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The potential for air conditioning energy savings using exhaust
fans to cool attices was investigated in six occupied townhouses
at Twin Rivers, N.J. These houses were compared with similar
houses without attic fans., The houses had various levels of
instrumentation. Data collected for two summer months im 1977 ..
was the basis for this study. The principal quantities measured
were attic and living space temperatures, air conditioner and
attic fan usage,together with outside air temperature and solar
flux. The attics with fans were substantially cooler. However,
the corresponding reduction in heat flux into the living space
through the attic insulation is & very small part of the house
air conditioning load. Any difference between the air condi-
tioner energy use between houses with and without attic fans is
not discernidble from other factors which lead to house-to-house
veriation in air conditioner use.
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1, INTRODUCTION

There has been some controversy on how much energy savings, if any, may be realized
fror the use of fens to ventilate attic spaces [1,2,3). Both theoretical studies and ex-
‘perimental data have shown that the use of attic fans led to no net energy savings.[&,5]
On the other hand,some have claimed large energy savings from fan use [3]. The study report-
ed here was carried out in occupied townhouses at Twin Rivers, New Jersey. Comparisons of
air conditioner usage in houses with and without attic fans, mede for the same period in
summer 77, show no difference which may be ascribed to the use of attic fans. The attic
fans were installed late in 1976. No change in the air conditioner energy use pattern be-
tween the summers of 1976 and 1977 is discernible either. Bimple theoretical calculations
indicate that no significant reduction in air conditioner energy use was to be expected
from the use of attic fans. The data indicate that the attic fans operated continuously
for many hours on hot days and consumed a significant amount of energy. When the energy
used by the fan is combined with the air conditioner energy use, it is apparent that the
total energy consumption increases when attic fans are used. Moreover, the peak electrical
demand also increases, Thus, there is little Justification for the use of attic fans at
Twin Rivers either for reducing energy consuzption or reducing peak electrical demand.

The method of analysis and the results are presented in Section 2 while a discussion
of the results and relevance to other houses is contained in Bection 3.

2. THE EXPERIMENTS IN CONTEXT

Bince 1972, members of Princeton University's Center for Environmental Studies bave
been exanmining residential energy use in & pumber of townhouses at Tvwin Rivers [6]. Of these
townhouses, twenty six three-bedroom units were instrumented using the ‘OM:IBUS' package.

In this instrument package, data are collected hourly on 12 channels. Data included living
space and attic temperatures, electrical energy use, wvater heater and air econditioner on-
times. 1In sddition,two other houses, instrumented by the Nationsl Bureau of Standards,
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were available for study.
ed as often as every five minutes.

system.

had twe data acquisition systems operating &imultaneously.
ables-- air temperature, wind velocity and direction--and solar flux on a horizontal sur-
face were recorded every twenty minutes at a local weather station.

The study reported here shows data from five townhouses.

serial number,

did not have an attic fan - the others did.
saving retrofits prior to the start of the attic fan study.
houses and their instrumentation packages are set out in Table 1. The common data chennels

TABLE Y. HOUSE DESCRIPTION AND INSTRW

In these houses, data from about fifty channels could be record-
This has been named the 'RAPIDSCAN' data acquisition
One of the Rapidscan houses was also part of the omnibus set so that this house
The principal weather vari-

All five had Omnibus instru-
mentation and are identified as TR9, TR13, TR16, TR18, and TR27,according to the instrument

Of these ,JRG was also pert of the Rapidscan data acquisition system. IRl3
All the houses had received various energy-

The éifferencesbetweern. the

ENTATION
TR 9 TR 13 TR 1€ TR 18 TF 27

Atrie insulation R-30 R-30 R-11 R-11 R-30
Turrace sﬁaft in

at+ic sealed sealed sealed sealed sealeld
Gaps on attic es built- &s built-

floor nesar rot r.ot

party walls sealed sealed sealed sepled sezled
~rrliances:

gser heater, renge,
..othes dryer elec elec, elec. gas elec.
~ttic fan No

Cepacity (cfm) 1000 709 713 697

Power (watts) (2.74) 21k 2ce 21k
~ir conditioner All houses had 24000 Btu/hour units which consumed 3.2kW
C=ribus
inctrumentation
active from: L/22/75 6/24/75 7/2/75 12/10/75 8/13/76
0. of attic temp.
easurements 19 1 5 5 5
-+tic fan-on June, Aug
Egasurement - Aug 77 ) Aug 77 Aug 77




for these houses were:

Basement temperature
Downstairs temperature
Upstairs temperature
Air conditioner on-time
Water heater on-time
Thermostat setting.

The standard ‘Omnibus' house is equipped with only one attic thermistor, located at mid-
heizht halfvay between the trapdoor and the closer party wall. In TR16, TR1B, and TR27,
there were four additional thermistors, under insulation, on floor (2), and below roof.

The Rapidscan measurement in TR9 included two temperatures on the underside of the roof,
one for the East-slanted roof and one for the West-slanted roof. There were also two infra-
red radiometers (sometimes known as pyrgeometers) installed in the attic - one pointing up
and the other down = to measure the infrared radiation emitted by the roof and the flioor of
the attic. Major appliances were also monitored.

3. DOES THE ATTIC FAN BAVE ANYTHING?

A) One house - one summer

In this section,some of the results of our study and analysis are presented. There are
a number of different ways of determining the influence of the attic fans on the heat bal-
ance of the house. One way is by covparing days of sirilar weather and household occupancy
with the attic fan on and with the fan off. During the summer of 77, the attic fan switch
was turned off for two weeks. (Note that the fan is thermostatically controllei sc that the
fen does not run continuously even when the switch is turned on.) It wes difficult to wesch
the weather between days with the fan on and fan off even wher the outside temperature e-d
solar flux were the only two weather variables considered. The reason,apparently,is thsat
the summer period in New Jersey is short and extremely variable in temperature andé cloudi-
ness. Tnis method, which has been used by other researchers [ 5], could not be used for our
data set.

B) Two houses - one summer

The second approach was to examine the changes in a number of variables with the tire
of day, averaged over long periods, - one month or longer. Twenty four data points are
ecreated for each variable, one for each hour of the day. In this data reduction, the day-
to-day "random" weather patterns would be elimineted but the aggregated variables would
8till retain the average variation with time of day. One period considered consists of
about four weeks during August 1977. The average outside temperature and horizontal solar
flux at Twin Rivers for this period are shown in Fig. 1. The corresponding variation of air
conditioner use, attic fan use (where applicable) and attic-upstairs temperature differerces
vere calculated from data for a number of townhouses, six of which had attic fans igstalles.
Two houses were chosen that had attic retrofits A and D*, i.e. they had R-30 (5.29=° °’c/w)
insulation on the floor, and openings around the furnace flue and along the party walls hel
been sealed. Moreover, both houses were oriented the same way - the windows and doors face
roughly east and west. The principal physical 8ifference between the two houses is thes
one of them (TR27) was equipped with a thermostatically controlled attic fan while the other
(TR13) was not.

Fig. 2 shows the average time-of-day variation of t‘ - Ib (attic tempernture.'minus

*For a description of Twin Rivers retrofits see Ref. 7.

#4#Unless otherwise stated, attic temperature means the mid-attic air temperature and is
deoted by T,. For consistency all the computations are carried out using this value,
vhich vas measured by a thermistor in the same location in all attics. The errors involved
with this simplification are discussed in the Appendix.
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Figare 1. Average hourly variation of solar flux
and outside air tegperature.

ipstairs tezperature), air conditioner input power, and attic fan on-time for August 1977.
Teverel features of Fig. 2 stand out. The daytime attic-upstairs texperature differences
i the "far" attic are substantially lower, the maximur reduction in terperature difference
being 8.9°F (4.9°C). The graph for T, - T, alsc shows the heat transfer rate from attic to
upstairs correspornding to the tempertéure girference, obtained with an R-value for the attic
floor of 26 (L.58 o °C/W)" The reduction in heat flow for an 8.9°F (4.9°C) drop in Tp-Ty
emounts to 240 Btu/h (70 watt). Since the 2L0OO Btu/h (7.0kW) air conditioner reguires
3.2kw to operate, the corresponding reduction in air conditioner power is 32 watts, a szall
part of the total air conditioner power in the middle of the day - typically 100C to 2000
wr 3. The average power consumption by the attic fan at this time ia 160 watts and far
exteeds the reduction in air conditioner power.

At other hours of the day,the reduction in ceiling beat flux and corresponding savings
iz air conditioner power are smaller, but the attie fan power remains large for most of
the day (Fig. 2). The daily averages of ceiling heat flux, air conditioner and attic fan
erergy use for August 77 may be cbtained from the area under the curves in Fig. 2. For in-
stance, the area under the attic fan on-time curve in Fig. 2 (c¢) indicates that the attic
fan is on for 6.82 hours on an average day, thus consuring 14k6 watt-hours. The average
deily ceiling heat fluxes for the two houses may be obtained from the area enclosed by the
Ty = T,y curves in Fig. 2(a) and the horizontal axis. The difference between the two values
is the reduction in ceiling heat flux on an average day e 2147 Btu (2264kJ), sgain assus-
irg that the ceiling is R-26 (4.58 &° °C/W). This drop in hest flux will result in & reduc-
tion in air conditioner energy use of 286 watt hours on an average day. The average daily
air corditioner energy uses,obtained from Fig. 2(b), are 17.6 kwh and 23.4 kWh for TR13 and
“TR27 respectively. The reduction in daily air conditioner energy use of 286 watt bours
* Ine insulation effectiveness for two of the six Twin Rivers townhouses had been evaluated
by the Natioral Bureau of Standards. One of these houses had R-11 insulation, and the
other R-30. The overall Revalues of the atti{c floor were measured to be 10.3 and 26.4,re-
spectively [11]. Tnese values are within IZ§ of the nominal values of the insulazion itself
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brought about by attic fan use is a pegligible part of the total air conditioner energy use.
The attic fan uses an additional 1LL6 watt hours of energy per day, so that the total en-
ergy consumption for cooling is higher by ( 14k6 -286) watt hours if attic fans are used.

The most striking feature of the data in Fig. 2(b) is that the air conditioner use
patternsin the two dwellings are quite different. The house with the attic fan, TR27, uses
more energy during the dsy. large differences are also seen between the air conditioner
power for the other houses in our study. Even though the units are nominally identical in
construction, where minor differences might explain some of the variation in air corditiorer
use, the bulk of the variation is delieved to depend on the behavior of the resident. In ref-
ference B,Sonderegger showed statistically that a major part of the variation in heating en-
ergy use is ascribable to resident behavior. Air conditioner energy use is even more resi-
dent-dependent for the following reasons:

(a) Cooling need is more discretionary.

(b) The inside-ocutside temperature differences ere much smaller in summer so that thermostat
readjustment of 1° has a larger percentage effect.

(c) For =& significant portion of the summer, the outside temperature is low erough to permit
cooling by opening windows. But if windows are not opened then excessive internal heat built
up from appliances, people and the sun can only be removed by the air conditioner. The ebi-
r desire to take advantage of cool outside air, therefore, may make a noticeable dif-
idce in air conditioner use. :

C) One house « two summers

Given these unavoidable house-to-house variations in air conditioner energy use it is
difficult to discern the effect of small energy-saving retrofits unless a very large saczrcle
is svailadble for corparison. The alternative, of comparing s house for two intervals in the
saze sumzer with and without the attic fan on,was precluded earlier because of the variati-
lity of surmer weather and the lack of exact comparison situations. A third approach to
identify the effect of the attic fan was to look at data from the same house for two differ-
ent s.imxers where the attic fan was installed in the intervening winter. Instead of atierpt-
ing to find identical days in the two periods, this method identifies the deperndernce of alr
cer.ditioner use on weather by scatter plots and regressions.

The relevant weather variables are outside air temperature, solar flux, wind velocity
and direction, and outdoor humidity. The data may be aggregrated into hourly or longer ine
_ervals. In order to reduce the effects of thermal storage,longer tirce intervals are desir-
able, However, the air conditioner use between midnight and sunrise is low and the attic
far. never runs during this period. The daylight period - 8 a.m. to 8 p.m. - wes the inter-
val exazined in this:study.

~Woteki has shown that both daily (2k-hour) and twelve-hour (8 a.m. to 8 p.m.) air con-
@iy .ner use may be equally well modeled whether one takes "cooling degree days" or "coolirg
degree hours” as the independent variable [9], His analysis also shows that regression fits
are not improved by including the solar flux, wind, or humidity. This lack of fit is sur-
prising but is convenlent because we may model the air conditioner use by a single weather-
dependent variable, the inside-outside temperature difference.

For the present study the average temperature difference between outside and inside
(Ib = Ty) between 8 a.zm. and 8 p.m. was taken to be the independent variable. The inside
temperature itself was obtained by averaging the house upstairs and dowmstairs tesperature
-esdings. The dependent variadle was the avertge air conditioner power (A/C) during the in-
zerval., Scatterplots of A/C vs T - TI for TR16 and TR18 are presented in Fig. 3 and & for
both summer 76 and a part of summér 77. The periods covered are from June to Eid-September
of 1976 and June and August of 1977. Both sttics have R-1l insulation (1.9% m€ *C/W) and
fans were installed late in 1976.

The most important observation to be made is that the scatter plots for the two summers
in both houses overlay each other. The air conditioner energy use patternsfor the sumrers
with and without the attic fan are indistinguishable.

Thus, using three different methods of analysis we were unable to discern any energy
savings brought about by the use of attic fans. Data were presented for four houses =« two
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ith R-11 (2.9 n° *C/W) insulation on the sattic floor and the other two with R-30 (5.29 e
c/w)

The second approach showed that the maximum attic cooling from the use of attic fans
ould result in negligible air conditioner energy savings and would in fact increase both
he total energy used (by the air conditiener and attic fan) as well their peak electricel
ower reguirement.

The summer in Twin Rivers, New Jersey, is relatively mild - at least there are many
ays whenit {scool outside, i.e. To< T,. It has been claimed that on mild days, use of at-
ic fans may eliminate the need for air conditioning altogether and result in energy savirgs.
owever, even for mild days, when the hot attic 15 & larger component of the cooling load,
e do not see reduction in air conditioner use when attic fans are operating (Figs. 3 and L),

DISCUSSION

The attic fans tested in this study showed no savings in net erergy used for cooling.
hese results match those of other researchers in different climatic regions of the U.S.11,4,5)

J reason that attic fans do not save energy is because the heat gain through R-1ll
1.9L m™ °C/W) or R-30 (5.29 m2-°C/W) insulation is small (even though the attic is guite
ot) and the fan regquires more erergy to operate than the savings from reduced ceiling ‘heat
ain. If the insulation level wes much less, then attic fans would actually save energ; el-
rozgh ever in that case adding insulation would save energy in a more cost-effective way.
re optxr_m level of insulation, determined from winter energy requizements,is quite large -

ger then the present standards - and larger than the R-30 (5.29 m= °C/w) used here[5], For
-c“ tighly-insulated atties, the ceiling heat gairn during suamer would be so small that at-
ic fans would be even less effective than for present houses.

Jre way by which forced ventilatior mey be effective in reducing cocling ernergy neeils
ir. whole house fers For insternce, a glance et TFig, 3 or L reveals that much of the air
rditiorer use took place when the outside was cooler thar the house interior: T, - Ty< O.
such & cese ventilation should replace the air conditicrer to save erergy. ToE& optiman
rtiletion system to meet this need warrants further study

:‘Oln

~
Hd

we have irdicated why experding energy to cool the attic is 8 losing proposition in

ezvily-insuilated mttics, But if increesed verntilation 2ould be obtzined without power, then
< may be cost effective although the percentage savings would be very small. Most naturel
er‘ila ion systems are wind-dependent, and increased ventilation entails increscing the vent
pering area. This is beneficial in summer but increases winter heat loss so that it {s not
= ideal srstex. One venting arrangement - the ridge vent - takes advantage of the stack ef-
ect’ the atiic. The venting rate is much higher in summer than in the winter, which'is
referatle [10], Other venting arrangements may be devised, using a reflective material be-
ow the roof jolsts to both cool the roof directly by the chirney effect and isolate the sat-

ic floor from infrared roof radiation. Such & "solar-powered” attic vent would be most ef-
ective on sunny hot days, when it is most needed. Other arrangements, including closing and
pening verts seasonally,may also be devised for optimal venting. However, it should be

orne in mind thet the heat gain through an insulated attic is small and only small ere*gg
avirgs may be expected.

Some energy conserving measures, like increased attic or wall irnsulation, are probably
sctive both in the summer and winter in making the living space comfortable with reduce?
trgy use. Other conservation measures have to be selected to optirmise the house for betn
<~mer and wirter, e.g. locatdon of windows and overhangs to maximize winter solar heat gain
n¢ winimize summer solar heat gain. A third category of conservation measures is based on
eparate optima for summer and winter but involving & simple changeover in between. The op-
ioum strategy for attic ventilation falls in either the second or the third category. Douo

le season optimization is s promising direction for future conservation research.
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Appendix

Temperature Distribution in Attics

The sun heats the roof,which conducts heat to the attic air. Also, the hot underside
of the roof radiates infrared energy directly to the attic floor. It is the tempersture on
the attic floor surface that primarily determinesthe extent of heat transmission to the liv-
ing space below the attic. Therefore, we need to know the attic floor temperature and how
it is altered by the fan. We will show in this appendix that the heat transmitted into the
living space, calculated using the mid-attic air temperature,is somewhat larger than that
based on the sttic floor surface temperature. Furthermore, we will show that this calcula-
tion exaggerates the reduction in cooling load brought about by the use of the fan. Thus
the energy savings calculated in Section 2 using the data of Fig. 2 are larger than the ac-
tual savings, i.e. the attic faen reduces cooling load even less.

let T, , Th{,_ be the average temperature of the mid-attic air, the attic floor sur-
upper £

face and tﬁe oor air respectively. The heat conduction through the attic insulation
is ‘

Q= UpA (T, - T)

where Up 1is the thermal conductance of the attic floor and AF is 4tz area. If the mid-attic
temperature is used to estimate Q, then this estimate is

Q= Up 4p (Tp - Ty)
The question is how does § compare with Q. Six of the houses had thermistors both in mid-
attic and on the floor surface. During the day the mid-attic ailr wvas always warmer thar the

attic floor, so that § > Q. A typicel day with no attic fan operating in TR 9 is depicted
in Fig. 5. Denoting conditions with the fan on by primed quantities, we have

Q' = Up Ap (Tjp = Ty)
and Q' = Up Ap (T', - )

Tne reduction of § by the attic fan is:

= - ' - '
AQ=Q-Q = UF AT (TA TA)
while the true heat flux reduction is:

8Q = Up A (T, - Typ)

The date show that with the attic fan opersting, the temperuture.difference between the mid-
attic and the attic floor is reduced, 1.e:

' J
TA' TAF> TA. TA.F
80 that:
AT -8Q=Up Ap (T = T,' = Typ *+ Tap) > ©

In other words, the actual reduction in heat flux is less than that calculated using the mid-
sttic air temperatures.
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Purt/Harr je Paper

Questions and Ansvers

John A, Reagan, NASA Langley Research Center, Hampton, Va.:

Hov do your seasurements snd calculations of reduction {n roof heat gain compare with

ASHRAY Method prediitgonl which ascribe an additional R-value to the attic sir space based

on the added cfm/ft

ventilation produced by the sddition of attic ventilators?

Dutt and Harrje: The ASHRAE method for calculating the heat gain through attics is
based on experiments conducted by Professor Joy.* The experiments were conducted under
steady-state conditions and the air flow was across the roof and ceiling joists through
gable vents. The Twin Rivers houses with soffit vents and a roof-mounted attic fan
subject to actual weather conditions represent a different case. Nevertheleas, if
Professor Joy's dsta (Fig. 8 in his paper) are used, the following results are obtained
(approxizate),

R=-values
Ceiling Roof Attic Space
' with fan w/o fan
R-11 insulation 10 1 S 3
R-30 snsulstion 26 1 9 3

Notes: The flow rate with gthe fan on is 1.0 cfm/ft2 of floor area, while with the fan
off 1t 1s around 0.2 cfm/ft®, The effective resistance of the attic air space can then
be obtained from Fig. B8 (Professor Joy) for kraft-braather insulation and a ventilation
air temperature of 85°F., These conditions are closest to our experimental case at max.

Ty = Ty (see Fig, 1 and 2 of our paper). The R-values of the ceiling are based on
measurements,

The total R-~value of the attic from living-space ceiling to the roof exterior surface
(R total) increases frow 14 to 20 for R-11 attics and from 30 to 36 for R-30 attics.
The corresponding reductions in attic heat flux for any given sol-air temperature and
room temperature are 6/14 (or 43%) and 6/30 (or 20%) for R-11 and R-30 attics. For the

."1ta shown 1in our Fig, 2(a) the peak heat flux reduction is about 302 with R-30 insula-

Home

~wion, which is higher than Professor Joy's steady-state value of 202, Despite this

reduction in heat flux, no measurable A/C savings are observed, as might be expected
since heat gain through an R-30 attic represents only 5X of the A/C energy use (see
Fig. 2 and discussion in our paper,)

Ventilating Institute (AVI): 5 questions with authors' responses.

1. The paper states that “corresponding variation of ai{r conditioner use, attic fan

use (where applicable) and attic-upstairs temperature differences were calculated from a
~umber of townhouses, #ix of which had attic fans installed.” Does Fig. 2 represent such
csiculations or sctual messurements at the two specific houses?

Response: Fig. 2 (a, b, and ¢) represents data from actual measurements in the two
houses, The top figure (a) carries two ladbels for the ordinate: To-Ty (°F) and Q,y.
The data shown are the temperature differences T -TU. These tempersture differences

may be used to calculate the heat transfer through the attic floor, Qus by multiplying
by the "UA" value of the floor,

® F. A, Joy, "Improving Attic Space Insulating Values,” ASHRAZ Transactions, 64, 251 (1958).
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2. Were comparisons made betwen Houses TR 16 snd TR 18 with R-11 ceiling insulation
as for the two R-30 houses in Fig. 2? If so, were there different patterns of temperatures,

air conditioner use and attic fan on-time? Were differences 4n the two houses' thermostat
settings, air conditioner efficiency and load factors considered?

Response: TR 16 and TR 18 with R-11 insulation both had attic fans installed and

exhibit almost the same (T,~T;) pattern as shown in Fig. 2(a) for TR 27, which has
R-30 insulation.

We measured but did not include the thermostat settings data in the paper. Since the
air conditioner is somevhat undersized, the interior temperature often exceeds the
thermostat setting., The interior temperature {s therefore s more meaningful variable.
Consequently, the analysis was based on measured temperatures only. The air condi-

tioners were of the same make and rating, Sizing of the units was such that operation
was continucus for a number of hours on the hottest days.

3. Were respective thermostat settings, air conditioner efficiency and load factors
considered in the comparisons of the two R-30 houses in Fig. 2?

Response: The data in Fig., 2 are based on a comparison of two identical houses - one

with fan on, the other with fan off, for one month's identical weather. The temperature
difference is the important parameter.

4, 1s the statement that no energy savings resulted from power attic venting in R-1ll
houses based on calculations or measurements?

Response: Experimental data were used to determine that no energy savings resulted from
using attic fans,

5. 1Inasmuch as the paper's conclusions are based on R-30 and higher optimums of cefling
insulation for northern heating requirements, perhaps it would be appropriate to note that
many authorities consider the economics of insulation quite distinct for heating and cooling.

The trade-offs between insulation and ventilation can prove quite different where cooling
rather than heating is the main energy user.

Response: Our study was conducted at Twin Rivers, where cooling is a significant energy
user, though certainly less than heating energy, and is typical of the Northeast, Sav-
ings in the forw of reduced energy entering from the attic using R-30 insulation during

the summer cooling season are shown in heat flux versus time plots in the paper by
Dr. Richard Grot in this workshop,

Arnold M. Kronstadt, P.E., Collins & Kronstadt, et al, Silver Spring, Md. 5 questions with
authors' responses.

1, In view of the "large differences in air conditioner use”™ among houses in the study,
with the bulk of variation ascribed to resident behavior, what measured data support a
conclusion that powered attic fans saved no cooling energy? Can any valid conclusion be

reached about the effect of any other factor on air conditioning when behavioral variations
are not identified and quantified?

Response: The data were taken in real houses under conditions of actual use. The
effect of the attic fan was, as predicted, so small that it was undetectable compared
to heat transmission factors due to the other causes. The conclusion that can be sup~
ported is that measurable savings were not present using attic fans, Behavorial varia-
tions do not appear to be quantifiable to the degree that they may be factored out so

that any other effect must be studied superimposed on the noise of behavioral variastion
of A/C use,

2, Were causes determined for the much higher air conditioner use in House TR 27 with
power ventilated attic as compared with House TR 13 (Fig. 2) without such ventilation?

Might it have been impossible for any attic fan to have had energy impact in this house but
possible in another house?
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Response: The difference in the patterns of consuaption for Houses 27 and 13 shown in
Fig. 2 is clearly a behavioral factor. This is why it is vital to make comparisons
based on temperature differences between indoor, outdoor, and attic, and to do so over
time spaces sufficiently long to cancel out any hesat storage effects, Coaparison using
individual points from dats such as shown in Figs. 3 and 4 would result {n erroneous
conclusions because of large variation caused by behavioral and other non—quantifiable
factors in individual houses.

3. The attic fan on~time curve and hours of fan running time related to House TR 27,
wvhich had high air conditioner demand, and covered only August. Are data on this house the
basis for conclusions that total energy consumption increases and peak electrical demand
increases when attic fans are used? If so, would not date for more houses and a longer
period be more applicable? Are data available on total attic fan running time related to
air conditioner running time, covering other houses and the whole summer?

Response: The conclusion that peak electrical demand increases when an attic fan is
used is based on measured attic fan usage rate, and integrated differential temperature
from attic to upstairs, This differential temperature is used to calculate the heat
load through the attic insulation. We do not rely on actual air conditioner use data,
whose variations are determined by many other factors as well.

The late afternoon period on even a warm sunny day activates the attic fan, This is
the same period for high A/C usage. Combined, this can only result in higher peak
loading on the electric utility,

4, Was radiant heat from the ceiling as affecting comfort measured and evaluated,
especially on days when outdoor maximum temperatures were appreciably higher than the low
80s reported in this study?

Response: Ceiling temperatures were measured and found to be reduced by about a degree
with attic fan operation, The impact of change of ceiling radiation was not measured

by instruments but was rather left to the discretion of the resident, The ultinmate
judge of comfort is the resident, who ad justs the thermostat till he/she is comfortable,.
If the resident raised the thermostat when the attic fan was cooling the ceiling, 1its
effect on A/C use was not detectable, Since the A/C usage is fairly sensitive to
thermostat manipulation, it s reasonable to conclude that the thermostat adjustment

did not accompany attic fan operation. This fits in with our finding of very slight
reduction in ceiling temperature and the fact that the affected ceiling is on the second
floor while the thermostat is on the first, The temperature reported in the study is
that of an average day in August, obtained from averaging a moath of data. The occa~

sional very hot day does not contribute significantly to the cooling requirement of the
entire season.

5., Can the conclusions about Twin Rivers, which are based on a few two-story town-
houses for a short time in cool weather, be applied without qualification to one-story or
two-story detached houses in the same community in hotter seasons, or to houses elsewhere
with differing roofs, orientation, and heat-humidity-wind conditions?

Responge: The relative influence of attic heat locad s typical of a wide variety of
housing and geographical areas and we would expect these conclusions te hold, However,
for single-story construction, one expects the attic to have a greater influence on
summer heat loads. In such cases, larger A/C savings from attic retrofits are possible,
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