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EVALUATING THE WEATHERIZATION ASSISTANCE PROGRAM
IN YOUR STATE: A MANAGER’SGUIDE

1.0 INTRODUCTION

1.1 MAJOR PURPOSES OF EVALUATION

Evaluations of the Weatherization Assistance Program (the Program) serve three mgor
purposes.

. to document the energy savings and cost effectiveness of the Program,
. to attract and maintain funding, and
. to identify opportunities for improving the Program’ s performance.

State managers need detailed and specific information about the performance of their own
Program if they are to conduct and market it as effectively as possible.

1.2 MAIN GOAL: MEASURE ENERGY SAVINGS

In this evaluation guide, we focus amost entirely on the issues related to the
measurement of energy savings. Because the Program’s main goal is to reduce the energy use
and energy burden of low-income households, the minimum output of an evaluation study should
be an estimate of energy savings. If resources are limited, the first priority is to obtain this
estimate of savings. Some states may be interested in other issues such as determining Program
cost effectiveness, testing the value of various audit types, or identifying the best opportunities
for increasing energy savings. Because of limited resources, most will focus only on measuring
energy savings.

A large number of evaluations that measure energy savings have been conducted at the
state-level since the Program began in 1976 (See Appendix A for alist of recent evaluations by
state). In addition, a comprehensive National Evaluation of the Program was completed in 1994
for the U.S. Department of Energy by Oak Ridge National Laboratory. This National Evaluation
produced a number of process and impact evaluation reports for a variety of issues and fuel types
(Mihlmester et a. 1992; Brown et al. 1993a; Brown, et al.1993b; MacDonald 1993; Power et a.
1993; Ternes and Levins 1993; Brown et al. 1994; Berry and Brown 1994; Eisenberg et d.
1994). Updates of the National Evaluation findings on energy savings and cost effectiveness
were completed in 1997 and 1998 by conducting two metagvaluations of state-level studies. The
first of the metaevaluations used the state-level evauations that became available from 1990-
1995 (Berry 1997; Berry, Brown and Kinney 1997). The second metaevaluation was based on
evaluations completed between 1996 and August of 1998 (Schweitzer and Berry 1999).

Although many Program evauations are available, aong with a substantia literature on
how to conduct them, there is a continuing need for up-to-date Program evaluations. We know



that, in the past, Program energy savings varied greatly across dwelling types, agencies and
climatic regions as well as over time. There is every reason to expect that Program performance
will continue to vary along these dimensions in the future. Program performance aso is likely to
improve as technical innovations and enhanced program management procedures are adopted.

1.3 RESEARCH DESIGN

Research designs are aimed at isolating the effect of the Program from all other factors
that could produce changes in energy consumption. The logical problem is to determine the
difference between the energy savings actually achieved by Program participants and the savings
that they would have realized had there been no Program. The second term of what their savings
would have been if there had been no Program cannot, of course, be measured directly. Because
it is impossible to determine exactly “what would have happened if . . .” the challenge is to
design a comparison that approximates this situation. Designing a standard of comparison is
essentialy developing a plan for collecting evidence that gives one confidence that the observed
effects on client energy consumption were indeed caused by the Program and not some other
factor.

It is important to remember that it is always possible that some factor other than the
Program treatment itself produced the observed changes in the weatherized homes. To accurately
measure the fuel savings produced by the Program treatment, it is important to control the key
confounding factors, which are changes in weather patterns, fuel prices, and occupant behavior.
Weather effects on consumption can be controlled with statistical techniques that produce
weather-normalized measures of fuel use. Both the Princeton Scorekeeping Method (PRISM)
and the Achieved Savings Assessment Program (ASAP) software packages, which are explained
in detail in Sections 2.0 and 3.0, contain such weather normalization procedures.

The influences of occupant behavior, fuel price changes and other possible confounding
factors, are best controlled by comparing the consumption changes in two equivaent groups of
households. One of these groups (the treatment group) receives Program services during the
study period while the other set of households (the control group) does not. If the treatment and
control groups are equivaent, then any post-treatment differences in their energy consumption
can be validly attributed to the Program’ s influence.

The most practical basic pre-test, post-test design for weatherization evaluations is shown
in Figure 1. This design is a waiting list design where the control group eventually receives
Program services, but a a later date than the treatment group. Changes in weather-adjusted
consumption during the time period after the treatment group receives retrofits, but before the
control group receives services, are the measure of Program impact. This design is often used in
Weatherization Assistance Program evaluations.



T12 T2 T3
Treatment group Oe X Oe
Control (waiting list) group Oe Oe Oe

#T1-3 = time periods for measuring energy consumption
O, = energy consumption record;
X = weatherization measures installed

Figure 1. Waiting list control group design.

1.4 SAMPLING OVERVIEW

Sample Size. In most cases, a state-level evauation of energy savings should be based on a
sample of at least 350 weatherized homes and 350 control homes (See Section 5.0 on sample size
for more detail). Because sample attrition due to poor data quality often runs as high as 50%, it is
desirable to begin with a sample of about twice this size if possible. If sample sizes fall below
350, an estimate of savings can still be obtained, but the confidence interval (See Section 6.0 on
confidence intervals) on this estimate may be so large that no meaningful conclusion about the
true level of Program performance can be reached.

Selecting a Representative Sample. The selection of a representative sample of houses is an
important step in conducting a credible evaluation. Only a representative sample makes it
possible to generadize to the population of interest, which in state-level evaluations is generally
the whole state Program. Obvioudly, if only a few handpicked agencies, or only the dwellings
weatherized by the most experienced crews, are studied, the findings will not represent the whole
state' s performance.

Creating a Sampling Frame. The first step in selecting a representative sample is to construct a
sampling frame, which is smply alist of all of the dwellings weatherized during the study period
that meet the criteria for incluson in the study’s population. Often, a study’s population is
restricted to homes that heat with only natural gas or electricity because it is possible to obtain
utility billing records for these heating fuel types. This restricted sampling frame works well only
if the magjority of homes in the state use these fuels. Natural gas heat is used in more than half of
homes nationaly, and by a large maority of homes in many states. Depending upon the
distributions of heating fuel types that characterize the client homes in your state, you should
decide whether or not restricting the sample to natural gas and electric heat is reasonable. If fuel
oil, propane, and/or some other types of fuel are used for heating in large proportions of the
client homes in your state, then houses that heat with these common fuel types should be
included in the evaluation’ s sampling frame too.



If fuel types other than natural gas and electricity predominate in a state, then they must
be studied with data from sources other than utility billing records. When this is necessary, more
complicated data collection procedures must be implemented. Either metering of heating
systems, or client and vendor cooperation in keeping records of fuel purchases, becomes
necessary. Nearly all state-level evaluations to date have studied only homes that heat with
natural gas (or eectricity in afew states) because of the extra expense and difficulty of collecting
data on the use of other types of fuels.

Data Quality Screening. Ideally, screening for some data quality characteristics will take place
before putting a dwelling on the list of households eligible for inclusion in the study. It is not
essential, and not aways possible, to perform data quality screening before creating a sampling
frame. When it is possible, however, it is desirable, because it will reduce the amount of sample
attrition and the effort of data collection and cleaning.

If the data quality checks cannot be made before drawing the sample, then the initial
sample size should be increased. In this case, the standard quality checks should be performed as
the study progresses. The houses that do not meet the checks then should be dropped from the
sample before performing the final analysis of energy savings. There are five standard data
quality checks:

First, are energy consumption records available for the entire pre-weatherization period.
If these pre-treatment period records cannot be obtained, there is no point in including the
dwelling in the sampling frame, nor in expending any effort in trying to collect post-
treatment records.

Second, does the dwelling use supplementary heating sources such as electric or kerosene
space heaters, or wood stoves. When supplemental heat is used it becomes extremely
difficult to separate the effects of weatherization from the effects of behavioral changes
related to fuel use. Severa studies, for example, have suggested that because of the labor
involved in using wood, other fuels will be substituted when attaining the same comfort
level becomes more affordable (Tonn and White 1986). The easiest strategy is to include
only homes with no supplemental heat in the sample. If homes with supplemental heat
are included, then it will be necessary to collect and analyze data on their use of
supplemental fuels to obtain accurate results.

Third, were weatherization measures installed independent of the Program during the
study period. When this occurs a meaningful pre- and post-treatment period for the
Program is unlikely to be available and the house should be dropped.

A fourth check is for change in occupancy (i.e., a new family moved into the dwelling).
A change in the number of occupants and in their behavior may change consumption
patterns more than the Program treatment. Therefore, it is best to remove dwellings with
occupancy changes from the study.



The fina check is for changes in family composition. When a new baby is added to the
family, or teenagers leave home, effects on energy use can be so large that they mask
Program effects. Again, removing dwellings with these changes from the study is the
easiest solution.

Simple Random Sampling. Once a list of dwellings that meet the study criteria is ready,
selecting a random sample is straightforward. First, number the list of al of the dwellings that
meet the study criteria. Second, decide on the sample size that you will use (See Section 5.0 on
Sample Size for guidelines). Third, use a random number table to select dwelling numbers until
the desired sample size is reached. Spreadsheet programs such as Microsoft Excel have random
number generator functions that will produce a list of random numbers. Alternatively, many
statistics textbooks include tables of random numbers. Simply go down the list of random
numbers and pick the corresponding dwelling from the numbered list until the desired sample
Sizeisreached.

Stratified Random Sampling. It may be desirable to select a set percentage of dwellings from
several strata (subgroups) of interest. For example, the sample could be stratified by climate
region, dwelling type, heating fuel, or some other variable. Creating strata before sampling
ensures that the subgroups of interest are adequately represented. You may wish to see how
savings vary by housing type: single-family site built homes versus mobile homes, for instance.
In this case, two numbered lists (one list for each housing type) would be prepared and the
dwellings to be included in the study would be selected at random from each list. Each subgroup
studied should meet the minimum sample size requirements in order to obtain accurate estimates
of energy savings for that subgroup.

1.5TWO RECOMMENDED WEATHER-ADJUSTMENT AND ANALYSIS TOOLS
PRISM AND ASAP

Until recently, most Program evaluations determined energy savings by comparing
weather-normalized utility billing data for a pre- and post-retrofit year. The method of choice for
evaluations based on utility billing data is the Princeton Scorekeeping Method (PRISM). PRISM
is a standard methodology, which was developed and tested extensively by datisticians at
Princeton University in the mid-1980's. It is available as a stand-alone software package with a
complete instruction manual (See Section 2.0 and Appendix B for more details). It is a statistical
procedure that normalizes for weather by adjusting fuel consumption to a normal weather year
(defined as the 12 to 30 year average of the daily temperature for each day of the year). By
statistically adjusting the actual fuel consumption level for both the pre- and post-weatherization
years to what it would have been in a year of normal (or average) weather, PRISM removes the
effect of weather from the estimate of energy savings (which is calculated by subtracting
weather-normalized consumption in year two from weather-normalized consumption in year
one). In addition to the total consumption values, PRISM identifies the components of basel oad
(non-weather dependent) consumption and of heating (weather-dependent) consumption of the
primary heating fuel. It also provides a number of statistical indicators of regresson model
quality and reliability, such as the model r* and the standard errors of each model component.
PRISM, which has been used in several hundred studies, is usualy applied to homes that heat



with natural gas and/or electricity because utility billing records are available only for these
fuels. When records of purchases can be obtained, however, PRISM can be used for homes that
heat with fuel oil or propane.

Because of the high cost, and the greater effort, associated with installing metering
equipment instead of relying on billing records, this method typicaly has been applied only to
small samples of homes. In the past, full-scale statewide or nationwide evaluations have relied
exclusively on hilling data analyzed with PRISM, or with some similar regression model. Today,
however, metering equipment, like most electronic equipment, is becoming much cheaper than it
was previoudy. Run-time meters for heating systems now are available for about $250-$350
each. Although it is still more costly to use metering equipment than it is to collect billing data, it
is now becoming feasible for state Program managers to use metering for samples of sufficient
Size to characterize statewide energy savings. Another reason that metering is now easier to
implement is that software designed specifically for the evaluation of the Program with data from
run-time meters has been developed and is available at a nomina cost (only the cost of materials)
from the Minnesota Weatherization Assistance Program office (See Section 3.0 for more
information).

The Minnesota Program, in cooperation with the University of Minnesota, conducted a
pilot program in 1996 that incorporated metering of heating system run times into routine
procedures in three agencies. This pilot effort tested an equipment and software package (the
Achieved Savings Assessment Program or ASAP, which includes DESL og software for weather-
adjustment and statistical analysis), that downloads run-time data collected from meters installed
on heating systems. After the run-time data are downloaded from the meters and weather data
inputs are entered, DESLog performs the analysis of weather-adjusted energy savings. Today
ASAP has been introduced into the routine operations of all of Minnesota's local agencies. A
few other states have experimented with ASAP on a small scale, but only Minnesota has
implemented it statewide.

Although, for samples of equal size, the use of ASAP is still initially more expensive than
the use of PRISM, there are compelling reasons to consider it both as an evaluation method and
as a program management strategy. When short-term metering is made part of routine program
operation, it becomes possible to produce immediate improvements in energy savings. The
ASAP approach not only measures overall Program performance as PRISM does, but it also
provides timely house-specific feedback on savings. Because these house-specific results
become available in about six weeks time, crews can return to the homes that did not produce the
predicted savings. With on-site inspections, Minnesota’'s Program managers report that their
workers usualy can identify and often can correct the underlying problems that are interfering
with the achievement of savings. As aresult, the staff of the Minnesota Program considers ASAP
to be a powerful training and quality control tool.

PRISM, and similar regression methods, are a reliable and, initialy, less expensive way
to measure energy savings for large samples of homes, but they do not produce results for more
than a year after weatherization takes place. By then, it may be too late to return to homes or to
correct the problems that are interfering with energy savings. The pilot study in Minnesota
estimated that the use of metering equipment with ASAP added an average of about one extra



day to the time spent on weatherizing each home. Now that Minnesota is in the phase of full-
scale implementation, with the initid ASAP learning experiences behind them, the average
added time per house due to ASAP is closer to two hours. This extra time (along with the start-
up time commitment and the initial cost of the metering equipment, computers and software) is a
substantial investment, but the benefits also are substantial. With the use of the ASAP system,
the routine measurement and improvement of energy savings as well as an opportunity for highly
effective training experiences all are provided by the same set of procedures. Another advantage
of the ASAP approach is that it is easily applied to heating systems that use fuel types for which
utility billing records are not available. It is not necessary to rely exclusively on ASAP or
PRISM. Each method could be applied to different subsets of houses, if one desires, or even to
the same houses if one wishes to measure impacts on more than one fuel smultaneoudly.

The goa of this evaluation guide is to provide state Program managers with the
information they need to decide on the best evaluation strategy for their state. More details on
the two recommended approaches (PRISM and ASAP) are provided in Sections 2.0 and 3.0 of
this report. An overview of the key advantages and disadvantages of each approach is presented
in Table 1. Section 4.0, 5.0 and 6.0 deal with weather data, sample size and confidence intervals.
Section 7.0 presents information on methods of determining cost effectiveness.



Table1l. Comparison of the Advantages and Disadvantages of ASAP and PRISM

Advantages of PRISM
Almost 20 years of experience: reliable, well-
understood, well developed
A standard technique: used in many evaluations
Less expensive per house than ASAP so can use
larger samples
Minimal demands on state and local Westherization
staff because can be entirely subcontracted
Measures all end-uses that are present* for the
fuel(s) being studied

Advantages of ASAP
Faster Feedback
- 4to 6 weeks post-weatherization for a house
- lessthan one year for a state
Much easier to use for unmetered heating fuels (e.g.
propane, oil) and is easily used for gas or electric
heating too
No cooperation needed from gas and electric
utilities or any other groups because it is done
entirely by Weatherization Program Staff
Ongoing Quality Control System
- Training value
- Opportunity to identify homes with less savings
than expected and often to correct the problems
identified
- Becomes easier to use and less costly with
experience
Can use same equipment, software and procedures
to perform on-going evaluations in a sample of
houses for every heating season, if desired

Disadvantages of PRISM
Slow, at least two, and probably three, years to
complete
Depends on the cooperation of gas and electric
utilities (or other fuel vendors)
Lacks the more rapid quality control and feedback
features of ASAP
Experience does not significantly reduce the costs
or difficulty because 75% of the effort is devoted to
data collection and cleaning which must be done
from the beginning each time a new evaluation is
performed
Harder to deal with fuels, other than natural gas or
electricity, that are not metered by utility companies

Disadvantages of ASAP
Meters are expensive so is hard to get large enough
sampleinitially
Start-up is time consuming
Heavy demands on staff time and skills at first
Training required for several people per agency
Cannot subcontract
Measures only heating system use; does not
measure cooling or other end-uses
Hawthorne effects are a potential concern**

*1n the case of natural gas this includes gas heating, and in many homes, may include gas water heating and/or
cooking. Inthe case of electricity, lighting and electric appliances will always by included in the electric bill. When
air-conditioning equipment and/or electric heat are present their use will, of course, be included in the electric billing
records as well.
**The Hawthorne effect is defined as the tendency to change one’s behavior ssmply because one knows that one is
being observed. Although this effect certainly may be a problem in ASAP-based studies, where both the
Weatherization crews and the clients know they are being observed, the authors are unaware of any evidence
demonstrating the magnitude, or even the existence of, the Hawthorne effect in metering-based evaluations of the
Weatherization Assistance Program.




2.0PRINCETON SCOREKEEPING METHOD

2.1 OVERVIEW

PRISM is a computer software system for quantifying the energy savings resulting from
building weatherization activities. The name of this system, which was developed by researchers
a Princeton University, is an acronym for PRInceton Scorekeeping Method. The major inputs
to aPRISM anadysis are:

daily temperature data for the study area;

long-term degree days for the same region, based on the above-mentioned temperatures’;
and

monthly billing data for each structure studied for approximately one year before and one
year after weatherization.

The major output is normalized annua consumption (NAC) for the pre-weatherization
and post-weatherization period for each building included in the study. In this context,
“normalized” means that annual energy usage for both the pre- and post-weatherization periods
is adjusted to reflect average long-term weather conditions for the study area. This alows
energy savings to be calculated accurately, without the confounding effect that would otherwise
arise from variations in temperatures—and the associated heating and cooling needs—during the
pre- and post-weatherization periods. PRISM aso can combine the findings from al the
individual structures studied, including a non-weatherized control group, and calculate average
savings for the entire group of weatherized buildings. Fig. 2 is a conceptua diagram showing
the magjor inputs and outputs associated with a PRISM analysis, both for individual structures
and an entire group of buildings. Additiona information on using PRISM is provided by the
PRISVI Users Guide (Fels, Kissock, Marean, and Reynolds, 1995) and the many articles that
have been written on this system (e.g., Fels 1986; Fels, Kissock, and Marean 1994; Fels and
Reynolds 1990; Goldberg 1986; Hirst 1986).

! Degree days are the difference between the mean temperature for any given day and a given reference temperature,
which represents the point at which a building begins using its heating and/or cooling system. There are both
heating and cooling degree days, athough only one or the other might be relevant for any given fuel type and
structure.  PRISM calculates building-specific heating and/or cooling reference temperatures for each structure
studied, reflecting the individual energy consumption profile of the building in question.



INPUTS OUTPUTS

I Monthly Billing Data Normalized Annual Consumption I
Individual
Building L Daily Temperature Data PRISM Error Diagnostics |
Analysis

I Long-Term Degree Days Physical Parameters Related to

Building Energy Consumption
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Weatherized and Control Units Savings for Weatherized Units
Group i Control-Adjusted (Net)
) I Daily Temperature Data PRISM Normalized Annual Savings for
Analysis Weatherized Units

Error Diagnostics for

Weatherized and Control Units

I Long-Term Degree Days

Figure 2. Conceptual diagram showing major inputs and outputs associated
with PRISM analysis.

Source: Fels, 1986; Fels and Reynolds, 1990.
2.2DATA COLLECTION

The magjor inputs that a user must supply in order to perform a PRISM analysis are long-
term daily temperature data for the study area and monthly billing records for each structure
studied. Each of these items is discussed separately below. Long-term degree days, while
necessary, will be calculated by PRISM for each building, based on the daily temperature data
provided by the user.

Daily temperature data must be provided for the study period (generally 12 months
before and 12 months after building weatherization) as well as for a sufficiently long period
preceding weatherization to allow the calculation of average annua degree days to use in the
normalization process. The PRISM designers recommend that at least 12 years of daily
temperature data be provided. The weather files must show the year, month, and number of days
in each month, along with the daily temperatures. The National Climatic Data Center of the
National Oceanic and Atmospheric Administration (NOAA) in Asheville, NC, is an excdlent
source of these data (see Section 4.0 on Weather Data for ordering information). Temperature
data should be collected for the maor weather stations that are closest to the weatherized
buildings. If the structures under study cover a broad geographic area (e.g., an entire state), then
temperature data should be gathered for multiple weather stations and each house should be
matched with the nearest major station.

Monthly billing records must be collected for the fuel or fuels under study. For each

structure studied, the records should identify the building and indicate its energy consumption
units (e.g., KWh of electricity; cubic feet of natural gas; gallons of fuel oil). If multiple fuels are

10



used in a single building, distinct records should be kept for each fuel. The billing records
should show how much energy was consumed during each period between meter readings or
refueling and indicate the dates at the beginning and end of each consumption period.
Furthermore, the pre-weatherization consumption periods should be clearly distinguished from
those following building weatherization. Use of a control group is not mandatory and is not
aways feasible. However, control group data tend to improve the validity of savings
calculations by isolating the changes in energy consumption produced by the weatherization
program from those that would have occurred anyway. If a control group is used, the billing
records should indicate whether the structure is part of the weatherization group or the control

group.

2.3 DATA QUALITY SCREENING

The long-term daily temperature data received from NOAA (or another source, such as a
local weather station) should be checked for completeness. The PRISM designers recommend
that data be used from primary weather stations, which often are located at airports and military
bases, because the data are likely to be more complete and have greater accuracy than records
compiled a secondary stations. The user should make sure that the data used for each house
comes from the closest major weather station.

Missing hilling data can reduce the accuracy of PRISM results, particularly if the missing
data are from a high-consumption period or there are multiple missing readings. Similarly,
estimated billing data (in place of actual meter readings) can lead to questionable results. For
this reason, PRISM is designed to identify readings that appear to be estimates (generaly
indicated by a pair of consecutive readings that are aternately high and low) and gives the user
the option of combining them into a single reading covering the entire period in question.
Extreme consumption values aso can be identified and PRISM can compensate for these by
running a “robust” anaytical model for these cases. Finaly, users can select reliability criteria
that allow them to identify and remove from the analysis any structure for which the PRISM
model does not appear to be a good predictor of annual energy use.

24 ANALYSISPROCEDURES

An evaluator who has never used PRISM can learn to do so in a few days by reading key
articles, carefully reviewing the PRISVI Users Guide, and doing the practice tutorials included
in the guide. However, the learning process will be greatly facilitated if the would-be user is
familiar with regression analysis and associated concepts, such as intercept, slope, standard error,
and R-squared vaues. Someone who is familiar with statistical analysis and windows-based
software systems is likely to have an easier time mastering PRISM than someone without such
background.

PRISM operates by taking the previously-described temperature data and billing records
and producing a regression equation for each building that explains annual energy consumption
in terms of a few key physical parameters. These parameters are: (1) the structure's daily
baseload, which is the amount of energy it uses that does not vary with outside temperature; (2)
the heating and/or cooling sope, which is the amount that energy use increases with each
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additional heating and/or cooling degree day; and (3) the building-specific reference temperature,
which is the outside temperature (one for heating and another for cooling) at which the building
begins to use energy to raise or lower the indoor temperature. By entering the long-term average
annua number of degree days for the same reference temperature(s) into the formula obtained
from the regression model, the user produces an estimate of Normalized Annual Consumption.

The formula for NAC for a building that heats and cools with the same fuel can be
expressed as follows: NAC=365a +bnHo(th) + b.Co(tc), where a = daily baseload consumption,
by = heating dlope bl = cooling slope, Ho(tr) = heating degree days for atypical year at reference
temperature ty,, and Cy(t ) = cooling degree days for atypical year at reference temperaturet..

PRISM has models for heating only, cooling only, and heating and cooling combined. It
also has an automated model selection feature that selects the best model for each individua
building being examined. This automated selection feature is recommended by PRISM’s
developers in cases where the fuels under study might be used for both heating and cooling.

PRISM calculates Normalized Annua Savings (NAS) for each building by subtracting
post-weatherization NAC from pre-weatherization NAC. In addition, average savings (both
median and mean) can be calculated by combining the findings from all structures in the study.
Raw energy savings (sometimes referred to as “gross’ savings) are calculated from the
weatherized buildings alone. Where control group data are available, adjusted savings are
determined by subtracting the savings experienced by the control group (which occurred in the
absence of program efforts) from the savings that took place in the weatherized structures.
While PRISM does not produce an estimate of dollar savings, the user can calculate this
relatively easily by multiplying the units of energy saved by unit cost for the year in question.

In addition to estimating NAC and NAS, PRISM also produces error diagnostics that
indicate how well the regresson mode predicts energy consumption. The R-squared statistic
and the Coefficient of Variance (CV) indicate model reliability for both the individual building
anaysis and the group analysis. R-squared indicates the amount of variance in NAC that is
explained by the model. For example, an R-squared of 0.95 means that 95% of the variance in
NAC is accounted for by baseload, slope, and degree days. In most cases, PRISM predicts NAC
with an R-squared of 0.90 or better. The other key diagnostic is the CV of NAC, which
expresses the standard error® of NAC as a percentage of NAC itself. In most cases, this number
is less than 5%.

25 TIMING AND BUDGET
A state-level PRISM based evaluation that focuses primarily on producing an estimate of

energy savings will cost approximately $100,000 if it is conducted entirely by a professiona
contracting company. This cost level assumes a sample size of about 500 dwellings, with average

2 The standard error of NAC is a measure of variability calculated by PRISM for each building under study that
indicates how reliable the estimate of NAC is. Larger standard errors indicate less reliability.
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costs per dwelling for data collection and preparation of about $150. The remaining costs are for
analysis and overhead.

Doing a good deal of the data collection in-house as part of routine program procedures
can lower costs. For example, if fuel consumption records are collected for the pre-
weatherization year as part of the client intake process, this part of the data collection process
will be considerably easier and less costly.

About 75% of the effort in a PRISM study occurs in the data collection, database
construction, and data cleaning phases. Once a clean and complete data set is available, anaysis
costs are relatively small. In the average case, data collection might take about nine months of
FTE effort, data entry and cleaning two months (FTE), and analysis one month (FTE).

Because PRISM requires a full year of pre- and post-weatherization fuel consumption
data, the data collection effort alone can be spread out over more than two years. A sample data
collection schedule for a PRISM study is shown in Figure 3. In general, one can expect a PRISM
study to be completed about three years after it begins.

2.6 PRISM USER AND ORDERING INFORMATION

An evaluator who has never used PRISM can learn to do so in a few days by reading key
articles, carefully reviewing the PRISVI Users Guide, and doing the practice tutorias included
in the guide. The Table of Contents from the PRISVI Users' Guide is reproduced in Appendix B.
In addition to containing introductory information to help a would-be user become familiar with
the basics of PRISM, the Users Guide also includes a Reference Manua that provides detailed
information on using PRISM, with separate sections on input files, output files, and all available
menus. PRISM comes on two diskettes which can be used on Windows-based personal
computers and aso on Apple Macintosh computers equipped with a PC-emulator.

The cost schedule for purchasing PRISM software is as follows:

- Universities and Community Action Program agencies: $395
- Government agencies: $795 for first copy and $395 for second copy
- Bulk orders (more than five copies): $795 for first copy and $195 for other copies

To order PRISM software and manuals, and also to seek technical assistance when using
PRISM, one should contact:

Michelle A. Marean

Center for Energy and Environmental Studies (CEES)
Princeton University

Box CN5263

Princeton, NJ 08544-5263

Phone: (609) 258-4677

Fax: (609) 258-3661

e-mail: marean@princeton.edu
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Data Collection Time Periods Covered for Homes Weatherlzed from April to December 1997

Apr.- July- Oct.- Jan. — April — July- Oct.- April — July-
June‘96 | Sep.'96 | Dec.'96 | Mar.‘97 | Jun.‘'97 | Sep.'97 | Dec.'97 Mar ‘98 | Jun.‘98 | Sep.‘98 | Oct.- Dec. ‘98

Pre-retrofit Treatment Post-retrofit
consumption data homes consumption data

> <

for treatment graup weatherized

Cansumption data for control grpup

< >

Data on service delivery procedyres

4 Data on »

Program costs

Datalon recommended

< >

and installed measures

Create listg

<+>

of homes far
sample select{on

Westher data* fof study years

Dgta on fue] prices

Figure 3. Example of data collection schedule for a PRISM study.

* Daily temperature data for a 12-year period that includes the study years also is needed to calculate long-term
average heating and cooling degree days.
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The two major data inputs needed for a PRISM anaysis are monthly billing records for
each structure studied and long-term daily temperature data for the study area. In order to obtain
billing data for the pre- and post-weatherization periods, utilities must agree to provide the
records. Often utilities require that customers provide written permission for the release of this
information. Figure 4 is an example of aform that can be used to dicit billing records from a
utility, and Figure 5 is a sample form that can be used to acquire customers’ permission for
utility release of their billing records. A discussion of how temperature data can be obtained is
provided in Section 4.0 of this report.

Customer Acct #
Name Consumption Record
Address Sample Format: 1998
ESSENTIAL DATA OTHER DATA
Time Billing Period Consumption Reading Type Total Dollar Budget Additiona Amount
Period Beginning Date Ending Date (Kwh, or ccf, (estimated, Amount Billing Billing of Customer
or therms) actual, or read by Billed* (yes/no) Codes Payment ($)
mm dd yy mm dd yy customer
1-98
2-98
3-98
4-98
5-98
6-98
7-98
9-98
10-98
11-98
12-98

*Please include state and local taxes. Exclude penalties, merchandise, repair, service and late charges. If the
household is on the budget plan, do not provide the budgeted bill; provide instead the dollar amount that is the cost
of the actual consumption in the period.

Figure4. Sampleform for eiciting customer billing records.
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Long Range Evaluation Plan for the Vermont Weatherization Assistance Program

Appendix A: Sample Fuel Consumption History Release Authorization

VERMONT WEATHERIZATION ASSISTANCE PROGRAM
Energy Consumption History Release Authorization

TO:

I, , (name)

, (address)

, (town)

do hereby authorize release of my complete energy consumption history for up to two (2)
years prior to the date of this authorization, and for any subsequent period thereafter, as
necessary for the purpose of determining my energy-efficiency improvement needs and to
assist in evaluating the performance of the Vermont Weatherization Assistance Program. |
request that the released information include the type of fuel, dates of delivery, the units of
fuel delivered on those dates, and either the unit cost or the total cost of the fuel delivered
on those dates.

(signed) (date)

(account number or other identifying information)
The requested information should be sent to the following Weatherization Assistance
Program field office:

Contact
Person

Phone
Number

Address

NOTE:

Source: Vermont Energy Investment Corporation

Figure5. Sample customer permission form.
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3.0ACHIEVED SAVINGSASSESSMENT PROGRAM

3.1 OVERVIEW

ASAP (an acronym for Achieved Savings Assessment Program) is a computer-based
system for determining how weatherization activities affect buildings heating fuel consumption.
The system utilizes the SmartLogger CT Logger, which is a portable electronic device that can
be attached to a heating system to record when it is in operation (i.e, its “run time’). The run
time data collected by the logger is subsequently trandated into electronic files using SmartWare
data retrieval software. These files, which document daily pre- and post-weatherization heating
system run times, are entered into a computer along with a building-specific heating system input
rate (or “firing rate”’), which describes how much energy is consumed during each hour of
heating system operation. Data on the dollar cost per unit of energy used in the heating system
also are recorded, to be used in subsequent calculations of weatherization-induced cost savings.
The final inputs required for an ASAP anaysis are current daily temperature data and long-term
daily temperature files, which alow the computation of annual heating system energy usage for a
typica (or “normal™) year, both before and after weatherization. The data analysis is performed
by computer using DESLog, a software program developed for the Weatherization Program of
Minnesota' s Department of Economic Security (DES). DESLog operates in conjunction with
the Microsoft Excel spreadsheet program. Figure 6 illustrates the magor inputs and outputs
associated with an ASAP anadysis. Additional information on using this system is provided in
the User’s Manual for ASAP, Featuring DESLog (Minnesota Office of Low-Income Energy
Programs 1998) and severa other publications (Minnesota Department of Children, Families and
Learning 1997; Bohac, Linner, and Dunsworth 1996). The Table of Contents from the User’s
Manual is reproduced in Appendix C.

3.2DATA COLLECTION

The first step in the data collection effort is to attach a run time data logger to the
electrical controls of the heating system of each building being studied. This data logger records
the times that the system isin operation. An ASAP analysis typically requires four weeks of pre-
weatherization and four weeks of post-weatherization run time data during a period when the
heating system is experiencing substantial usage. The run time data are downloaded from the
data logger using SmartWare data retrieval software. Usually, this is done once at the end of the
pre-weatherization period and again at the end of the post-weatherization period by bringing a
portable computer to the job site and connecting the computer to the data logger. The pre- and
post-weatherization electronic files are given separate names to avoid confusing them with each
other. At the same time, the user keeps a paper record (referred to as a Data Logger Tracking
Sheet) that shows—among other things—the building’s identification number, fuel type, logger
installation date, beginning and ending dates of weatherization work, the date the logger was
removed, heating system input (or “firing”) rate for the pre-and post-weatherization periods, and
the names assigned to the pre- and post-weatherization computer files.
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INPUTS OUTPUTS

Pre- and Post-Weatherization Normalized Annual Heating
Daily Heating System Run-Time |—. — System Energy Usage (Pre- and
Log Files Post-Weatherization)

Building-Specific Heating System

Input Rate (“Firing Rate”) and | —| | | Normalized Annual Heating

System Energy and Dollar Savings

Energy Unit Costs
DES Log
Heating System Cycling
Current Daily Temperature Data | _| ] Information
Long-Term Daily Temperature | | L] Reliability Indicator

Data

Source: Minnesota Office of Low-Income Energy Programs, 1998.

Figure 6. Conceptual diagram showing major inputs and outputs
associated with ASAP analysis.

As mentioned earlier, the heating system input rate describes how much energy is
consumed during each hour of heating system operation. It varies from one heating system to
another and can also vary from the pre- to the post-weatherization period if the work done on the
building in question includes heating system improvements or adjustments. For natural gas
heating systems, the input rate can be calculated manually from the number of revolutions made
by the meter in a given time period, or the DESLog software can compute this. For systems
using other fuels, the calibration process is more difficult and should probably be done by a
trained technician. However it is obtained, information on the firing rate is extremely important
because it allows the transformation of heating system run times into fuel consumption numbers.
Recording the unit cost of heating fuel also is important because this is an essential input for the
calculation of dollar savings.

Current daily temperature data and long-term temperature files are the other essential
inputs required for an ASAP analysis. The current weather data are necessary to identify how
heating system energy use during the study period varies with outside temperature. Temperature
data for a substantially longer period (30 years is recommended) is needed to convert pre- and
post-weatherization energy use to weather-adjusted annual consumption so the two periods can
be compared and the effects of the weatherization effort quantified. These temperature data
should be collected for the major weather station that is closest to the weatherized structures, the
same asin a PRISM analysis.
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3.3DATA QUALITY SCREENING

As with any analysis, the numbers generated by ASAP are only as good as the data on
which they are based. Accordingly, it makes sense to check the weather data for completeness
and accuracy, as suggested in the section on PRISM. For each weatherized building, it is
essential that the first and last dates of weatherization work are recorded and that run time files
for the pre- and post-weatherization periods are clearly distinguished from each other so that
weatherization-induced changes in energy consumption can be identified. Also, care should be
taken to ensure that the name given to each run time data file matches the name assigned to the
Data Logger Tracking Sheet for the same building. Finaly, it is very important that heating
system firing rates be determined correctly and that any difference in pre- and post-
weatherization rates is noted.

3.4 ANALYSISPROCEDURES

While it would be possible for an evaluator to learn to use the ASAP system by carefully
studying the Users Manual, the program’s developers recommend that users receive “hands-on
training,” and that seems like good advice. Because the system estimates annua energy usage
through regression analysis and uses regression concepts in reporting results (e.g., slope,
residuals), some prior knowledge of regression would be helpful (but not essential) for a would-
be user. In addition, familiarity with windows-based software systems in general and Excd in
particular would be advantageous.

The DESL og software—which is described in the Users Manual as “the centerpiece of
the ASAP program”—trandates the daily heating system run times recorded by the data logger
into energy consumption records. It does this by multiplying the length of time each building's
heating system operates during each day that records are kept by the same heating system’s fuel
input (“firing”) rate. DESLog then produces building-specific regression equations that show
how heating system energy consumption varies with outside temperature. The regression
equation for each building studied can be expressed as a straight line that shows how energy use
declines as outside temperature increases. The point at which a given structure uses no energy at
all for space heating is referred to as that building's “reference temperature.” Not only will this
reference temperature vary from structure to structure, but it also typically varies for a single
structure from the pre- to the post-weatherization period®.

For each structure that is examined, DESLog estimates weather-normalized annud
energy consumption by entering long-term average weather data into the building-specific
regression equations described above. Because the equations will differ for the pre- and post-
weatherization periods, the normalized annual consumption numbers calculated by DESLog will
show the change in annua heating system energy use that is associated with building
weatherization. Table2, taken from the ASAP User’'s Manual, shows how a building's

3 The outside temperature at which the heating system comes on will generally go down after weatherization as a
result of a number of factors, such as reduced infiltration of outside air and less heat |oss through windows and
ceilings.
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Table 2. “Heating Models’ Table Produced by DESL og Shows Changesin Reference Temperature and
Heating Slope Following Weatherization

Period Fuel Use Reference Heating Slope
(Therms/year) Temperature (F) (Therms/F)

Pre 707 +/- 43 64.0 +/- 3.1 0.091 +/- 0.005

Post 418 +/- 17 58.2 +/- 2.6 0.066 +/- 0.005

Change 289 +/- 46 58 +/-4.1 0.025 +/- 0.007

Source: Minnesota Office of Low-Income Energy Programs, 1998.

reference temperature and heating slope can change from the pre- to the post-weatherization
period and how that affects annual energy consumption.

DESLog uses its annual energy savings calculations and data on energy costs to compute
annual dollar savings for each building. DESLog also does a summary table for the whole group
of structures under study, showing average energy savings in absolute terms and as a percentage
of pre-weatherization consumption (Table 3). Because the ASAP system studies only heating
system energy use, savings are expressed as a percentage of pre-weatherization heating
consumption. This can be contrasted to PRISM, which reports energy savings as a percentage of
whole-house energy use for the fuel(s) studied.

The tables produced by ASAP that show annual energy and dollar savings also indicate
whether or not these findings are considered to be reliable. Reliable numbers are those produced
by regresson equations that show a clear relationship between energy use and outside
temperature, while unreliable numbers are associated with more questionable models that tend to
produce inaccurate savings estimates. In addition to caculating energy savings, ASAP adso
provides information about heating system cycles. For each structure studied, tabular
information is given on the number of heating cycles per day, the duration of the average daily
cycle, and the percent of time that the heating system operated for each day of the study period.
ASAP aso produces charts showing how the number of heating cycles per day and average cycle
length in each individua building varies with outside temperature, for both the pre- and post-
weatherization periods. This information can be useful to weatherization staff in their efforts to
understand heating system performance.

3.5TIMING AND BUDGET

To date, state-level ASAP based evaluations have been conducted only in-house so no
cost estimates for a contractor study are available. In addition, ASAP should be conducted in-
house because its goals extend beyond simply obtaining a one-time energy savings estimate. In
Minnesota, the collection of data on heating system run-times and firing rates has been
incorporated into routine program procedures. Minnesota Weatherization Program managers
estimate that in the start-up phase, when a good deal of trial-and-error learning was taking place,
ASAP added about one additional day per house to the workload. Now that ASAPisfully
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implemented, and everyone has gained experience in using it, the additiona time per house is
closer to two hours.

The major part of the effort in an ASAP study occurs in the data collection phase. Once
the data are available, analysis costs are relatively small. In the average case, data collection
might take about one month of FTE effort with a four month waiting time as the data loggers
record run-times for a pre- and post-weatherization period in 50-100 houses. Data entry is
automated in the ASAP system. Data analysis should take less than one month (FTE) in 50-100
houses.

Because ASAP requires only four to six weeks of pre- and post-weatherization run-time
data, data collection efforts can be completed in one heating season in a cold or moderate climate
region. In general, an ASAP study can be completed in less than one year after it begins.

Equipment costs to start an ASAP effort could range from $500 for the software, a cable,
and one CT logger to over $100,000 if several hundred time-of-use CT loggers are purchased at
the start. The necessary equipment and associated costs include:

Time-of-use software $195.00 (only one copy needed per agency)
Interface cable $55.00 (only one needed per agency)
Time-of-use CT logger (9) $250.00 (for each house monitored)

It is also useful to have a few laptop computers (old models are fine) so that data can be
downloaded from the loggers in the field. It is, however, possible to retrieve the loggers and to
download them back at a central location.

It is possible to start an ASAP monitoring effort with only a few CT loggers, which can
be reused on as many homes during as many heating seasons as desired. To obtain an adequate
sample size for a statewide study during the course of one heating season, however, it would be
desirable to have severa hundred loggers in operation on a representative sample of houses
located throughout the state. Costs for purchasing 400 loggers at $250 dollars apiece, however,
would exceed $100,000 at full price (perhaps a lower price for bulk purchases could be
negotiated with Pacific Science and Technology). Another way to lower costs is to spread out
data collection efforts over more than one heating season. For example, if enough meters were
purchased to monitor 150 homes per heating season, then equipment costs would be about
$38,000, and a statewide study could be completed in two years.

Overdl, an ASAP study is initialy more costly than a PRISM study because of
equipment purchases. ASAP aso is much more demanding of in-house staff time because
several new skills and procedures must be learned and incorporated into routine program
operations. A PRISM study, in contrast, can be conducted by an independent contractor without
much involvement on the part of Weatherization Program staff. PRISM studies are typically
done on a stand-alone basis. Conducting another PRISM study severa years later will require
about the same level of effort, and cost about as much, as the first one did. An ASAP effort, on
the other hand, requires a larger commitment of Program staff time and resources at start-up, but
once an ASAP monitoring system is in place energy savings information can be produced on an
ongoing basis without a great deal of additiona expense.
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3.6 ASAP USER AND ORDERING INFORMATION

Although, it would be possible for an evauator to learn to use the ASAP system by
carefully studying the User’s Manual, getting “hands-on training,” as the program’s developers
recommend, seems like good advice. The Table of Contents of the User’s Manual is reproduced
in Appendix C. DESLog software, which the User’s Manual refers to as “the centerpiece of the
ASAP program,” comes on a single diskette which can be used on Windows-based personal
computers on which Microsoft Excel has been loaded. To order DESLog or get technical
assistance regarding its use, contact:

Carol Raabe

Minnesota Office of Low-Income Energy Programs
550 Cedar Street

St. Paul, MN 55101

Phone: (612) 297-3406

Fax: (612) 282-5907

e-mail: carol.rasbe@state.mn.us

Another key part of the ASAP system is the SmartLogger CT Logger, model TOU-CT,
which is a portable electronic device for recording heating system run time. This device is
manufactured by Pacific Science and Technology and can be ordered directly from the company.
An information sheet from Pacific Science and Technology on its loggers and software is
reproduced in Appendix C. To order, one should contact:

Pacific Science and Technology
64 NW Franklin Avenue

Bend, Oregon 97701

Phone: (800) 388-0770

Fax: (541) 385-9333

e-mall: info@pacscitech.com

SmartWare data retrieval software, which trandates the data collected by the logger into
electronic files, and the RS-232 interface, which alows information to be exchanged between the
datalogger and alaptop computer, are the other essential components of the ASAP system. Both
of these items can be obtained from Pacific Science and Technology.

The ASAP User’s Manual, which is available from Carol Raabe of the Minnesota Office
of Low-Income Energy Programs (see address above), provides detailed instructions on how to
identify heating system “firing rates’ for gas, oil, and liquid propane gas systems. Users needing
further instruction on this topic are referred to that document. The User’'s Manual aso
recommends that a data logger tracking sheet be filled out for all buildings that are studied, in
order to ensure that all necessary data will be available when it is time to analyze weatherization-
induced savings. A sample tracking sheet for five weatherized houses is shown in Figure 7.
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Figure7. Sample data logger tracking sheet.
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4.0 WEATHER DATA

4.1. DATA NEEDED FOR PRISM AND ASAP ANALYSES

As discussed in Section 2.0 and Section 3.0, over ten years of daily temperature data are
required for both PRISM and ASAP analyses. In both cases, temperature data are needed for the
entire study period. This generally covers 12 months before and 12 months after weatherization
for PRISM, and about four weeks pre- and post-weatherization for ASAP. Both systems also
require that daily temperature records be collected for an extended period prior to weatherization
so that average climatic conditions can be determined. For PRISM, a minimum of 12 years of
daily temperature data is recommended, while ASAP' s developers recommend that 30 years of
data be obtained. These extended time frames can include the study period for which energy
consumption data are collected. While only mean daily temperatures are required to run PRISM
and ASAP andyses, it is common for a user to collect daily maximum and minimum
temperatures and calculate daily means from those.

The daily temperature data described above should be collected for the primary weather
station that is closest to the weatherized buildings. It may be necessary to gather data from
multiple weather stations if the evaluation focuses on houses weatherized in more than one
community. In that case, the dwelling units in each location should be matched with the nearest
weather station. For a statewide evaluation, the number of weather stations needed will vary
with the size of the state and the variety of its climate regions. The number of stations needed
could be as low as two or three for avery small and homogeneous state or as high as 15 or 20 for
avery large and climatologically varied state.

4.2. OBTAINING WEATHER DATA

The daily temperature data needed for a PRISM or ASAP analysis are available from the
National Oceanic and Atmospheric Administration (NOAA). Specificaly, the relevant data are
contained in Series TD-3210 (Summary of the Day—First Order), which provides highly
detailed information on primary weather stations throughout the country. Before ordering any
data, the user should first identify the appropriate weather station(s) and ascertain whether
complete data are available for the months and years in question. This can be done by calling up
the website maintained by NOAA’s National Climatic Data Center (NCDC), whose online
address is http://www.ncdc.noaa.gov. One can search by state, county, city, or latitude and
longitude to identify weather stations that have collected data for the required number of years.
Stations for which TD-3210 data are available are indicated by the presence of a five digit
WBAN number. The completeness of the data for any given station can be checked through the
“Inventory” function. Once a station or stations are selected, the user should note the WBAN
number because this information will be necessary when ordering weather data.

Using the NCDC website's “Online Store’—accessible at the same address given
above—one can order the needed temperature data for any weather station in the country. To do
aPRISM or ASAP analysis, a user will need daily maximum and minimum temperatures for the
necessary number of years (see Sect. 4.1), making sure to include the dates for which energy
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consumption data are available. When ordering, it is important to remember that the information
of interest isthe TD summary of the day, that the data will be picked up online, and that the data
should be “comma-delimited,” showing station names. Users should aso note that there is
approximately a three month lag time before data become available so, for instance, someone
ordering in January would only have access to data through September of the previous year. One
can order up to 100 station-years of data in a single state for $70. This amounts to a little more
than 12 years of data for each of eight stations or more than 30 years of data for three stations.
The cost for 101 to 1,000 station-years (which is sure to cover even the largest and most complex
states) is $200. At present, the calculation of station-years and the determination of charges are
done separately for each state for which data are requested, so ordering 12 station-years of data
in one state and 12 in another would cost $140 ($70 + $70), even though 24 station-years of data
for a single state would only cost $70. NOAA has plans to change this pricing scheme sometime
in the future so that the tallying of station-years will occur without regard to state.

Additional information or assistance in ordering data from the NCDC website can be
obtained by contacting NOAA staff by telephone at 828/271-4800. If ordering by computer is
not feasible or convenient for some reason, one can order data over the telephone at the same
number, but this method is considerably more expensive.

4.3. CLEANING AND FORMATTING WEATHER DATA

If temperature data for multiple weather stations are ordered from NOAA, they will come
inasingle file. Before an analysis can be performed in PRISM or ASAP, this combined file will
have to be disaggregated into a set of separate temperature data files, one for each weather
station. This can easily be done using word processing software, but it is important to note that
the individual files must be saved as ASCII delimited files or el se they will not be usable.

To be used in either a PRISM or ASAP analysis, temperature data should be put into the
PRISM TPS format. The TPS format organizes weather data into monthly blocks, with each
block listing the year, the month, the number of days in the month, and the mean temperature for
each day. Each data point must be separated from the others by spaces and there cannot be any
missing data (indicated either by extra spaces or the designation “-99999").

The temperature data provided by NOAA’s online store are not in a format that can be
used in PRISM or ASAP analyses. These data are also not in a format that can be directly
converted into a TPS file. However, PRISM’s designers have recently developed a routine—
NOAATOCOL—that can convert the NOAA files into columnar format. This routine will be
provided to new users when they order PRISM software and can be requested by current PRISM
users whose version does not contain it.

The columnar files described above can be converted into TPS files (necessary for both
PRISM and ASAP anayses) using the PRISM Data Prep menu's “Column to TPS’ routine. If
one is using ASAP and does not have access to PRISM, the data can be converted to a TPS
format by having a computer programmer write a conversion program to do this.
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Even in the best data sets, there are likely to be a few missing temperatures. These
missing values must be replaced before the weather file can be used in a PRISM or ASAP
analysis. In fact, this substitution should be performed when the file is in columnar form—saving
the revised product as an ASCII file—before it is converted to TPS format. There are a number
of different ways in which values for missing temperatures can be generated, including
estimating maximum temperature from the non-missing minimum temperature for the same date
(or vice versa), interpolating from non-missing values for the preceding and following dates,
soliciting information for that site from the state climatologist, and substituting data from a
nearby site. For an average weather station, it is likely to take two to four hours to do this data
clean-up, but the time could be less for a very good data set and substantially longer for a set
with lots of missing data.
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5.0 SAMPLE SIZESFOR EVALUATIONSOF STATE
WEATHERIZATION ASSISTANCE PROGRAMS

Sample size is usualy one of the most important determinants of the cost of a study. Up
to apoint, it is desirable to use the largest sample size you can afford to ensure the accuracy of
the results. Although larger sample sizes produce more accurate results, the size of the sample
you select does not have a direct linear relationship to the accuracy of the findings. There tends
to be a celling effect where once a certain sample size is reached the rate of improvement in
accuracy is diminished.

In atypica state (i.e., one that weatherizes between 1,000 and 5,000 homes per year and
produces savings of between 15% and 30% of pre-weatherization consumption) sample sizes of
more than 500 are unlikely to produce much increase in accuracy. As arule of thumb, a sample
size of about 350 usually will produce sufficiently accurate results (savings estimates that are
within 10% of the mean at the 90% confidence level) in most states. As the size of the population
of weatherized homes in a state increases, the required sample size increases too. These sample
Size increases are not, however, very large, nor are they proportional to the amount of increase in
population size. In a state that weatherizes only 1,000 homes per year, for example, a sample size
of 300 is sufficient. In a state that weatherizes 10,000 to 20,000 homes per year, the required
sample size only increases to about 400.

Sample size requirements for a given level of accuracy (expressed as a percentage of the
mean) depend on the amount of variability in the measured savings. As a result, sample size
requirements may vary smply because the amount of variability in the fuel savings that are
observed differs. When houses are carefully screened, and dropped from the sample whenever
confounding factors are present, the amount of variability across dwellings will be grestly
reduced. With lower variability in the observed savings across dwellings, a smaler sample size
can produce accurate results.

There are several important confounding factors that increase the variability in measured
savings across dwellings. To the extent that these confounding factors can be eliminated by
dropping the dwellings with such factors from the sample, a smaler sample size will be able to
produce more accurate savings estimates. Three of the most important confounding factors
include the use of supplemental heating sources, changes in occupancy, and changes in
family composition. When dwellings that use supplementary heating sources such as electric or
kerosene space heaters or wood stoves are included in a sample, there will be a great deal of
variability in the savings observed in the primary heating fuel (e.g., natura gas). This occurs
because of changes over time in how households use supplementa fuels. For example, after
weatherization one household may stop using wood for heating, while another may increase the
number of electric space heaters it uses. Another common source of high variability in observed
savings is changes in occupancy (i.e.,, when a new family moves into the dwelling). In many
cases, changes in the number of occupants and in their behavior may affect consumption patterns
more than the Program treatment itself. Therefore, it is best to remove dwellings with occupancy
changes from the study’s sample, whenever possible. The third most common reason for high
variability is changes in family composition. When a new baby is added to a family, or teenagers
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leave home, effects on energy use can be so large that they mask Program effects. Again,
removing dwellings with such changes from the study’s sample is a good way to reduce the
amount of variation in the observed energy savings.

Although it is usualy a good idea to remove dwellings with the confounding factors
discussed above from a sample, there is sometimes a danger in carrying this strategy too far. In
some states, for example, so many homes use supplemental fuels that removing al of them will
produce a biased, unrepresentative sample of the homes recelving weatherization services. In
Vermont, for instance, very high proportions of homes use wood as both a primary and
secondary heating fuel. In Vermont, eliminating all of the homes that used wood, and other
supplemental fuels, from the sample led to losses that were excessive. In particular, an initia
sample of 543 units was reduced to a sample of only 55. Because newer, more energy-efficient
homes were more likely to heat only with gas or eectricity (and no wood), the evaluators in
Vermont considered their study results to be biased. In other words, their sample of 55 homes
was not representative of all of the homes receiving weatherization services in Vermont. As a
result, the estimate of savings derived from this biased sample was probably lower than one
based on a more representative sample would have been.

The calculation of the sample size one needs for an evauation of a state's weatherization
program depends on a number of inputs. The most important ones are:

. the magnitude of the mean energy savings
. the variability in the observed energy savings
. the desired precision of the estimate at a specified confidence level

Using the actual data from several recent state-level evauations (See Appendix A for a list of
these evaluations), Tables 4 and 5 illustrate how this process works. Table 4 contains the actual
results from four state level evaluations conducted between 1996 and 1998. Table 4 shows that in
studies A, B and D the mean percentage of energy savings and the standard deviation of the
energy savings have nearly equal values. When the mean and the variability (as measured by the
standard deviation of the sample data) have about the same value, even very small sample sizes
produce reasonably useful results. If the sample sizes in studies A and B were increased, to the
level shown in Table 5, then the results would be a good deal more precise. Table 5 shows that
by increasing the sample size to 350, results in both evaluations A and B would have reached a
precision that was within 10% of the mean. With the smaller sample sizes shown in Table 4, in
contrast, the precision of the estimate is only 38.5% of the mean for study A and 14.5% of the
mean for study B.
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Studies C and D have very large sample sizes and, therefore, very precise estimates of
savings, which are within 3.1% and 2.4% of the mean, respectively. Table 5 shows that for these
studies the sample size could be decreased without producing an unacceptable impact on the
precision of the estimates. In study D, a sample size of 400 would be needed to produce an
estimate that was within 10% of the mean. In study C, a sample size of 590 would be needed to
produce an estimate that was within 10% of the mean. The sample size in study C would need to
be larger than in study D because the amount of variability in the observed savings is greater in
study C.

Table 4. Actual Sample Sizes and Results from Four Recent State-L evel Evaluations

Mean Standard Precision of
Percentage | Deviationin Confidence the Estimate Actudl
Study of Energy | Percentage of Interval* asa Sample Size
Savings Savings Percentage of | of the Study
the Mean
A 26.0 28.8 16.0 - 36.0 38.5 32
B 124 10.9 9.3-155 14.5 37
C 23.2 34.3 22.1-244 3.1 2209
D 16.1 19.3 154 - 16.7 2.4 2442

*Study A is at the 95% confidence level. The other three are at the 90% confidence level.

Tableb5. Illustration of How Increased Sample Size Produces I ncreased Precision and of
How Decreased Sample Size Produces Decreased Precision

Changein
Mean Standard Changein the Changein Precision of
Study | Percentage | Deviationin Confidence Sample Size | the Estimate
of Energy Percentage Interval* of the Study asa
Savings of Savings Percentage
of the Mean
From 16.0-36.0 | From32to | From 38.5to
A 26.0 28.8 t0 23.5-28.5 350 9.7
From 9.3-15.5 From37to | From 14.5to
B 12.4 10.9 To 11.3-135 350 9.2
From 22.1-24.4 | From 2209 From 3.1to
C 23.2 34.3 t0 20.9-25.5 to 590 10.0
From 15.4-16.7 | From 2442 From 2.4 to
D 16.1 19.3 to 14.5-17.7 to 400 9.9

*Study A is at the 95% confidence level. The other three are at the 90% confidence level.
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6.0 CONFIDENCE INTERVALS

When energy savings are calculated for a group of buildings using PRISM or ASAP, the
anayst frequently wants to know the average amount of energy saved. The arithmetic mean is a
smple and frequently-used measure of this, which is calculated by summing the savings for al
the structures studied and dividing this by the number of buildings in the sample. However,
sometimes the analyst wants to go further and use the savings realized by the sample in question
to estimate savings for the entire population of homes weatherized by his or her program. This
involves calculating the confidence interval of a mean.

Simply stated, the confidence interval of a mean tells us the probability that the mean
value of a given variable for an entire population (which is unknown to us) will be within a
certain distance of the sample mean (which we do know). This distance varies depending on the
variability within the sample (as measured by the standard deviation for the variable in question),
sample size (typicaly referred to as “n”), and the level of confidence we wish to have in the
estimated population mean.  For our purposes, the value we wish to estimate is the average
amount of energy savings redized by al the buildings weatherized by a particular state
weatherization program during a set time period.

If one knows the sample mean for energy savings, the standard deviation for that
variable, and the size of the sample, it is fairly easy to estimate average savings for the entire
population. First, it is necessary to establish the level of confidence that one wishes to have in
the population estimate. Typically, an analyst will choose to be .90 (90%) or .95 (95%) sure of
the estimated interval. Next, the standard error for energy savings is calculated by dividing the
sample standard deviation by the square root of n. Then, it is necessary to determine the “t-
value® for our desired level of significance and the appropriate degrees of freedom (df)*. Once
that is done, the t-value is multiplied by the standard error. The number caculated in this
manner should be added to the sample mean of energy savings to get the upper bound of the
confidence interval for population energy savings, and subtracted from the sample mean to get
the lower bound. The formulafor calculating a confidence interval can be expressed as follows:

y#t,, =, df =n- Lwhere:

y = sample mean
t,/» = the t-value for the appropriate significance level (as explained in footnote 4)

s = standard deviation
n=samplesize
df = degrees of freedom

The following example will illustrate how the above formula can be applied to calculate a
confidence interval. We will assume that mean savings for our sample is 20 units, the standard

* A table of t-values can be found in the back of many statistical textbooks. The level of significance to use
when reading the table is calculated by subtracting the desired confidence level from 1 and dividing this by 2.
Degrees of freedom issmply n-1.
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deviation is 12, and sample size is 100. Therefore, the square root of nis 10. In this case, we
wish to be .95 (95%) sure that the estimated population mean is within the specified distance of
the sample mean. By dividing the standard deviation (12) by the square root of n (10), we find
that the standard error of our sample mean is 1.2. Turning to atable of t-values, we find that the
t-value for a significance level of .025 and df of 99 is approximately 1.99°. By multiplying 1.99
by the standard error of the mean (1.2), we get a value of 2.39. This means that the 95%
confidence interval of the population mean is 20 plus or minus 2.39, or 17.61 to 22.39. In other
words, we can be 95% certain that average savings realized by the entire population of buildings
weatherized by the program in question is between 17.61 and 22.39 units.

By following the steps described above, an anayst can go beyond the average savings
calculated for his or her sample to estimate the probable range of mean energy savings for the
entire population of interest at any given level of confidence.

® The significance level of .025 is calculated by subtracting .95 (our desired confidence level) from 1 and
dividing this value (.05) by 2. Degrees of freedomisn (in this case, 100) minus 1, or 99.



7.0 DETERMINING THE COST EFFECTIVENESS OF
WEATHERIZATION PROGRAMS

The cost effectiveness of a weatherization program can be determined with a variety of
approaches. Although a basic comparison of measured energy savings to the costs of achieving
them is aways involved, severa other inputs are usually needed as well. Key assumptions
include the expected lifetime of the retrofit measures, a discount rate that reflects the time value
of money, and estimated fuel price escalation rates. Since there is significant uncertainty in these
key assumptions, sengitivity analysis is often used to estimate a range of cost effectiveness under
varying conditions.

The expected range of lifetimes for typical packages of weatherization retrofits is 15 to
20 years. This range is dependent, of course, on the overall lifetime of the dwelling and the mix
of weatherization measures that are installed. Average expected lifetimes of 10, 15, and 20 years
are an appropriate range for cost-effectiveness calculations.

To evauate the cost effectiveness of a retrofit investment, one must weigh the future
benefits against present costs. The weight given to benefits and costs in future time periods is
determined by the discount rate. The higher the discount rate, the lower the future benefits and
costs are valued compared with present benefits and costs. In other words, a discount rate
reduces the nominal dollar value of these future savings and costs to their present values. A red
discount rate is expressed in constant dollar values; that is, current dollar values are corrected for
reduced purchasing power due to inflation. Unfortunately, there is no consensus on the question
of the appropriate rate of discount for use in evaluating government energy projects. Determining
the appropriate social rate of discount is a complex problem and continues to be the subject of
controversy among professional economists.

When trying to arrive at the appropriate discount rate, it is important to note that benefits
derived from weatherization retrofit investments are not taxable. Thus, after-tax rates of return
for aternative investments should be used to determine appropriate discount rates. In addition,
the aternative investments must be of the same time span as the lifetime of the weatherization
retrofits.

A range of real discount rates has been used in previous evaluations of federa programs.
For a sengitivity analysis we recommend discount rates of 3, 6, and 10%. In addition, each state
could use the current rate (net of inflation) at which the state borrows money as the discount rate.

Obtaining reasonable estimates of future fuel prices is a highly uncertain process. Y «t,
some assumption must be made to calculate most indicators of cost effectiveness. The
American Gas Association (AGA) estimates real fuel price escalation rates for natura gas.
The Energy Information Administration (EIA) publishes fuel price forecasts which are
widely used in the evaluation of energy policies and programs. In addition, fuel price
projections can be obtained from a state’'s fuel suppliers or public utility commission. Thus, a
sengitivity analysis could include AGA, EIA, and local forecasts.
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To summarize, reasonable assumptions for estimating the cost effectiveness of
weatherization retrofits include a range of retrofit lifetimes of 10, 15, and 20 years; discount
rates of 3, 6, and 10%; and fuel price escalation rates based on governmental or fuel supplier

forecasts (Table 6).

Table 6. Recommended Economic Parameters for Cost-effectiveness Calculations

Retrofit Discount Fuel price
lifetime rate Escalation factor
(Yrs) (%) (%)
Range 10, 15, 20 3, 6, 10, and state ElIA, AGA, or loca
cost of money supplier forecasts

Once the key assumptions about retrofit lifetimes, discount rates, and future fuel price
escalation rates are selected, a variety of cost-effectiveness indicators can be calculated with
standard formulas (Fig. 8). The net present value (NPV), the cost of conserved energy (CEE),
the interna rate of return (IRR), and the simple payback calculations are described below.
The advantages, disadvantages, and underlying assumptions of each indicator are aso briefly

discussed.

ASSUMPTIONS

EXPECTED MEASURE LIFETIMES
DISCOUNT RATES
FUEL PRICE INCREASES

EVALUATION INPUTS

CALCULATION OF ' NPV
ENERGY SAVINGS—» - <+— CCE
COST-EFFECTIVENESS ¢ IRR

PROGRAM COSTS —p INDICATORS
<4— SPT

Figure 8. Cost-effectiveness analysis process.
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7.1 NET PRESENT VALUE AND BENEFIT/COST RATIO

Net present vaue (NPV) anaysis calculates the difference between a retrofit
measure’s discounted benefits and costs. The energy saved and the cost of obtaining those
savings are valued over the lifetime of the measure. An investment with a net benefit greater
than zero is considered worthwhile. Measures with the highest NPV are the best investments.
The genera formulafor NPV is:

n S- P -C,
NPV =G————— (Formula 1)
= (1+d)’
where
n = lifetime of measure,
S = annua energy savings (equal to first-year savings),
P = real energy pricein year j,
C; = annual cost of measure (in constant dollars). (Note: For the wesatherization

program, this will be the initial cost of the retrofit since maintenance costs are
not being considered. Thus, the total cost will appear in year one and costs in
subsequent years will be equal to zero),

d = real discount rate.

This formula sums the difference between the discounted benefits and costs each year over
the lifetime of the measure. In practice, the present value of future energy savings is traded
off against the total (first year or initial) investment cost for weatherization.

The caculation of the NPV of the lifetime benefits of weatherization (as described
above) provides one of the necessary inputs for a benefit/cost ratio. The formula for
caculating the NPV of the benefits is the same as Formula 1, except that the C; term is
eliminated. The term C; , which is the first year cost only, becomes the denominator for the
benefit/cost ratio. Thus, the benefit/cost ratio is calculated by dividing the present value of
the lifetime benefits of the retrofits by the first year costs of installing the measures.

7.2 THREE PERSPECTIVES

Three perspectives are commonly used for calculating benefit/cost ratios for the
weatherization program (Figure 9).
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Benefit/Cost Benefits Costs
Perspective Included Included
Energy On-Site
Savings Installation
Installation Only Costs
Energy
Savings
Program Only All Costs
Both Energy
and Nonenergy
Societal Benefits All Costs

Figure 9. Three perspectives used to calculate cost effectiveness.

These perspectives are the:

J Installation perspective, which includes only energy savings benefits and on-site
installation costs (materials and labor).

J Program perspective, which includes only energy savings benefits, but compares
these benefits to al costs (i.e. installation costs plus management and overhead costs).

J Societal perspective, which includes the most complete set of costs and benefits. In
this perspective, the sum of energy and nonenergy benefitsis compared to all costs.

Each of these perspectives is valuable for different purposes. The installation perspective is
useful for comparing a study’s results to many previous evauations of weatherization
programs because this is the most frequently used perspective. The program perspective is
the most conservative and easily defended estimate of cost effectiveness. If a program is cost
effective from this perspective, it will be from all of the others too. The societal perspective
is best for valuing a more complete set of program benefits and for comparisons with
aternate uses of government funds.
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7.3 COST OF CONSERVED ENERGY

The cost of conserved energy (CCE) is found by dividing the annualized cost of the
retrofit by the annual energy savings due to the investment (Formula 2). The CCE is
particularly useful if one wants to compare conservation investments to purchases of fuel.
CCE can be expressed as

CCE = 1 [L] , (Formula 2)

S1- (1+d)™"

where
| = total investment,
S =annua energy savings (equal to first-year savings),
d = real discount rate,
n = lifetime of measure.

CCE provides an effective means of rank-ordering conservation investments by cost
effectiveness. Calculating the cost per unit of energy saved makes direct comparison to
supply costs per unit of energy produced possible. Thus, for policy purposes, a CCE
approach clarifies the issue of where federal energy dollars can be most effectively spent.
Another advantage of the CCE indicator is that it alows for comparisons across programs
that are in areas with widely varying fuel costs, because fuel cost is not part of the CCE
formula.

7.4 INTERNAL RATE OF RETURN

The internal rate of return (IRR) can be used to find the economic return on an
investment (Formula 3). Typicaly, IRR is solved through an iterative process that finds the
interest rate for which the net value of the investment is equal or close to zero. The IRR is
then compared to the investor’s minimum acceptable rate of return to determine the quality
of the investment. The IRR requires an estimate of future energy prices and a measure's
expected lifetime but no specification of a discount rate. The internal rate of returnisi in the
following equation:

§ S-P

a-T=8 o

(Formula 3)
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where
| = total investment,
Tl = tax incentive,
S =annua energy savings (equal to first-year savings),
P, = real energy pricein year |,
n = lifetime of measure.

This indicator is capable of reflecting the relative economic efficiencies of alternative
investments and can be used to rank competing projects. Thus, it would probably be most useful
to individuals making choices among competing investments. In addition, it can be compared to
the rate at which money can be borrowed. The IRR has the disadvantage of being cumbersome
to calculate.

7.5 SIMPLE PAYBACK

Simple payback time (SPT) is a measure of the length of time required for the cumulative
savings from an investment to pay back the initial cost (Formula4).

It can be expressed as

PT=—F5 (Formula 4)

where
| = initia investment,
S = annua energy savings (equal to first-year savings),
P = local energy price.

Although SPT is easlly understood and widely used, it neglects tempora changes in energy
prices, the expected life of the investment, differentia operating and maintenance costs, and the
time value of money. The indicator’'s failure to account for key economic variables means that
simple payback often gives biased and mideading investment signals. For example, SPT ignores
any changes in conditions after the payback has been achieved. Two retrofit measures with the
same payback may have very different physical lifetimes, hence, one measure produces
additional energy and dollar savings while the other requires replacement.

Because of the purposes and limitations of IRR and SPT calculations, we believe that
NPV and CCE cdculations are the most suitable for determining the cost effectiveness of
weatherization programs. Once energy savings data, cost data, and key assumptions are
available, however, any of the calculations can be done at little additional expense. In the
process of determining cost effectiveness (Figure 8), a great dea more effort is required for
determining inputs and assumptions than is required for doing the calculations. Thus, if one
wishes to compare the results of several indicators, there is no reason not to do so.
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