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New Research May Spur Switch From Loose-Fill Fiberglass to

Cellulose Attic Insulation

Cellulose manufacturers have finally obtained docu-
mentation of their long-standing claim that loose-fill cel-
lulose outperforms loose-fill fiberglass attic insulation
because of its higher density and lower air permeability.
Two independent tests have now shown that both
CertainTeed Insul-Safe Il and Owens Corning
Advanced Thermacube Plus suffer significant loss of R-
value under cold attic conditions due to air convection.
A third set of results, released this month, shows that
high-density loose-fill cellulose appears to be immune
to convective effects, even at very low temperatures.
The tests were conducted at the University of Illinois
and Oak Ridge National Laboratory.

RESEARCH AND IDEAS

The cellulose and fiberglass industries are engaged in a
public relations battle, with each side focusing mostly
on health (fiberglass and cancer) and safety (cellulose
and fire) issues. These latest research findings may
move the debate into the performance area, where cel-
lulose now appears to have a clear advantage.

Although the actual extent to which the observed fiber-
glass problem will affect overall fuel bills is still uncer-
tain, cellulose manufacturers expect that these test
results will convince builders in cold climates to switch
to their products.

A summary of the most recent test results is presented
in the Research and Ideas section, below.

Loose-Fill Fiberglass Versus Cellulose in Cold Attics

Tests performed at the University of Illinois and Oak
Ridge National Laboratory show that loose-fill fiber-
glass suffers performance degradation under cold con-
ditions, but that loose-fill cellulose, if installed at rela-
tively high density, is apparently immune to the
problem.

The Insul-Safe lll tests — Trouble below 30°F

Certainteed Corporation is sponsoring a comprehen-
sive research project at the University of Illinois
Building Research Council to study the performance of
fiberglass insulation under actual installed conditions.

[llinois researchers built a test building with eight sepa-
rate test cells consisting of various combinations of
vented, non-vented, flat, and vaulted ceilings. Each test
cell is equipped with heat flux sensors that can measure
the effective in-service R-value of the attic insulation
system.

This past January, while monitoring the performance of
four test cells, Project Leader Bill Rose observed that
one attic, insulated with 14 inches (R-34) of Insul-Safe
III loose-fill fiberglass, showed a noticeable loss of effec-
tive R-value at cold attic temperatures. During that
one-month period, the “indoor” temperature in the
space beneath the attic was maintained at 70°E while
the attic was allowed to track outdoor temperature,
which varied from 0°F to 38°E

Heat flow through the attic insulation performed as
expected until the temperature in the attic dropped to
about 30°E Below that point, the heat loss increased
geometrically with temperature difference, indicating a
loss of effective R-value. The drop in measured R-value
with temperature is plotted in the graph in Figure 1. At
very cold temperature (10°F), the effective R-value
dropped over 50%.

The apparent cause of the performance degradation is
air convection into and within the insulation.
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Figure 1 — Measured R-value of nominal R-34 loose-fill fiber-
glass attic insulation at various aftic air temperatures. Tests
were performed at the University of lllinois.

Similar results for Advanced Thermacube Plus

The results observed at the University of Illinois for
Insul-Safe Il are very similar to those obtained at Oak
Ridge National Laboratory for Owens Corning’s
Advanced Thermacube Plus (see EDU, February and
March 1991). The Oak Ridge tests suggest that convec-
tion begins to occur at about 50°F mean insulation tem-
perature; the Illinois tests showed performance degra-
dation at about the same point. Both experiments show
about 40%-50% loss of R-value at extremely cold tem-
peratures.

No problem with cellulose

After the initial tests on fiberglass were released, the
Cellulose Industry Standards Enforcement Program
(CISEP) hired Oak Ridge to run a series of tests on
loose-fill cellulose in the Large Scale Climate Simulator
(LSCS).

To provide a direct comparison with fiberglass, cellulose
was installed in the LSCS at a thickness sufficient to
obtain an R- value of R-19 (same as the fiberglass tests).
It is important to note that the density of the installed
cellulose ranged from 2.3 to 2.4 pounds per cubic foot
— about 15%-20% above the bag label density. The
“inside” temperature beneath the test attic was main-
tained at 70°F, while the “outdoor” temperature above
the insulation was varied from 40°F down to -18°E

The results showed no decline in R-value at cold tem-
peratures (Figure 2). In fact, the measured R-value of
the insulation system actually increased slightly from R-
18 at 40°F to R-20.3 at -18°F (Figure 2).

[The observed increase in R-value of cellulose at colder
temperatures is expected. In the absence of air circula-
tion within the material, the R-value of most insulation
increases as the temperature decreases. The reason is
because radiant heat transfer within the insulation
decreases with mean temperature. Tests on fiberglass
batts show similar increase in R-value with declining
temperature.]
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Figure 2 — Measured R-value versus temperature of nominal
R-19 loose-fill cellulose installed in the Oak Ridge Large
Scale Climatic Simulator.

Before switching away from fiberglass attic
insulation...

Although these test results clearly make sensational
promotional copy (“Tests at national lab show 50% loss
of R-value with fiberglass and zero loss with cellulose”),
we do not yet know exactly how significant they are.
The bottom line factor is obviously the impact on sea-
sonal energy costs.

The observed problem with fiberglass occurred only
when the attic air temperature dropped below about
30°E and it didn’t cause excessive loss in R-value (30%
or more) until the attic air temperature dropped to
around 0°E For mild climatic regions where the attic
temperature drops to 0°F only a few hours per year,
these findings are probably irrelevant. On the other
hand, in Edmonton, Alberta, or Fairbanks, Alaska,
where the average outdoor air temperature is below 0°F
for several months each year, low-density, loose-fill
fiberglass may be unsuitable unless covered (see the fol-
lowing article on convection blankets). Between those
extremes lies an area of uncertainty. Is there a problem
with low-density, loose-fill fiberglass attic insulation in
Minnesota or Vermont? No good answer yet.

The Illinois tests on Insul-Safe Il found that the aver-
age increase in heat loss through the attic over the
month of January due to convection was about 25%.
Assuming that the attic accounts for about 20% of the
total heat loss of an average house, that increase trans-
lates into about a 5% increase in overall fuel costs for
the month of January.

Oak Ridge scientists are now running bin weather
analyses to calculate the actual impact of the observed
degradation on fuel consumption in various climates.
CertainTeed Corporation is running full-year monitor-
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ing of test attics at the University of Hllinois to measure
the actual impact in that climate.

Batts not a problem

To avoid misunderstanding, it is worth noting that tests
on batts at the University of Illinois showed no evi-
dence of convection or loss of R-value, even at low tem-
perature.

R-values not enough; What's your Rayleigh
number?

These test results point out that thermal resistance (R-
value) alone may not always adequately describe the
in-service performance of insulation. Resistance to air
circulation is also important.

The ability of an insulation system to resist convection
depends on several factors, including insulation thick-
ness, air flow permeability, and temperature difference
across the insulation, as well as R-value per inch. These
factors can all be combined to calculate a physical prop-
erty known as the “Rayleigh number.” The higher the
Rayleigh number of an insulation system, the more
likely that convection will occur.

Because cellulose is more dense, less permeable to air-

flow, and has a higher R-value per inch than fiberglass,
a cellulose insulation system will usually have a lower

Rayleigh number, and thus be less prone to air convec-
tion, than a loose-fill fiberglass installation of the same

R-value.

Concern over fiberglass “fluffing”

The University of Illinois and Oak Ridge test results cre-
ate additional concern over the practice of fiberglass
“fluffing” which has been commonly observed in some
regions of the US. Fluffing produces lower installed

Laboratory R-Values
and the Rest of the Story

When seeing results such as those presented in this arti-
cle, one might ask why similar resuits don’t turn up in
small-scale laboratory tests, which are used to assign
“rated” R-values to various insulation products.

The most common test used to rate loose-fill insulation is
ASTM C518 (heat flow meter), in which a sample of insula-
tion is sandwiched between two metal plates — one
heated to 95°F and the other cooled to 55°F. Under those
conditions, convection is much less likely to occur than in a
full-scale attic test for two reasons: first because the cold
side of the insulation is in contact with a metal plate rather
than free air, and second because the temperature differ-
ence across the insulation is not extreme.

Tested by the C518 method, the R-value of 12 inches of
loosefill fiberglass may indeed be R-30. But tested under
conditions more similar to those in a very cold attic, the R-
value of 12 inches of loose-fill fiberglass may only be R-15.

Some researchers are calling for new test methods and
reporting conventions for insulation to better represent
actual performance in real-life situations.

density. Lower density means a higher Rayleigh num-
ber and greater likelihood of convection in the insula-
tion.

This concern probably does not extend to cellulose,
which is much more difficult to fluff. The Oak Ridge
tests included measurements of cellulose at two differ-
ent densities. In both cases, there was no indication of
convection within the insulation.

Air Convection in Low-Density Cellulose Attic Insulation

Recent research at Oak Ridge National Laboratory
shows that air convection can degrade the performance
of some types of loose-fill fiberglass attic insulation at
cold temperatures, but that cellulose installed at 2.0
Ib/tt3 density is apparently immune to the problem.

The October issue of EDU raised a question about low-
density “fiberized” cellulose — a relative newcomer to
the industry (see EDU, June 1989) — which has a set-
tled density around 1.5 Ib/ft3 and may be even lighter
when initially installed. Will this low-density cellulose
be subject to the same convection problem as fiberglass?

Scientists at Oak Ridge say that the question cannot be
answered with certainty without actual tests but that
even at very low density, cellulose is probably immune
to convection problems.

David Yarbrough explained that even with density as
low as 1.5 Ib/ft3, “fiberized” cellulose is still three times
as dense as loose-fill fiberglass. Theoretically, he said,
the temperature in the attic would have to drop to
about -30°F before convection would occur.
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