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ABSTRACT 

In ma ny major residential weatherization studies, the average measured 
energy savings have been less than the predicted savings. Additionally, 
large scatter in the measured energy savings has been observed. Changes in 
the indoor temperatures of the houses before and af ter weatherization have 
of ten been cited as a possible explanation for these results. This paper 
draws upon results from two studies conducted by the Oak Ridge National 
Laboratory in an attempt to determine if the variation and lower than 
expected performance in energy savings are attributabl e to house indoor 
temperature levels. 

Our analysis indicated that only in isolated cases did occupants 
significantly change their indoor temperature following the installation of 
conservation measures. The average change for the large number of houses 
studied was 0, and increases in temperature were as likely to be observed as 
decreases. Thus, these results do not support the supposition that changes 
in house indoor temperature significantly contribute to lower than expected 
savings observed in retrofit programs. They do, however, indicate that the 
iso 1 at ed changes contri bute to the vari at i on observed in measured savi ngs. 
The average measured indoor temperature was found to be about 700 F, a value 
that is typically assumed when predicting energy savings. However, the 
indoor temperature in one-third of the houses differed from this value 
significantly, further contributing to the variation in measured savings. 

We found from our studies that the di fference between predicted and 
measured savings can be reduced in individual houses by 20-60% if the 
measured savi ngs are adjusted on the bas i s of the same i ndoor temperature 
conditions assumed in making the predictions. For such an adjustment, indoor 
temperature must be measured and a house model which includes indoor 
temperature must be developed. Other factors also contribute to the 
differences because only a portion of the differences were accounted for 
using the indoor temperature. Calculating a predicted savings in individual 
houses using a "correct" value of the indoor temperature is the desired goal. 
Self-reported indoor temperatures are not consistent with measured values, 
and an average indoor temperature value cannot be modified based upon house 
or occupant characteri st i cs. Therefore, determi n i ng a "correct" indoor 
temperature must be based on some form of measured value. 
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I NTRODUCT ION 

THE EFFECT OF HOUSE INDOOR TEMPERATURE 
ON MEASURED AND PREDICTED ENERGY SAVINGS 

Mark P. Ternes and Therese K. Stovall 
Dak Ridge National Laboratory 

Most conservation programs rely on audit predictions of energy savings 
attributable to specific conservation measures to pre-judge the economic 
worth of those measures. The audit is performed before installation to guide 
the selection of appropriate measures for individual households and to serve 
as marketing tools to promote their installation. However, in program af ter 
program, the actual savings have differed significantly from the audit pre
dictions. The average measured savings in many programs (Hirst, 1986; Sebold 
and Fox, 1985; Herendeen et al., 1983; Hirst and Goeltz, 1984; Hirst, White, 
and Goeltz, 1983) are only two-thirds of the predicted amounts. In addition, 
substantial variation in actual energy savings and in the ratio of actual to 
predicted savings across households is observed. For example, in a Minnesota 
program (Hirst and Goeltz, 1984), differences in actual natural gas savings 
were greater than +/- 50% of the audit estimate in 55% of the homes studied. 
In a Bonneville Residential Weatherization Program' (Hirst, White, and Goeltz, 
1983), more than 10% of the homes increased energy consumption, while savings 
were more than double the audit estimates in another 10% of the homes. 

The causes for the differences between actual and predicted savings and 
their variation among households are uncertain, but several factors have been 
proposed (Hirst, 1986): 

1. errors [and limitations] in audit methodology, 
2. errors in auditor data collection and interpretation, 
3. installation of inappropriate measures, 
4. use of poor quality retrofit materials, 
5. sloppy installation of measures, 
6. changes in occupant energy-related behavior af ter retrofit, 
7. errors in electricity billing data [used in analysis], and 
8. errors in methods used to analyze energy-use data. 

The i ndoor temperature both before and af ter weatheri zat i on affects the 
energy use in a house. Because many audit methods impl icitly assume an 
indoor temperature, perhaps through a degree-day approach, the actual indoor 
temperature is an important variable in factor 1. The actual indoor 
temperature is also an important variable in factors 6 and, as we will 
demonstrate, 8. First, differences between the actual indoor temperature and 
the indoor temperature assumed in the predictive calculations can contribute 
to prediction errors in the audit methodologies. Second, the indoor 
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temperature may change following weatherization, especially if recipients of 
weatherization alter their management of the thermostat or change their 
window or door opening patterns. For example, occupants may lower the indoor 
temperature whilemaintaining the same comfort in response to higher radiant 
temperatures or decreased draftiness of the house brought about by the 
conservation measures installed. On the other hand, the occupants may choose 
to maintain more comfortable conditions by increasing the indoor temperature 
at the expense of reduced savings (referred to as take-back effect). 

The Oak Ridge National Laboratory (ORNL) performed two studies (Ternes 
and Wasserman, 1987; Stovall and Fuller, 1988) examining the effect of the 
house indoor temperature on the comparison between actual and predicted 
savings. One used data collected from the Hood River Conservation Project 
(HRCP), and the other used data collected from a field test performed in 
Wisconsin. In this paper, we present results of (1) indoor temperature 
changes that occurred in the test houses following retrofit and (2) the 
distribution of the indoor temperatures maintained in the test houses. We 
a 1 so exami ne the abi 1 i ty of sel ected occupant and house character i st i cs to 
identify those houses in which the indoor temperature is likely to change or 
to be different from the average. Finally, we investigate the degree to which 
the difference between actual and predicted savings might be reduced by 
incorporating the indoor temperature in an improved analysis technique. 

RESUlTS FROM THE HOOD RIVER CONSERVATION PROJECT 

The data source used for one study was part of the HRCP. The HRCP 
involved retrofitting about 3000 homes in Hood River, Oregon, in an effort to 
define the maximum electrical conservation potential achievable in a short 
time in a small geographical area. The conservation measures applied to the 
homes varied based on the economics of the savings projections made during a 
pre-retrofit audit and were installed without charge to the occupants. The 
HRCP evaluation included monitoring indoor temperature in 319 homes, 187 of 
which were heated primarily by electricity, with possibly some supplemental 
wood heat (as reported by the homeowner). The homes were monitored on a 15-
minute basis over a 2-year period (spring 1984 to spring 1986). Each temper
ature monitor was placed in a frequently occupied room and was positioned 
near an inside wall. The accuracy of these measurements was estimated to be 
about 20 F. Outdoor temperature data and extensive survey data collected in 
1984 describing each household was also available. 

Analyses of the indoor temperatures in the 187 houses were based on pre
retrofit data collected between December 1984 and February 1985. The winter 
period was cho sen to avoid milder weather when the influences of solar gain 
and natural ventilation on indoor temperature would be greater. 

The average indoor temperatures of the 187 houses ranged from about 60 
to 800 F, with the average being 70.30 F. Approximately 70% of the houses had 
average indoor temperatures between 66 and 740 F, 15% >740F, and the remaining 
15% <660 F. 

Statistical regression techniques were applied to only the weekday data 
to examine the variation in average pre-retrofit temperature among the 
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households that could be explained by the occupant and house characteristics 
listed in Table I (PRELOAD, PRETEMP, SPECTRHI, SPECTRLO, SQFT, and TOTCOST 
were not used in this analysis but were used in a subsequent analysis to be 

Table I. Independent variables. 

Variable name 

ATTITUDE 

BASEBOARD 
CENTRAL 
DISHWASH 
HEATPUMP 
HIEDUCAT 

HIINCOM 

INCOM 
LOEDUCAT 

LOINCOM 

MOBIL 
MULTI 
PEOPLE 
PORTHEAT 

PPL 

PRELOAD 
PRETEMP 
SENIOR 
SPECTRHI 

SPECTRLO 

SQFT 
TEEN 
TOTCOST 
YOUTH 

Definition 

= 0 if survey respondent agrees "people have a right to use as 
much energy as they want and can pay for," otherwise = 1 
= 1 if baseboard heating system, otherwise = 0 
= 1 if central resistance furnace, otherwise = 0 
= 1 if house has an automatic dishwasher, otherwise = 0 
= 1 if heat pump heating system, otherwise = 0 
= 1 if householder #1 had at least some college education, 
otherwise = 0 
= 1 if the household combined pre-tax income is greater than 
$40,000, otherwise = 0 
self-reported household income, dollars 
= 1 if householder #1 had never gone past elementary school, 
otherwise = 0 
= 1 if the combined pre-tax income is less than $14,000, 
otherwise = 0 
= 1 if mobile home, otherwise = 0 
= 1 if multi-family housing, otherwise = 0 
number of people who live in the house 
= 1 if one or more portable heaters are in the house, 
otherwise = 0 
= 1 if serviced by Pacific Power and Light, = 0 if serviced by 
Hood River Co-op 
average total load of the house before retrofit 
average 5 a.m. indoor temperature before retrofit 
= 1 if any senior citizens live in the house, otherwise = 0 
= 1 if aspectral analysis of the space heating and total 
energy use of the house i ndicates a 1 i festyl e pattern with 
fundament al frequencies of 6 h or less (cooking and clean-up), 
otherwise = 0 
= 1 if aspectral analysis of the space heating and total 
energy use of the house i ndi cates a 1 i festyl e pattern wi th 
fundamental frequencies of 24 h or greater (daily activities), 
otherwise = 0 
house area, ft2 
= 1 if any teenagers live in the house, otherwise = 0 
total cost of mea~ures applied to the house 
= 1 if any children under 13 years old 1 ive in the house, 
otherwise = 0 
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d~scussed). We found that the tested variables explained only 6% (adjusted 
R) of the vari at i ons among househol ds. Weekend temperatures were not 
examined because residents tend to manage their houses according to 
different, less fixed schedules. The small effects we were looking for would 
have been masked by this variation. 

The abil ity of occupants to correctly provide indoor temperature data 
was examined using indoor temperatures reported by the homeowners for the 
sleeping hours. As Figure 1 clearly shows, the measured nighttime temper
atures (defined to be the average indoor temperature between Il p.m. and 
6 a.m.) were consistently higher than the reported temperatures. 
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Figure 1. The average nighttime temperatures measured in the Hood River 
Conservation Project houses during the winter of 1984-85 were 
consistently higher than the sleeping temperatures reported by the 
occupants (The straight line marks the point at which the reported 
and measured temperatures would be equal). 

Comparison of the pre- and post-retrofit indoor temperatures in 185 of 
the 187 houses was based on data collected during about 40 days selected from 
the 1984-85 winter and 40 comparable days from the 1985-86 winter, which were 
selected to eliminate the effect of outdoor temperature on the results. Days 
were defined as comparable if both their average and minimum temperatures 
matched within SOF (most days were matched much more closely) and' if their 
day of the week was the same. 

Day time, nighttime, and average temperature changes between the pre- and 
post-retrofit periods were calculated for each of the 185 houses. A paired 
t-test showed that the temperature changes averaged across all the households 
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(day time average increase of 0.080 F, nighttime average increase of 0.370 F, 
and overall average increase of O.IIOF) were not statistically different from 
0.0 at the 90% confidence level. This observation is supported by the 
results from another examination of the Hood River data base which al so 
showed no statistically significant changes in the average measured indoor 
temperatures (Dinan, 1987). 

We examined the distribution of the day time and nighttime temperature 
changes that occurred in the individual houses and found that the indoor 
temperature in about two-thirds of the houses did not change by more than 20F 
following weatherization (see Figure 2). Further, among the houses in which 
an indoor temperature change of more than 20 F did occur, almost as many 
houses were colder as were warmer. 
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Figure 2. Distribution of the day time and nighttime indoor temperature 
changes that occurred in the Hood River Conservation Project houses 
between the pre- and post-retrofit periode 

Examination of pre- and post-retrofit indoor temperature profiles showed 
that indoor temperature differences between the two periods were greatest, on 
average, at about 5 a.m. We developed a model to test whether all the house 
and occupant characteristics listed in Table I help explain the difference 
between before and af ter temperature choices at 5 a.m. A reduced version of 
this model, which included only the vari~les found to be statistically 
significant, explained about 33% (adjusted R ) of the variation in the indoor 
temperature di fference across the 185 househol ds. Tabl e II 1 i sts these 
significant variables and their associated effect on the post-retrofit 
temperature choice. 
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Tab1e II. Significant variables exp1aining the variation in before and af ter 
indoor temperatures in the Hood River Conservation Project. 

Significant variab1e 

Intercept 

Co11ege-educated householder 

5 a.m. pre-retrofit 
indoor temperature 

House area 

Tota1 cost of insta11ed 
measures 

Average tota1 pre
retrofit 10ad 

abased on at-test 

Effect on the temperature 
difference (af ter - before) 

27.50 F 

-1.40 F 

-O.370F/oF 

-O.OOlloF/ft2 

O.190 F/SI000 

RESULTS FROM THE WISCONSIN FIELD TEST 

Confidence 
1eve1 a 

>99% 

>99% 

98% 

93% 

98% 

The data source for the second study was a field test performed by ORNL 
and other organizations in 79 10w-income, sing1e-family homes in Madison, 
Wisconsin, during the winter of 1985-86. The homes in this field test were 
divided into three groups: (1) 28 homes received different combinations of 
enve10pe and mechanica1 system retrofits cho sen by an audit procedure based 
on economic considerations, (2) 1eakage areas in 15 houses were sea1ed 
fo110wing a b10wer-door-guided infi1tration reduction procedure, and (3) 36 
homes served as a control group for the retrofitted houses. The conservation 
measures and i nfi ltrat i on reduct i on work were performed i n the retrofi tted 
houses in late January. 

As part of this field experiment, hour1y indoor temperature, outdoor 
temperature, and furnace run -t i me data were co 11 ected i n a subset of 15 
houses: 7 audit houses, 3 b10wer-door-treated houses, and 5 control houses. 
Because of the small sample s i zes, the houses i n the three groups are not 
necessari1y equivalent. For examp1e, all the b10wer-door-treated houses were 
two-story, while 4 of the 7 audit houses and 3 of the 5 control houses were 
one-story. The i ndoor temperature- .measurements represent the temperature at 
the thermostat controlling the central heating equipment in the house. 
Approximate1y 5 to 9 weeks of pre-retrofit data and about 14 weeks of post
retrofit data were collected in the 15 houses. In examining the outdoor 
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temperature data, we found that the average daily outdoor temperatures during 
the later part of the post-retrofit period were appreciably warmer than those 
during any part of the pre-retrofit period; therefore, the indoor temperature 
data collected during the latter part of the post-retrofit period were not 
included in the analysis. 

We calculated average pre-retrofit indoor temperatures for each house by 
averaging the hourly indoor temperature data available for the period; thus, 
these values were not weather normalized. As indicated in Table III, the 
ave rage pre-retrofit indoor temperatures ramled from 58 to 750 F, with 9 
houses being between 67 and 730 F, 4 houses <67~F, and 2 houses >730F. 

Table III. Pre-retrofit indoor temperatures and indoor temperature changes 
in the 15 Wisconsin Field Test houses. 

Pre-retrofit Temperature 
Site number House category temperature change a 

1 control 74.0 1.1 
2 control 72.3 2.0 
3 audit 67.3 0.9 
4 audit 69.4 0.6 
5 audit 66.8 0.1 
6 audit 68.9 -0.3 
7 audit 72.0 -0.2 
8 control 68.1 0.3 
9 blower-door 58.7 0.6 

10 blower-door 70.0 0.7 
11 blower-door 66.6 1.1 
12 audit 66.5 9.0 
13 audit 72.0 -0.7 
14 control 74.7 -0.9 
15 control 67.1 0.1 

aThe temperature change is equal to the post-retrofit temperature 
minus the pre-retrofit temperature. 

The pre- and post-retrofit indoor temperatures (Table III) can be 
normal ized to a common winter period uSing 1 inear regression techniques, 
thereby reducing the influence of the outdoor temperature on indoor tempera
ture differences. Assuming that only changes in the indoor temperature of 
lOF or greater were significant ·(due to measurement errors and regression 
considerations) , we identified 4 houses that experienced a change in indoor 
temperature (all having an increase): I audit house, I blower-door-treated 
house, and 2 control houses. Examining the 7 audit houses and disregarding 
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the lOF significance level, we did not observe a discernib1e pattern in the 
change in the indoor temperature (4 of the houses increased in temperature, 
wh11e 3 decreased) • Sim11ar examinations of the other houses revea1ed that 
all the b10wer-door-treated houses increased in temperature, wh11e 4 control 
houses increased in temperature and one decreased. 

The average increase of all 7 audit houses was 1.30F, O.SoF for the 
b10wer-door-treated houses,and O.SoF for the control houses. The average 
increase of the audit houses was dominated by the change at Site 12 (goF). 
The average increase of the audit houses wou1d be .0.loF if Site 12 was 
excluded from the average. Because of the significance of iso1ated cases in 
small samples, the number of homes changing temperature is 1ike1y a bet ter 
indication of indoor temperature changes for this study than average va1ues. 

To make our program eva1uation more complete, we attempted to reduce the 
difference between actua1 and predicted savings in individua1 houses by 
incorporating the indoor temperature in an improved ana1ysis technique. Nine 
houses having the necessary information were actua11y used in this ana1ysis. 
We ca1cu1ated a norma1ized annua1 savings (NAS) by corre1ating daily pre- and 
post-retrofit fue1 consumption with ambient temperature, normalizing for 
outdoor temperature using 36-year average weather data, and subtracting the 
norma1ized pre-retrofit va1ue from the post-retrofit va1ue. We ca1cu1ated a 
second NAS by corre 1 at i ng da 11 y fue 1 consumpt i on to the di fference between 
indoor and ambient temperature; normalizing to a 6SoF pre-retrofit ba1ance 
point, constant indoor temperature, and 36-year average weather data; and 
subtracting the norma1ized pre-retrofit va1ue from the post-retrofit va1ue. 
A 6SoF pre-retrofit bal ance point was used in the 1 atter normalization 
(rather than using an actua1 indoor temperature, such as 700F) to p1ace the 
norma1ized measured savings on an equa1 basis with the predicted savings. 

Tab1e IV 1ists the savings predicted by the audit for the audit houses 
(by definition, predicted savings for the control houses is 0) and the NASs 
ca1cu1ated with and without the indoor temperature. The confidence intervals 
of the savings 1isted in Tab1e IV indicate the uncertainty of the NAS 
estimates at about a 66% confidence level. 

In 3 of the S control houses (Sites 1, 2, and 14) and all 4 audit 
houses, the predicted va1ues do not fa11 within the confidence intervals of 
the NASs norma1ized without considering indoor temperature. Wh en the NASs 
are based on norma1izations inc1uding the indoor temperature, the difference 
between the predicted and norma1ized va1ue is reduced by 20-60% in all but 
one case. In this case, the difference cou1d not be account ed for using the 
indoor temperature in this manner. In the remaining 2 control houses, 
normalizing using the indoor temperature increased the difference between 
predicted and measured savings slight1y but still within their respective 
confidence intervals. 
DISCUSSION 
Indoor Temperature Changes Fo110wing Retrofit Insta11ation 

The average i ndoor temperature change fo 11 owi ng weatheri zat i on i n the 
Hood River Study was not significant; additiona11y, the day time and nighttime 
temperature in approximate1y two-thirds of the houses did not change by >20F. 
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Table IV. Normalized and predicted annual savings. 

Site 
number 

1 
2 
8 

14 
15 
3 
5 
7 

12 

House 
type 

Control 
Control 
Control 
Control 
Control 
Audit 
Audit 
Audit 
Audit 

Predicted 
savings 
(therms) 

0 
0 
0 
0 
0 

222 
360 
207 
448 

Normalized measured savingsa 
NASI (Cl) NAS2 (Cl) 

(therms) (therms) 

-72 (43) -38 (45) 
-153 (60) -126 (59) 

24 (49) 41 (52) 
353 (158) 156 (120) 
-10 (25) 22 (55) 
354 (112) 318 (75) 
217 (60) 291 (65) 
132 (34) 174 (35) 
625 (81) 1001 (98) 

aNormalized annual savings (NAS) in therms: NASI - using only ambient temper
ature correlation; normalized for 36-year average weather data. NAS2 - using 
indoor-ambient temperature correlation, with the thermostat temperature used 
to represent the indoor temperature; normalized for 650 F balance point, con
stant indoor temperature, and 36-year average weather data. Cl - confidence 
interval of the savings indicating the uncertainty at -66% confidence level. 

From the Wisconsin study, we observed that the indoor temperature increased 
>loF following weatherization in only 1 of 7 audit houses and 1 of 3 blower
door-treated houses; furthermore, neglecting the lOF significance level, the 
indoor temperature increased in hal f the audit homes and decreased in the 
other half. From these results, we believe that indoor temperature changes 
do not generally occur in houses in response to receiving conservation 
measures. Furthermore, we believe that the overall effect of indoor 
temperature changes on the average measured savings is small and is not the 
cause for observed differences between predicted and measured savings. To 
the extent that these observations are applicable to other retrofit programs, 
the explanation that indoor temperature changes contribute significantly to 
poorer than expected retrofit performance is not supported. 

Although average changes in pre- and post-retrofit indoor temperature 
were not observed, we conclude that such changes do occur in isolated houses 
af ter install at i on of retrofi t measures. In HRCP, we observed that indoor 
temperature in one-sixth of the ttOuseholds increased by>20 F and one-sixth 
decreased. Because approximately the same number of homes were col der as were 
warmer, the average change isO. Signi ficant indoor temperature changes 
were also observed in isolated houses in the Wisconsin experiment. Although 
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these changes cannot explain the program-wide trend to overestimate savings, 
they probably do contribute to the variation observed in the actual energy 
savings and the ratio of actual to predicted savings in individual houses. 

If the houses likely to experience a change in indoor temperature could 
be identified at the time the savings predictions are made, predictions could 
be improved. From HRep, we found that such identification may be possible 
because several house and occupant variables accounted for 33% of the 
variation in temperature differences. The significant determinants of this 
change were (1) the presence of a college-educated householder, the average 
pre-retrofit indoor temperature at 5 a.m., the area of the house, and the 
average pre-retrofit load of the house, higher values of which lead to 
lowered post-retrofit temperatures and (2) total cost of installed measures, 
a higher value of which leads to increased post-retrofit temperature. 
Identification of variables that are not significant can be as important as 
identifying variables that are. Interestingly, the following variables were 
not significant in explaining indoor temperature changes: age distribution of 
residents, type of heating system, income level, family size, attitudes, or 
service utility (based on a comparison of customers served by two different 
utilities with different rates). Further studies would be needed to determine 
the applicability and magnitude of these variables in other programs. 

Pre-Retrofit Temperature Values and Selection 

A second contributing factor to the variation observed in retrofit 
performance of individual houses is the difference between the actual house 
temperature and the value assumed in making the prediction. The average 
indoor temperature in about a third of the houses in each of the two studies 
were significantly different from 700 F (>40F for the HRep houses and >30F for 
the houses in Wi scons in); 700 F represents the average val ue of the indoor 
temperature for the houses in each study and a value which might typically be 
assumed in making predictions. 

Because the accuracy of predicted savings is inherently limited by the 
accuracy of the assumed indoor temperatures, a means of identifying an 
appropriate temperature for an individual house rather than using an average 
value is needed. We believe that the indoor temperature will likely have to 
be based on a measured value (even if the measured value is collected over a 
short period) because values of indoor temperature reported by the occupants 
are not consistent with measured values and an assumed average value cannot 
be modified based upon important house or occupant characteristics. 

In the HRep data, measured indoor temperatures were generally higher 
than reported val ues. Furthermore, additional analysi s of the Wi sconsin 
Field Test-data (Ternes and Wasserman, 1987) has shown that (1) self-reported 
thermostat setpoints are consistent with both measured indoor temperature and 
measured thermostat setpoint only about half the time, and (2) self-reported 
changes in the thermostat setpoint following weatherization are not 
consistent with either measuredindoor temperature changes or measured 
setpoint changes. Two points must be considered when evaluating these 
results. First, the self-reported values may represent either temperature or 
setpoint values, even though one specific value is requested. Other studies 
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using the Wisconsin Field Test data have indicated that thermostat setpoint 
and indoor temperature are distinct parameters such that the value or pattern 
of one cannot necessarily be inferred from the other (Ternes and Wasserman, 
1987) . Second, the occupants' est i mate of the dayt i me or night t i me indoor 
temperatures 1 i kely represents the steady-state temperature mai nta i ned, on 
average, during the period. This response does not consider temperature 
drifts to reach the steady-state values af ter a step change or· irregular 
behavior which may actually occur several days a week; and because an average 
daily indoor temperature (rather than a separate day time or nighttime 
temperature) is ultimately needed in a simplified audit predictive technique, 
obtaining a reliable value from the occupants is further complicated. More 
complex, open interviewing techniques employed by other researchers (Kempton 
and Krabacher, 1984) may provide better responses, although the time required 
to conduct this type of interview and interpret responses may make it 
impractical for a large weatherization program. 

In the HRCP study, only 6% of the variation in the pre-retrofit indoor 
temperature among the households could be accounted for by selected occupant 
and house characteri st i cs. Thus, an improved i ndoor temperature cannot be 
incorporated into a predictive technique by modifying an average temperature 
based on selected characteristics. 
Comparison of Predicted and Measured Savings ·With and Without Indoor 
Temperature Included in the Analysis 

Our analysi s showed that a compari son between predicted and measured 
savings can be improved in individual houses by considering indoor tempera
ture when measured savings are normalized; this consideration of indoor 
temperature accounts for indoor temperature fluctuations during the pre- or 
post-retrofit periods, indoor temperature changes following the installation 
of the conservation measures, and differences between the assumed and actual 
pre-retrofit temperatures. We draw three important impl ications from this 
result. First, indoor temperature should be monitored in field studies and 
included in the analysis. A measured savings normalized only to outdoor 
temperature could be compared to the predicted savings if programmatic 
questions were of interest. Additionally, a measured savings normalized to 
outdoor and indoor temperature could be calculated to investigate the actual 
performance of the conservation measures and the accuracy of the predictive 
algorithms. Second, because 40-80% of the difference between predicted and 
measured savings cannot be explained by indoor temperature normalizations, 
other important factors are contributing to the difference. Third, although 
including indoor temperature in post-retrofit analysis is useful in analyzing 
retrofit performance, the benefit that could be obtained from including a 
correct indoor temperature in the original prediction is also demonstrated. 
SUMMARY 

Our analysis of data collected from two different field tests has 
indicated that only in isolated. cases did occupants significantly change 
thei rindoor temperature fo 11 owi ng install at i on of conservat i on measures. 
The average change for most of the houses studied was 0, and increases were 
as likely to be observed as decreases. Thus, these results do not support the 
supposition that indoor temperature changes are a significant contributor to 
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lower than expected savings observed in retrofit programs. They do, however, 
indicate that the isolated changes contribute to the variation observed in 
measured savings. Average measured indoor temperature was found to be about 
700 F, a value typically assumed when predicting energy savings. However, the 
indoor temperature in one-third of the houses differed from this value 
significantly, further contributing to the variation in measured savings. 

We found that the difference between predicted and measured savings can 
be reduced in individual houses by 20-60% if the measured savings are 
adjusted using the same indoor temperature conditions assumed in making the 
predictions. Other factors are also important because only a portion of the 
differences was accounted for using the indoor temperature. Calculating a 
predicted savings in individual houses using a "correct" value for indoor 
temperature is the desired goal. Self-reported indoor temperatures are not 
consistent with measured values and an average indoor temperature cannot be 
modified based upon house or occupant characteristics. Therefore, the 
"correct" indoor temperature must be based on some form of measured value. 
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