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The wind component and electrical usage show significant relationship as seen
by Figure 9. This plot is for between 4 and 8 day periods of time when the
meters were physically read {summation of electric use for those days) versus
the summation of the average wind over that same period.
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The overnight heat loss test showed that the ceilulose building maintained 7
degrees F more heat over a 9 hour period. This indicates that Building A had a .
better overall U value. Since the pre-insulation test of the buildings reflected -
nearly identical performance, it may be concluded that the superior overall U
value was due to the insulauon installed. - : o \
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OVERNIGHT HEAT LOSS TEST
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The moisture readings taken in the insulated buildings after one week, two
weeks, and again after 5 weeks revealed that the wood studs in Building B
remained constant (around 9%) while the wood studs in Building A rose as high
as 17% moisture content. The cellulose insulation was installed with
approximately 70% moisture which is more than the 55% that is recommended.
This application is not atypical. The relative humidity in Building A remained
higher than in Building B for a period of 8 weeks indicating that the cellulose
and wood studs were still releasing moisture. At no time did any of the studs
tested go over 22%. This 1s due in part to the lack of an interior vapor retarder
thus allowing diffusion of the water used to instalil the cellulose.
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ANALYSIS OF RESULTS

: This study utilized the konowmg anaiysts to deeeemme if the difference m heat
loss between the two test buildings was a result of the difference in air
infiltration quality of the two types of insulation and/or their insulating
performance. The conclusion was that this difference is due mainly to air
intiltratjon Thxs was determined by e\:ammmg the equatlon o

ol e Q=L(A At+ x“.S‘\.rfl-’)iafﬂz
Q= alrﬂow in. cfm ~ SEEUSY : ‘
L-= effective leakage area in square lncbes .

A = stack coefficient (cfm)2 in -4 (f)-1 « - e R
At = average indoor~outdoor temperature diﬁ‘erence for the time intervai of

calculation ° F .

B = wind eoeﬁ'icient (cfm)2 in -4 (mph)’ \ o o

v = average wind speed measured at a local weather station far the time interval
of interest, mph

I = Estimated air change per hour (cfm x 680 min/ hr] / voiume

For Building A -+
Q = 7.55((0.0156)26) T(O OO
Q =596cfm =358 13/ h

I=(358 ft3/ h) / 387 13
1=.925 A.C.H.

The number of kilowatts of elecmcxty is calculated by the following formula
Kwh/day =(FBM *1.08'ELA* At *24)/(Btu's per Kwh)

ELA=Equivalent Leakage Area in square feet

Kwh/day (FPM * 1.08 * ELA At *24)/ (3412 Btu}

Using the National Weather Service data for daily average wmd speed and degree
days from Stapleton International Airport, the following results are obtained.

cfm= 4 Mph * 88 = 352 FPM
BTU/hr= 352 * 1.08 * (7.55 / 144) .052 * 26 *24 / 3412
Kwh/day =3. 61 khw potentxany due to air infiltration

These calculations do not take into consideration the shieldmg effect that was

present at the test site from the surrounding buildings. With the shielding
factor included, the results would be lower.
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For Buxiding B

Q = 12. 8((0. 0156)”6) +(o 0039 x 7.5% 1/2
Q = 10.11 c¢fm = 607 t3/ h

[ =(607 ft3/ h) / 387 3
1=157ACH T

Kwh/day = (FPM * 1.08 * ELA sq Ft * At ' 24 ]/ (3412 Btu )

Again using the data from National Weather Service which did not account for -
the shielding effect of the surrounding buﬂdxngs at the test site, the following :
results are calculated. , ; L ) T

cfm= 4 Mph * 88 = 352 FPM = ’ ‘
BTU/h= 352 * 1.08 * (12.8 / 144) 089 26 ‘24 / 3412 Btus
Kwh/day = 6.19 khw potentially due to air infiltration

The buildings were well shielded and may have only experlenced 4 mph winds
on an average compared to the airport which had an average of 7.9 mph for the
month of February and 7.9 mph for the month of March. This difference in
wind velocity could account for much of the difference in the calculated heat loss

versus the actual heat loss.

In the first set of equations using the ASHRAE tbrmulaﬂon deveiaped at
Lawrence Berkley Laboratories the difference between the (I ) estimated air
exchange of the buildings is 59%. These calculations take into account the
height and shielding of the buildings. The weighted value of estimated air
exchanges in relationship to the percent of the total heat loss of each building
shows the cellulose building would use 46% fewer btu s per day.

The second set of infiltration calculations show a 58% difference in estimated
Khw/day assuming an average wind speed of 4 mph.

FIGURE 11. Heat Loss for Building A

U-value Areainsqg. it At Btu/h~ % of Heat Losg

Roof 0.0288 49.00 26° 36.69 3.3%
Walls 0.0413 [169.75 26° 182.15 16.4%
[ Glass 0.59 6.00 26° 92.04 8.39%
[ Door 0.39 20.25 26° 205.33 18.504
Floors 0.0617 19.00 26° 78.60 7.1%4
Alr Inriltration @ 1.08 0.052 26° 583.50 46.49%
352 FPM* :
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FIGURE 12. Heat Loss for Buﬂdmg B

o b vame 1 :\:ea HETHHEY Btu/h % ot Heat Losé

Roor ——T00%s [ 1000 |35 [ 3660 | 33%
[Walls 0.0467 1169.75 267 505.05 13.8%

Glass 0.59 5.00 26> 32.04 51"

Door 0.39 20.25 26° 305.33 13.79

Floors 0.0617 | 49.00  |26° 78.6 5.9

Alr Infilration @1.08 | 0089  |26° §79.7 T 58.7%

352 FPM* T - o ~

CONCLUSION

The uninsulated bulldmgs had readings that showed a small difference 1n air
infiltration and virtually no difference in their energy usage. However, after
insulation was installed a significant difference was found. The cellulose building
used a total ot 315.75 Kwh berween January 25, 1990 and March 31, 1990,
while the fiber glass building used 387.6 Kwh during the same period. This .
represents more than a 22% difference in energy usage. The analysis of findings
suggests that part of this difference is due to the unequal rate in air infiltration
between the two buildings. The cellulose insulation alone tightened Building A
approximately 38% more than fiber glass insulation tghtened Building B. This
was the case both before and after dry-wall installatdon. The dry-wall had a
relatively equal erfect on both buildings and was therefore not a significant factor
when comparing the tightness between the two buildings. It is clear that the
degree in tightness is due to the type of insulation used. :

The reduction in air infiltration resulting from the cellulose insulation improved
the energy consumption. Under more normal conditions where there is less
shielding, the difference in performance could be even greater. Based on
ASHRAE calculations procedure, air infiltration accounts for 20-60% of the heat
loss of a building, depending on other thermal related components. Calculations
indicate that air infiltration accounts for 46% of the heat loss in Building A and
59% in Building B. The installed R-Value as per the manufacturer of the
cellulose was 15.6 % greater than the installed R-Value as per the manufacturer
of the fiber glass wall insulation. This however would account for 14% in
conductive Ioss through the sidewalls and only a small percentage (1%} of the
overall difference in performance.

The shielding of the site from high wind by a 20 foot building only 12 feet from
it reduced the amount of air infiltration in the test buildings from what could
have normally occurred. The site also had a large thermal mass due to the
asphalt pavement and the large dark building directly to the north radiating
heat. This could partially 2xplain the diifference in site degree davs versus the
National Weather Service degree days irom :the airport. These factors greatly
affect the micro climate of eqch :)u1101n6 site. Therefore these relative
percentages of heat loss whnen ceiluiose is used compared to the use of tiber
glass may be on the low side. [t is anticipated that the performance would
depend on the site and shielding of the building.
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