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This paper briefly describes an ongoing 
energy retrofit progrrun, the Weatherization 
Assistance Program (WAF') of the Texas 
Department of Housing and Community Affairs. 
After briefly reviewing the various parameters 
that one needs to consider for proper baseline 
model development, this paper illusuates the 
differences in energy savings one would obtain 
by direct utility bill compariso~i as against 
weather normalizing. Next, PRISM (PRInceton 
Scorekeepin2 Method), a widely used 
methodology 'and software for determining 
retrofit savings, is presented and discussed. The 
irnportiulce of assuring proper data quality is 
highlighted and its adverse effects on the 
baseline model is illustrated with data from two 
College Station homes. 

Finally, this paper presents preliminLvy 
problems encountered while prep'aring input 
datz for PRISM runs for 462 houses in 59 Texas 
cities under WAP. Common problems in the 
utility bills and temperatire data from National 
Oceanic Atmospheric Agency (NOAA) are 
discussed and recommendations to avoid such 
data quality problems are made. 

Many elderly, handicapped, md other low 
income Texans reside in dwellings which, due to 
original constructioa, poor maintenance or other 
factors, are disproportionately high energy users. 

Through outreach and public information as 
required by the Texas Department of Housing 
and Community Affairs (TDHCA) 
weatherization contracts, these households are 
given top priority for the Weatherization 
Assistance Program (WAP). 

Prior to weatherizing any home, TDHCA 
ensured that its subgrantees determined the 
following. A household is eligible for the 
Weatherization Assistance Program if their 
income is at 125% of poverty level or less, or 
contains a member who has received cash 
assistance payments under Titie IV or XVI of 
the Social Security Act or applicable State or 
local law during the 12 month period preceding 
the determination of eligibility for 
weatherization assistance. 

TDHCA will ensure its subgrantees give 
priority to weatherizing units occupied by the 
elderly and the handicapped low-income 
persons. During FY 1995, children residing in 
the units to be weatberized who are 6 years of 
age 'and under will be prioritized after elderly 
and handicapped. 

The average weatherization cost per 
dwelling for FY 1995 is 5 1,854. This average is 
based on the total moun t  of funds, federal and 
non-federal, expected to be applied to the 
Program. 
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Current1 y,  hi^^ 47 contractors to 
administer weatherization services in all 
counties in the State. 

The Energy Systems Laboratory conducted 
the first "Energy Consumption Study" for 
TDHCA on the Weatherization Assistivice 
Program with the use of the PRISM 
methodology and software to determine energy 
retrofit savings on single family dwellings. The 
objective of this paper is to present a brief 
insight into the PRlSM methodology 'and to 
highlight the types of data quality issues which 
we had to circumvent in the framework of this 
study. Avoiding such problems in future 
program will make the progriun evaluation task 
easier, faster, ;uld more accurate. 

Energy conservation retrofits are typically 
initiated based on predictions of how much 
energy 'and money a retrofit will save. Predicted 
energy savings are generally e sha t ed  using the 
performance specifications of energy-using 
equipment and estimates of the physical 
characteristics and operating conditions of the 
building. Frequently, several values necessary 
for these calculations, such as the operating 
hours of lights and electrical equipment, are 
assumed or estimated using "engineering 
judgment". The calculation procedure or 
computer algorithm may also make simplifying 
assumptiax in order to reduce the complexity 
m l  time required for calculations. Because of 
these factors, predicted savings often differ 
substiuitially from measured savings. 

In a study of over 1,7UO building energy 
retrofits, fewer than one i n  six came within 20% 
of measured results (Greely et al., 1990). 
Another study of 306 Swedish residences found 
that glazing retrotits achieved only 48% of the 
predicted savings, while insulation retrofits and 
electric heating retrofits achieved only 53% and 
83% respectively (Aoderlind et al., 1986). 
Meier ilnd Nordmm (1988) examined over 400 
residential retrofits and found that predicted 
savings r ; q e d  from 50% to 58% of energy use 
while measured savings ranged from only 17% 
to 49% of energy use. 

The coefficient of determination (R?- value) 
between predicted and measured savings in over 
300 Minnesota residential retrofits was only 
0.1 1 ( W s t  and Goeltz, 1984). Jiunieswi and 
Qualma~in (1  990) found that in a study of 16 
commercial retrofits where auditors had been 
supplied with only pre-retrofit data, the mean 
absolute deviaticm between predicted and 
measured savings was 165% even after four 
buildings with known changes i n  post-retrofit 
energy use had been eliminated from the 
sample. Discrepancies such as these led Hirst et 
al., (1986) to conclude that large discrepancies 
between predicted and actual measured energy 
savings discourage efficiency invesunenn. 

Given this backdrop, it is not surprisinp that 
time and effort spent in being able to accurately 
determine retrofit savings is justified. The 
success of retrofit programs are best evaluated 
from "measured savings". Since the building 
has undergone a retrofit, savings cannot he 
directly measured arid a model for energy use 
under pre-retrofit conditions is imperative. 
However, the term "measured savings" is being 
used to emphasize the fact that retrofit savings 
are determined based on measured data instead 
of engineering judgment or audit estimates. 

PARAMETERS AFFECTIN(; ENERGY 
USE 

As mentioned above, a model for energy use 
of the residence under pre-retrofit operating 
conditions is essential. There are four types of 
par'uneters which affect enersy use: 

(a) Climatic variables of which outdoor dry-bulb 
temperature, T, is the most widespread. Most 
models use this variable as tbe only climatic 
variable partly because of its predomuimt 
influence from an engineering point of view and 
p'utly because it is easily measured. Other 
climatic variables such as solar insolation m d  
humidity are also important but to a lesser 
degree. Because of cross-correlation with 
outdoor dry-bulb temperature, a regression 
model with outdoor dry-bulb temperature June  
is capable of partially capturing the effects of 
these two v,uiables also. 

(1.) Conditioned building area. An implied 
assumption when comparing the energy use of a 
residence which has undergone retrofits is that 
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major changes to the building in tenns of 
changes in conditioned area have not been done. 

(c) Occur,ancv chances. It has been shown that 
utility bills of the same house may differ by as 
much as 100% (i.e., may double or halve) when 
occupied by different families (Sucolow, 1978). 
An implied assumption, while baseline 
modeling and subsequent retrofit evaluation, is 
that the building has heen operated identically 
and by the sane f:unily during both periods. 

(d) Type of huildinn construction and eauipment 
used. It is usually this set of parameters which is 
modified in case of a retrofit, and it is the intent 
of the retrofit project to evaluate the effect of 
this modification on energy use. 

Hence, a baseline model of energy use with 
outdoor dry-bulb temperature as the only 
regressor variable will explicitly account for 
differences in outdoor dry-bulb temperature 
from the pre-retrofit period to the post-period. 
One has to m'ake sure that the building has not 
undergone changes in area nor that the 
occupru~cy pattenls have changed. This is 
necessary in order to reach the conclusion that 
:my savings in energy use from the pre-retrofit 
to the post-retrofit period identified are due to 
changes in the building construction or to more 
efficient equipment change-out. 

There are essentially five steps illvolved in 
the calculation of energy savings when both pre- 
and post-retrofit data are available (data could 
be either utdity bills or continuously monitored 
hourly Each of these steps is briefly 
described below. 

Ster, I. Pre-retrofit energy use data collection 
md preperation: This step involves that reliable 
dak? be collected for a sufficiently long period 
prior to the retrofit and be formatted into a form 
suitable for the energy savings software being 
used. When inonthly utility bills are used, one 
should hwe at least 12 ~no~lthly utility bills 
along with the exact read dates of the hills. 
Moreover no :~hnormal occupnlcy behavior nor 
equipment changes should he present. 

Sten 2. Post-retrofit energy use dak? collectio~l 
and preparation: This step is esser~tially similar 
to step 1 except that energy use after the 
retrofit should be collected and processed. 

Sten 3. Collection of outdoor temperature d m  
during pre- and post-periods and preparation: 
Depending on the energy savings methodology 
used, one needs either daily temperature values 
(;IS PRISM does) or monthly-mean temperature 
vdues corresponding to the billing period 
(Reddy et al., 1996). Next the clam should be 
formatted into a form suik?ble to be read by the 
program. 

Sten 4. ModeKs) identification: Regression 
models whose functional forms have 'an 
engineering basis are used to identify a pre- 
retrofit model (certain savings determination 
methodologies like PRISM require a post- 
retrofit model to be also determined). Statistical 
criteria describing the model fit are studied in 
order to ascertain whether the model identified 
is satisfactory or not. If it is not, the analyst 
should verify whether the data collected is not 
erroneous or that no abnormal occupant 
behavior occurred (see Appendix A). If no such 
causes could be identified, then from the 
particular house should be either used with great 
caution or rejected from the analysis dam set 
altogether. 

S t e ~  5. Calculation of savings: The regression 
model describing energy use under pre-retrofit 
conditions with post-retrofit weather conditions 
is used to predict energy use had not the retrofit 
taken place. The difference hetwee~ this value 
and the observed post-retrofit energy use gives 
an estimate of the energy savings due to the 
retrofit. As we shall explain below, PRISM uses 
a slightly different methodology which irlvolves 
using both the pre- and post-retrofit models with 
temperature dm representative of the long-term 
mean temperature for the lo~?tion in question in 
order to identify long-term mean energy savings. 
and not actual savings. 

Step 6.  Determining uncerkunty bands in our 
estimates of euergy savings: Since regression 
models have am inherent uncertainty associilted 
with them, there will be a corresponding 
uncertainty associated with our estimates of 
savings. It is very imporkult that the uncertiunty 
i~sociated with the savings estimates be 
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determined ;L\ well for meaningful conclusions 
to be reached regarding the impact of the retrofit 
on energy use. The functional fonns of the 
regression models used to model energy use in 
residences, though very simple to understand, 
are not the swldard type of regression models 
found in textbooks. Hence special equations for 
determining the uncertainty in energy use 
models have been developed for this purpose 
(Reddy et al., 1996). 

DIRECT BlLLIN(; VS WEATHER 
NoKMALIZIN(; 

One could question the need to have such 
tu~ involved baselining methodology as the one 
described above specially since the month to 
 non nth variation patterns of outdoor temperature 
over the years are usually fairly consistent. The 
results of a study by Reddy et al.( 1996) using 
utility billing data (both electricity use [and gas 
use) for a large army i~~stdlation in central 
Texas will be brietly presented here in order to 
illustrate our point. Figure 1 depicts the month 
to month variation in outdoor dry-bulb 
temperature for several years at the army base, 
arid we note that the patterns are fairly 
consistent. One would be curious to ascertain the 
differences in estimates of how energy use over 
the years has: changed with respect to a baseline 
year (FY 86 in the particular study) by the 
present approach and by a much simpler 
approach involving direct annual utility bills 
compC?rison without any weather correction. 
Figures 2 and 3 illustrates the amount of 
differences in percentage savings for electricity 
i ~ ~ d  which one would identify between the 
two approaches, niunely with and without 
weather correction. We notice that though the 
differences are small during certain years, these 
are very large during other years (for example, 
gas use during FY 87 and FY93). More 
importultly, these seems to be no pattern to the 
differences in percentage changes between both 
methods. The above comparison serves to 
illustri~te the fact that weather correction is 
abwlutely necessary in order to obtain reliable 
estimates of retrofit energy savings. 

1)ESCRIPTION OF PRISM 

PRISM (Fels, 1986) is currently the method 
of choice for measuring retrofit savings by a 
number of energy conservation progr<ms. Users 

of the PRISM software have included ~nunicipal 
and state government researchers, national 
labori~tories, private entrepreneurs mcl utilities 
(Mills et al., 1987). 

PRISM uses monthly energy consumption 
data from energy bills for pre-weatherization 
and post-weatherization periods, along with 
daily average temperature data from a neiuby 
weather station (for the utility billing periods as 
well as long-term periods) to calculate degree- 
days (ASHRAE, 1993) and to determine il 
weather adjusted index of consumption, the 
Normalized Annual Consu~nption, for pre- 
weatherization (NAC,,,) 'and post- 
weatherization (NAC,,,,) consumption. The 
NACs represent dm~~ual  energy use co~~surnption 
during a year of average weather conditions. 
Finally, the Normalized Annual Savings (NAS) 
is calculated as the difference between NAC,,, 
and NAC,,,,. 

Therefore, based on the data we have, 
PRISM seems to be the most appropriate tool to 
use in the framework of the WAP. 

PRISM models are based on a steady-state 
enerzy balance of a house operated as a oue- 
zone building (Fels, 1986). For a house where 
required cooling and heating is supplied by an 
electric Air Conditioning system (ACs) and a 
gas heater, respectively, the space cooling load 
QcoOl is: 

where 

Qil,, = internal heat gains from occupants, 
solar gain, equipment, etc. 

UA= overall heat transfer coefficient of the 
house including envelope heat 
tr'ansfer, ald effects of ventilation1 
infiltration. 

To,, = outdoor dry-bulb temperature. 
Tbl = indoor dry-bulb temperature. 

It is convenient to define the balance point 
temperature s (Mitchell, 1983) as 
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I11 words, T is the outdoor temperature 
above which cooling is required and below 
which heating required. Combining eqs. ( I) and 
(2), we have 

= 0 otherwise 

where 

EcVoI = hourly electricity consumed by the AC, 
COP = the coefficient of performance of the 
AC. 

Equation (3) can be expressed more 
compactly as equation (4): 

where the superscript "+" indicates that negative 
vdues of the term within the brackets should be 
set to zero. 

The whole-house electricity consumption E 
is the sum of the base-electricity load and E,,,, 
For time periods greater than a day, E may be 
expressed ~LS 

where 

a = base-load electricity use such as lights, 
refrigerator and other electric equipment, 
p , = 24x(UA/COP), 

CDD = Cooling Degree Days (ASHRAE, 1993) 
for time period. 

After weatherization of a house, a may be 
reduced due to installation of high-efficiency 
lights. refrieerator, and other equipment; PC may 
he reduced due to insulation of attic and walls, 

, replacement of doors 'and windows, and a high- 
efficiency AC. T may be increased due to high- 
efficiency equipment and decreased by better 
insulation of the envelope. 

Similarly, the whole-house heating 
consumption is the sum of the base-load gas use 
and El,,,, surnmed over the period: 

a = base-load gas use for domestic hot water 
heating, cooking, etc. 

HDD = Heating Degree Days (ASHRAE, 1993) 
for ti~ne period. 

After weatherization, PI, may be reduced 
due to insulation of attic and walls, replacement 
of doors 'and windows, and high-efficiency gas 
heater; T may be decreased due to better 
insulation of the building envelope. 

Equation ( 5 )  'and (6) are the models used by 
PRISM. PRISM uses least squares regression to 
determine a and p for v~arious guessed values 
of T , and determines the optimal set of physical 
parameters that minimizes the sum of squares of 
the model residuals (Fels, 1986). PRISM also 
provides the user the values of the coefficient of 
determination, R', the coefficient of variation, 
CV(NAC), or the Flamess Index, F.I., which are 
used to evaluate the reliability of the regression 
model. 

The optimal sets of px'uneters for pre- and 
post-weatherization models are determined 
based on energy consumption &?ta and 
temperature d m  in the pre-weatherization and 
post-weatherization periods, respectively. The 
regression ~nodels for the pre- and post- 
weatherization periods are 

where - 
E ,,,, = daily average electricity consumption in 
the pre-weatherization period. The subscript 
"pre" indicates pre-weatherization period. 

where the subscript "post' indicates the post- 
weatherization period. 
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If a , p , iuld T are const~lt, the 
consumption for the pre- and post- 
weatherization periods (NAC,,l, and NAC,,,, 
respectively) during iU1 average year with 365 
clays are 

where the subscript "avg." denotes an average 
year. Likewise, 

Models with ~ '>0.7 wid CV(NAC)<0.7 or 
F.I. 4 . 2 ,  for both pre- and post-models meet 
PRISM "good fit" criteria. The difference 
between NAC,,, and NAC,,,, is the Normalized 
Annual Savings (NAS). 

NAS = NAC,,,, - NAC ,,,<, 

We stress the fact that PRISM is a weather- 
normalizing tool which only corrects for 
differences in temperature between pre- and 
post-periods; PRISM doesn't account for the 
impact of humidity and occuptmcy schedule 
changes, hut neither do most of the programs 
now commonly used. 

CASE STUDY RESULTS 

Table I presents general retrofits activity 
performed for the WAP. The retrofits basically 
include maintenance, modification or 
replacement of cooling and heating systems and 
envelope retrofits such as replacement of 
windows, replacement of doors, and insulation 
of attics. 

I .  llata received 

The utility bills for a pre- & post- 
weatherization period were collected for 462 

Texas WAP houses which underwent 
weatherization. Eleven of the 462 house5 
underwent retrofits that would decrease gas use, 
while the rem'ining houses underwent other 
electricity-conserving retrofits. 

Next, a daily temperature file for each of 73 
Texas cities during the entire billing period as 
well as for the last twelve years were obtarned 
from the National Oceanic and Atmospheric 
Agency (NOAA). The long tenn temperature 
data were used for calculating CDD and HDD 
for different reference temperatures for the 
average year. The temperature data during 
utility billing periods were used with 
corresponding utility billing data to develop 
PRISM regression models. The NOAA daily 
temperature file for each city contuns a piair of 
maximum and minimum temperature dau for 
each day in a DOS-unreadable format. The 
advanced version of PRISM converts this to 
daily average temperature ((Tmax+Tmin)/2) in 
a DOS-read~ble format as required for running 
PRISM. However tbis is only possible if the 
NOAA temperature files have no missing data 
or other problems such as an incorrect year or 
month. 

If the meter file ib good, i.e., includes at 
least 12 monthly energy use and corresponding 
meter reading dates for each pre- and post- 
period, aid the temperature file is complete, i.e., 
without missing data or 'my other problems, the 
PRISM softw'ue will do the rest of the analysis 
and produce the NAC, NAS and statistical 
parameters. 

Unfortunately, common and even trivial 
problems and oversights existing in the utility 
bills and the temperature files c'm abort a 
PRISM run. Therefore the data quality 
problems must be investigated before 
performing PRISM analysis. 

2. Types of dah  quality problems in utility 
bills 

The common problem encountered with 
utility hills were: 

1) no meter reading dates. 90 of 462 houses had 
this problem, 
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2) the bills were estimated, not read. We have 
been able to identify such cases from the utility 
hills which showed constarlt energy use for every 
month of the year, and 
3) less than one year of data for pre- or post- 
retrofit periods. 

Since the PRISM analysis accuracy is very 
sensitive to the accuracy of the utility bills, the 
houses with the above stated proble~ns were 
rejected from our analysis data set. Appendix A 
briefly presents the findings of 'mother study 
(Griffith et al., 1994) involving several 
residences in College Sk?tion which illustrate 
the sensitivity of PRISM models to even small 
data quality problems. 

3. Types of d a b  quality problems in the 
N O A A  temperature files 

The advanced version of the PRISM 
program accepts NOAA fonnat weather files to 
perfonn energy savings analysis only if the 
NOAA weather files have no missing data or 
problems such as an irlcorrect month or year 
number. When the NOAA have any 
problem, PRISM will abort. More than 60% of 
the NOAA weather files for the above 28 cities 
had these types of problems. 

The common dak? quality problems in the 
NOAA temperature files are: 

missing temperature data. 
incorrect order of years or months. 

The NOAA data can not be read and fixed 
without compiling the data file, and therefore, 
we had to resort to the following steps in order 
to resolve this problem: 

I .  The NOAA weather files were compiled 
using the NOAAFLPY.EXE program supplied 
by Princeton University. 

3. The resulku~t ASCII files were checked for 
~nissing data, incorrect month or year number. 

3. The problem in the ASCII tile were adjusted 
iLS ~ I ~ o w s :  

a) Missing datii were filled in using data from 
the aune dates from a previous year for missing 

data occurring for a period of several days or 
more which were used for calculating average 
year CDD B HDD. 

b) Data from the handbook "Climatological 
Data" for Texas were used for missing data 
during the utility billing periods. 

After investigating the data quality and 
resolving the fixable proble~ns, I82 of 462 
houses which included eleven gas 
weatherization houses and 17 1 electricity 
weatherization houses, had enough utility data 
and temperature data to run PRISM. Therefore, 
I I gas weatherization and 17 1 electricity 
weatherization houses were accepted for PRISM 
analysis. 

Nine of the eleve11 gas weatherization 
houses met PRISM criteria wbile 81 of 171 
electricity houses met PRISM criteria. Thus we 
note that poor dam quality led us to reject 80% 
of the houses from our 'analysis. 

4. Recommendations 

Based on the experience g'ained from the 
WAP ru~dysis and other allied studies, we would 
like give the following recommendations to 
minimize data quality problems. 

Utility billing chk? must have at least twelve 
consecutive months of pre-weatherization and 
twelve consecutive months of post-weatherization 
data, and must have corresponding meter-rcading 
dates. 

It is recommended that copies of original 
utility bills also be sent to the analysts. 

FUTURE W( IRK ON E M R G Y  
C( INSUMPTION STUIItES 

The State Energy Conservation Office 
(SECO) contracted with the Texas Deparunent 
of Housing and Community Affairs (TDHCA) to 
implement the Weatherization Plus Program. 
Weatherization Plus provides for the 
weatherizing of dwellings conk~ining eligible 
households whose incomes are greater than 125 
percent, but not more than 175 percent of the 
current federal poverty income guidelines. 
Based upon 1990 census data, Texas has 
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approximately 6 143  10 potentially eligible 
households. This population, often described as 
the "working poor", is not eligible for the 
Department of Energy (DOE) Weatherization 
Assiswnce for Low Income Persons Program 
(WAFLIPP). Although their income is too high 
for WAFLIPP, the irlcome is still too low to 
afford energy conservation measures on the open 
market. 

A second "Energy Consumption Study" is 
in progress by TDHCA Energy Assistance, to 
study 10% of the homes weatherized in the 
WAP+ Progr'm. Data has been collected from 
Texas Energy Vendors by TDHCA with the use 
of a "Client Release Form" for 1,000 homes to 
a~iidyze utility bills 12 ~nonths pre and 12 
months post to retrofitting to determine the 
energy retrofit savings on weatherized single 
family dwellings. 
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Appendix A. Case Study Results 

In order to illustrate the effect of bad data, 
we shalI briefly discuss results from another 
study done at College Station (Griffith et d., 
1994). Eleven houses were selected as the 
sample for study. All these houses have gas 
heating and gas fired domestic hot water 
systems. Hence electricity is used solely for 
lighting, appliances and Air Conditioning (AC). 
Figure A1 depicts time plots of the monthly 
electricity use in the two houses of interest. As 
expected, they have an annual energy use cycle 
due to air conditioning use, with a minimum 
around January and a maximum around July. A 
few outliers (such as October and November use 
in house 9, H9) are also to be noted. 

Of the eleven homes, House 8 (H8) and H9 
did not fall into the region of acceptable PRISM 
fit as shown in Figure A2. Inquiry as to the 
reason for the poor fit led to the discovery that 
the occup'mts of H8 were on vacation for two- 
and-half weeks during July 1992. This 
accounted for the abnormally low consumption 
for this house in July. As a result, omitting the 
July consumption data from the PRISM run 
gives much better PRISM fit to the data as is 
shown from point 8 move to point 8a in Figure 
A2. 

For H9, a very high consunption in October 
followed by a very low November consumption 
is ohserved (see Fig. A 1). Investigation with 
College Station Utilities revealed that the 
October value was not n real reading but an 
estimation, while the November value was an 
actual meter reading. This type data quality 
problem can be adjusted by combining these two 

points into a single two-month period 
point. Identifying and adjusunent of esti~nated 
data have been added in advance version 
PRISM. By adjusting the estimated data for H9, 

PRISM fit  level of H9 moves to point 9n from 
point 9 (see Fig. A2). 

Figure 1. Temperature variation for past several 
years at the Army Base. 
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Figure 2. Comparison of Percentage savings for 
electricity with and without weather correction. 
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Figure 3. Comparison of percentage savings for 
gas use with and without weather correction. 
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Table 1. Summary of Retrofits on 78 WAP houses 
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r Study of Nine College Station Residences 7 

Figure A 1 .  Time series plou ot'the ~nnnhly electricily use un iwo houses (HX & HY) i n  College Stat1011 

Figurc A2. A plot 01' R' versus CV(NAC)  w s h u w  rcgions ol'csccllcnt. !pxl, a u ~ t l  poor PRISM I'ir I'or 
clcvcn house>. Altemitte PRISM runs lor houses X. c). ;u~d I 0  arc s h o w n  ;IS iIsUice5. 
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