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PREFACE

This research project was started as a science fair project in 1977 when this researcher
was nine years old and in the fourth grade. Several of the conclusions in the report were
submitted by 1979 when the project began to be accepted by some engineers instead of assumed
to be an error by a young person. Guidance has been solicited and accepted from numerous
engineers, scientists and college professors. This project would not nave been developed to this
degree without a research grant and technical review since 1980 by Arkansas Louisiana Gas Co.

and Mr. Billy Nichols, Vice-President.

At the present time, January 1985, this researcher is sixteen years old and in the eleventh
grade at Caddo Signet High School in Shreveport, Louisiana. He completed advanced math and
computer science at LSU at Shreveport in the summer of 1984 and is presently taking college
level calculus, physics and computer science. As a ninth grader this student placed third in the
Algebra I Louisiana State Literacy Rally, set district and state records in junior high track, and is
considered one of the top pianists in Louisiana in his ago group. He participates in many extra

curricular activities.

Information in the field has been studied continuously for several years. This researcher's
present plans are to enter college and pursue degrees in computer science and mechanical

engineering. Hopefully, he will enter a field of energy research after completing these degrees.

This project was started seven years ago, the first report was written four years ago, and
both have been in a state of constant change as test data, technical data and more education have
been acquired. This is not meant to brag or seek personal recognition but to point out at the
insistence of this researcher's advisors, that he possibly has the background and dedication to
conduct this project. As more education and better equipment are obtained, hopefully this data

can be refined to a more exact degree.
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INTRODUCTION

The method of manufacturing and applying loose-fill and fiber batt insulation in household
attics is a major error costing an estimated fifty-two billion dollars annually. Data collected
over the last seven years demonstrates that the application of a membrane over and in the

insulation would significantly improve the insulating properties of insulation.

This finding is a typical serendipity type discovery in which something very simple was trying
to be demonstrated and something very profound was discovered. In an attempt to show that
three inches of fiberglass insulation was equivalent to one inch of polyurethane it was
determined that the fiberglass insulation as sold and used has very little effect on air movement
and convection heat loss. It has also been determined through additional experiments that no
loose-fill or fiber batt insulation will function efficiently without a membrane to stop air
circulation in the insulation. Further testing has shown that insulation applied in attics of homes
does not function as is expected by some homeowners. All tests that have been conducted in
this research project have confirmed that the heating and cooling utility cost in these homes
could have been cut at least 50% had a membrane been Installed over the insulation. The
membrane used in these tests was two-mil polyethylene. It has also been determined from
extensive tests that moisture vapor passes through this polyethylene readily and moisture does

not build up in the insulation because of this membrane.

Two patents are pending on this application. Permission is granted for any person to use this
concept on his personal property; however, permission is not granted to use this application

commercially or on commercial property without written permission of this researcher.



CONCLUSIONS

. The "R" value for loose-fill and fiber batt insulation is less than 1/30™ the value normally

accepted.

The "R" value for loose-fill and fiber batt insulation can be increased by a. factor of 10 if a

membrane is placed over the Insulation.

Heating and cooling usage can be reduced 50% or more by placing a membrane over loose-

fill insulation.
Moisture vapor will pass through a membrane such as 2-mil polyethylene.

Moisture content in loose-fill insulation will be reduced by placing a membrane over the

insulation.

The “R" value for loose-fill and fiber insulation can be increased by a factor of 20 to 30 if

multiple membranes are placed in and over the insulation.

The total U.S.A. energy usage could be reduced a theoretical 10% by using this membrane

application.




FUNDAMENTAL PRINCIPLES OF INSULATION

1. Before embarking on an explanation of efficiency of insulation, one must understand the
principles of insulation and method in which insulation efficiency is determined. Tests are made
on various insulations using the commonly accepted guarded hot plate test. This test uses a very
precise and expensive piece of equipment called a guarded hot plate. One of these pieces of
equipment viewed by this researcher at Owens Corning Research laboratory cost $500,000 to
build, although most are not this expensive. The guarded hot plate is built to measure conductive
heat only and eliminates the convection and radiation heat transfer. This is done by placing the
test material, insulation in this case, in a sealed atmosphere or vapor-barriered atmosphere. The

heat transfer measured is "Thermal conductivity" or "K", where

K= BTU *1inches
hr *sq ft * °F

This test is very reliable for solid materials such as polyurethane, styrofoam, etc. It is not
reliable for fiber materials such as fiberglass. The "K" derived for fiberglass in this test varies
from 25 to .5 due to an inability to eliminate the variables while solid insulation "K" values can
be repeated to three significant figures. It has been determined from this research project that
that the conductive heat transfer in fiber insulation is only approximately 1/30™ the total heat
transfer. The “R" (1/K x inches thick) for insulation thus is only 1/30™ that normally expected
by purchasers of fiber insulation. In the case of loose-fill or fiber bat insulation, the insulation is
placed in an attic in an unvapor-barriered condition and expected to function as it would in the
vapor-barriered atmosphere. Convection air currents in the attic can flow through the insulation,
thus reducing its efficiency. A more realistic test would be to place the loose-fill or fiber batt

insulation in an unprotected area on the hot plate as is shown in the next drawing.

2. The next drawing shows that if insulation does not have a protective membrane, air and heat
can flow through the insulation, thus reducing its efficiency. If a protective membrane is

placed over each side of the insulation, it will function similar to the guarded hot plate test.



Figure
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Figure 5

Reduced Air Flow in Insulation with Plastic

Air Flow in Usual Insulation Reduced Air Flow in Insulation with Plastic



INITIAL DISCOVERY

The original test in this project was to try to show that one inch of polyurethane was equivalent
to three inches of fiberglass insulation. Two boxes, one foot cubed, were built using 2" x 2"
wood frames. One inch of polyurethane was installed on one of the boxes on all six sides and
three inches of fiberglass insulation was installed on all six sides of the other box. Twenty-five
ice cubes wore put in each box and the boxes were placed next to the air outlet of an electric
clothes dryer in a garage. Temperatures were measured in each box and in the garage in which
the dryer outlet and those boxes were located. The temperature in the garage ranged between
68° and 70°F. The temperature in the box with polyurethane ranged between 52° and 58°F and
the temperature in the box with fiberglass ranged between 81° and 88°F. (Ref. Fig 1) This
showed that something was happening which could not be expected based on published data on
insulation. It was observed from this experiment that if air is left to pass freely through

insulation, the insulation has very little effect on heat loss.



TEMPERATURE -- °F

Figure 1

Temperature vs. Time

O Temperature in Utility Closet
| Temperature in Test Box with 3 in of Fiberglass

A Temperature in Test Box with 1 in of Urethane Insulation

DRYER OFF



In an attempt to better understand this problem, three additional boxes were built. The three
inches of fiberglass and polyurethane were removed from the two original boxes. One sheet of
two mil polyethylene was installed on one of the boxes; two sheets of polyethylene were
installed on the second box; two inches of fiberglass insulation was installed on the third box;
two inches of fiberglass insulation with polyethylene on the outside was installed on the fourth
box, and two inches of fiberglass insulation with polyethylene on the outside and inside of the
fifth box was installed. Five hundred ml of 125°F water was placed in each box. The
temperature in each box was recorded for 1.5 hours. It was approximately 45 minutes before the
box with insulation and one membrane had cooled to the temperature of the box with insulation
only. This experiment demonstrated that there is a definite need for a membrane to be installed

on insulation to stop air circulation through the insulation.
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The next phase in this project was to measure temperature in and under Insulation in houses. A
house In Shreveport which had been checked by Southwestern Electric Power Company was
used for the next phase of this research project. Swepco gave a letter to the owner of this home
stating that it was as energy efficient as a home could be. One of the tests on this home was
conducted when the outside air temperature was 30°F, the attic temperature was 33°F, and the
temperature one Inch above the sheet-rock was 42°F. The temperature inside the home was
70°F which is a 38° drop through one inch of insulation and the one-half Inch sheetrock which
was the ceiling in this home. This showed that the sheetrock was doing most of the insulating
and the ten inches of insulation in the attic was of very little benefit. All other temperature data

in this project was recorded next to the sheetrock, not one Inch above It.

A two-mil membrane of polyethylene was installed between two rafters of this home over the
existing insulation. Temperatures were checked at various depths with a Doric Digital
Trendicator which was furnished by the Department of Energy in Dallas, Texas. At this time the
winter conditions had moderated but there was a substantial improvement in the efficiency of the
insulation when a membrane was installed. (Ref. Figure 4) During the following summer
temperatures were checked when the attic temperature was 125°F. Without a membrane over the
insulation, temperature next to the sheetrock was 114°F or an 11° drop through the insulation.
The temperature next to the sheetrock inside the room was 82°F or a 32° drop through the
sheetrock, again showing that the Insulation was of very little benefit. Between the rafters under
the membrane the temperature was checked and found to be 92°F next to the sheetrock or a 33°
drop through the insulation and a 10° drop through the sheetrock, showing that the insulation
with a membrane was three tines as effective as insulation without a membrane. Data plotted on
figure 5 shows the heat-gradient through insulation with and without a membrane as measured

with the trendicator.



Figure 3 11

Wintertime Steady State Temperatures
through
Attic, attic-floor insulation, ceiling sheetrock and conditioned space

(from top to bottom)

OUTSIDE AIR TEMPERATURE 30°F

33°F in Attic
Delta Temperature 10 inches insulation Delta Temperature
at indicated height in M through entire material
next column
6°F
9°F
39°F 4 in deep
1°F
40°F 6 in deep
2°F
42°F 9 in deep
14 in sheetrock 28°F

Room of House 70°F



12

Figure 4
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DERIVATION OF “R” VALUES

From the previous test it can be seen that in general the sheetrock is approximately
three tines as effective as the insulation in reducing heat flow. Sheetrock has a tested "R"
value of .5. Taking into consideration the air flow and heat gradient through the air on both
sides of the sheetrock, it can be estimated that the total resistance of one-half inch sheetrock
could to be as high as 3,* thus the resistance of ten inches of loose-fill insulation would be
approximately one or less.

If a membrane is placed over the insulation it can be seen that the insulation is more than
three times as efficient as the sheetrock. Thus, the “R” value for ten inches of insulation is
assumed 10. This data is correct and the assumptions are correct. The specific numbers, of
course, are estimates, but repeated teats have been made to show that they are approximately
correct. These results are shown on the following page.

*NOTE: In the spring of 1982 Dr. Jack Thigpin, retired Dean of Engineering at Louisiana Tech,
reviewed this project. His suggestion was that for this project to have any creditability the "R"
for insulation must be challenged and new "R" values for this concept must be determined. He
encouraged continued research and success by added; ““You know you are trying to prove that I

have taught incorrect fundamental principles for over forty years."

After an investigation and study of "R" values, it was the opinion of this researcher that
if an "R" for sheetrock could be determined, an "R" for the insulation could be calculated. Mr.
Walter H. Patterson, a professor in the school of mechanical engineering at the University of
Texas at Arlington was contacted. Mr. Patterson is the Director of the Energy Extension
Service at U.T.A., consultant to Texas Utilities, consultant to several schools at Louisiana State
University, and one of the most respected experts in the south in the field of energy
conservation and moisture barriers. Mr. Patterson was asked if he could make a reasonable
estimation as to the "R" value of sheetrock as used in homos. Mr. Patterson has done research
work on home simulators and feels that considering the heat gradient through air on both sides
of the sheetrock, the conduction of heat through the sheetrock and the transfer of heat into the
sheet rock by convection and transfer of heat out of the sheetrock by convection, that the total
"R" value would be approximately 3. This is used as the basis for deriving all “R” values in

this report. If this “R” is incorrect, the conclusions in this report are still correct. The only



change will be a ratio of the specific "R" value numbers used.

Even with this possible and suspected error, this data is probably more accurate than
accepted data from guarded hot plates which cost as much as $500,000. This researcher was told
by a senior research engineer at Corning who holds a Ph.D. degree that the "K" value for
fiberglass varies between a .25 and .5 (BTU * in.) / (Hr. * ft. * °F). This is a 100% error from

one of the most respected energy research facilities in the United States.



Thermal Characteristics
of

Loose-Fill and Fiber Batt Insulation

Without Protective Membrane

R K
2.7|.31 |Loose-Fill, 1 in thick
27 Loose-Fill, 10 in thick
BUT
3 |.33|Sheet Rock
1 |10 [Thus: Loose-Fill, 10 in; NOT R 27
With Protective Membrane
3 |.33 |For Sheet Rock
Thus:
10 Loose-Fill, 10 in thick
1 |1 |Loose-Fill, 1 in thick

K= BTU *inches

- hr *sq ft * °F

R = 1/K * in thick

U = K/(in thick)

BTU/Hr./Sq. Ft. = K(t; — t)/(In. ty)
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MULTIPLE MEMBRANES IN INSULATION TEST

The next question that arose in this project was, "Could the insulation be
improved even more by placing horizontal membranes in the insulation to form closed

cells to further reduce air flow?"

To conduct this test, a box was built out of 3/4" plywood 36" x 44 and 48" high
to simulate a room. (Fig. 30) Four cells 15" x 19" were built on top of the sheetrock
ceiling. Insulation was placed in each cell. One cell had no membrane over the
insulation, one cell had a two-mil polyethylene membrane placed over the insulation,
one cell had the same membrane placed over the insulation and another membrane
midway in the insulation, and the other cell had a membrane over the insulation and two
membranes in the insulation. (Fig. 31) This box was then placed in a cooler and a two

hundred watt light bulb was placed inside the box for heat.

Data was collected several tines a day for several days and temperatures were
measured under the insulation next to the sheetrock. There was a significant
improvement in the insulation with membranes. Typical data is shown in Figures 32
and 33. Insulation was removed from the cell with no membrane and data was recorded
to determine the true benefit of insulation. Using comparisons and ratios, "R" values
and "K" values are calculated for these various systems. The published "R" value of the

insulation used is 22.



Cooler Temperature 37°F

18

Inside Box Temperature 87°F
No No 1 2 3
Insulation Membrane Membrane | Membranes | Membranes
°F °F °F °F °F
Temperatur.e Under 42 48 63 70 75
Insulation
Temperature
difference between
box & top of 47 39 24 17 12
Sheetrock
"R" Value 1 10 16.2 20
"K" Value 10 1 .62 )
Cooler Temperature 53°F
Inside Box Temperature 87°F
No No 1 2 3
Insulation Membrane Membrane | Membranes | Membranes
°F °F °F °F °F
Temperatur.e Under 57 63 73 30 33
Insulation
Temperature
difference between
box & top of 30 24 14 7 4
Sheetrock
"R" Value 1 10 20 30.5
"K" Value 10 1 S 33
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Details of Box used for

Moisture Test and Comparison of Layered Membranes
Figure 30

Top View .
2" x 4" Pine

Insulation between 2"x 4" 's

Temperature Probe

Ext. Cord and Light

Open Top

3/4" Plywood

2 Mil Polyethylene
2" X 4" Pine

Temperature Probe

100, 200, or 500 Watt Light &
Ext. Cord for Heat

Closed Bottom

Details of Box Used for Moisture Test and Comparison of Layered Membranes




Figure 31 20

Air Circulation and Convection Heat Flow in Insulation
Four diagrams:
No Membrane 2 Membranes
1 Membrane 3 Membranes

Air Circulation and Convection Heat Flow in Insulation

SICRN;

m

2 Membranes

No Membrane
Insulation
Membranes

S 5"
ERIAN
oy o

1 Membrane 3 Membranes
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Figure 32 21
Steady State Temperature Next to Sheetrock — Deg F

Inside of Box
3 Membranes
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1 Membrane
No Membrane
No Insulation
Inside Cooler

v
v |
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Figure 33

Steady State Temperature Next to Sheetrock — Deg F
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Extension

Service

Dallas-Fort Worth Area Office
University of Texas at Arlington
Arlington, Texas 76019

(817) 273-2996

April 4, 1984

Mr. Christopher A. Bullock
3321 Pines Road
Shreveport, LA 71109

Dear Chris,

This letter is to confirm our recent conversation discussing your science
project. I was pleased to learn that you have continued your efforts to evaluate
the effect of a protective membrane to improve the thermal resistance of attic
insulation.

The data you presented clearly indicates improved thermal resistance as a
result of applying the protective membrane studied in your research effort.

I also agree with your testing technique as a reasonable indication of
improved thermal resistance. Measurement of the temperature profile through
the insulation before and after application of the protective membrane indicates
the relative change in insulation R-value. Your data definitely indicates and
improve R-value as the protective membrane is applied.

Let me congratulate you for choosing a project which appropriately
addresses a very basic and pervasive problem. The results of your efforts can be
applied now to provide a very significant contribution to the reduction of home
energy use.

Sincerely,
Walter H Patterson, P.E.
WHP/mf
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In mid January 1985, Ethyl Corp., who makes polyethylene films, reviewed the work
which had been done on this project. As a result of this review, Ethyl made available some of
their films for additional testing and review. One of these films was a 1.25 mil white
perforated film. Three tests were conducted to evaluate this new membrane. Tests number 1
and 2 used the box used in previous tests. For Test #1, 7" of R 22 fiberglass insulation was
placed in each of the 15" x 19" cells. One clear 2 mil film was placed over one cell, one white
1.25 mil perforated film was placed over the second cell, one clear 2 mil membrane was placed
horizontally midway in the insulation and another clear film over the insulation in the third
cell, and the same configuration using white 1.25 mil perforated films was used for the last
cell. Tabulated data is shown on page 23C and is plotted on page 23D. This data clearly
shows an improvement if the white material is used. It was speculated that radiant heat was
being reflected back into the insulation, thus addressing radiant heat loss as well as convection
heat loss.

After Test #1 was completed, samples of the insulation were taken to Southwestern
Laboratory for moisture content tests which will be described later in this report. The
insulation using the white perforated material had a moisture content of approximately one-
third that of new unused insulation, one-fourth that of insulation with a clear membrane, and
one-fifth that of insulation used in these tests with no membrane.

Test #2 used the same box with no insulation in one cell; 7" of R 22 insulation in the
second cell, insulation with one clear 2 mil film over the insulation in the third cell, and the
same configuration using a white 1.25 perforated film in the fourth cell. The tabulated data is
shown on page 23C and plotted data is shown on page 23E. The white data clearly is the most
effective in this test and the reason is speculated to be the same as Test #1.

Test #3 was conducted using four 6" square 3%2" deep cells with ¥2" sheet rock under
the insulation. This test used 3%2” of R 11 insulation in each cell with no membrane over one
cell, clear 2 mil film over one cell, white 1.25 mil perforated film over another cell and
aluminum foil over the fourth coll. The reason for this test was to try to evaluate radiant heat
effect since aluminum foil is considered to be an effective barrier for radiant heat transfer. The
tabulated data from this test is shown on page 23C and the plotted data is shown on page 23F.

The temperature in each cell next to the top of the sheet rock was observed throughout this test
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are in all cases the temperature under the white material and the aluminum foil was

the same plus or minus 1°F while the temperature under the clear membrane and the insulation
only was significantly lower.
After the heat source under the cells was turned off and the temperature stabilized, data

for Test #3 was recorded. It was determined from these tests that:

1. The white perforated polyethylene material was as effective in reducing
convection heat loss as the clear material.

2. The white perforated material was as effective in reducing the radiant heat loss
as aluminum foil.

3. The moisture content in fiberglass insulation is significantly reduced using the

white perforated material.

Test #3 data is tabulated on page 23C and plotted on page 23F.
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TABULATED DATA
Test #1
Outside Temperature | Temperature | Temperature | Temperature | Temperature
Air Under Under Under Under Inside
Temperature One One Two Two Box
Clear White Clear White
Membrane | Membrane | Membrane | Membrane
22°F 43°F 48°F 52°F 53°F 57°F
18°F 42°F 46°F 51°F 52°F ST°F
18°F 51°F 56°F 61°F 64°F 68°F
28°F 60°F 65°F 69°F 71°F 74°F
Test #2
Outside Temperature | Temperature | Temperature | Temperature | Temperature
Air With Under Under Under Inside
Temperature No Insulation One One Box
Insulation Only Clear White
Membrane | Membrane
28°F 35°F 60°F 72°F 74°F 77°F
30°F 36°F 62°F 70°F 74°F 78°F
36°F 45°F 66°F 71°F 73°F 85°F
51°F 61°F 78°F 86°F 88°F 94°F
Test #3
Room Insulation | Temperature | Temperature | Temperature | Temperature
Temperature Only Under Under Under Inside
One One Aluminum Box
Clear White Foil
Membrane | Membrane
68°F 115°F 122°F 137°F 138°F 145° F
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Outside Temperature

2 One Clear 2 mil Membrane
3 One White 1.25 mil Perforated Membrane
4 Two Clear 2 mil Membranes
5  Two White 1.25 mil Perforated Membranes
Temperature Inside Box
70
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60 .
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z 40 '
B
= 0
aa
= m
30 i :
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2, 3, 4, 5 Measured Next to Top of Sheetrock under Insulation

Steady State Temperatures Test 1 — R22 Insulation, Box in Cooler
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2 No Insulation
100 3 7 inches Insulation only
B 4 One Clear 2 mil Membrane
B 5 One White 1.25 mil Perforated Membrane
B Temperature Inside Box
90 —
80
B
H |
170 =
ad u
= N
= 0
—~
<| 60 s
: :
% H
S| s I = :
= O
B
40 f = f
B
B
30 I = -
B
B
20

2,3, 4, 5 Measured Next to Top of Sheetrock under Insulation

Steady State Temperatures  Test 2 — R22 Insulation, Box in Cooler
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PROPOSED MEW METHOD OF DETERMINING HEAT TRANSFER

It should be obvious that there are three methods of heat transfer: conduction, convection
and radiation. The guarded hot plate addresses only conduction or thermal conductivity. It has
been determined from this research that conductivity is approximately 1/20 to 1/30 the total heat
transfer in attics using loose fill or fiber bat Insulation. Solid, opaque insulation should have a
convection and radiant heat transfer of near zero and thus the guarded hot plate test would be
reliable test. If we were to remove all insulation from the guarded hot plate, we would have zero
conduction and thus infinite resistance to heat transfer. This is not a good test, but is used by the
entire engineering world.

1. Proposed K.q = Conductive Heat Transfer

The guarded hot plate test is a sufficient teat for this form of heat transfer. However, it
would be much more reliable if it were performed in a vacuum to eliminate convection.

2. K., = Convective Heat Transfer

The guarded hot plate is a sufficient test for solid insulation. Fiber and loose-fill
insulation has little to no resistance to air circulation and convection heat transfer. A
standard test method should be developed.

Ex. If we hold a section of fiber batt insulation we can pour water through it, we can
blow smoke through it — if we smoke, and we can feel, with our hand, air moving
through it if we hold it between our hand and an air flow source. If we build a home of
"R" 30-batt insulation in the Arctic, we will freeze to death and if we build the home in
the Mohave Desert, it will be 130°F inside on hot windy days. However, if we use the
layered membrane concept and form closed cell areas in the insulation it can be seen
from this data that convection heat transfer is virtually eliminated.

3. K,q=Radiant Heat Transfer
No test addresses this and one should be developed, possibly using vacuums.

All bodies radiate heat or infrared rays. The rate of radiation is a function of absolute
heat. Sheet rock at 80°F in an attic will radiate less heat than a 180°F roof deck in the
summer. Thus, more radiant heat will enter a structure in the summer than it will emit.
In this winter, 80°F sheet rock will radiate more heat than a O°F roof deck so there will be
a greater radiant heat loss. (Provost's Law of Heat Exchange)

If insulation is placed next to sheet rock the radiant heat will be absorbed by the
insulation or reflected by the insulation. The amount of absorption or reflection is a
function of color. (Kirchhoff’s Law of Radiation and Stefan-Boltzmann Law).

In loose fill or fiber batt insulation, radiant heat will strike the fibers. Some will be
absorbed and transferred by
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conduction and some will be reflected away from the insulation or deeper into the
insulation. If layered membranes are used in the insulation, the radiant heat will be
contained in the insulation in the individual closed cells. Those cells will, of course,
radiate heat into the next membrane and next cell, but a uniform heat gradient through
the insulation will be formed thus increasing its efficiency.

4. Proposed Kt = Total Heat Transfer

Tests should be developed and conducted on insulation to measure the total heat
transfer, not just the conduction through a few strands of the fiber insulation. This test
should reflect properties of the insulation in the atmosphere it will be used in: i.e.
homes, tanks, pipe, rail cars, etc. Then the public should be told: If you have a black
roof it will cost this in the summer, if you do not ventilate the attic in summer, it will
cost this. If we do this we can say we have been honest and straight forward in our
representation of insulation and we have presented the engineering data in terms
everyone can understand: dollars.

Summary:

If we use our current technical approach to insulation and we assume loose-fill or
fiber batt insulation has a K = 0.3 and we assume we have four inches of insulation in an
attic, we will have a conductance of .073 BTU per hour per square foot per °F (.3/4 in.) If we
assume the attic is 70°F hotter or cooler than the home, then we would have a heat loss or
gain of 70°F * .075 = 5.25 BTU/Hr/sq. ft., or 1,680,000 BTU/Week for a 2,000 sq. ft. home.
At $5.00 per 1,000,000 BTU (gas Price) this is less than $10.00 per week. If we were to
double the thickness of insulation to eight inches we would save only $5.00 per week. This
gives no benefit to the sheet rock or the heat rise in the attic and assumes a condition that
only a few of us would expect for a few weeks per year. We really could only expect to save
an average of $1.00 or $2.00 per week — not enough to be concerned about. However, if we
consider the convection and radiant heat loss and multiply this by twenty or thirty, then it is
very much a concern to all of us. If we continue to ignore this total heat transfer, we are just

kidding ourselves and those who depend on us for advice and technical guidance.
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ENERGY SAVINGS

Test on Rutherford House

The next logical step in this project was to install two mil of polyethylene over the
insulation in an existing home. The house chosen for this was Rutherford House in Shreveport,
La. Data collected in the following winter indicated a 59% reduction in heating and cooling
costs and a 35% reduction in total utility costs for the winter of 1981-82. (Ref. Fig 6) This is
based on utility cost increases (Ref. Fig 6) and data from the U. S. Energy Data Book, 1981
edition (Ref. Figs 8, 9). Figure 14 shows the degree-days for the winters of 1978 through 1982.

This data is used for comparison on Figure 6.

Figure 9 shows that if the total home energy usage were reduced 35%, this would be a
savings of 7.6 quads, which is 10% of the total U.S. energy usage, assuming this membrane were

installed on all homes.
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35% Savings
99% Heating and
Cooling Savings

February Savings $245 33%

January Savings $270 32%
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Figure 7

Trends of Electricity and Gas Prices

Shreveport, La
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Potential Energy Savings in Quads
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Quads of Energy

Figure 9 30
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Figures 10 and 11 show the average degree-days in Shreveport, La. and the average

temperature for each month.

Figure 12 shows the average summer temperature for 1980, 1981 and 1982 as well as the

actual average temperature for these years.

Figure 13 shows the electric usage for the summer of 1980, 1981 and 1982. A base usage
line is drawn to show the amount of electricity normally used without any heating or cooling
load. The membrane was placed over the insulation prior to the summer of 1982. The kilowatt-
hour usage is recorded on this graph and the calculated kilowatt-hour usage using degree-days

and average temperature are also plotted on this graph. It can be seen that there is a 50% to 70%

reduction in electric usage.
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Figures 15 and 16 are time history graphs of electric usage in kilowatt-hours, gas usage in
thousand-cubic feet, and temperature above or below normal from June 1980 through February
1983. Base usage is calculated based on minimum usage in the spring and fall of each year.
Heating and cooling energy loads are the average usage during December, January and February
for winter and June, July and August for summer. Average temperature above or below normal
is calculated using the months and is used for comparison. The summer and winter usage for the
insulation with a membrane over the insulation is chosen to be one unit. The ratio of energy
used in the other comparisons is ratioed to the unit base for electric usage on Figure 15. It can
be seen that the average temperature for the summers of 1981 and 1982 are about the same. The
electric usage for the summer of 1981 is 1.9 times our base unit 1. The average temperature for
the summer of 1980 is approximately 3.5°F per day hotter. As a result of this degree-day change

the electric usage is 2.75 times that of our base unit 1.

Figure 16 is the same type comparison for gas usage. As can be seen the winter of 1980
and 1981 and the winter of 1982, 83 are approximately the same. The graph shows a 50%

reduction in gas requirements considering these years.
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Figure 27 shows the average degree-days, the recorded degree-days for the summer of
1982 and winter of 1982-33, and the recorded degree-days for the summer of 1983 and winter of
1983-84. It can be seen that the summer data is approximately normal. However, the winter of
1983-84 is significantly more severe than normal and in fact, was the coldest winter in the

history Shreveport, La.

Figure 28 shows the Rutherford House data of the summers of 1982, 1983 with a
membrane over the insulation for both years to be a function of a slight sift in degree-days. The
winter data shows the same phenomenon with a radical shift in degree-days and a radical shift in

gas usage.

Figure 29 shows data collected on another house which had a membrane placed over the
insulation prior to the summer of 1983 and winter of 1983-84. The summer data shows a
significant savings in June, July and no savings in the month of August. However, the family
took a two-week vacation in the month of August with the thermostat set on 85°F. A dotted
triangle is plotted with the calculate savings base on the comparison of other data and this two-
w2eek minimum usage. The winter of 1983-84 shows an increase in gas usage; however, no

comparison can be made due to the lack of previous data and the severity of the winter.
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Figure 29
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MOISTURE ACCUMULATION IN INSULATION WITH A MEMBRANE

A major question concerning this application has been, "will moisture accumulate in the
insulation with a membrane?" Dow Chemical Company, who is a major manufacturer of
polyethylene, was contacted. They gave assurances that moisture vapor will freely pass through
low-density polyethylene and have sent data to confirm this statement. That technical data is not
included in this report but is available upon request. One test to confirm this was made using a
Styrofoam ice chest with a hole cut in the top and a jar placed snugly in the hole. The jar had
two mil polyethylene over the top anchored snugly by several heavy rubber bands. The box was
filled with ice with the jar in the ice and the entire box was placed in a bathroom with the heater
turned on. After 48 hours there was approximately 1/8 inch water in the bottom of the jar and
there was condensation on the inside of the jar which indicated that heat flow through the
membrane and accompanying differential-vapor pressure also caused moisture vapor flow
through the membrane. The heat would pass through the glass into the ice and the moisture

would be collected inside the glass since the glass is an effective vapor barrier.



Glass Jar Immersed in Ice Setup

This demonstrates that this Plastic Membrane is not a vapor barrier.

Heat Flow

Moisture Flow
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Figure 22 is a graph of maximum water content in saturated air vs. temperature. This has been
used in several tests to demonstrate that as warm air is cooled a dew point condition will be

reached which will cause condensation in insulation. EXAMPLE:

Eighty-degree F air saturated will have 25 grams of water per cubic meter. At 80% relative
humidity, there will be 20 grams per cubic meter of water. Thus, at 72.5°F a dew point
condition will be reached and water will start to condense. If the temperature of the air is
lowered to 40°F the saturated condition will be approximately 7 grams per cubic meter of

air will be collected.

Figure 23 shows vapor pressure vs. temperature and is used in this project to understand

moisture-vapor flow with heat. EXAMPLE:

At 80°F, the vapor-pressure will be approximately 27 millimeters of mercury. At 40°F, the
vapor-pressure will be approximately 6.5 millimeters of mercury. Thus as the conditions

exist on both sides of the membrane the differential-vapor-pressure will be
27 mm Hg - 6.5mm Hg = 20.5 mm Hg.

This is the driving-force to force moisture-vapor from a warm atmosphere to a cold

atmosphere.
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Figure 22

Mass of Water Vapor in Saturated Air Vs. Temperature
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COOLER EXPERIMENT

To research moisture accumulation in insulation, a box four foot cube was built. The top
of the box was constructed similar to a house with one-half inch sheetrock as a ceiling. Eight
inch fiberglass batts were installed over the sheetrock. Two-mil polyethylene was installed over
one of the batts. A rack was placed inside the box, which supported two pans of water and an
electric light. An instrument was placed inside the box, which recorded temperature and
humidity. Numerous tests were conducted using this equipment. Temperatures were measured
in the box, under the insulation next to the sheetrock, and in the cooler in which this box was
placed. Temperature gradients similar to those recorded previously were measured. The first
tests were conducted using a 300 watt heat lamp directed at the sheetrock. The temperature
under the insulation next to the sheetrock was over 100°F and there was moisture condensation
in insulation which was covered by the membrane and in the insulation which was not covered
by a membrane. The heat lamp was replaced by a 100-watt light bulb, which reduced the
temperature inside the box to 60F and a relative humidity of 70%. (Ref. Fig 18) After
approximately forty-eight hours the moisture had evaporated and there was no evidence of
condensation. Next, the 100-watt light bulb was replaced by a 200-watt light bulb, which raised
the temperature inside the box to 74°F and a relative humidity of 80%. (Ref. Fig 19) After
seventy-two hours, moisture condensation was observed in the insulation with and without a
membrane. This experiment was reversed several tines and it was always observed that the con-
densation disappeared when the 100-watt light bulb was installed. Samples of the insulation
were tested by Southwestern Laboratories (Ref. Fig 24) after the 100-watt light bulb had been
installed and after a forced dew point condition had been observed. In both cases, the moisture
content was higher in the insulation, which was not covered by a membrane. It is speculated that
air circulation into the insulation from the refrigeration unit in the cooler carried colder air into
the insulation which was not covered by a membrane thus creating a more severe dew point
problem. Temperature and humidity conditions were recorded inside the cooler.

This experiment was repeated in a -10°F freezer in which the box was left for 45 days to
determine if there would be ice build-up in the insulation. (Ref. Fig 26) Samples of this
insulation were taken to Southwestern Laboratories and it was determined that moisture content

in the insulation without a membrane was higher than the insulation which was
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covered by a two-mil polyethylene membrane. There was a small amount of ice inside the
insulation which was not covered by the membrane and a slight amount of ice on the surface of

the two-mil polyethylene.



Figure 18
Moisture Accumulation in Insulation
Cooler — 38°F
100-Watt light bulb

Graph indicates that Steady State Temperature was 60°F

and Relative Humidity was 70%.
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Figure 19
Moisture Accumulation in Insulation
Cooler — 38F
200-Watt light bulb

Graph indicates that Steady State Temperature was 74°F

and Relative Humidity was 80%.
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Figure 21

Moisture Accumulation in Insulation
Cooler — 38°F
? Watt light bulb

Graph indicates that Temperature varied

and Relative Humidity varied
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SOUTHWESTERN LABORATORIES

P O Box 37577 TESTING ENGINEERS AND CHEMISTS P O Box 1321
SHREVEPORT, LA 71103 MONROE, LA 71201

Shreveport  Louisiana 3-16-83 File No.

Report of tests on Insulation
To Chris Bullock Date Rec’d: 3-15-83
Received From Chris Bullock
Identification Marks Fiberglass insulation for moisture content
Moisture Content %
Sample No. 1 (covered) 1.2
Sample No. 2 (Uncovered) 2.5
Forced Dewpoint 3-22-83
Sample No. 1 (covered) 33
Sample No. 1 (Uncovered) 3.6
New/Unused 4-7-83
Sample No. 1 1.5
Lab. No. 3804 SOUTHWESTERN LABORATORIES
Per Gordon M Naquin.

Our letters are for the exclusive use of the clients to whom they are addressed. The use of our names must receive prior written approval.

Our letters and reports apply only to the samples tested and are not necessarily indicative of the quality of identical or similar products.



Figure 26
Moisture Accumulation in Insulation
Cooler — -10°F
100-Watt light bulb
45 days
Graph indicates that Steady State Temperature was ?F
and Relative Humidity was ?%.

This sample was then taken to Southwestern Laboratories for see Report Figure 25.
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SOUTHWESTERN LABORATORIES

P O Box 37577 TESTING ENGINEERS AND CHEMIST P O Box 1321
SHREVEPORT, LA 71103 MONROE, LA 71201

Shreveport  Louisiana 3/1/84 File No.

Report of tests on Insulation

To Chris Bullock Date Rec’d: 2/27/84
Received From Chris Bullock

Identification Marks Moisture content of Fiberglass Insulation

Results of test on insulation material delivered to SWL are as follows:

Sample No. Description Moisture Content Percent
1 Without Plastic 1.1 %
2 With plastic 0.9 %
Lab. No. 1427 SOUTHWESTERN LABORATORIES
Per Gordon M Naquin.

Our letters are for the exclusive use of the clients to whom they are addressed. The use of our names must receive prior written approval.

Our letters and reports apply only to the samples tested and are not necessarily indicative of the quality of identical or similar products.
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SUMMARY

It is realized that this project is not complete. At this time, five more homes have had a
membrane installed over the insulation in the attic. This data will be evaluated when it can be
collected. Preliminary data indicates a greater savings in single-story homes. It is the opinion
of this researcher that at least four uninhabited test houses should be constructed to evaluate
this discovery. This, of course, requires more money than is available to most high school

students.

It should be noted that if all homes were perfectly insulated, the utility cost for these
homes would not change at any time during the year. No homes can be perfectly insulated, so
an attempt must be made to insulate as well as possible in order to minimize the effect of the
seasons. It seems that there has not been proper consideration given this problem. We have
ignored the attic, even though it is believed by some experts that as much as 80% to 90% of the
heat-gain or loss in some homes is through the attic. It appears to be only logical that the

insulation in an attic should be as protected from air circulation as a window.

There are two solutions to this problem proposed in this report. One is to place a
membrane over insulation in homes which are in service. The other is to use insulation with
membranes in and over the insulation for new construction and added insulation in completed

homes. Both solutions can be used now.




