 
215 9 
216 8 
217 9 
218 7 
219 9 
220 8 
221 8 
222 8 
223 8 
224 8 
225 8 
226 9 
227 8 
228 9 
229 8 
230 8 
231 8 
232 8 
233 7 
234 7 
235 7 
236 7 
237 7 
238 7 
239 7 
240 8 
241 8 
242 7 
243 9 
244 9 
245 8 
246 9 
247 7 
248 7 
249 7 
250 7 
251 7 
252 7 
253 7 
254 7 
255 7 
256 7 
257 7 
258 7 
259 7 

260 7 
261 7 
262 7 
263 7 
264 7 
265 7 
266 7 
267 7 
268 7 
270 7 
271 7 
272 8 
273 8 
274 8 

275 7 
276 7 
277 7 
278 7 
279 7 
280 7 
281 7 
282 7 
283 7 
284 5 
285 7 
286 8 
287 9 
288 9 
289 9 
290 5 
291 5 
292 5 
293 5 
294 4 
295 5 
296 5 
297 5 
298 4 
299 4 

3829 
300 5 
301 5 
302 5 
303 5 
304 4 
305 5 
306 5 
307 5 
308 5 
309 5 
310 4 
311 4 
312 4 
313 4 
314 4 
315 4 
316 3 
317 4 
318 4 
319 4 
320 4 
321 4 
322 4 
323 5 
324 4 
325 4 
326 3 
327 3 

328 3 
329 3 
330 3 
331 3 
332 3 
333 3 
334 3 
335 3 
336 3 
337 3 
338 3 
339 3 
342 3 
344 3 

346 3 
347 3 
349 3 
350 5 
351 5 
352 5 
354 5 
355 7 
356 7 
357 7 
358 7 
359 7 
360 5 
361 5 
362 5 
363 4 
384 4 
365 4 
366 4 
367 4 
368 5 
369 5 
370 5 
371 5 
372 5 
373 5 
374 5 
376 5 
377 5 
378 5 
379 5 
380 5 
381 5 
382 5 
383 5 
384 5 
385 7 
386 5 
387 4 
388 4 
389 4 
390 4 
391 4 
392 4 
393 4 
394 3 
395 3 
396 3 
397 4 

400 
400 5 
401 5 
402 5 
403 5 

404 5 
405 5 
406 5 
407 5 
408 5 
409 5 
410 7 
411 5 
412 5 
413 7 
414 7 
415 5 
416 5 
417 5 
410 5 
420 5 
421 5 
422 5 
423 5 
424 5 
425 5 
426 5 
427 5 
430 8 
431 8 
432 8 
433 8 
434 8 
435 8 
436 8 
437 8 
438 8 
439 8 
440 8 
441 8 
442 8 
443 8 
4448 
445 8 
446 8 
447 8 
448 8 
449 8 
450 5 
451 5 
452 5 
453 8 
454 8 
455 8 
456 5 
457 7 
458 8 
460 7 
461 7 
462 7 
463 8 
464 8 
465 8 
466 8 
467 8 
468 8 
469 8 
470 5 
471 5 
472 5 
473 8 
474 5 
475 5 
476 5 

477 5 
478 5 
479 8 
480 6 
481 6 
482 6 
483 6 
484 8 
485 8 
486 8 
487 8 
488 8 
489 8 
490 6 

491 6 
492 6 
493 8 
494 a 
495 8 
496 8 
497 8 
498 8 
499 8 

500 
500 9 
501 9 
502 9 
503 9 
504 9 
505 9 
506 9 
507 9 
508 9 
510 9 
511 9 
512 9 
513 9 
514 9 
515 8 
516 8 
520 9 
521 9 
522 9 
523 9 
524 9 
525 8 
526 8 
527 8 
528 8 
530 8 
531 8 
532 8 
533 8 
534 8 
535 8 
536 8 
537 8 
538 8 
539 8 
540 8 
541 8 
542 8 
543 0 

545 9 

547 8 
548 9 

544 a 
546 a 

549 8 
550 8 
551 8 
553 8 
554 8 
556 8 
557 8 
558 8 
559 8 
560 8 
561 8 
562 8 
563 8 
564 8 

565 8 
566 a 
567 8 
570 9 
571 9 
572 9 
573 9 
574 9 
575 9 
576 9 
577 9 
580 9 
581 9 
582 9 
583 9 
584 9 
585 9 
586 9 
587 9 
588 9 
590 8 
591 8 
592 8 
593 8 
594 8 
595 8 
596 8 
597 8 
598 8 
599 8 

600 
600 8 
601 8 
602 6 
603 6 
604 6 
605 6 
606 6 
607 6 
609 6 
610 8 
611 8 
612 6 
613 6 
614 6 
615 6 
616 6 
617 6 
618 6 
619 6 
620 6 
622 6 
623 6 
624 6 

625 6 
626 6 
627 6 
628 6 
629 6 
630 7 
631 7 
633 7 
634 7 
635 7 
636 7 
637 5 
638 5 
639 5 

640 7 
641 7 
644 7 
645 7 
646 7 
647 7 
648 5 
650 7 
651 7 
652 7 
653 7 
654 7 
655 7 
656 7 
657 7 
658 7 
660 7 
661 7 
662 7 
664 7 
665 7 
666 7 
667 5 
668 7 
669 8 
670 5 
671 5 
672 5 
673 5 
674 7 
675 5 
676 8 
677 8 
678 7 
679 5 
680 7 
681 7 
683 7 
684 7 
685 7 
686 7 
687 9 
688 7 
689 7 
690 7 
691 9 
692 9 
693 9 

700 
700 3 
701 3 
703 3 
704 3 
705 3 

706 3 
707 3 
708 3 
710 4 
711 4 
712 4 
713 4 
714 4 
716 4 
717 4 
718 5 
719 4 
720 5 
721 5 

722 5 
723 5 
724 5 
725 5 
726 5 
727 7 
728 5 
729 5 
730 5 
731 5 
734 4 
735 5 
736 5 
737 7 
738 8 
739 7 
740 5 
741 5 
743 7 
744 5 
745 5 
746 8 
747 5 
748 5 
749 5 
750 4 
751 4 
752 4 
753 4 
754 4 
755 4 
756 4 
757 4 
758 4 
759 3 
760 4 
761 4 
762 4 
763 4 
764 4 
765 4 
766 4 
767 4 
768 4 
769 4 
770 3 
771 3 
772 3 
773 3 
774 3 
775 3 
776 3 
7773 
778 3 
779 3 

780 4 
781 3 
782 3 
783 3 
784 3 
785 3 
786 4 
787 4 
788 3 
789 3 
790 5 
791 5 
792 5 
793 5 

794 5 
795 4 
796 4 
797 4 
798 4 
799 4 

806 
800 6 
801 6 
802 6 
803 6 
804 9 
805 6 
806 6 
807 6 
808 6 
809 6 
810 6 
811 8 
812 9 
813 6 
814 6 
815 6 
816 6 
820 9 
821 9 
822 8 
823 9 
824 9 
825 9 
826 9 
827 9 
828 9 
829 9 
830 9 
831 9 
832 7 
833 5 
834 8 
835 5 
836 5 
837 5 
838 5 
840 6 
841 6 
843 6 
844 6 
845 6 
846 6 
847 6 
850 4 
851 4 
852 4 
853 4 

855 4 
856 4 
857 4 
859 8 
860 9 
863 8 
864 5 
865 9 
870 6 
871 6 
872 6 
873 6 
874 6 
875 8 

077 6 
878 6 
879 4 
880 3 
881 6 
882 3 
883 6 
884 4 
890 7 
891 4 
893 9 
894 8 
895 8 
896 8 
897 7 
898 9 

900 
900 1 
901 1 
902 1 
903 1 
904 1 
905 1 
906 3 
907 1 
908 1 
910 2 
911 2 
912 2 
913 2 
914 2 
915 2 
916 2 
917 3 
918 2 
919 1 
920 1 
921 1 
922 4 
923 3 
924 3 
925 3 
926 1 
927 1 
928 1 
930 1 
931 2 
932 3 
933 3 
934 2 
935 3 
936 3 
937 3 
939 3 

940 3 
941 3 
942 4 
943 2 
944 2 
945 3 
946 2 
947 3 
948 2 
949 2 
950 3 
951 1 
952 3 
953 3 
954 3 
955 6 
956 4 
957 6 
958 3 
959 3 
960 3 
961 6 
967 2 
968 3 
970 5 
971 5 
972 5 
973 5 
974 5 
975 5 
976 7 
977 7 
978 5 
979 5 
980 5 
981 5 
982 5 
983 5 
984 5 
985 5 
986 5 
988 5 
989 5 
990 7 
991 7 
992 7 
993 5 
994 5 
995 6 
996 6 
997 6 
998 6 
999 2 

*For HavJaii, Puerto Rico, and Virgin Islands, your insulation Zone is 1. 
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Heat 
Pump 

N2 

N3 

N3 

N5 

N5 

N5 

N5 

N5 

LPG 

N2 

N4 

N5 

N5 

N5 

N5 

N5 

N5 

N5 N7 N6 N5 I N5 

Table 4: Insulation Groups for Each Insulation Zone for Six Heating System Types, Use with Tables 5 
and 6 to Determine Recommended Insulation Levels (a) 

- - 
- 

Fuel 
Oil 

N2 
- 

~ 

Existing Hour New House Insulation 
Zone 

1 

2 

3 

4 

5 

6 

7 

8 

9 

!! - ~~ 

LPG Electric 
baseboard(b) 

Heat 
Pump - Gas Electric Electric 

heat furnace baseboard(b) 

E l  E4 E3 

E2 E4 E4 

E3 E4 E3 

E3 E6 E4 

E4 E6 E5 

N4 E3 E2 

E3 E2 

E3 E2 

E3 E4 

E4 E6 

E6 E6 

E5 E6 

E6 E6 

E6 E6 

N5 N3 

N3 

N5 

N5 

N5 

N5 

N5 

- 
- 
- 
- 
- 
- 

N5 

N5 

N5 

N5 

N5 

N5 

(a1Electric air conditioning is assumed for all heating system types. 
(b)Use for any electric resistance heating system without ducts, and for a central electric furnace if the ducts are totally 
within the conditioned part of the house. 

plumbing connections. These leaks 
between the living space and other 
parts of the house are often much 
greater than the obvious leaks around 
windows and doors. Since many of 
these leakage paths are driven by the 
tendency for warm air to rise and cool 
air to fall, the attic is often the best 
place to stop them. It’s important to 
stop these leaks before adding attic 
insulation because the insulation may 
hide them and make them less 
accessible. Usually, the attic insulation 
itself will not stop these leaks and you 
won’t save as much as you expect 
because of the air flowing through the 
insulation. Sometimes these leak 
locations are visible because the 
existing insulation has been stained by 
dust carried by the air flow. Some of 
the openings to look for include: 
0 Top openings of interior partition wall 
cavities: staple a plastic sheet over the 
opening and seal it around the edges 
with a high quality caulking material. 

0 Around the chimney: pack gap: 
around an insulated chimney wit1 
UNFACED rock wool or UNFACEC 
fiber glass insulation. Do not insulatt 
bare, hot flue pipes. DO NOT USE 
ANY COMBUSTIBLE PRODUCTS 
SUCH AS CELLULOSE INSULATIOI\ 
OR PLASTIC FOAMS, HERE. 
0 Around the attic trap door or entq 
door: weatherstrip the edges. 
0 Areas above staircase ceilings anc 
dropped ceilings: staple a plastic 
sheet over the opening and seal i 
around the edges with a high qualio 
caulking material. 
0 Around pipes (look under your sinks 
and behind your toilets) and ducts 
penetrating a wall or attic floor: pacE 
insulation tightly into the gap. You car 
also fill the area around them witt 
spray polyurethane foam. 

Sometimes joints between walls anc 
floors allow open passage of air 
between the heated part of the house 
and the attic area or outdoors. Look 
for such joints in your attic or in the 

BEFORE YOU INSULATE 

You Must Control Air Leakage 
Most homeowners are aware that air 

leaks into their houses through what 
seem to be small openings around 
doors and window frames and through 
fireplaces and chimneys. Air also 
enters the living space from other 
unheated parts of the house, such as 
attics, basements, or crawl spaces. 
The air travels through any openings in 
your walls, floors, or ceilings, such as 
cracks where two walls meet, where 
the wall meets the ceiling, or near 
interior door frames. Other openings 
may also be found, such as gaps 
around electrical outlets and switch 
boxes, recessed fixtures, recessed 
cabinets, pull-down stairs, furred or 
false ceilings such as kitchen or 
bathroom soffits, behind bath tubs and 
shower stall units, floor cavities of 
finished attics adjacent to 
unconditioned attic spaces, and 
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space over a porch ceiling. This air 
leakage path is commonly found in 
Cape Cod-type houses, or if attic 
space has been converted to living 
space (see 2D in Fig. 1). A similar 
arrangement occurs when the second 
floor of a two-story house is larger than 
the ground floor and has an overhang 
over the outdoors (see 4D in Fig. 1). 
Another major source of air leakage 
can be the joint between a porch roof 
and a side wall. If you can reach these 
areas, you can stop the leaks by 
carefully covering the openings with 
plywood. If the areas are more difficult 
to reach, you can greatly reduce the air 
leakage by blowing high-density 
insulation or injecting plastic foam 
insulation into these joints, thus 
reducing these energy-gobbling air 
paths. 

You Must Prevent Moisture 
Accumulation 

Moisture control is a major concern 
associated with installing thermal 
insulation. The warm air inside your 
house contains water vapor. If this 
vapor passes into the insulation and 

condenses, it can cause significant 
loss of insulating value. If moisture 
becomes deposited in the building 
structure, it can cause mold growth, 
peeling paint, and eventual rotting of 
structural wood. To guard against 
moisture problems, use vapor 
retarders and provide adequate 
ventilation for the house. If you have a 
crawl space you should place a vapor 
retarder on the ground surface. 

Vapor retarders are special materials 
including treated papers, plastic 
sheets, and metallic foils that reduce 
the passage of water vapor. Vapor 
retarders should be used in most parts 
of the country. In colder climates, 
place the vapor retarder on the warm 
side - the lived-in side - of the space 
to be insulated. This location prevents 
the moisture in the warm indoor air 
from reaching the insulation. If you live 
in an area where the climate is 
predominantly hot and humid, check 
with a local builder to determine the 
correct placement or need for a vapor 
retarder. More detailed guidance on 
regional differences in moisture control 
recommendations can be found in the 

Moisture Control Handbook listed on 
page 19. 

Batts and blankets can be purchased 
with a vapor retarder attached. 
However, if new material is being 
added to insulation already in place, 
use batts or blankets that do not have 
an attached vapor retarder. If this type 
is not available, be sure to remove the 
vapor retarder facing (or slash it with a 
sharp knife) between layers of 
insulation to allow any moisture which 
does get into the insulation to pass 
through. 

For loose-fill insulation or for bans 
and blankets not having an attached 
vapor retarder, heavy-weight 
polyethylene plastic sheets are 
available in rolls of various widths for 
use as vapor retarders. In places 
where vapor retardant materials 
cannot be placed, such as in finished 
wall cavities being filled with blown-in 
insulation, the interior surface of the 
wall can be made vapor-resistant with 
a low-permeability paint, or with wall 
paper that has a plastic layer. 

Table 5: Recommended Total R-values for Existing Wouses(a) 
~ ~~ ~ 

Add insulated 
sheathing to an 
insulated wall(c) 

0 

0 

0 

0 

5 

(a) R-values have units of *F4t2*h/Btu. This table, when used with Tables 3 and 4, provides recommended total R- 
values for existing houses and was produced using the ZIP-Code computer program. The recommendations are 
based on an analysis of cost-effectiveness, using average local energy prices, regional average insulation costs, 
equipment efficiencies, climate factors, and energy savings for both the heating and cooling seasons. 

(b) Use only if floor is uninsulated and the crawlspace is unventilated - see the discussion about unventilated 
crawlspaces. 

(c) Recommendation assumes that the exterior siding was removed for other purposes, Le., does not include any 
consideration of the cost of removing and replacing the exterior siding. The R-values shown here represent 
1 inch of foam sheathing. Foam sheathing with R-values up to R-7 could be used. 
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f you are buying or building a new house, 
make sure that recommended energy-saving features 

are included. The Federal Trade Commission (FK) home 
insulation rule requires the seller of a new home to provide 
information on the type, thickness, and R-value of the 
insulation that will be installed in each part of the house in 
every sales contract. Insulation contractors are required to 
give their customers similar information. Many state or local 
building codes include minimum requirements for home 
insulation. Be sure that your new home or home addition 
meets these building codes. Also, some government home 
financing programs require that the home be built to meet 
the Model Energy Code. You may wish to install insulation 
beyond the minimum specified in such codes, especially if 
those minimum levels are below those recommended in this 
fact sheet. 

To keep initial selling prices competitive, many home 
builders offer standard (not optimal) levels of insulation, 
although additional insulation would be a good investment 
for the buyer. The Model Energy Code and other guidelines 
for new home construction are published by several 
organizations listed on page 19. Following these guidelines 
will provide you with a more energy efficient home. These 
guidelines also describe methods you can use during house 
design to compensate for energy lost through metal studs in 
the walls or a large amount of windows. You should find out 
if your builder constructs homes in accordance with these 
guidelines. It is almost always more economical to install the 
recommended levels of thermal insulation during initial 
construction rather than adding insulation later. 

Wow Much and Where? 

Figure 1 shows which building spaces should be insulated. 
Discuss the house plans with your builder, and make sure 
each of these spaces is insulated to the R-values 
recommended for your situation. Tables 3, 4, and 6 give the 
information required to determine recommended R-values. 
For example, consider a house under construction in St. 
Paul, Minnesota (zip code 551 03) with a gas furnace. Table 
3 shows that the region with zip codes starting with 551 are 
in Insulation Zone 8 (or see Fig. 2.) Now look at Table 4 and 
locate Insulation Zone 8 in the left-hand column. Next look 
for the gas heat column under "New Houses", which shows 
that the Insulation Group for this house is N5. Looking at 
Table 6, the recommended R-value for attic floor insulation 
for insulation group N5 is R-49. The homeowner could then 
check Table 1 to find several choices. Remember to buy the 
insulation based on this R-value, and to check the product 
label to determine the insulation's proper thickness. 
Specialty insulation products are available to provide higher 

insulation values in confined spaces in new homes, such as 
in wall cavities and cathedral ceilings. 
. In Table 6, both insulative sheathing and cavity insulation 
are specified for walls because it is important to use them 
together as a system. Any combination of sheathing and 
cavity insulation shown in this table will give you a similar 
life-cycle savings. If you support energy conservation or 
believe that energy costs will be escalating, you should 
choose the higher levels shown. If your only concern is first 
costs, you can get about the same life-cycle savings with the 
lower levels. Also, these recommendations assume that the 
insulative sheathing will be placed outside a wood sheathing 
product. If you choose to replace the wood sheathing with a 
combination of insulative sheathing and necessary bracing, 
you should choose sheathing with an R-value near the high 
end of the R-value range. 

The band joists, or outside edges of frame floors, should 
be insulated while the house is under construction. 
Foundation insulation options for new construction are 
broader than for existing homes. The builder may, for 
example, choose to insulate the exterior of a basement or 
crawlspace wall. You should discuss termite inspection and 
control options with your builder when choosing your 
foundation insulation method. Special sill plate (the joint 
between the top of the foundation and the bottom of the 
house frame) mineral fiber sealing products are designed to 
reduce air leaks if installed during the initial house 
construction. Spray polyurethane foam insulation can be 
applied to a home under construction and will not only 
insulate, but will also reduce air leakage in the building 
envelope. This foam insulation, along with other flammable 
insulations or insulation facings must be covered or 
otherwise protected to meet fire codes. 

Design Options 

Some new homes are built using metal frames instead of 
wood. When you insulate a metal-framed building, it is 
important to recognize that much more heat flows through 
metal studs and joists than through pieces of wood. 
Because of this difference, placing insulation between the 
wall studs, or between attic or floor joists, doesn't work as 
well for metal-framed houses as it does for wood-framed 
houses. If your walls have metal frames, you will probably 
need to place continuous insulative sheathing over the 
outside of the wall frame, between the metal framing pieces 
and your exterior siding. (Note that this insulative sheathing 
cannot take the place of plywood or other seismic bracing.) 
If your attic has metal joists, you may want to place rigid 
foam insulation between the joists and the ceiling drywall. 
Table 6 has recommended insulation levels for metal frame 
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BUILDING A NEW HOUSE? SOME THINGS YOU SHOULD KNOW (csemtinued) 

buildings. It’s important to recognize that even if you install 
the recommended level of insulafion in a metal frame 
building, you will not necessarily get thermal performance as 
good as you would get from a wood structure with its 
recommended level, That’s because the insulation R-values 
given in this fact sheet were chosen based on an economic 
evaluation of life-cycle costs to the consumer, not to meet an 
arbitrary energy conservation target. 

Insulating concrete forms can be used to construct walls 
for new homes. These special concrete walls come in a 
variety of configurations and can provide additional thermal 
mass to your home to help reduce the effect of outdoor 
temperature swings. The Insulating Concrete Form 
Association is listed on page 18 and they can give you more 
information about insulating concrete walls. 

Structural insulated panels can also be used to construct 
a house. These panels sandwich plastic foam insulation 
between two layers of a wood product, thus eliminating the 
need for structural wood framing members. This system can 
reduce air leaks into and out of the structure and therefore 
may offer improved thermal pedormance compared to stick- 
built walls. The Structural Insulated Panel Association is 
listed on page 18, and they can give you more information 
about structural insulated panels. 

Some homes are built with an External Insulation Finish 
System (EIFS) that gives a stucco-like appearance. There is 
some controversy right now about whether or not these 
homes are likely to experience moisture problems. You 
should discuss this possibility with your builder and your 
insurance agent if you are considering this type of building. 

Figure 2. Insulation Zones for use with Recommendations in Table 4. (For Hawaii, Puerto Rico, and Virgin Islands, 
your Insulation Zone is 1 .) 
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Attic(b) 

30 
Floors 

11 

49 

49 

49 

49 

25 

25 

25 

25 

N3 

N4 

N5 

0 i 11 to15 19 11.4 30 2.5to5 f 11 to13 

0 to 5 i 11 to15 19 11.4 30 2.5to7 f 11to15 

0 to 7 f 11 to15 19 11.4 30 5 t 0 7  1 11t015 

N7 5 t 0 7  i . 19to21 I 21 I 15 30 5 t 0 7  f 13to21 

. I 

N2 13 4 

N3 19 4 

4 11 

4 11 
N4 
N5 

19 4 5 11 
19 8 10 11 

Table 6. Recommended R-values POP Residential New Comstruction(a) 

Attics and 
1 - 

Cathedral 
ceilings(c) 

~ 

22 
30 I 30 I 25 
38 

38 

N5 
N6 49 

38 

38 

N7 I 49 I 25 60 I 49 I 25 

Insulation Wood frame wall assembly (c,e) 
Group I Optimum-Value 

Engineered 
(OVE) wall 
cavities(9 lnsulative Sheathing i Cavity 

19 

N2 I 0 i 11 to13 I 19 I 9.5 I 19 I 2.5to5 i 11 to13 

Basements and Foundations - - 
Basement wall 

exterior 
(below grade) 

4 
- - 

19 1 8 1 1 5  I 19 I 

R-values have units of "Foft*oh/Btu. This table, when used with Tables 3 and 4 provides recommended R-values for new houses and was 
produced using the ZIP-Code computer program. The recommendations are based on an analysis of cost-effectiveness, using average local 
energy prices, regional average insulation costs, equipment efficiencies, climate factors, and energy savings for both the heating and cooling 
seasons. 
Does not include the cost of raised heel framing necessary to install the higher levels of insulation in the portions of the attic near the eaves. 
Includes the cost of thicker framing where necessary. 
The recommended insulation levels for metal frames will not necessarily give you performance as good as the recornmended levels for a 
wood-framed building. Please see the discussion about heat loss paths associated with metal frames. 
For new construction, it is important to use both the insulative sheathing and cavity insulation recommended, especially for metal walls. 
Assumes insulative sheathing placed outside of wood sheathing product. For a full discussion of the ranges shown here, see page 10. 
These recommendations assume that a 2x6 wall can be built for the same cost as a 2x4 wall, using a careful design procedure called Optimum 
Value Engineering. Discuss this option with your builder. 
Evaluation included cost of necessary framing but did not include cost of finishing drywall and paint. 
Crawl space walls are only insulated if the crawl space is unventilated. Please see the Builders Foundation Handbook listed on page 19. 
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Ventilation 
Adequate ventilation in your house 

is important for two reasons: 
0 Moisture Control - Ventilation will 
prevent elevated moisture levels within 
the conditioned space during the 
heating season. These elevated levels 
can lead to condensation on window 
surfaces and give rise to surface mold 
and mildew, as well as concealed 
condensation within walls and roof 
spaces, 
0 Avoiding Indoor Air Pollution - When 
natural ventilation has been sharply 
reduced, as in super-energy-eff icient 
houses, it may be necessary to 
provide fresh air ventilation to avoid 
build-up of stale air and indoor air 
pollutants. Special air exchange units 
with heat-saving features are available 
for this purpose. The Home Ventilating 
Institute, listed on page 18, can give 
you more information about such heat- 
recovery ventilators. 

A well-insulated attic should be 
adequately ventilated to prevent 
moisture accumulation. Attics may be 
ventilated with a combination of soffit 
vents at eaves and continuous ridge 
vents. Attic vents may also be installed 
in gable faces. Many codes and 
standards require one square foot of 
unobstructed ventilation opening for 
each 300 square feet of attic floor area 
if a vapor retarder is included in the top 
floor ceiling. Twice as much ventilation 
is recommended if there is no vapor 
retarder. The net free area of a vent is 
smaller than its overall dimension 
because part of the vent opening is 
blocked by meshes or louvers. The 
openings should be equally distributed 
between the soffit and ridge vents or 
between each gable face. Never cover 
or block vents with insulation. Take 
care to prevent loose-fill insulation from 
clogging vents by using baffles. 

Whether or not to ventilate a crawl 
space has been a controversial issue. 
Most building codes presently require 
installation of vents to provide 
ventilation with outside air, but a recent 
symposium on crawl space design 
organized by the American Society of 

Heating, Refrigerating and Air 
Conditioning Engineers concluded 
that there is no compelling technical 
basis for crawl space ventilation 
requirements. However, if the crawl 
space is not ventilated, it is crucial that 
all of the crawl space ground area be 
covered with a durable vapor retarder, 
such as heavy-weight polyethylene 
film. Other concerns that must be 
considered before eliminating 
ventilation to your crawl space are 

Handbook, listed on page 19. 
discussed in the Builders Foundation 

WHAT KIND OF INSULATION 
SHOULD YOU BUY? 

nee you have located the areas 
in your house requiring insulation, 

and have determined what R-value is 
needed, you will need to decide what 
type to buy. Some types of insulation 
require professional installation, and 
others you can install. You should 
consider the several forms of insulation 
available, their R-values, and the 
thickness needed. Remember, for a 
given type and weight of insulation, the 
thicker it is, the higher its R-value. The 
basic forms of thermal insulation are 
summarized in Table 1. Here is some 
additional information. 

Basic Forms of Thermal Insulation 
BLANKETS, in the form of batts or 

rolls, are flexible products made from 
mineral fibers. They are available in 

widths suited to standard spacings of 
wall studs and attic or floor joists. 
Continuous rolls can be hand-cut and 
trimmed to fit. They are available with 
or without vapor retarder facings. Batts 
with a special flame-resistant facing 
are available in various widths for 
basement walls where the insulation 
will be left exposed. 

BLOWN-IN loose-fill insulation 
includes loose fibers or fiber pellets 

attics using special pneumatic 
equipment. Another form includes 
fibers that are co-sprayed with an 
adhesive to make them resistant to 
settling. The blown-in material can 
provide additional resistance to air 
infiltration if the insulation is sufficiently 
dense. 

that are blown into building cavities or 

FOAMED-IN-PLACE polyurethane 
foam insulation can be applied by a 
professional applicator using special 
equipment to meter, mix, and spray 
into place. Polyurethane foam can 
also help to reduce air leaks. 

RIGID INSULATION is made from 
fibrous materials or plastic foams and 

13 



is pressed or extruded into board-like 
forms and molded pipe-coverings. 
These provide thermal and acoustical 
insulation, strength with low weight, 
and coverage with few heat loss paths. 
Such boards may be faced with a 
reflective foil that reduces heat flow 
when next to an air space. 

REFLECTIVE INSULATION SYSTEMS 
are fabricated from aluminum foils with 
a variety of backings such as kraft 
paper, plastic film, polyethylene 
bubbles, or cardboard. The resistance 
to heat flow depends on the heat flow 
direction, and this type of insulation is 
most effective in reducing downward 
heat flow. Reflective systems are 
typically located between roof rafters, 
floor joists, or wall studs. If a single 
reflective surface is used alone and 
faces an open space, such as an attic, 
it is called a RADIANT BARRIER. 
Radiant barriers are installed in 
buildings to reduce summer heat gain 
and winter heat loss. They are more 
effective in hot climates than in cool 
climates. All radiant barriers must have 
a low emittance (0.1 or less) and high 
reflectance (0.9 or more). 

MAKE YOUR SELECTION 

he type of insulation you use will be 

spaces in the house that you plan to 
insulate. For example, since you 
cannot conveniently "pour" insulation 
into an overhead space, blankets, 
spray or board products, or reflective 
systems are used between the joists of 
an unfinished basement ceiling. The 
most economical way to fill closed 
cavities in finished walls is with blown- 
in insulation applied with pneumatic 
equipment or with foamed-in-place 
polyurethane foam. Table 1 provides a 
concise summary of the appropriate 
applications for the various types of 
thermal insulation. 

It is important to know that the 
different forms of insulation can be 
used together. For example, you can 
add batt or roll insulation over loose-fill 
insulation, or vice-versa. Usually, 
material of higher density (weight per 
unit volume) should not be placed on 
top of lower density insulation that is 
easily compressed. Doing so will 
reduce the thickness of the material 
underneath and thereby lower its R- 
value. 

In cold climates, some low-density 
loose-fill insulation allows air to 
circulate between the top of your 
ceiling and the attic. This air circulation 
can decrease the effective thermal 
resistance of the insulation and may be 
significant for regions with more than 
5000 heating degree days, or north of 
a line running from New York to 
Pittsburgh to St. Louis to Topeka to 
Santa Fe to Reno and up to Portland, 
Oregon. You can eliminate this air 
circulation by covering the loose-fill 
insulation with a blanket insulation 
product or with a higher density loose- 
fill insulation. 

B determined by the nature of the 

CHECK THE LABEL BEFORE 
YOU BUY 

o matter what kind of insulation you 
buy, check the information on the 

product label to make sure that the 
product is suitable for the intended 
application. A good insulation label 
should have a clearly stated R-value, 
and information about health and 
safety issues. An informative label 
should state: 
0 The type of insulation material; 
0 The R-value (measured at 75" F); 
0 The types of spaces that can be 
insulated; 
0 Safety precautions in application and 
use, including any fire-hazard related 
restrictions; 
0 The quantity in the package; 
0 The name and address of the 
manufacturer or distributor. 

CAN YOU DO IT YOURSELF? 

hether or not you install the 
insulation yourself depends on 

the structural design of your house and 
the type of materials used in its 
construction. 

Placing insulation in the attic floor is 
usually easy, requiring only laying the 
material between the parallel joists of 
the frame. Be careful about where you 
step in the attic. Walk only on the joists 
so that you won't fall through the 
drywall ceiling. You may need to place 
walking boards across the tops of the 
joists to make the job easier. 
Remember that it is important to seal 
up air leaks between your living space 
and the attic before adding insulation 
in your attic. Also, bear in mind that 
insulation placed between joists, 
rafters, and studs does not retard heat 
flow through the exposed frame. This 
heat flow is called thermal bridging and 
is especially important in houses with 
metal frames or joists. In attics, 
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thermal bridging can be reduced by 
adding sufficient loose-fill insulation 
thickness, or cross-installed batts, to 
cover the wood or metal frame as 
much as possible. In some houses 
with low-pitch roofs, it is difficult to gain 
access to all of the attic floor, so 
blowing equipment may be needed to 
place insulation in relatively 
inaccessible areas. In most attics, it is 
easier to get complete coverage with 
blown-in insulation. It is best to hire an 
insulation contractor for this job. 

In existing buildings, installing 
insulation in the cavity of exterior walls 
is difficult. It usually requires the 
services of a contractor who has 
special equipment for blowing loose-fill 
insulation into the cavity through small 
holes cut through the sidewall, which 
later are closed. It is sometimes 
feasible to install rigid insulation on the 
outdoor side of masonry sidewalls 
such as concrete block or poured 
concrete. When new siding is to be 
installed, always consider adding 
thermal insulation under it. Generally 
the services of a qualified contractor 
are needed to make such installations. 

The homeowner can often insulate 
basement or crawlspace walls, or 
floors over unheated areas, using rigid 
insulation or batt insulation. Sprayed- 
on insulation products are also 
available for these locations, but would 
require a qualified contractor. If you 
insulate a floor above a crawl space, 
all ducts and water lines running below 
the insulation should be insulated as 
well. Insulate crawl space walls only if 
the crawl space is dry all year, the floor 
above is not insulated, all ventilation to 
the crawl space is blocked, and a 
vapor retarder (e.g., heavy-weight 
polyethylene film) is installed on the 
ground to reduce moisture migration 
into the crawl space. The Builders 
Foundation Handbook is a complete 
guide to foundation insulation, 
including basement, crawl space, and 
slab insulation and is listed on page 19 
so that you can get more information. 

Adding thermal insulation to the 
ceiling or walls of a mobile home is 

complex and usually requires 
installation by specialists. However, it 
is often possible to add floor insulation 
to such a home, just as you would for 
any other type of house. 

IFYOU DO ITYOURSELF 

hese do-it-yourself instructions 
cover installation of batts and 

blankets, loose-fill materials, rigid 
boards, and reflective insulations. 
Before beginning the work, read and 
observe the following precautions: 
0 Wear clothing adequate to protect 
against skin contact and irritation. A 
long-sleeved shirt with collar and cuffs 
buttoned, gloves, hat, glasses, and 
disposable dust respirator are 
advisable in all do-it-yourself insulation 
projects. Also, read the label and 
follow all the manufacturer‘s directions. 
0 Do not cover or hand-pack insulation 
around bare stove pipes, electrical 
fixtures, motors, or any heat-producing 
equipment such as recessed lighting 
fixtures. Electrical fire-safety codes 
prohibit the installation of thermal 
insulation within three inches of a 
recessed fixture enclosure, wiring 
compartment, or ballast, or above the 
fixture so that it will trap heat and 
prevent free circulation of air, unless 
the fixture is identified by label as 
suitable for insulation to be in direct 
contact with the fixture. THIS IS FOR 
FIRE SAFETY. 

Also, if your home is very old, you 
may want to have an electrician check 
to see if the electrical insulation on 
your wiring is degraded or if the wires 
are overloaded. In either of these two 
situations, it may be hazardous to add 
thermal insulation within a closed 
cavity around the wires because that 
could cause the wires to overheat. If 
your home was wired using a now 
obsolete method called knob and tube 
wiring, the National Electric Code 

forbids the installation of loose, rolled, 
or foam-in-place insulation if the 
insulation would surround the wires 
and prevent heat dissipation from the 
electrical conductors to a free air 
space. THIS IS FOR FIRE SAFETY. 
0 Do not cover attic vents with 
insulation. Proper ventilation, 
especially in attics, must be maintained 
to avoid overheating in summer and 
moisture build-up all year long. 

Blanket Insulation: Batts and Rolls 
Installing batts and rolls in attics is 

fairly easy, but doing it right is very 
important. On unfinished attic floors, 
work from the perimeter toward the 
attic door. In new construction, the 
vapor retarder facing should be 
installed with the facing placed down 
toward the ceiling gypsum board, 
except in hot humid climates where 
unfaced batts should be used. If 
reinsulating over existing insulation, it 
is recommended that unfaced batts be 
used. If there is not any insulation in 
your attic, fit the insulation between the 
joists. If the existing insulation is near 
or above the top of the joists, it is a 
good idea to place the new batts 
perpendicular to the old ones because 
that will help to cover the tops of the 
joists themselves and reduce heat loss 
or gain through the frame. Also, be 
sure to insulate the trap or access 
door. Although the area of the door is 
small, an uninsulated attic door will 
reduce energy savings substantially. 

On walls, begin at the top and work 
down. Place the vapor retarder 
towards the lived-in side, except in hot 
humid climates. Fit the insulation 
between the wood frame studs, cut off 
the excess length where necessary, 
and secure the insulation by stapling 
the flanges of the vapor retarder 
according to the manufacturer’s 
instructions. Cut the batt carefully to fit 
around obstructions with no gaps. 
Don’t compress the insulation to fit 
behind pipes or wires. Instead cut to 
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the middle of the batt's thickness so you 
have a flap under the wire and one over the 
wire. 

The k f t  paper or standard foil vapor 
retarder facings on many blanket 
insulation products must be covered 
with gypsum or interior paneling 
because of fire considerations. Some 
blanket products are available without 
these facings or with a special flame 
resistant facing (labeled FS25 - or 
flame spread index 25) for places 
where the facing would not be 
covered. Sometimes, the flame 
resistant cover can be purchased 
separately from the insulation. Also, 
there are special fiber glass blanket 
products available for basement walls 
that can be left exposed. These 
blankets have a flame-resistant facing 
and are labeled to show that they 
comply with ASTM C 665, Type II, 
Class A. 

When a fiber glass blanket is used 
to insulate the inside of basement 
walls, it is necessary to attach wood 
furring strips to the walls by nailing or 
bonding; or to build an interior stud- 
wall assembly on which the interior 
finish can be attached after the 
insulation is installed. The cavity 
created by the added framing should 
be thick enough for the desired 
insulation R-value. 

When a fiber glass blanket is used 
to insulate the walls of an unventilated 
crawlspace, it is sometimes necessary 

c 

to attach wood furring strips to the 
walls by nailing or bonding. The 
insulation can then be stapled or 
tacked into place. Alternatively, the 
insulation can be fastened to the sill 
plate and draped down the wall. 
Because the insulation will be 
exposed, be sure to use either an 
unfaced product or one with the 
appropriate flame spread rating. If you 
live in a very cold region, you should 
continue the insulation over the soil for 
about two feet (on top of the 
necesssary ground vapor retarder 
discussed previously). 

Batts and rolls must be cut and fit 
around such obstructions as cross- 
bracing between floor joists, and 
window frames in walls. Strips of 
insulation may be cut off and stuffed 
into tight spaces by hand. Do not 
hand-pack insulation around hot spots 
such as recessed light fixtures. THIS 

AND MAY BECOME A FIRE 
HAZARD. 

When batts or rolls are used 
overhead, such as above an unheated 
crawl space or basement, fit the 
insulation between the beams or joists 
and push it up against the floor 
overhead as securely as possible 
without excessive compaction of the 
insulation. The insulation can be held 
in place, either by tacking chicken wire 
(poultry netting) to the edges of the 
joist, or with snap-in wire holders. 
Don't forget to place insulation against 
the perimeter that rests on the sill plate 
(see Figure 1). If you insulate above 
an unheated crawl space or basement, 
you will also need to insulate any ducts 
or pipes running through this space. 
Otherwise, pipes could freeze and 
burst during cold weather. 

COULD CAUSE HEAT BUILD-UP 

Rigid Board Insulation 
When rigid foam insulation boards 

are used to insulate the interior of 
masonry walls, they do not require 
added vapor retarder treatment. If foil- 
faced board is used, the foil side is 
placed toward the room. To install 

boards, wood furring strips should be 
fastened to the wall first. These strips 
provide a nailing base for attaching 
interior finishes over the insulation. 
Fire safety codes require that a 
gypsum board finish, at least 1/2 inch 
thick, be placed over plastic foam 
insulation. The gypsum board must be 
attached to the wood furring strips or 
underlying masonry using nails or 
screws. 

When rigid foam insulation boards 
are used to insulate the walls of an 
unventilated crawlspace, they can be 
bonded to the wall using 
recommended adhesives. Because 
the insulation will be exposed, be sure 
to check the local fire codes and the 
flame-spread rating of the insulation 
product. If you live in a very cold 
region, you should continue the 
insulation over the floor of the crawl 
space for about two feet (on top of the 
required ground vapor retarder 
discussed previously). If you live in an 
area prone to termite damage, check 
with a pest control professional to see 
if you need to provide for termite 
inspections. 

Loose-Fill Insulation 
This insulation is most efficiently 

installed by blowing it into place with 
pneumatic equipment. This method 
effectively breaks up any lumps and 
incorporates air so that the insulation 
has the desired density and thickness. 
When using loose-fill insulation in new 
construction, install a vapor retarder on 
the living side (see earlier section on 
moisture control). When loose-fill is 
used as additional insulation, either 
placed over existing loose-fill or over 
batts or blankets, do not install an 
additional vapor retarder. 

Loose-fill insulation must be 
prevented from shifting into vents or 
from contacting heat-producing 
equipment (such as recessed lighting 
fixtures). Block off those areas with 
baffles or retainers to hold the loose-fill 
insulation in place. 
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Reflective Systems 
Installing reflective insulation is 

similar to placing batts and blankets. 
Proper installation is very important if 
the insulation is to be effective. Study 
and follow the manufacturer's 
instructions. Often, reflective insulation 
materials have flanges that are to be 
stapled to joists in attics or floors, or to 
wall studs. Since reflective foil will 
conduct electricity, one must avoid 
making contact with any bare electrical 
wiring. 

Radiant barriers may be installed in 
attics in several configurations. The 
radiant barrier is most often attached 
near the roof, to the bottom surface of 
the attic truss chords or rafter framing. 
A separate DOE fact sheet is available 
for radiant barriers in the attic to show 
which parts of the country are most 
likely to benefit from this type of 
system (see the citation on page 19). 

IF YOU HAVE IT DONE 
PROFESS I ONALLY 

ou should obtain cost estimates V from several contractors for a 
stated R-value. Make sure you 
describe the job in writing in the same 
terms to each one. You may want to 
ask each contractor about their air- 
sealing services as well. Remember 
that you want good quality materials 
and labor, as well as price. Do not be 
surprised to find the quoted prices 
for a given R-value installation to 
vary by more than a factor of two. 
When you talk to a contractor, talk of 
R-values. Don't forget that R-values 
are determined by material type, 
thickness, and installed weight per 
square foot, not by thickness alone. 

Each bag of insulating material used 
by the contractor should be marked 
with an R-value for the area to be 
covered. Although these figures may 
differ among manufacturers, the area 

figure will tell you the right number of 
bags to be used for loose-fill. Similarly, 
packages of other types of insulation 
should be identified by their R-value. It 
is important that you check that the 
proper amount is installed in your 
residence. Ask the contractor to attach 
vertical rulers to the joists prior to a 
loose-fill installation in your attic to help 
you see that the proper depth was 
installed. Also, the installer must 
provide a signed and dated statement 
describing the insulation installed, 
stating thickness, coverage area, R- 
value, and number of bags installed. 
In some areas, infrared thermography 
services are offered to help discover 
any gaps in the insulation. 

Consumers may want to have their 
attic R-value evaluated to ensure that 
they are getting what they paid for. You 
can evaluate batt insulation installation 
by measuring the batt thickness and 
by checking for gaps between batts. 
"Cookie-cutting" is the insulation 
industry recognized procedure of 
evaluating installed loose-fill insulation. 
Many independent (third-party) firms 
offer "cookie-cutting" services to 
homeowners throughout the country. 
Contact the Insulation Contractors 
Association of America for a list of 
firms that offer these services; they can 
also provide you with brochures and 
fact sheets about inspecting your 
insulation job. 

OTHER PLACES IN YOUR 
HOME FOR ADDED 

I NSU LATl ON 

on't overlook another area in your 
home where energy can be saved - 

the ductwork of the heating and air- 
conditioning system. 

If water lines and the ducts of your 
heating or air-conditioning system run 
through unheated or uncooled spaces 
in your home, such as attic or crawl 

spaces, then the water lines and the 
ducts should be insulated. First check 
the ductwork for air leaks. Repair 
leaking joints first with mechanical 
fasteners, then seal any remaining 
leaks with water-soluble mastic and 
embedded fiber glass mesh. Never 
use gray cloth duct tape because it 
degrades, cracks, and loses its bond 
with age. If a joint has to be accessible 
for future maintenance, use pressure- 
or heat-sensitive aluminum foil tape. 
Then wrap the ducts with duct wrap 
insulation of R-6 with a vapor retarder 
facing on the outer side. (If you live in 
the deep South or southern California, 
you can use R-4 insulation.) All joints 
where sections of insulation meet 
should have overlapped facings and 
be tightly sealed with fiber glass tape; 
but avoid compressing the insulation, 
thus reducing its thickness and R- 
value. In many parts of the country, 
this type of insulation will pay for itself 
in energy saved. 

Return air ducts are more likely to be 
located inside the heated portion of the 
house where they don't need to be 
insulated, but they should still be 
sealed off from air passageways that 
connect to unheated areas. Drywall- 
to-ductwork connections should be 
inspected because they are often poor 
(or nonexistent) and lead to unwanted 
air flows through wall cavities. 
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WANT TO KNOW MORE? 

Additional and more detailed 
iformation about thermal insulation 
iaterials and installation and about 
nergy conservation in buildings is 
vailable from the agencies and 
rganizations listed below. Your public 
tility company may also provide 
iformation and assistance on home 
nergy conservation practices and 
iaterials. 

Computer Program 
ZIP-Code Computer Program: 
Operable version found on the 
internet at: 
httpJ/w.ornl.gov/roofs+walls 
CD-ROM version available from: 
the Buildings Technolgy Transfer 
Program Manager, Oak Ridge 
National Laboratory, Oak Ridge, 
TN, 37831 -6070 

1 

Internet Sites 
Electronic version of this fact sheet, 
including specific recommendations for each 
3-level zip code, 
httpJ/ww.ornl.gov/roofs+walls 
or httpJ/ww.eren.doe.gov 

Building Envelope Research topics, see 
httpJ/w.ornl.gov/roofs+walls 

Environmental Protection Agency Energy 
Star Programs, 
httpJAmw.epa.gov/energystar.html 

Home Energy Saver Web project, produced 
by Lawrence Berkeley National Laboratory's 
Center for Building Science, 
ht@xJ/eande.lbl.gov/CBSNHhrh.html 

1 

Vlanufacturer's Associations 
:ellulose Insulation Manufacturers 
issociation (CIMA) 
136 South Keowee Street 
layton, OH 45402 
'hone 888-881-2462 
=ax 937-222-5794 
ittpJ/w.cellulose.org 

:xpanded Polystyrene (EPS) Molder's 
4ssociation 
1926 Waukegan Road, Suite 1 
ilenview, IL 60025-1770 
'hone 800-607-3772 

ittpJ/w.epsmolders.org 

.lome Ventilating Institute 
30 West University Drive 
4rlington Heights, IL 60004 
'hone 847-394-0150 

?-mail amcaQamca.org 

nsulating Concrete Form Association 
360 Harlem Avenue Suite 1128 
ilenview, IL 60025 
'hone 847-657-9730 

'ax 847-657-681 9 

'ax 847-253-0088 

'9~ 847-657-9728 

Vorlh American Insulation Manufacturers 
ksociation (NAIMA) 
$4 Canal Center Plaza, Suite 310 
Alexandria, VA 2231 4 
Phone 703-684-0084 

httpJ/w.naima.org 

Polyisocyanurate Insulation Manufacturer! 
Association (PIMA) 
1001 Pennsylvania Avenue, N.W., 5th Floor 
Washington, DC 20004 
Phone 202-624-2709 

h t tpJ /w .  pirna.org 

Reflective Insulation Manufacturers 
Association 
EO. Box 90955 
Washington, DC 20090 
Phone 800-279-4123 

Fax 703-684-0427 

Fax 202-628-3856 

Structural Insulated Panel Association 
(SIPA) 
1511 KStreet NW, Suite 600 
Washington, DC 20005 
Phone 202-347-7800 
Fax 202-393-5043 

h 

I/ Manufacturer's Associations 
(cont) 
Society of the Plastics Industry, Inc. 
1801 K Street NW, Suite 600K 
Washington, DC 20006-1301 
Phone 202-974-5200 

httpJ/w.socplas.org 
Fax 202-296-7005 

Polyurethane Division 
Phone 212-351-5425 
e-mail polyuQsocplas.org 
httpJ/www.polyurethane.org 
Spray Polyurethane Division 
Phone 800-523-5154 
Foamed Polystyrene Alliance 
Phone 202-974-2486 
e-mail fpaQsocplas.org 

L. I 

Reference Sources 
US. Department of Energy 

Energy Efficiency and 
Renewable Energy Clearing 
House (EREC) 
PO Box 3048 
Merrifield, VA 221 16 
Phone 800-363-3732 

electronic bulletin board 

httpJ/erecbbs.nciinc.com 
e-mail doe.erecQ nciinc.com 
Energy Efficiency and 
Renewable Energy Program 
Office Home Page 
httpJ/w.eren.doe.gov 

F ~ x  703-893-0400 

800-273-2955 

Insulation Contractors Association of 
America (ICAA) 
1321 Duke Street, Suite 303 
Alexandria, VA 22314 
Phone 703-739-0356 
Fax 703-739-0412 

National Association of Home Builders 
(NAHB) 
1201 15th Street NW 
Washington, DC 20005 
Phone 202-822-0200 

NAHB Research Center, Inc. 
400 Prince Georges Boulevard 
Upper Marlboro, MD 20772-8731 
Phone 301-249-4000 ext. 702 

httpJ/w.nahbrc.com 
HomeBase Hotline 800-898-2842 

Fax 301-249-0305 

National Institute of Building Sciences 
1201 L Street NW, Suite 400 
Washington, DC 20005 
Phone 202-289-7800 
Fax 202-289-1 092 
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