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To Insulate a Basenlent 

by Maureen Quaid 

The first measured savings from 
foundation insulation are in. Even in 
well-insulated homes, foundation 
insulation cut space-heating use by 19 %. 
As a bonus, homeowners got more 
livable basements out of the deal. 

T he first priorities for weatherizing small homes are 
clear-cut: attic and wall insulation, and infiltration 
reduction. After installing these measures, what's 

left for homeowners and landlords who want to wring 
more savings from their buildings? In the last several 
years, many researchers, program operators, code offi
cials, and builders have made the leap to the next 
increments in envelope measures-efficient windows and 
foundation insulation. 

Uninsulated basements can account for 10 to 30% of 
the total heat loss in a home, according to Ray Sterling, 
researcher at Minnesota Underground Space Center. 1 If 
that home is otherwise well-insulated, the proportion may 
rise to as much as 50%. The potential energy savings from 
foundation insulation in the United States could reach 
half a quad (or 20 million tons of coal) per year, with most 
of the savings coming from northern climates. Yet foun
dation insulation is installed in very few existing homes in 
the United States and an only slightly larger proportion
still a minority-of the new homes. 

The primary problem with the measure, and the reason 
it is not more widespread, is that the cost of installation is 
fairly high, and the savings potential has been unknown. 
Among other issues, this article will address the cost
effectiveness of foundation insulation, both as a retrofit in 
existing homes and as a component of new construction. 

Foundation Insulation as a Retrofit 

I n 1988, the Minneapolis Energy Office completed a 
study in Minneapolis that measured energy savings 

Maureen Quaid, now an evaluation analyst for the Washington 
State Energy Office, conducted the foundation insulation study 
for the Minneapolis Energy Office. 
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from foundation insulation as a single retrofit. 2 This was 
the first time such a study has been done in North Amer
ica, and perhaps the world. We undertook the study 
primarily to isolate and measure the actual energy savings 
from foundation insulation. We also surveyed the home
owners involved to discover their motivations and percep
tions regarding the work, to identify concurrent changes 
that might affect the savings analysis, to discuss any prob
lems that might affect the savings analysis, and to discuss 
any problems with the insulation that might have arisen 
since its installation . The study found substantial energy 
savings, but because the retrofit cost was high, the simple 
payback periods were about 20 years . 

The homes in this study, all single-family homes in 
Minneapolis, received foundation insulation through the 
Minneapolis Energy Office's Operation Insulation Pro
gram. Since 1983, the program has offered low-interest 
loans and weatherized more than 4,000 houses and small 
apartment buildings. City-certified con tractors performed 
the guaranteed work. 

Basement insulation contractor arrives on site 
to discover her work already done. ..... Rick Stover 

Program consultants usually recommend attic and wall 
insulation as well as house doctoring (infiltration re
duction). They generally do not recommend foundation 
insulation or other retrofits such as window or furnace 
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The interior method requires both a moisture barrier 
against the foundation and a vapor barrier between the 
insulation and drywall. 
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replacement, except where such replacement is neces
sary. This is because, as retrofits, these measures were not 
considered cost-effective. But if homeowners already 
have insulated their walls and attic and still want to 
make energy improvements, or if they have a particu
lar interest in foundation insulation, the consultants 
can bid a foundation insulation job. 

About 115 homes have had this particular work 
done in the past five years, of which 32 had no 
other major weatherization work done by the 
Operation Insulation Program within a year of 
the foundation insulation. Of this 32-home 
sample, we eventuall y dropped 17 ca-;es from 
th srndy due to poor utilit data, the existence 
of other confounding retrofits, ch fact that Je· 
than 50% of the ba ment p 1imetcr was cov· 
ered by insulation , or because the volum of 
hea ted ·pa e in the home h ad changed. (ln 
s vcra l horn 1 insulation of the foundation a l
lowed homeowners to make the basement a liv
able space. Of course, where the furnace is in 
th e basem ·1it, it often air ady is a more or less 
conditioned pace. W e liminated home where 
heat was added inten tionally t the ba emen t. ) 

L. 

the basement. They sandwiched R-11 fiber-glass batts 
between 6-mil polyethylene vapor /moisture barriers on 
both sides of the batts . They taped the outermost mois
ture barrier either to the wall at grade level or, in cases 
where the basement wall surface was uneven or in poor 
condition, to the rim joist or top plate. They then ran the 
plastic beneath the bottom sill plate and trimmed it even 
with the finished surface. The contractors also installed 
gypsum board, taping and mudding it and leaving it ready 
for light sanding. The base price was $2 / sq.ft. with an 
additional charge to caulk and insulate the rim joist. 

Exterior lvlethod 
For exterior jobs, the contractors dug a trench around 

the house perimeter deep enough to accommodate a 
four-foot sheet of rigid-board insulation , which tbe)' at
tached with a drip cap above the first-floor bottom plate, 
where possible. This was usually suffi ient to cover the 
basement wall to the frost line, which averages 42" deep 
in Minneapolis. They attached two inches of extruded 
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We analp.ed the remaining 15 cases by the 
PRlncelOn Scorekeeping Me th od known as 
PRIS. 1 ~\ a computerized model Lhat estimate 
weather-normalized annual gas consumption 
before and after a retrofit. The analysis normal
ized for basement temperature as well. All 15 
homes were heated with natural gas. 

Government of Alberta, Dept. of Energy 

Exterior foundation insulation may reach either to the frost line or the 
full depth of the foundation, depending on how much you want to 
spend and how much you want to save. 

The study homes had lower-than-average gas 
usage before the retrofit, probably because they already 
had attic and wall insulation. Among these homes, eight 
foundations were insulated from the interior, five from 
the exterior, and in two homes a combination of methods 
was used to work around obstructions. 

Interior Method 
For interior jobs, the contractors built a 2" x 4" stud 

frame from floor to joist against the cement foundation in 
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polystyrene (R-10), using adhesives and anchor bolts. All 
junctures were caulked, all seams taped , and all opening 
flash ed weather tight. A cemem-based fini sh with an acrylic 
bonding agent w s trowe ll ed on, down ~P 4" below grade. 
Then th ey backfilled the trench and graded it to slope 
away from the basement wall. To avoid air gaps betwee n 
the insulation and irregular founda ion wall , they filled 
gaps w·ith pieces of fibe r-glass batts before attaching the 
rigid board. The base price was $2.95 per sq.ft., with an 
additional co t for an aggregat rock c ating. 
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Choosing the Best Method 
The choice between insulation methods depends on 

several factors. Interior insulation is usuallv recommended 
when a finished basement space is de~ired, when the 
retrofit work must be done in winter, or when landscap
ing must not be disturbed. Exterior insulation is recom
mended when the basement is already finished, when 
cracks or leaks need to be repaired on the exterior wall, or 
when frost heaving (freezing soil, which may move or 
crack foundations) is possible-generally in wet, clay soils.4 

Table 1. Foundation Insulation Savings 
Average Average 
Therms Percent 
Saved Saved 

Space Heat 
Percent 
Saved 

Therms 
Saved/ft' 

All Cases (n=l5) 155 12.5% 19.2% 0.24 
Interior 

Insulation (n=8) 197 15.0% 23.1% 0.22 
Exterior 

Insulation (n=5) 111 10.1% 15.5% 0.29 

Minneapolis Energy Office measured these savings in 
single-family homes that had been retrofitted only with 
foundation insulation. 
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T he results from the savings analysis are listed in table 1. 
The total savings from all cases averaged 155 therms/ 

year, or 12.5% of total annual consumption, which corre
sponds to about a 19% reduction in space-heating use. 
Both the absolute and percentage savings from interior 
jobs were much higher than the savings from exterior 
jobs, which can be explained by the following factors: 
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1) Interior insulation covers the entire height of the 
basement wall, while exterior insulation covers only the 
top four feet. The average area covered by the interior 
jobs (915 sq.ft.) was 2.3 times greater than that covered by 
exterior jobs (391 sq.ft.). Because soil acts as insulation, 
the greatest part of savings from foundation insulation 
comes from covering the above- and near-grade portions 
of the basement wall. So the absolute savings are not twice 
as great, but only 77% greater for interior insulation. 

2) The interior jobs had better coverage of the base
ment perimeter (95% vs. 88%). Obstacles encountered 
outside, such as driveways and steps, could not be covered 
or moved as easily as interior obstacles, such as pipes and 
wiring. 

3) By coincidence, the houses with interior insulation 
were larger than those receiving exterior insulation. Pre
vious studies have shown that house size is a fairly good 
predictor of gas use and that the higher the initial gas use, 
the greater retrofit savings will be.5 We found a significant 
relationship between therms saved and area of insulation, 
but as figure 1 shows, there is a lot of variation in savings as 
a function of insulation area. 

Is It a Home Improvement or a Retrofit? 
While the savings achieved by foundation insulation 

were high, the costs were also high. So the median pay
back period for all cases was about 19 years (see table 2), 
which is twice as long as other retrofits typically consid
ered cost-effective. The median payback for interior cases 

Table 2. Retrofit Payback Times 
Average Average Median 
Annual Retrofit Payback 
Savings Cost (Years) 

All Cases $85 $1,533 19 
Interior Insulation $109 $1,821 16 
Exterior Insulation $61 $1,170 21 

Insulation applied to the inside of the foundation had a 
quicker payback than the exterior method. 

was 16 years and for exterior cases was 21 years. Before 
writing off the measure, though, consider these factors: 

1) The cost in interior iQsulation included the installa
tion of gypsum board, which by itself is not an energy 
improvement. While the cost of finis,hing a wall is rela
tively high (up to $1/sq.ft.), the mar'ginal energy savings 
from it are relatively low, since gypsum has an R-value of 
about 0.45. If the costs associated with this finishing layer 
are taken out of the total cost, the retrofit has a simple 
payback of 8.3 years. 

2) A very desirable by-product of interior foundation 
insulation with gypsum board is a finished and more 
comfortable basement space. In the study houses, the cost 
of adding the basement floor area to the home's living 
area was $2.40/sq.ft., compared with estimates of $50 to 
$70 I sq .ft. for new construction. Homeowner surveys found 
that, of those people who insulated on the interior, 92% 
did so to create more living space and half chose the 
int~·rior method because they wanted to finish their base-
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men ts at the same time . If the homeowner is going to fin
ish the basement anY\vav, even the cost of the stud wall 
should be considered a home improvement. rather than 
an energy retrofit, funher shoncning tht: pa,·hack period. 

3 Eighty-eight percent of the: study homeo' ners re
ported that. e\•en thoLtgh they did not add an\' heat to the 
basemen t. their basement temperatures were 5-15?f 
1 armer after the work was clone. Ylodelinf{ smdies0 have 
shown that savings would be maximized by :eeping the 
basement as cold as possible after installing foundation 
insu lation by insul:uin<T all he:itin~ pipes and duc ts run
ning through the basement. Hi. •her temper~uures made 
the homemvners happ, . since they made the basement 
more com ortable . but thev !so had the effect of lower-
ing savings somewhat. ' 

4) Only about three-q uaners of the energy savings 
predicted bv Residential Conser;ation Service (RCS) cal
culations were realized. The RCS prediction formula is: 
DL' (change in condL~cti\ity) x area x heating cos t factor. 
One reason savings didn ' t reach predictions is the warm
ina effect discussed above , in which higher temperatures 
near the wall surface increase che driving fo rce for con
ducti\-e heat loss through the 1<Ja!ls. Another reason is that 
the j ob instalbtions were proh::ibly not perfect. The insu
la tio n may not have filled the framed wall completely, 
may have been improperly matted o r folded. or may ha\·e 
been compromised by obstructions. Any gap berween in
sulation and an un e\·en wall surface can orocuce convec
ti\·e air flows that degrade the performa~ce of the insula
tion dramatically. Considering the difficulties in trying to 
completely seal a basement wall, the ratio of estimated to 
predicted savings was reasonable. but could probably be 
improved. 

Problems with Formdation Insulation 

T he homeowner surveys revealed two potential prob
lem areas. Among the group of homes with exterior 

insulation, t\110-thirds reponed that the cement-based fin
ish that had been applied to the rigid board had peeled or 
cracked. More durable materials may be needed. 

Second, 20% of the study sample reported moisture 
problems in the basement after installation . Half of these 
were due to improper back.filling on exterior jobs, which 
was easily fixed. The other half were due to increased 
mildew or seepage in basements with interior insulation, 
which is a much more serious problem. It may be that, in 
some cases, the insulation traps water that was previously 
e\'aporating into the basement. Water can degrade fiber
glass insulation so badly that it becomes a heat conductor. 
\-[ore field measurements are needed to determine con
ditions that might lead to this problem and to suggest pos
sible solutions. 

Afore Research to Come 
In 1987, several researchers in the Twin Cities began 

the Joint Foundation Insulation Study.7 The study is cur
rently monitoring 20 occupied single-family houses for a 
~ ·e:1r before and after retrofitting 1~ith foundation insu la
tion . The researchers are using both interior and exterior 
methods and Laking ~pecia l c::a, re to insure consistency and 
q11aliry conrrol both in construction and dat:l colkccion . 
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Retrofits were done in the summer of 19~8. and results 
will be available in the fall of 19k9. Data are being col
leeted on energy end uses. basement temperatun:s, and 
moisture levels \vithin the insulation structure ::ind sur
rounding soil. This research should ;;ive a much clearer 
picture of factors influencing the perform~rnce ~rnd cost
effecti\'eness of foundatim1 insulation as a retro!it. 

Improving Cost-tjfectiveness 
Here is a summarv of suggestions for cutting the costs 

or enhancing the performance 0f foundation insulation 
retrofits: 

• For exterior jobs. insulate to grade onh . \.fanv low-in
come weatherization programs around the countrv do 
this already. Sa\ings are lower. but cosL5 are much 
lm,·er because no one needs to dig and backfill a 
trench. This modification is useful 01;IY if the building 
has a significant area of basement wall. abo\·e gr:1de. ~ 

• For interior jobs, eliminate the addition of g:;psum 
board. and either install a fire-resistant polYeth1·lene 
barrier or use batts \\ith low-f1ame-spread facing. This 
woLtld create a pavback period of about eight vears. 

Table 3. Optimum Amount of Insulation 
Location \.1inneapolis Boston Ada ma 
Energ'· costs 1 medium high medium high medium high 

Deep basement R-15 R-20 R-10 R-15 R-5 R-10 
Shallow basement R-15 R-20 R-10 R-15 R-10 R-10 
Crawl space~ R-10 R-20 R-5 R-5 R-5 R-5 

Slab on grade R-5 R-10 R-5 R-10 R-5 R-5 

I. :'riediwn energy costs: ga~ heat=50.561/thc:rm 
elecuic heat=S0.076i k\Vh 

High energy costs: gas heat=S0.842/therm 
elecuic heat=S0.114/kWh 

2. Insulation placed down inside wall and four feet out from 
perimeter. 

Source: Building Foundation Design Handbook. See note 'i. 

Charts like this can be found in a new handbook from 
Oak Ridge National Laboratory, Building foundation Design 
Handbook. It has calculated the economics of foundation 
insulation based on modeling studies. This chart gives an 
idea of the amount of insulation that will be cost-effective 
in various climates. 

• Cse higher R-rnlues. The marginal "cost of installing 
more insulation mav be more than offset b:-r higher sav
ings. The Joint Foundation Studl' used an interior 
method of compressing R-19 batts into a 2" bv -t" stud 
wall. which produces an effectire insulation rnlue of R-
15,' and also eliminates comectiYe air currents within 
the wall structure. (See table 3 for the limits to the cost
effectiveness of higher R-ralues.) 

Foundation Insulation in 
New Construction 

T he economics of foundation insulation as a compo
nent of new construction differ rnbstantially from 
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State Building Codes 
While manv states have code requirements for above
~rade foundation insulation. the following 15 states also 
have below-grade codes: 

Alaska L'-U.066-0.ll59, full wall insulation 
Delaware U-0.190 single family; 0.'.!95 multifamilv 
Idaho R-5. if noor is uninsulated 
Illinois l'-U.215-0.170 io.,.,-rise: 

0.315-fl.255 three stories and over 
Indiana l'-0.19, 0.18. 0.17. depending on climate zone 
.\faine R-lll, to frost line 
.\fa.ssachusem L:-0 .08 
.'v1innesota R-5 entire wall, R-10 w frost line 
:'-;ew Hampshi re L'-t).20 south. I) , 18 north to~· below grade 
:--:ew York t.:-0.09 2' to;· belm~ grade 
:-ionh Carolina L"·<J. i 7 co l ' below grade or top of footing 
Ore~on R-11 to I' bdow grade 
Pe:'lnsvlvania R-1 0 
\\'ashingwn l'-0.:203 (0. l H for electric resistance heat) 
\Visconsin l'-0.'.!0 to 3' below grade or top of footing 

U-values given are maximum heat conduc<..1.nce values 
allowed for foundations for each particular state listed. 

ource: Dir~rtory 11nd Compdalion '{ T~chnic:.1/ nnd .\dministram·e 
Rnnuremnm rn Energy Ccd.:s for .\w Bui!J.ling Co11J tmwo11 l..1fd 
l\'ilhin tlu! Unacd Stall's. '.':ational ConfercnC'e fo r States on Build
inl! Codes and Standards (NCSBCSi. For more mfonnation on 
hu'ilding codes in general or for fou ndauon in particular. con
tact Y!arl:i :-.cdncvTe. Director of Communicauons. );CSBCS. 
4. I Carllslc Dr .. Herndon, VA _20i0. Tei: 703-43--0100. 

retrofi.r foundation insulation, since insulation is less costly 
to install during building construction. While measured 
data do not exist vet. compmer modeling studies9 ha\·e es
timated the cost-effectiwness of foundation insulation in 
new residential buildings. \.'[anv insulation configurations 
ha\·e been simulated for full basement~. crawl spaces, and 
slab-<Jn-grade foundations in man\' cities representing 
major climatic regions in the l'.nited States. 

For all foundation types. some insulation was c::dcu
lated as cost-effective in all but the warmest climates. For 
example. in fullv conditioned deep basements (such ;:is 
those in the :Ylinneapolis stud\'), R-10 to R-19 fulJ-1,·all 
Insulation was economicall\' justified in most cities. In 
slab-on-grade foundations, R-5 insulation was justified in 
most locales. 

These economic analvses are based on 30-vear life-ncle 
costs and medium fmure fuel price le\'els. (The projections 
considered · medium .. include electricirv costs at S l 0-1/ 
million Bm and gns atS40/ million Btu b~' the vear 2010.) 
While the optimal le\·ets of insulation as determined bv 
the computer models are sensiti1·e tn fuel prices and 
co11.>truction practices, the first increments (up lO R-5 \ of 
insulation are the most cost-effecti\'e nnder all conditions. 

The assumptions about construction costs are that ex
terior insulation costs Sl.64/sq.ft .. compared w 52.95 in 
tht: \!inneapolis test homes, and that interior in.>ulation 
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costs :51.5 i I sq.ft., compared to S2.00 in the tests. The cost 
""ithout gypsum board was assumed to be SO.SI /sq.ft. 
Given these differences in unit costs, it is easy m see why 
the models forecast that foundation insul:ition is a cost
effective element in new construction. 

In response to the technical guidelines derived from 
this r;.-pe of research. se•1eral scates have incorporated 
foundation insulatio n into their current building codes 
(see box). One problem with these codes, though, is that 
builders may not follow them. Inspectors mav be more 
concerned with safety and fire codes than energy codes, 
and this emphasis allows a gap between the rules and 
their implementation. Several scates have made attempts 
to educate builders and code officials about energy codes 
and their benefit-;, but more work is needed in this area. 

• ..\s energy becomes more 5carce and more costly, future 
efforts to maximize the energy efficiencv of buil<lings will 
need to move to the next level of investment in conserva
tion. ~1easures that have long pavback periods todav may 
have a much shorter payback tomorrow. 1t is reasonable 
to expect foundation insulation to become a common 
procedure in new and existing buildings when fuel prices 
rise. • 
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