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EXECUTIVE SUMMARY 

The End-Use Load and Consumer Assessment Program (ELCAP) SAS data 

files containing site characteristics information were assessed and 

analyzed. An analysis of change was performed using site 

characteristics data from 263 ELCAP single family detached, owner 

occupied sites wherein permanent electric space heating equipment 

had been in use. These sites had been surveyed as part of the 1983 

Pacific Northwest Residential Energy Consumption Survey (PNWRES83) 

and later post-stratified and randomly chosen for participation in 

ELCAP. This group of sites was referred to as the ELCAP Base Sites. 

The data consisted of 44 files containing over 2,400 measures for 

each site. 

The statistical analysis was descriptive and exploratory in 

nature. The potential goal was identifying changes which could be of 

aid in further analyses aimed at explaining variations in the 

consumption data andjor conservation savings. 

An overview of the results of the statistical analyses included 

the following points: 

• Data Collection Completion Rates -
Mail/Telephone surveys - 80% to 95%; 
Residential Inspection - 93%; 
Site Characteristic Change Form - 18%; 

e PNWRES83 Baseline Data -
participants occupying the same site from 1983 through 1987 

were somewhat higher in terms of 1982 income and may have 
differed in terms of other 1983 baseline measures; 

• Occupancy Changes -
data on occupancy changes showed 180 sites had the same 

occupants for the years 1983 through 1987; 

• Site Structural and Shell Characteristics -
30 cases were identified as having had an addition to floor 

space; 
the most frequently taken weatherization steps during 

the 1983 through 1985 time interval were insulation of 
ceilings (37 sites) and floors (21 sites); 

two to five percent of the sites had improved ceiling 
and/or floor weatherization in each of the years after 1986; 
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EXECUTIVE SUMMARY (Continued) 

• Fuel Switching -
some sites adopted electricity as the most used heating fuel 

during the course of the data collections; 
four times as many adopted wood as compared to those 

adopting electricity as most used space heating fuel; 
the penetration of electricity as most used fuel dropped 

from 64% to 53%; 
the fuel choice data were perturbed because some sites had 

signed agreements to refrain from using wood as a space 
heating fuel; 

despite the overall increase in the use of wood as primary 
heating fuel (from 29% to 38%), the data suggested that 
the use of wood on an "any use at all" basis decreased 
from 1983 through 1988 (from 70% to 61%); 

presence of a mix of heating systems makes it easy to change 
fuels; 

• Electrical Space Heating Equipment -
the most noticeable change indicated was a switch from 

radiant panel to electric baseboard systems; 

• Water Heating Equipment -
according to the 1983 and 1985 inspection results, the 

penetration of electrical water heating equipment was 
97%, and the corresponding penetration was 93% in the 
1985 mail/telephone surveys; 

in 1983 and 1985 about 50% of the water heaters were in 
heated spaces; 

the residential inspection indicated 62% of the 
principal water heaters were in "conditioned" spaces as 
defined in the residential inspection; 

in 1983, reports were that 54% of the water heaters were 
wrapped, and in 1985 that 56% were wrapped; 

according to the 1985 telephone survey and the 1985/1986 
residential inspection data, 18 sites had replaced or 
added to their water heating systems since August of 
1983; 

the data sources identified the same sites as having had 
altered water heating systems in 9 of the 18 instances; 

• Air Conditioning Equipment -
results indicated an increase by 8 in the number of sites 

using individual units from 1983 through 1985; 

• Appliances -
acquisition or replacement of microwave ovens was the 

most frequent change (49 added in 1983 through 1985, 
14 more in 1986 through 1987); 

• Demographic Variables -
the measures indicated an increase in income; 
a subset of sites identified as being occupied 

by the same occupants from 1983 through 1988 displayed a 
tendency toward fewer and older persons. 
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EXECUTIVE SUMMARY (Continued) 

The findings on fuel switching and aging lead to the projection 

that the ELCAP base sites which did not have an occupancy change 

would show a decline in electrical consumption over the period of 

the monitoring. 

Results having to do with disagreements in the data suggest 

that the accuracy of the data is not sufficient to support 

identification of changes at individual sites. Use of the data to 

analyze change in the aggregate may be the most useful analyses. 

Even in instances where the data agree for an individual site, the 

probability of miscategorization will weaken the results. 

Other errors in interpreting and using the data need to be 

guarded against. 

Commonality of measurement is lacking for many items and time 

intervals. The analysis and results were limited by the extent to 

which the characteristics data were not designed within a 

longitudinal framework with a standard set of items measured 

repetitively and identically. Lack of time also constrained the 

analysis. 

Much remains to be done in relation to making the data more 

usable, expanding on the analyses performed so far, and analyzing 

those measures which were not analyzed for this report. 
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1. INTRODUCTION 

According to a description in a Bonneville Power Administration 

publication (BPA, 1985, a), the original End-Use Load and Consumer 

Assessment Program (ELCAP) study objectives originated with an 

emphasis in conservation and included obtaining: 

• estimates of end-use loads, 
• estimates of conservation measure/savings package, 
• estimates of actual savings, 
• explanation of variations in loads, 
• explanation of variation in savings. 

To achieve the objectives, a program of electrical energy 

consumption monitoring was developed, accompanied by collection of 

characteristics data, in both the residential and the commercial 

sectors. The data collections were designed to be carried out over 

a number of years starting in 1985. 

The analyses described here were limited to the residential 

characteristics data from a selected subset of ELCAP sites. They 

will be useful in studies explaining variation in loads or savings. 

Identification of the many ways the sites and occupants have 

changed lays the groundwork for analyses to relate changes in 

characteristics to changes in the end-use consumptions and savings. 

The following section describes the origins of the data which 

were analyzed. The Procedure Section describes how decisions were 

made in determining which variables and sites would be used in the 

analysis, and how the data would be analyzed. The results, grouped 

into five major categories, are given in Section 4. The final 

section provides a discussion of those results. The appendices 

contain results from a data quality assessment performed as part of 

the analysis . They also include details about the programs and 

files used in the analysis and raw data describing the site floor 

space additions. 
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2. SOURCES OF DATA 

There was a 1983 on-site interview, four mail surveys, one 
telephone survey and one residential inspection which formed 
the basis for the analysis. 

The data used in the analysis were collected as part of the 

following data collections: 

• 1983 Pacific Northwest Residential Energy Consumption 
survey (PNWRES83), 

• 1985/86 ELCAP Residential Inspection (RI85/86), 
• 1985 Residential Occupant Survey - Mail (RM85), 
• 1985 Residential Occupant Survey - Telephone (RT85), 
e 1986 ELCAP Mail Survey (EL86), 
• 1987 ELCAP Mail Survey (EL87), 
e 1988 ELCAP Mail Survey (EL88), and 
• Site Characteristics Change Form (SCCF). 

Throughout this report, the data collections have been referred to by 

the acronyms shown above in parentheses. The data collections have 

been described briefly here. References to further documentation 

have been included. 

2.1 Pacific Northwest Residential Energy Consumption 
Survey of 1983 

In the first stage of sample selection for the PNWRES83, 

utilities in the BPA service area were stratified by geographic 

region, type of utility (public or private) and size of utility. 

Using the resulting sampling frame, large utilities and private 

utilities were included in the sample as certainty (not randomly 

chosen) selections. A random sample of the remaining utilities was 

drawn. At a second stage of sample selection, utilities drew a 

sample of meter reading routes, and at a third stage of sample 

selection a sample (cluster) of residential customers was drawn. 

Thus, the 1983 survey was a multistage, stratified, cluster sample 

of utility residential customers in the BPA service area . Because 
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the less populous regions were sampled at a higher rate than larger 

regions and due to other such sample size considerations, the 

results from individual sites require differential weighting to 

obtain unbiased regionwide estimates. The weights are not the same 

for all sites, as would be appropriate for estimating totals from 

simple random samples. 

The 1983 survey data were collected by trained interviewers 

in face-to-face, on-site interviews. The data collections took 

place at 4,703 residences during the spring of 1983. The 

survey form encompassed a large number of questions related to 

energy consumption, such as the size of the site, the equipment 

used, the demographic characteristics of the occupants, and 

conservation related measures and attitudes. 

The addresses of the sites participating in the PNWRES83 were 

saved for use in possible future surveys and constituted a pool 

from which many, but not all, ELCAP residential participants were 

drawn. Of approximately 415 sites in the ELCAP, 323 had also been 

in the PNWRES83 sample. The analysis reported here eventually 

focused on a group of 263 ELCAP sites which had also participated 

in the PNWRES83. 

Further documentation of the PNWRES83 can be found in Windell 

et al (1986) and Harris and Associates (1983, 1984). 

2.2 Residential Building Characteristics Survey 

The residential inspection data collections started in the fall 

of 1985 and extended through much of 1986. An inspector visited the 

site and gathered information about such variables as insulation 

levels, space and water heating systems, appliances, and the 

structural characteristics of the site (e.g. windows, doors, rooms, 
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and the foundation and basement type) . The information collected 

included data on modifications which had been made since August of 

1983. Documentation concerning the RI85/86 can be found in a 

procedures manual (BPA, 1986, b). 

2.3 Mail and Telephone Surveys, 1985 - 1988 

From 1985 through 1988 there were four mail surveys and one 

telephone survey targeted at the ELCAP sites. In 1985, both mail 

and telephone surveys were conducted. The RM85 and RT85 were 

carried out to supplement each other. Some wanted data was 

collected in the RM85 survey and other data, including much of that 

focused on change, was collected during the RT85 survey. For 

selected questions, the attempt was made to collect information in 

the telephone survey if the mail survey data was not present. The 

telephone survey was carried out a few months following the mail 

survey. 

Documentation as regards the RM85 can be found in a report by 

Bronfman & Lerman (1985), a User's Guide prepared at the BPA 

(Windell & Austin, 1987). Additional information about the RM85 can 

be found in a report by Keating and Bavry (1986), which provided 

results from a comparative analysis of data from the Residential 

Standards Demonstration Program. 

Documentation for the RT85 is available as a report from the 

data collection contractor (Columbia Research Center, 1985), a 

report from the primary contractor for the ELCAP, Pacific Northwest 

Laboratory (PNL), authored by Darwin et al, 1986, and a User's 

Guide (Windell & Austin, 1987). 

The ELCAP sites were also surveyed by mail in each of the years 

1986 (EL86), 1987 (EL87), and 1988 (EL88). The EL86 survey form was 
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the shortest of all the surveys, occurring close in time to the 

RI85/86 data collection. The EL87 and EL88 surveys were the most 

similar of the surveys, but they did differ somewhat. Documentation 

for the EL86, EL87 and EL88 (as well as for the other surveys) in 

raw data form as maintained at PNL can be found in a section of the 

ELCAP User's Guide (Schwab & Cowley, 1988} 

Descriptions of the contents of the surveys can be found throughout 

the results of Section 4. 

2.4 Site Characteristics Change Form 

The SCCF was a form for recording information about the changes 

which occurred at the sites. It was designed by PNL to record 

information about the sites as the changes occurred. The owner was 

asked to notify PNL of certain changes and the information was 

taken down using an SCCF. Documentation for the SCCF data was made 

available in the form of a file description written by PNL 

personnel (Monroe, 1989}. 
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3. PROCEDURE 

Given the abundancy of data available and many possibilities for 

analyses, a series of meetings was held to sort through 

alternatives, define the variables to be analyzed and specify a 

limited analysis. This Procedure Section describes the method of 

defining the variables (Section 3.1) and the analysis plan (Section 

3.2). 

Further steps have been described in subsequent sections. 

Section 3.3 describes how the data were accessed and Section 3.4 

describes some complications in working with the data and what 

ensued. Finally, Section 3.5 describes how the statistical results 

were computed, which statistics were tabulated and the overall 

statistical orientation. 

3.1 Variables. 

The characteristics examined for changes were divided into 
four categories as detailed in Table 1. 

The variables which were of potential interest for the analysis 

were those characteristics which might change over time. As a 

first step in preparation for the analysis, the variables were 

grouped into the general areas of: 

• site shell and structure, 
• electrical equipment, 
• occupant demographics, 
• energy consumption related behavior. 

This grouping scheme is used in Table 1 (and in presenting the 

results). The table shows a more detailed look at the general 

nature of the data items in each category. With an earlier version 

of Table 1 as a starting point, a series of meetings was held to 

16 



Table 1. Content Area of Potential Measures of Change 
Based on the ELCAP Site Characteristics Data 

A. SITE SHELL AND STRUCTURAL Measures 

Weatherization (e.g. addition of more insulation) 
Doors 
Windows 
Ceiling 
Walls 
Floors 

Floor Area (Square Footage) Change 
Any 
Heated area 

Number of Rooms Changes 
overall Renovation 

B. ELECTRICAL EQUIPMENT Measures 

Heating System Changes 
Fuel 

Away from electricity 
Toward electricity 
To wood 

Equipment 
Use of backup system 

Wood 
Other 

Air Conditioning - Addition/Replacement of Equipment 
Water Heater Efficiency 

Change of fuel 
Replacement 
In heated area 
Extra insulation 
Pipes wrapped 

Appliance Replacement 
Major appliances 
Refrigerators on separate channel 

Lighting System Energy Efficiency Enhancement 

C. OCCUPANT DEMOGRAPHICS Measures 

Occupancy Stability 
Vacancies between change of tenants 
New family unit occupies 

Income 
Total Number of Persons 
Number of Persons by Age Category 
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Table 1. Content Area of Potential Measures of Change 
Based on the ELCAP Site Characteristics Data 
(Continued) . 

D. ENERGY CONSUMPTION RELATED BEHAVIOR Measures 

Thermostat Settings - Space Heating System 
By time of day 
Differential (higherjlower) for total rooms 

Room Closures 
Water Heater Temperature Setback 
Daytime Occupancy 
Vacations/Other Times the Site is Unoccupied 
Participation in Audit Program 

E. Measures Which Were Not Analyzed 

Renovation/Changes by Category: 
Doors 
Windows 
Ceiling 
Walls 
Floor 
Minor appliances 

Ownership Status Change 
For Primary Respondent and Another Householder 

Occupation 
Education 
Gender 
Age 

How Utility Bills Paid 
Differential Thermostat Settings (Higher/Lower) by Room Type 
Attitude Changes 

Site energy efficiency rating 
Problem ratings 
Conservation related opinions 
Waiver for billing data 
Perceived price of electricity 

Past 
Future 

Main Living Area Rooms Change ('87 and '88 surveys) 
Use Flow restrictors 
Annual Billing Data 
Consumption Summary Data 

18 



determine, among other things, which variables would be analyzed. 

Section E of Table 1 list items which were not analyzed for this 

report. They include a home energy efficiency rating item and 

demographic information as regards the respondent and a second 

householder. 

3.2 Analysis Plan 

The analysis plan in Table 2 outlines the main features of 
the study. 

The meetings which resulted in development of Table 1 also 

determined details of the analysis plan (Bavry, 1989, a). The plan 

is summarized in Table 2. It defined the purposes, analysis focus, 

method, baseline definitions, datasets, measures, group of sites to 

be studied, and the reports to be made. 

The final plan differed subtly but importantly from that given 

in Bavry. In choosing the ELCAP sites from the PNWRES83 sites, the 

PNWRES83 sites were grouped according to data collected as part of 

the PNWRES83. Such grouping of the sites after collection of the 

data is referred to as "post-stratification.'' (The "post-

stratification" variables were distinct from the "pre-

stratification" variables such as geographic region and utility 

size which were used in drawing the full PNWRES83 sample.) 

The group of sites chosen for the present analysis consisted of 

those ELCAP sites which had been randomly chosen from a single 

post-stratification cell (PSC) of participants in the PNWRES83, not 

all the sites randomly chosen from the PNWRES83 (as described in 
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Table 2. Summary of ELCAP Site and Occupant Change Analysis Plan . 

Purposes of the Analyses: 

1) Assess the data and provide counts showing the number of 
sites for which data are present and for which measures 
of change can be defined; 

2) Create a SAS file of measures characterizing changes in the 
site, occupants, and behavior of occupants and 
perform internal consistency checks as possible; 

3) Calculate and table summary measures indicating the degree 
to which changes have taken place over all the sites. 

Overall Analysis Focus: 

Changes in behavior, attitude, family composition, 
occupants, physical characteristics of the building, fuel 
choice, appliances or other characteristics which might 
influence the energy consumption results will serve as 
the focus. 

Statistical Analysis Method: 

It is expected that calculation of simple descriptive statistics 
such as frequencies, sums, means, percentages, percentiles and 
differences will be the primary statistical analysis method. 

Baseline Definition: 

The 1983 Pacific Northwest Residential Energy Consumption 
Survey (PNWRES83), or other earliest measurement, will be 
used as the baseline for defining changes. 

Datasets to be Used: 
survey data from 1983, 1985, 1986, 1987 and 1988, plus portions 
of the Residential Inspection and Site Characteristics Change 
form data, will be used. 

Measures Analyzed: 
Selected measures of change will be defined and analyzed. 

Study Group: 
The data from the ELCAP "Base Sites," those owner occupied 
single family detached homes with permanent electrical space 
heating equipment which were randomly drawn for the ELCAP 
from the PNWRES83 regional survey respondents, will be analyzed. 

Reports: 
"ELCAP Base Sites: Selected Changes From 1983 Through 1988" 
will be the title of the report. An interim verbal report will 
also be provided. 
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the previous plan). The PSC criteria which defined the sites in the 

final analysis were: 

• single family detached, 
• owner occupied, and 
• permanent electric space heating 

equipment (PESHE) in use. 

These criteria excluded the manufactured housing sites. The PESHE 

equipment could have been used as a primary (most used) or 

secondary (also used) source of space heat. According to the 1983 

data, one site used PESHE in both primary and secondary roles (this 

should not have occurred, see Section 4.3.5). Details of the post-

stratification and sampling of residences is given in Windell 

(1985). The sites meeting the above criteria made up what have 

been referred to as the "ELCAP Base Cases." 

3.3 Data Access 

The data were made available as SAS library members. 

Much of the data to be used in the analysis was made available 

in mid-June, 1989. SAS (1985) programs were written to merge the 

data from the various files so all the data from a single ELCAP 

site were together in a single file. An attempt was made to drop as 

many of the variables as possible so only those to be used in 

analyzing or checking the data would be in the work file created. 

The attempt was made to use only the data in files recently 

supplied by PNL as a SAS library, not any data in other BPA files 

which had previously been set up. However, some receded or 

transformed variables were taken from an existing BPA version of 

the PNWRES83 data because time did not allow for reprogramming. 
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One measure which was taken from an existing BPA version of the 

PNWRES83 data was a measure of 1982 household income in dollars. 

The income da·ta in the PNWRES83 were collected using categories. In 

order to obtain an estimate of 1982 income as a dollar amount, based 

on the sixteen PNWRES83 income categories used, each site was 

assigned the dollar amount corresponding to the midpoint of the 

category for the site. For example, if the income had been reported 

as falling in the $16 thousand to $18 thousand category, the income 

at the site was estimated as $17 thousand. 

A complication arose since the highest and lowest income 

categories were open ended. An estimate of the mean income for 

those with income of $75 thousand or more was made by the "Pareto 

Method" and calculated using the weighted and unweighted survey 

data. The same estimate was also calculated from the 1980 Census 

Microdata sample (U.S. Bureau of the Census, 1983, a & b). It was 

found that the estimate from the weighted survey result was $96 

thousand, while the estimate using the unweighted survey 

distribution was $109 thousand. The estimate from the Census data 

was found to be over $110 thousand. It was decided to use the exact 

Census estimate for all households, $110,476, to estimate the 

income in the highest PNWRES83 category. 

At the low end of the scale, the estimation was simpler. the 

mean income for all the Census cases reporting income less than 

$5,000 was calculated and was used to estimate the income for survey 

cases in the lowest income category. The exact estimate used was 

$2,820, about $320 higher than the $2,500 which was the midpoint 

of the category spanning $0 and $5,000. Results from applying the 

extrapolation to the PNWRES83 income measures are given in Section 

4.4.2. 
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Besides the income measure, other summary measures not 

reprogramed included the total number of rooms, the total number 

of people in the home, the number of persons by age category, and 

temperature preferences. 

The three programs and the files used in preparing for the 

analysis have been specified in Appendix A. Further SAS programs 

were written to obtain the results presented here. 

3.4 Complications 

Several complications arose in carrying out the analysis plan. 

The complications which were encountered had to do with the 

following: 

• defining which sites met the criteria specified 
in the revised analysis plan, 

• identification of measures which could be compared 
over time, 

• difficulties in relation to the SAS data files and 
documentation, 

• missing data and occupancy changes. 

Each area of complication has been summarized below. 

3.4.1 Identification of Base Cases 

Fewer sites than expected were found in the data files. 

It was desired to use the Base Cases which had been the focus of 

analyses performed by PNL. However, some ambiguity arose in 

attempting to identify the sites to be used in the analysis. 

Several of the sites classified by PNL as Base Cases had not been 

in the PNWRES83, and two had not been in the regional part of the 

1983 survey but a "supplemental" sample which had been drawn. 
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Further ambiguity was caused by the presence of cases defined in 

the PNL data files as belonging to the "ELCAP Base'' set of sites 

but which did not, based on PNWRES83 data in the files, appear to 

meet the PSC criteria (given in Section 3.2) for inclusion in the 

analysis. Also, some of the sites which appeared to satisfy the PSC 

criteria based on the PNWRES83 data had been reclassified during 

the recruitment process. 

Thus, it became difficult to define which group of sites to 

use in the analysis. The solution chosen was to use those cases 

from the PNWRES83 regional (not supplemental) sample whose 

PNWRES83 data matched the PSC criteria, but leave out those cases 

which the ELCAP recruiters had found to be misclassified. 

This resulted in 263 sites which would provide the data to be _ 

used in the analysis. In comparison, 288 sites have been used as 

''Base Sample" sites in PNL analyses (Pratt et al, 1989) 

Other complications had to do with the details of the way the 

questionnaires were constructed, the current status of the data 

files, and missing data and occupancy changes. 

3.4.2 Commonality of Measurement 

Apparently similar questions differed from survey to survey. 

The program which merged the data together by site was coded to 

create measures to be included in the analysis. The total number of 

persons and the total number of rooms were such measures. The number 

of rooms data for the PNWRES83 did not include bathrooms, so in 

preparing the program to calculate the total number of rooms, the 

code was written so the number of bathrooms (nor "rooms with a 
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toilet" in the RI85/86) was not included in the total number of 

rooms calculation. This was an example of how the data processing 

was complicated by differences in the data collection forms. 

Aside from causing complications in data processing, the 

differences in the forms caused complications in the analysis of 

change. This was very noticeable in the case of some variables, and 

an example is detailed in Section 4.5.2 presenting the results for 

the number of rooms not heated or closed off. Further such 

complications are noted in the tables or written presentation of 

the results. 

3.4.3 SAS Data Files 

Documentation of the data files was lacking. 

A great deal of trial and error was necessary to understand and 

interpret the data correctly. The available documentation applied 

to PNL raw data files, not the SAS files used in the analysis. This . 

lack of documentation made it impossible to be forewarned about the 

inconsistency between files. Two things could have happened to 

create this inconsistency: 1) data for similar items had been 

entered into the original data files using a different coding 

system, or 2) programmers processed the same items differently in 

creating the SAS files. 

The program which created the change analysis file needed to 

successfully perform such operations as: 1) replace missing RM85 

data with data from the RT85 file (some missing RM85 data had been 

collected in the RT85), 2) obtain a count of the number of rooms, 

and 3) impute zeroes to replace some of the data provided for open-
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ended and multi-part questions such as the number of persons in an 

age category or the number of rooms of a certain type. In regard to 

the third operation listed, if it was found that there were 

incomplete but not totally missing responses, then the number of 

persons or number of rooms which had been coded as blank (missing) 

was imputed to be zero. The same operation was necessary with a 

significant portion of the other variables. Without this operation, 

a considerable portion of the data would not have been usable. 

Many details of the complications with the data files are given 

in Appendix B. It was found that important documentation and 

standardization tasks remain to be done to make the data usable 

without substantial aid from the contractor which has had the 

primary responsibility for the data. 

3.4.4 Missing Data and Occupancy Changes 

Multiple analyses were performed to obtain information about 
the influence of missing data and occupancy changes. 

Longitudinal analysis of the same sites over time required 

complete site data for each of the surveys in the analysis. Even if 

data were present for a site, it may have been that the occupants 

of the sites had changed. Occupancy changes had the same effect, 

for many analyses, as though the data were missing. In conducting 

the analyses, it was necessary to allow for both missing data and 

occupancy changes. 

Table 3 was prepared to give results from a preparatory analysis 

designed to quantify the amount of missing data. The top part of 

the table showed the number of cases with any data returns for a 

data collection. The lower portion showed counts of the number of 
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Table 3. Data Collection Completion Rates and Missing Data Reports 
over Surveys 

Number of Percent of 
Data File Sites with Data in File Sites 

PNWRES83 263 100 
85 Mail Survey 238 90 
85 Telephone Survey 249 95 
85/86 Inspection 244 93 
86 Mail Survey 223 85 
87 Mail Survey 237 90 
88 Mail Survey 211 80 
Site Characteristics Change 47 18 

Number and Percent Missing Data Over Surveys or the Inspection 

Number Survey/Inspection Items Missing 
Measure 0 1 2 3 4 5 

Primary Fuel (four measures) 
Sites 179 60 23 1 
Percent 68 23 9 0 

Income (five measures) 
Sites 134 64 39 18 6 2 
Percent 51 24 15 7 2 1 

Income - 1988 Survey Excluded (four measures) 
Sites 153 74 24 9 3 
Percent 58 28 9 3 1 

Total Number of People - 1988 Survey Included (five measures) 
Sites 164 63 30 6 
Percent 62 24 11 2 

Total Number of People - 1988 Survey Excluded (four measures) 
Sites 191 61 11 
Percent 73 23 4 

Total Number of Rooms - 1988 Survey Included (five measures) 
Sites 173 59 27 4 
Percent 66 22 10 2 

Total Number of Rooms - 1988 Survey Excluded (four measures) 
Sites 205 53 5 
Percent 78 20 2 

Number of Rooms Not Heated - 1988 Survey Excluded (five measures) 
Sites 177 65 17 4 
Percent 67 25 7 2 

Additions Data (four measures) 
Sites 181 54 25 3 
Percent 69 21 10 1 
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cases with a given number of missing values. The missing value 

totals were calculated for a selection of variables. For example, 

looking at the data on primary fuel, 179 (68%) of 263 sites had no 

missing data across the four measures of primary fuel usage 

collected in connection with the ELCAP. The effect of the EL88 data 

on the missing data counts (due to a low response rate) is evident 

in Table 3. As may be seen in the table, the number of sites with 

some missing data is substantially higher when the EL88 is included 

in the counts. 

Occupancy changes did not complicate the analysis for measures 

such as house size. However, for measures likely to change with 

the occupants, such as family size, the analyses of primary 

interest used the data from only those sites where the occupant was 

the same throughout the time frame of the analysis. 

Because of the missing data and occupancy changes, several 

subsets of possible results which, it was believed, would be of 

interest were defined. It was decided to focus on four major 

subsets as follows: 

• an any data present (ADP) subset obtained by using whatever 
data were present regardless of missing data on other 
measures or occupancy changes; 

• a complete data present (CDP) subset obtained by using the 
data only if complete longitudinal was available, 
and not considering occupancy changes in the missing data 
determinations; 

• a same occupant through 1987 (S0-87) subset obtained by 
analyzing only the data from those sites for which the 
data indicated there was no change of occupants from 
1983 through 1987 and there was no missing data from 1983 
through 1987; 

• a same occupant through 1988 (S0-88) subset obtained as 
was the S0-87 except it was required that the occupants 
were the same from 1983 through 1988. 
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Note that the particular sites making up an ADP subset in an 

analysis could be substantially different from an ADP subset in a 

different analysis depending on the variable being analyzed and the 

pattern of missing data. 

Both S0-87 and S0-88 subsets of data were used because of the 

number of additional sites lost when using the EL88 results. 

In presenting the results, the attempt has been made to clearly 

define which subset of the data were analyzed in obtaining the 

given results. In order to see the effect of constraining the 

subset of sites used in the analysis, many of the analyses were 

done using more than one of the ADP, CDP, S0-87, and S0-88 subsets. 

As a test of technique, some analyses not presented here, were 

performed to ascertain the effect of combining missing data and 

occupancy stability constraints. It sometimes happened that the 

results could be restricted to sites with the same occupants and those 

with no missing data without losing much data over that lost by 

imposing a single selection criterion. This occurred because the 

data from the same occupant sites was fairly complete. 

3.5 Statistical Orientation 

Simple descriptive statistics were tabulated and an 
exploratory approach was taken. 

Only simple descriptive statistics such as frequency counts, 

percentages and means have been presented in this report. The 

correlation structure of the measures was examined for several of 

the variables as a check on the data. These results were 

interesting, but were outside the scope of this report. They can be 

obtained from BPA's End Use Research Section. 
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In the course of the analysis some similar items were 

crosstabulated to assess accuracy. The outcome was a larger than 

expected disagreement in answers. Examples can be seen in the 

section dealing with weatherization audits and Part II of Table 18. 

A careful check was made to find patterns of disagreement andjor a 

subset of sites where the data might have inadvertently been 

assigned the wrong identification number. However, no systematic 

patterns were found. This report does not present a thorough 

examination of disagreement in the data. 

The study took an "exploratory" approach and statistical 

hypothesis testing was not used. Since estimates extending to the 

entire BPA service area were not intended, weighted results were 

not calculated. In keeping with an exploratory orientation, the 

results are presented as ''indicating" hypotheses for further 

analysis or conclusions which might be appropriate given the 

results of the analyses. However, errors in interpretation could 

arise due to such factors as: 

• respondents not interpreting the survey questions 
as intended or not knowing the answer(s), 

• incorrect recording of data, 
• incorrect entry of data, 
• programmer error, 
• analyst error, 
• bias in the subset(s) of cases analyzed, 
• random fluctuations from time-to-time . 

Thus, the results are presented and interpreted conservatively. 

The data processing and statistical calculations were performed 

using SAS (1985 a, b) PROC FREQ, PROC SUMMARY, and PROC CORRon the 

IBM 3084Q system at the BPA. 
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4. RESULTS 

Results were presented using the outline of Table 1. 

For this section, the tables taken from the computer outputs 

were described and an account of the results was prepared. The 

information has been presented in conformance with the outline 

displayed in Table 1. However, the results in Section 4.1 were 

prepared from data on a group of variables which were chosen as 

baseline "site descriptor variables" from the PNWRES83. These 

variables were chosen from any of the Table 1 categories on a 

discretionary basis. 

Sections 4.2 through 4.5 present information for the major 

groupings of variables shown in Table 1: 

• Site shell and structure, 
~ Electrical equipment, 
• Occupant demographics, 
• Energy consumption related behavior. 

Within each section, subtopics correspond to the finer level 

categories shown in Table 1. As a rule, for each subtopic the 

questions which supplied data for the analysis are described and 

the results for like questions are discussed in chronological 

order. If a survey did not contain questions relevant to a 

subtopic, results for the survey will be absent. For example, 

Section 4.2.3 on renovations describes the questions included in 

the section and presents the corresponding results. An attempt was 

made to provide exact phrasing for the questions to impart a sense 

of the exact questions used in the surveys. 

A discussion of the results was given in Section 5. 
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4.1 Site Descriptor Variable Statistics 

Longer term occupancy may have been associated with larger 
sites and higher income. 

The number of ELCAP Base sites in the analysis was 263. As may 

be seen in Table 4, these sites were all single family detached, 

owner occupied, and had PESHE in use as a primary or secondary 

source of space heat. 

More extensive baseline descriptive measure results were entered 

in Table 4 for all of the sites and for a subset of 180 sites which 

appeared to have been occupied by the same occupants continuously 

from 1983 through 1987. The frequency and percentage (in 

parentheses) of sites was entered in Table 4. Means were calculated 

for several measures with the results as shown in Table 5. 

The results of Tables 4 and 5 suggested that the sites where the 

occupants changed could be distinguished from sites with no change 

in terms of the PNWRES83 demographic and other measures. One 

difference appeared to be that S0-87 sites had relatively more 

fireplaces used a's the primary source of heat as compared to the 

baseline results for all the sites {33% versus 23%). The overall 

number of sites using fireplaces in such a capacity fell by only 

one. A~ may be seen in Table 5, the mean estimated 1982 income in 

dollars (obtained as detailed in the Procedures Section) for S0-87 

sites .was also about $1,900 higher than it was for all the sites in 

1983. The mean income for non-S0-87 sites, at $25.1 thousand, was 

$6.4 thousand less than for the S0-87 sites. The mean living area 

of the non-S0-87 sites was also calculated and found to be 1,765 
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Table 4. ELCAP Base Site and 1987 Same Occupant Site 
Frequencies (and Percentages) 'or Selected 1983 Survey 
Baseline Descriptor Variables. 

1983 
Descriptor Measure 

Type of Dwelling 
Mobile home 
Single family house 
Two units 

Dwelling Attachments 
Not Applicable 
Detached 
Attached one side 

Owner (buyer) occupied 
No 
Yes 

Base 
Sites 

0 (0) 
263 ( 100) 

0 (0) 

263 (100} 
0 (0) 

0 (0) 
263 (100} 

Major renovation/addition built 
No 181 (69) 

( 31} Yes 82 

Had energy audit of site 
Not known 
No 
Yes 

2 
157 (60} 
104 ( 40} 

90% to 100% of outside walls insulated 
Not known 21 
No 52 (21) 
Yes 190 (79) 

90% to 100% of roof, ceiling or attic 
Not known 11 
No 
Yes 

34 (13} 
218 (87) 

Same Occupant 
Sites 

0 (0) 
180 (100) 

0 (0} 

180 (100} 
0 (0) 

0 ( 0) 
180 (100) 

122 
58 

1 
108 

71 

13 
32 

135 

insulated 
8 

20 
152 

(68) 
(32) 

( 60} 
( 40} 

(19) 
( 81) 

(12) 
(88} 

90% to 100% of area 
Not applicable 
Not reported 

above basement 
52 

insulated 
37 

Not known 
No 
Yes 

Space heat fuel used 
WoodjPrestologs 
Electricity 
Natural gas 
Fuel oil 
Coal 

* 

most 

8 
17 

107 
79 

78 
169 

9 
5 
2 

(58) 
(42) 

( 3 0) 
(64} 

( 3) 
(2) 
(1) 

4 
10 
71 
58 

52 
116 

7 
3 
2 

(55) 
( 45) 

(29) 
(64) 

(4) 
(2) 
( 1) 

Percentages are in parentheses and may not sum to 
exactly 100% because of rounding. 

Note: A dash means "not included in percentage calculations." 
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Table 4. ELCAP Base Site and 1987 Same Occupant Site 
Frequencies (and Percentages) For Selected 1983 Survey 
Baseline Descriptor Variables (Continued) . 

1983 
Descriptor Measure 

Type electric equipment used 
Not applicable 
Heat pump 
Central warm air 
Baseboard units 
Radiant panels 

Base 
Sites 

as primary 
94 
16 
58 
72 
23 

(9} 
(34) 
(43} 
(14} 

Same Occupant 
Sites 

space 
64 
11 
38 
51 
16 

heat source 

(9} 
(33} 
(44) 
(14} 

Type wood heat equipment 
Not applicable 

used as 
185 

49 
18 

7 
4 

primary space 
128 

29 
17 

4 
2 

heat source 

Free standing stove 
Fireplaces 
Central furnace 
Other 

Electricity is an additional 
No additional fuel 
No 
Yes 

(63} 
(23) 

(9} 
(5) 

heating fuel 
68 

100 (51} 
95 (49) 

Wood is an additional heating fuel 
No additional fuel 68 
No 88 (45) 
Yes 107 (55) 

48 
67 
65 

48 

(56} 
(33} 

(8) 
(4) 

(51) 
(49) 

58 ( 44) 
74 (56) 

Type electric equipment 
No additional fuel 
Heat pump 

used as 
168 

second space heat source 
115 

Central warm air 
Baseboard units 
Radiant panels 
Portable 
Other 

6 
20 
58 
10 

0 
1 

(6} 
( 21) 
(61} 
(11} 

(0) 
(1} 

Type wood equipment used as 
No additional fuel 

second 
156 

space 

Free standing stove 
Fireplaces 
Central furnace 
Other 

Fuel used for heating water 

28 
78 

1 
0 

Electricity 254 
Natural Gas 6 
Propane, LPG 1 
Solar collector 2 

Site is air conditioned 
No 177 
Yes 86 

34 

( 2 6) 
(73) 

(1} 
(0} 

(97) 
(2) 
(0) 
(1} 

(67} 
(33) 

3 
14 
39 

8 
0 
1 

(5) 
( 2 2) 
(60} 
(12} 

(0) 
(2} 

heat source 
106 

21 
52 

1 
0 

173 
4 
1 
2 

124 
56 

( 28) 
( 70) 

(1) 
(0) 

(96) 
(2} 
( 1) 
( 1) 

(69} 
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Table 5. ELCAP Total Base Site and 1987 Same Occupant 

* 

Site Means for Selected 1983 Survey Baseline Descriptor 
Variables. 

1983 
Descriptor Measure 

Mean site living area 
(square feet) 

* Mean number of rooms 

Base 
Sites 
n=263 

1,880 

7.2 

Mean estimated 1982 gross household income 
$29,517 

Mean number of occupants 
3.1 

Same Occupant 
Sites 
n=180 

1,934 

7.3 

$31,452 

3.1 

Includes all kinds of rooms except bathrooms. 

squared feet, as compared to 1,934 squared feet for the S0-87 

sites. Other results suggested that the non-S0-87 sites were 

occupied by families with more very young children and fewer 

retirement age persons. However, time did not allow a more detailed 

examination of the ways in which the stable occupant sites may have 

differed from those where the occupants may have changed. 

4.2 Site Shell and Structure 

Shell and structural variables included weatherization, 
floor space additions and renovations. 

The site shell and structure variables included those having to 

do with weatherization changes such as addition .of insulation to 

the ceilings, walls or floors (Section 4.2.1). Also included were 

addition of new rooms (Section 4.2.2) and renovations such as 

remodeling of a bathroom or kitchen (Section 4.2.3). The site 
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shell and structure results were tabled in Tables 6 through 8. 

4.2.1 Participation in Energy Audit/Weatherization and Conservation 

Existence of energy audits appeared to be linked with choice 
of conservation measure taken. 

Questions regarding household weatherization audits were 

included in the PNWRES83 and RT85 data collections. Of 246 

respondents supplying data in both 1983 and 1985, 99 {40%) reported 

having had an audit in 1983 and 107 {43%) reported having had an 

energy audit in 1985, for a gain of 8 (3%) of the sites where an 

audit had occurred. The respondents were not limited at all in 

their time frame as to when the audit occurred so the audits could 

have occurred at any time previous to 1983 or 1985, as the case may 

have been. 

When examining the results it was noticed that 30 {20%) of 147 

respondents indicating "no audit" in 1983 indicated that there had 

been an audit in 1985. However, at 22 (22%) of the 99 sites where 

"yes" had been the response to the audit question in 1983, the 

data indicated the respondent had indicated "no" in 1985, thus 

giving the net gain of 8 sites. 

Data on the conservation steps taken at the sites were collected 

as part of the RT85, RI85/86, EL87 and EL88. Table 6 summarizes 

these results, except for those from the RI85/86 which are given 

below in the text. The following discussion of the RT85 results 

does not include the data for responses classified as ''other." 

Details on conservation steps classified as "other" were not 

present in the files. The "other" category was a high frequency 

response in the RT85 results. 
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Table 6. Weatherization and Conse~ation Related Change Summary 
for the Any Data Present Sites. 

1985 Telephone Survey 

Audit Related 
Step Step Step 

No Audit 
Step Step 

Conservation Step 1 2 3 1 2 Total 

Outside wall insulation 
Roof-ceiling insulation 
Floor insulation 
Insulation of heating ducts 
Storm doors 
Storm windows-insulated glass 
Plastic over windows 
Wrap water heater 
Weatherstripping 
caulking 
Reduced water heater temperature 
Reduced home heating temperature 
Automatic setback thermostat 
Other 
Not applicable 
Not known, refused, bad 

1 
13 

6 
3 
4 
4 
2 
3 
2 
2 
1 
0 
0 

47 
141 

20 

1987 Survey 

Conservation Item 

Roof or Ceiling insulation 
Outside wall insulation 
Floor insulation 
Storm windows 
Double or triple pane windows 
Woodstove or fireplace insert 
Water heater wrap 
Insulation of hot water pipes 
Reduced water heater temperature 
Reduced home heating temperature 

1 
7 

10 
2 
0 
3 
0 
1 
2 
2 
0 
0 
1 
0 

220 
0 

0 
1 
1 
3 
2 
4 
1 
1 
1 
1 
0 
1 
0 
3 

230 
0 

Yes 

10 ( 4) 
2 ( 1) 
9 ( 4) 

12 ( 5) 
14 ( 6) 
13 ( 6) 
11 ( 5) 
10 ( 4) 
23 (9) 
2 2 ( 10) 

8 
9 
2 
3 

13 
16 

2 
11 

5 
8 
5 

5 
7 
2 
0 
4 
9 
4 
5 
6 
4 
2 

11 
4 

45 
103 

4 

13 
3 

18 
150 

17 

Data 
No Missing 

226 1 
234 1 
227 1 
224 1 
222 1 
223 1 
224 2 
226 1 
213 1 
214 1 

* . . Frequenc1es and percentage "Yes" 1n parentheses. 

Note: Table continued on next page. 

The RT85 results at the top of Table 6 are based on data from 

249 sites with telephone survey data. In the survey, respondents 

were asked about conservation steps taken as a result of an energy 

15 
37 
21 
11 
23 
36 

9 
21 
16 
17 

8 
25 

8 
113 

inspection program and steps taken on their own initiative. As for 
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Table 6. Weatherization and Conservation Relat~d Change Summary 
for the Any Data Present Sites (Continued). 

1988 Survey 

Past Since Home 
Conservation Action Year Built 

Weatherstripping of windows 11 (5) 61 ( 29) 
doors 8 (4) 59 ( 2 8) 

Addition of storm windows 10 (5) 73 ( 3 5) 
storm doors 6 (3) 61 ( 2 9) 
ceiling or attic insulation 8 (4) 93 ( 4 4) 
wall insulation 3 (1) 35 (17) 
floor insulation 3 (1) 56 ( 27) 
water heater insulation 7 (3) 84 ( 40) 
water pipe insulation 6 ( 3) 59 ( 28) 

Reduction of hot water temperature 8 ( 4) 78 (37) 
home heating temperature 10 (5) 52 ( 25) 

Replacement of windows 11 (5) 69 (32) 
doors 7 (3) 50 ( 24) 

the item about the energy inspection (audit), they did not limit 

the scope to a time frame after 1983. The results were as shown in 

Table 6. The data indicated the conservation step most frequently 

taken in response to the energy inspection program was "Roof-

ceiling insulation," a step taken at 21 (24%) of 88 sites where a 

step was taken and data was not missing. The next most frequently 

taken step was "Floor insulation," taken at 17 (19%) of the 88 

sites, followed by "Storm windows-insulated glass," cited for 11 

(13%) of the sites. 

The results for the conservation steps not taken as a result 

of an inspection are shown in Table 6 to the right of the audit 

related steps. The most frequently cited conservation step taken 

"on your own initiative" was "Storm-windows-insulated glass" a step 

reported by 25 (17%) of the 146 telephone respondents reporting 

having made some change on their own. Also, 24 (16%) of the 

respondents reported having "Reduced home heating temperature," as 
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a conservation step which was taken on their own initiative. Other 

frequently mentioned steps (2 or fewer steps were recorded in the 

data file) were "Storm doors" for 17 (11%) of the sites, "Roof-

ceiling insulation" and "Wrap water heater" for 16 (11%) of the 

sites, and "Outside wall insulation" for 13 (9%) of the sites. 

In the RI85/86, data were collected on renovation work done 

since August, 1983 and plans for future renovations. The list of 

renovations inquired about consisted of addition of insulation and 

modification of doors and windows. The frequencies of renovations 

were as follows: 

Renovation 

added ceiling insulation 
added floor insulation 
added wall insulation 
added pipe or ductwork insulation 

replaced or added double pane windows 
replaced or added storm windows 
replaced or added single pane windows 
replaced or added wood windows 

replaced or added sliding glass doors 
replaced or added insulated doors 
replaced or added storm doors 

Frequency 

- 32 
- 20 
- 15 

7 

- 18 
- 15 

0 
0 

5 
5 
6 

In total, at 64 sites one or more renovation was reported. At 41 

sites insulation had been added to the floor, ceilings or walls. At 

28 sites renovations involved replacing or adding windows, and at 

17 sites renovations included replacing or adding doors. 

Replacement or addition of double pane windows as a planned 

renovation was reported for four sites. No plans for renovation of 

doors were reported. Plans for insulation of ceilng, walls and 

floors were reported for three, one and one sites, respectively. No 

reports of plans to insulate pipes or ductwork were received. 

In the EL87, a list of ten conservation items was listed 
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and respondents were asked to "indicate whether you have installed 

or added the item to your current home since May, 1986. 11 This list 

of items and the number of respondents choosing each item were 

placed in Table 6. Surveys were not returned for 26 of the potential 

respondents, so, as can be seen in the table, the data on the 

conservation items is based on 237 sites (including at least one 

site for which the survey was returned but the question was not 

answered). 

In the EL88, respondents were presented a list of conservation 

actions and asked "Have any of the following action (sic) been 

taken on the home in past year (since June 1987) or since the home 

was originally built?" The list of actions and the number and 

percent (in parentheses) taking each action was as shown in the 

second portion of Table 6. 

The base number of sites used in the percent calculations for 

the EL88 was 211, the number of sites for which any EL88 data were 

found in the data file. Sites where the "past year" was indicated 

for an action were also counted in the "since home built" category 

for the action. 

In addition, the EL88 collected information on additions or 

changes "since the home was built" in terms of energy-efficient 

lights, low-flow shower heads, and energy-efficient appliances. The 

results have been tabulated in Table 7. Of 167 respondents to an 

item inquiring about changes to use of energy-efficient lights in 

the kitchen, 29 (17%) responded that they had made such a change. 

Of 174 respondents to a question regarding use of energy-efficient 

lights in the bathroom, 19 (11%) responded that they had made such 

a change. Addition or changing to low-flow shower heads in the 

bathroom was reported by 57 (31%) of 181 respondents. Addition or 
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changing to energy-efficient appliances was reported by 42 (24%) of 

172 respondents. 

Table 7. Frequencies and Percentages for an Addition and 
Renovation Item in the 1988 Survey. 

1988 Survey Question 19. 

19. Have any of the following additions or changes been made to the 
bathrooms(s) or kitchen since the home was built? 

Bathroom Kitchen 

* A Yes No A Yes No 

a) major remodel 23 47 141 33 46 132 
25% 75% 26% 74% 

b) energy-efficient lights 37 19 155 44 29 138 
11% 89% 17% 83% 

c) low fiow shower heads 30 57 124 (NA) 
(bathroom only) 31% 69% 

d) energy-efficient appliances (NA) 39 42 130 
(kitchen only) 24% 76% 

e) other (please specify) 209 2 
100% 

* indicates a survey was returned but the item was not An "A" 
answered. The 1988 survey was not present in the data for 
52 sites. 

Reduction of the water heater thermostat setting is a 

conservation measure which has been used to conserve energy. 

In the RT85, one respondent mentioned such a setback in response to 

an audit and another seven reported it as a measure taken on their 

own. The tabulations indicated that 23 (10%) of 236 respondents 

indicated in the EL87 that they had reduced the water heater 

setting since May of 1986. In the EL88, 8 (4%) of 211 respondents 

indicated there had been a reduction in the hot water temperature 
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in the past year, and 78 (37%) of the 211 respondents reported a 

reduction in the hot water temperature in the last year or since 

the home was built. 

Multiple weatherization steps in response to an energy audit or 

on the occupant's own initiative were assessed in the RT85 data. Of 

those sites where insulation had been added, the data indicate only 

three homes had added insulation in more than one of the three 

areas of ceiling, floors or walls. None of the sites appeared to 

have had either 1) insulation added in all three areas, or 2) had 

insulation added as a result of both an audit and work done on the 

occupant's own initiative. 

4.2.2 Floor Space Additions. 

Eleven percent of occupants indicated additions were made to 
floor space. 

Items in the RT85, RI85/86, the EL87 and EL88 allowed 

identification of 30 sites (about 11%) where an addition may have 

been made to the site subsequent to the PNWRES83. Only one of the 

30 sites identified as having an addition based on the RI85/86 or 

other survey data sources had associated SCCF data indicating an 

addition had been built. One site had SCCF data indicating an 

addition of living space, but it was not corroborated by the 

other data. 
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In the RI85/86, the type of space added was recorded with the 

following room additions being made the given number of times for 

15 sites where an addition had been made: 

• family room - 6, 
• bedroom - 4, 
• bath - 3, 
• garage - 4, 
• kitchen - 2, 
~ dining room - 1, and 
• other rooms - 7 

(e.g. other room, "enclosed sun porch"). 

The 15 sites added 27 rooms, but not all of these (e.g. garages) 

are usually considered to be living space. 

In the RT85, of 14 respondents specifying the type of room 

added, the data indicate "family room" was the response twice, 

"bedroom" once, "open space" once and "other" (including multiple 

responses) ten times. "Bathroom," "kitchen" and "dining room," if 

specified, were specified in combination with each other or other 
I 

type rooms. Details as to the combinations of rooms mentioned were 

not available in the data files. 

The RT85 data indicated only three of the new rooms, or 

combinations of rooms, described in the interviews were not heated. 

In the PNWRES83, 82 (31%) of the 263 respondents indicated there 

had been a substantial (costing at least $5,000) renovation or 

remodeling (including an addition) at the site. 

The average number of rooms was calculated as being an indicator 

for floor space additions. The mean number of rooms for each of 

three data subsets and four data collections was found to be as 

displayed in Table 8. An increase appears in comparison of the 1983 
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Table 8. Mean Number of Rooms and Number of Sites for Four 
Data Collections by Site Occupancy and Data Presence 
Classification. 

Site Subset 

All Occupants Same Occupant - 87 Same Occupant - 87 
Any Data Present Data Present 83-87 Data Present 83-88 

Data 
Source N Mean N Mean N Mean 

PNWRES83 263 7.2 153 7.4 132 7.4 
RM85/RT85 252 7.4 153 7.6 132 7.7 
EL87 230 7.7 153 7.7 132 7.7 
EL88 201 7.5 132 7.6 132 7.6 

and other results. 

In the RI85/86 the definition of a room in the house differed 

from that in other data collections. The total number of rooms was 

quite a bit higher for the RI85/86 and was not included in Table 8 

because it was not commensurable with the other measures tabled in 

Table 8. The cause(s) of the discrepancy have not been found. 

The average number of rooms calculated from the RI85/86 data 

were 8.4 (n=244), 8.6 (n=153), and 8.6 (n=132), respectively, for 

the site subsets as defined in Table 8. 

4.2.3 Renovations 

Renovations since the home was built focused on 25% of 
kitchens and 26% of bathrooms. 

The data on renovations was less complex than that on additions. 

Much of the data on renovations was discussed under the topic of 

weatherization. Some of it is included under such topics as heating 

system changes. The categorization of some questions on renovations 

was ambiguous, and if they were not clearly appropriately 
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categorized under another important topic, they were included as 

renovations. 

The RT85 data indicated that 35 (14%) of 249 respondents 

answered "yes" when asked if any renovation work was done to the 

home since August, 1983. Reportedly, the renovations were done 

entirely by trained construction professionals for 22 (63%) of the 

sites with renovations. The renovation work included the following 

renovations the given number of times: 

• moved interior wall 6, 
e installed new windows 8, 
• complete overhaul of windows - 2, 
• add insulation 7, and 
• other - 12. 

Details about the "other" category were not available in the RT85 

data file. 

The EL88 asked the respondents three questions focused on 

renovations. The time frame in the questions was variously stated 

and the format varied as given in the following descriptions. 

Using the time frame "since the home was built," 47 (25%) of 

the 188 respondents answering "yes" or "no" in the EL88 indicated a 

"major remodel" of bathroom(s) had been conducted, and 46 (26%) of 

178 respondents indicated that a "major remodel" was conducted in 

relation to a kitchen (see Table 7). 

In a second EL88 question (an open-ended question not tabled) 

inquiring about the structure of the house "since it was originally 

built," changes were indicated as the following for the given 

number of sites: 

• finish basement - 33, 
• major addition to floor space - 42, 
• addition of new interior walls - 27, and 
• removal of existing interior walls - 28. 

The number of respondents was 211 for the preceding results. No 
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respondents listed "other" as a change. 

In another open-ended EL88 question, respondents were asked 

about actions (as shown in Table 6) taken in the "past year (since 

June 1987) or since the horne was originally built." The responses 

to the renovation items for replacement of windows and doors have 

been included at the bottom of Table 6, above. 

4.3 Electrical Equipment 

The electrical equipment analyses included results on a large 
variety of electricity consuming appliances and incorporated 
data on usage of space heating systems. 

Information was collected about the electrical equipment such as 

heating and air-conditioning systems which may have been of use at 

the sites, as well as a large range of electrical appliances. 

Results based on the electrical equipment data were presented in 

Sections 4.3.1 through 4.3.9. Findings for the primary space heating 

fuel and equipment have been presented in the first two sections. 

Similar results were then prepared for fuels and equipment, in 

addition to the primary, used · for space heating at the sites 

(Sections 4.3.3 and 4.3.4). The analyis of the next section was 

prepared to examine the data without regard to whether the space 

heating equipment was used in a "most used" or "also used" 

capacity . The last four sections covered wood as a heat ing fuel , 

water heating equipment, air-conditioning equipment and appliances, 

respectively. 
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4.3.1 Most Used Heating Fuel 

Use of wood as primary fuel increased while use of electricity 
decreased. 

Data on the "most used" heating fuel were available from the 

PNWRES83, RM85/RT85, EL87 and EL88. Wood and electricity together 

accounted for 85% to 94% of the "most used" heating fuel choices. 

The fuel saturations are given for two subsets of sites in Table 9. 

The upper portion of the table gives the frequency and percentage 

o f r e s pondents reporting their fuels on a most used basis for each 

of the surveys. Results are shown for both the ADP subset, in the 

upper portion of Table 9, and for 179 CDP sites, in the lower 

Table 9. Number and Percent Falling in Various Space Heating Fuel 
Type Categories Based on Most Used Fuel Items. 

ADP Sample. Results Without Regard to Whether Data 
Was Missing on Other Surveys 

Fuel PNWRES83 RM & RT EL87 EL88 

* Wood/Presto logs 78 ( 3 0) 61 ( 2 5) 80 (34) 76 (3 7 ) 
Electricity 169 (64) 148 (60) 135 (57) 112 (5 5 ) 
Natural Gas 9 ( 3) 7 ( 3) 6 (3) 7 ( 3 ) 
Fuel Oil 5 ( 2) 7 (3) 5 (2) 5 (2) 
Other 2 (1) 22 (9) 11 (5) 4 (2) 
Total 263 (100) 245 (100) 237 ( 101) 204 (99) 

CDP Sample. Results for 179 Sites not Missing Data 
for Any of Four Surveys 

Fuel PNWRES83 RM & RT EL87 EL88 

WoodjPrestologs 51 (29) 42 (23) 57 (32) 68 (38) 
Electricity 115 (64) 113 (63) 101 (56) 95 ( 5 3) 
Natural Gas 7 (4) 6 ( 3) 6 (3) 7 (4) 
Fuel Oil 4 ( 2) 5 ( 3) 5 (3) 5 ( 3) 
Other 2 (1) 13 (7) 10 (6) 4 ( 2) 
Total 179 (100) 179 (99) 179 (100) 179 (1 00) 

* included Prestologs explicitly . Only the PNWRES83 
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portion of the table. It was seen that the use of wood as "most 

used" fuel rose from 30% in 1983 to 37% in 1988, while the use of 

electricity fell from 64% in 1983 to 55% in 1988. The results are 

very similar for the ADP and CDP subsets. 

Some occupants did switch toward electricity as a fuel, but more 

switched to wood as a primary fuel. The 1985 fuel use results were 

effected by some occupants being asked not to heat with wood. 

Tables 10 and 11 show details of the transition in the fuel 

choices for each of the periods 1983 - 1985, 1985 - 1987, 1987 -

1988 and the overall period from 1983 - 1988. Table 10 is for the 

ADP subset and Table 11 is for a subset of 141 S0-87 sites with no 

missing data on any of the measures used. 

4.3.2 Most Used Heating Equipment 

Data on the most used heating equipment left some unresolved 
questions. 

There were limited data available to assess the heating 

equipment most used at the site. The main sources of data in this 

area were the PNWRES83 and the RM85/RT85. The RI85/86 data were not 

comparable to the data from other sources since information as to 

how the equipment was used was not obtained. The use of the RI85/86 

electrical heating equipment data were also limited by the amount 

of programing needed to extract a summary from it. Information on 

heating equipment was not collected as part of the EL86 and EL87, 

so these two surveys were not useful for analysis of heating 

equipment. The EL88 asked whether the space heating equipment had 

been rep~aced "in the past year'' and since the home was built, but 

did not have questions asking about the kind of equipment. 
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Table 10. Fuel Choice Transitions Based on Self Reports of 
Most Used Fuel for Three Internal Time Periods and the 
Overall 1983 Through 1988 Time Period - Frequencies for 
the Any Data Present sites. 

1983 - 1985 Fuel Choice Array 

Wood/ Elec-
1983 Fuel Presto tricity 

Wood/Prestolog 50 12 
Electricity 10 136 
Natural Gas 1 o 
Fuel Oil o 0 
Coal o o 
Total 61 148 

1985 Fuel 
Natural 

Gas 

0 
0 
7 
0 
0 
7 

Fuel Kero-
Oil sene Total 

1 8 71 
1 4 151 
0 0 8 
5 0 5 
0 0 0 
7 12 235 

1985 - 1987 Fuel Choice Array 

1985 Fuel 

Wood 
Electricity 
Natural Gas 
Fuel Oil 
Kerosene 
Total 

1987 Fuel 
Wood/ Elec- Natural 
Presto tricity Gas 

46 9 0 
19 110 0 

0 0 6 
0 0 0 
8 0 0 

73 119 6 

Fuel 
Oil Other 

0 0 
0 0 
0 0 
5 0 
0 1 
5 1 

1987 - 1988 Fuel Choice Array 

1987 Fuel 

Wood 
Electricity 
Natural Gas 
Fuel Oil 
Other 
Total 

1988 Fuel 
Wood/ Elec- Natural 
Presto tricity Gas 

58 3 0 
11 101 1 

0 0 6 
0 0 0 
0 0 0 

69 104 7 

Fuel 
Oil Other 

0 0 
0 1 
0 0 
5 0 
0 3 
5 4 

1983 - 1988 Fuel Choice Array 

1988 Fuel 
Wood/ Elec- Natural Fuel 

1983 Fuel Presto tricity Gas Oil Other 

Wood/Prestolog 45 9 0 0 1 
Electricity 29 103 1 1 1 
Natural Gas 2 0 6 0 0 
Fuel Oil o 0 0 4 0 
Coal o 0 0 0 2 
Total 76 112 7 5 4 
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Total 

55 
129 

6 
5 
9 

204 

Total 

61 
114 

6 
5 
3 

189 

Total 

55 
135 

8 
4 
2 

204 



Table 11. Fuel Choice Transitions Based on Self Reports of 
Most Used Fuel for Three Internal Time Periods and the 
Overall 1983 through 1988 Time Period - Frequencies for the 
No Missing Data and Same Occupant 1983 Through 1987 Sites. 

1983 - 1985 Fuel Choice Array 

Wood/ 
1983 Fuel Presto 

WoodjPrestolog 25 
Electricity 6 
Natural Gas 1 
Fuel Oil o 
coal o 
Total 32 

Elec
tricity 

9 
80 

0 
0 
0 

89 

1985 Fuel 
Natural 

Gas 

0 
0 
6 
0 
0 
6 

Fuel 
Oil 

0 
1 
0 
3 
0 
4 

Kero
sene 

4 
4 
0 
0 
2 

10 

1985 - 1987 Fuel Choice Array 

1985 Fuel 

Wood 
Electricity 
Natural Gas 
Fuel Oil 
Kerosene 
Total 

1987 Fuel 
Wood/ Elec- Natural 
Presto tricity Gas 

28 4 0 
9 76 0 
0 0 6 
0 0 0 
6 0 0 

43 80 6 

Fuel 
Oil Other 

0 0 
0 4 
0 0 
4 0 
0 4 
4 8 

1987 - 1988 Fuel Choice Array 

1987 Fuel 

Wood 
Electricity 
Natural Gas 
Fuel Oil 
Other 
Total 

1988 Fuel 
Wood/ Elec- Natural 
Presto tricity Gas 

40 3 0 
7 72 1 
0 0 6 
0 0 0 
2 3 0 

49 78 7 

Fuel 
Oil Other 

0 0 
0 0 
0 0 
4 0 
0 3 
4 3 

1983 - 1988 Fuel Choice Array 

1988 Fuel 
Wood/ Elec- Natural Fuel 

1983 Fuel Presto tricity Gas Oil Other 

WoodjPrestolog 33 4 0 0 1 
Electricity 15 74 1 1 0 
Natural Gas 1 0 6 0 0 
Fuel Oil o 0 0 3 0 
Coal o 0 0 0 2 
Total 49 78 7 4 3 

50 

Total 

38 
91 

7 
3 
2 

141 

Total 

32 
89 

6 
4 

10 
141 

Total 

43 
80 

6 
4 
8 

141 

Total 

38 
91 

7 
3 
2 

141 



The RT85 telephone surveyors asked "Since August 1983, have you 

changed the system you use most of the time to heat your home?" 

Nineteen (8%) of 249 respondents answered "yes", and 5 of the 19 

indicated they had changed to a used system. The latter may have 

had multiple existing systems so that it was easy to switch 

systems. 

In the RI85/86, respondents were asked if they had purchased 

(added or replaced) an electric heating or cooling system since 

August, 1983. The results showed that for the 244 respondents the 

following number of changes were made: 

• added system - 8, and 
• replaced system - 5. 

According to the EL88 data, of 211 respondents with data on 

changes to their heating systems, the following changes had been 

made the given number of times: 

• replaced system in last year 
• replaced system since home was built 

7, and 
- 53. 

In order to analyze how the electrical heating equipment may 

have changed, the PNWRES83 and RM85/RT85 questions introduced above 

on the type of equipment used most often were crosstabulated. This 

table would not show changes where a system of the same type was 

upgraded, but would show sites changing from one type of electrical 

system to another. The results for 235 sites with ''most used" 

heating equipment data in 1983 and 1985 were as shown in Table 12. 

The sites staying the same are counted along the 

diagonal in Table 12, and sites showing change in their 

most used heating system type are counted in the off-diagonal. The 

totals indicate that the number of baseboard heated sites went 

from 63 to 69, while the number of sites utilizing radiant panel 

systems on a most used basis dropped from 21 to 15. The number of 
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heat pump sites increased by 1, from 15 to 16, and the number of 

central forced air systems went down by 4, from 52 to 48. 

Table 12. Most Used Electrical Heating Systems in 1983 and 1985 
- Frequencies for the Any Data Present Sites. 

1985 System 
Base- Central Heat Radiant 

1983 System board Air Pump Panel None Total 

Baseboard 53 0 0 1 9 63 
Central Air 2 41 5 0 4 52 
Heat Pump 0 1 11 1 2 15 
Radiant Panel 9 0 0 12 0 21 
None 5 6 0 1 72 84 
Total 69 48 16 15 87 235 

At 12 sites the 1983 system was "None" and the 1985 system was 

one of the electrical systems in Table 12, so PESHE was added as -a 

most used system. At 15 sites the 1983 system is an electrical 

system and the 1985 system is "None" in Table 12, so PESHE was 

dropped as a most used system. 

To the extent the sites contained multiple PESHE systems, 

making it easy to switch types, the above results could be 

attributed to switching without installing new equipment. Data in 

a SAS USRD library called RITRANS was examined to see to what 

extent multiple PESHE systems were present at the sites. The 

data indicated that there were 46 (19%) of 244 sites with two 

or more PESHE systems. 

Aside from the difference due to a differing number of sites, 

the 155 S0-87 sites without missing data showed the same picture as 

depicted in Table 12. A summary of the results for theses sites was 

as follows: 
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Heating Equipment 1983 System 1985 System Net Change 

Baseboard 47 50 +3 
Central Forced Air 35 34 -1 
Heat Pump 10 10 0 
Radiant Panel 15 12 -3 

The biggest change for the S0-87 sites was that the number of 

radiant heating systems fell from 15 to 12, while the number of 

baseboard systems rose from 47 to 50. The number of heat pumps was 

constant at 10, and central forced air systems went from 35 to 34. 

4.3.3 Backup Heating Fuels 

Electricity was reported to be the most used backup fuel. 

An analysis was done using the PNWRES83 and RM85 data for 

secondary ("also used'') fuels. It was found that in 1983, 68 (26%) 

of the sites reported not using a secondary fuel (see Table 4). The 

1985 result was that 51 (24%) of 216 sites with nonmissing data 

reported not using a supplementary fuel. The net change from 1983 

to 1985 was a fall of two percent. 

Table 4 showed that among those respondents using a second fuel, 

95 (49%) of the 195 sites with 1 or more secondary fuels used 

electricity. None of the 95 sites used portable electric heaters. 

In the RM/RT85, data on multiple secondary fuels were not 

collected, but 80 (48%) of 165 sites reported PESHE systems were 

used in a backup capacity. 

The data from the PNWRES83 indicated that 73 (37%) of the 195 

secondary heating system respondents chose either "wood stove," 

"fireplace with insert" or "fireplace with heatolator" to describe 

the equipment. In the RM85, 60 (36%) of the 165 respondents 

specifying some type of backup heating equipment chose one of the 
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first two wood heating alternatives listed. In the RM85, the item 

on secondary heating fuel and equipment (like the item on most used 

fuel) allowed the respondent to choose only "wood stove" or 

"fireplace with insert" as wood usage alternatives. In the attempt 

to make the data comparable, the PNWRES83 "fireplace with 

heatolator" respondents were counted in the "fireplace with insert" 

category. 

4.3.4 Backup Heating Equipment 

Electric baseboard systems were the most used backup heating 
equipment. 

A comparison was also done to ascertain the change of electrical 

backup systems as was done for the primary electrical system. 

The data indicated that there were not any large changes, as 

evident in Table 13. Because portable electric heaters are not 

PESHE, three sites with portable electric heaters as backup 

equipment in the RM85 data were included in the "None" column of 

Table 13 . 

Table 13. Secondary Electrical Heating Systems in 1983 and 1985 
- Frequencies for the Any Data Present Sites. 

1985 System 
Base- Central Heat Radiant 

1983 System board Air Pump Panel None Total 

Baseboard 36 0 0 2 9 47 
Central Air 1 11 0 0 5 17 
Heat Pump 0 0 5 0 0 5 
Radiant Panel 2 0 0 3 2 7 
None 10 8 1 1 106 126 
Total 49 19 6 6 122 202 
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4.3.5 Heating Equipment Data Without Regard to Usage Data 

Baseboard and central forced air systems dominated the 
electric heating equipment. 

A tables like Tables 12 and 13 was prepared using data on the 

PESHE systems without regard to whether the system was used on a 

"most used" or ''also used" basis. The results are shown in Table 

14. All identifiable PESHE systems were used except, in the case of 

the 1985 data, 11 (5%) of 226 sites with data were excluded because 

they appeared to have more than one PESHE system, making their 

classification ambiguous. Sites which had valid data for the 

primary heating fuel but were missing data on secondary fuel were 

classified on the basis of the system used most of the time (or 

vice versa) . 

Table 14. Electrical Heating Systems Used in 1983 and 1985 
Without Regard to Usage Role - Frequencies for the 

Any Data Present Sites. 

1985 System 
Base- Central Heat Radiant 

1983 System board Air Pump Panel None 

Baseboard 98 1 1 3 6 
Central Air 4 60 4 0 0 
Heat Pump 0 1 13 1 1 
Radiant Panel 10 0 0 12 0 
None 0 0 0 0 0 
Total 112 62 18 16 7 

* with in Column and row totals exclude those "None" 
1983 andjor 1985. 

Total 

109 
68 
16 
22 

0 
215 

The PNWRES83 question on additional heating fuel usage was 

* 

phrased so that data on multiple PESHE (or gas, wood, etc.) systems 

would not be collected. The lead-in question was phrased as 
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follows: 

"You have already mentioned the fuel which you use most of the 
time to heat your home. Do you use any other fuels to heat your 
home in addition to the fuel you use most of the time?" 

If the answer was "yes," then information on a second heating fuel 

and type of equipment was collected. Section 3.2, however, points 

out that the data for one of the sites indicated that electricity 

was both the most used and an additional fuel. 

4.3.6 Wood Focus Items 

Use of wood as a space heat fuel decreased. 

Each data collection except EL86 contained questions asking about 

use of wood for space heating. The primary results are in Table 15. 

Table 15. Wood Used as a Space Heating Fuel - Frequencies 
(and Percentages) for the Any Data Present Sites and Four 
Data Collections. 

Used Wood? 

No 
Yes 

PNWRES83 

79 (30) 
184 (70) 

RM85 

96 ( 42) 
130 (58) 

EL87 

89 (38) 
148 (62) 

EL88 

81 (39) 
126 (61) 

Notes: In the RM85, 26 (12%) of 226 respondents indicated they had 
agreed to not use wood for space heating. Residents at these 
sites, included in the 96 respondents in the table, were paid 
to not use wood to aid in the thermal analysis. 

The PNWRES83 and RM85 statistics were based on a count of sites 
using wood on a "most used" or "also used" basis. 

In the EL87 and EL88 the "Yes" respondents indicated they had used 
wood for space heating during the past heating season (in what 
capacity, primary or secondary, it was used was not asked). 

In the PNWRES83, wood was reported as the most used fuel for 78 

(30%) of the 263 Base sites. It was listed as an additional heating 

fuel for another 107 (41%) of the sites. Thus, as shown in Table 

56 



15, the data indicated a total of 185 (70%) of respondents reported 

use of wood as a primary or secondary fuel. 

Another PNWRES83 question, similar to one used in the RT85, EL87, 

and EL88, asked the respondent: 

"Have you burned any wood or prestologs in your home 
in the past 12 months?" 

In all, 192 (73%) of 262 respondents to the question answered 

"yes." There was a gain of 7 sites identified as "burning" wood or 

prestologs over those identified as heating with wood "most of the 

time" or "in addition to the fuel you use most of the time." 

Nine (3%) of the respondents burned both wood and prestologs, and 

use of prestologs alone was reported by 1 respondent. Several RT85 

questions focused on "burning wood," and 177 (71%) of 249 

respondents said they had used wood burning equipment last year. 

In the RM85, 130 (58%) of 225 respondents answered affirmatively 

when asked "Do you currently heat with wood?" However, as noted in 

Table 15, occupants of some of the sites had been asked to not use 

wood for space heating prior to the survey. The request had been 

made to aid in the thermal analysis of the ELCAP and other sites in 

the survey. Twenty-six (12%) of the respondents answered "NO--WE 

HAVE AGREED NOT TO HEAT WITH WOOD." Without the agreement, wood 

could have been used at 70% (58% + 12%) of the sites, the same 

percentage obtained from the 1983 wood heating (not "burning") 

data. 

In the EL87 and EL88 the question about wood usage was stated: 

"During this past heating season, did you use wood to heat your 

home?'' In 1987, 148 (62%) of 237 respondents answered "Yes," and in 

1988, 126 (61%) of 207 of the respondents answered "Yes." Table 16 

provides details as to the equipment used for heating with wood. 
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Table 16. Wood Heating Equipment Usage - Frequencies (and 
Percentages) for*the Any Data Present Sites and Four 
Data Collections • 

Equipment Used PNWRES83 RM85/RT85 EL87 EL88 

Wood Stove 77 (42) 85 ( 70) 82 (50) 59 ( 45) 
Fireplace Insert 33 (18) 36 (30) 43 ( 26) 38 (29) 
Fireplace Heatolator 25 (14) na 16 (10) 14 (11) 
Fireplace Other 37 ( 2 0) na 15 (9) 11 (8) 
Wood Furnace 8 (4) na 8 (5) 8 (6) 
Other 4 ( 2) na 0 (0) 0 (0) 
Total 184 (100) 121 (100) 164 (100) 130 (99) 

* indicate available." An "na" has been used to "not 

NOTE: Sites with more than one type of wood heating equipment 
were counted once for each type of equipment. 

In the RI85/86, information on the area of the conditioned space 

heated by a wood stove was collected. If this number was not zero 

(the minimum was 100 squared feet), it was assumed there was a wood 

stove in the site. Results indicated 115 (47%) of 244 sites also 

had some area heated by a wood stove. (Despite the documentation, 

it seemed this percentage included sites with other types of wood 

heating equipment besides wood stoves.) 

4.3.7 Water Heaters 

Saturation of electricity as water heating fuel stays well 
above 90%. 

Water heater results are presented in Table 17. They indicated 

many of the sites used electricity for heating water. The RM85/RT85 

result was lowest, with 234 (93%) of 252 sites with data using 
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Table 17. Results for Items Focused on Water Heaters - Frequencies 
(and Percentages) for the Any Data Present Sites. 

Fuel Used for Heating Water? 

PNWRES83 RM85/RT85 RI85/86 

Electricity 254 (97) 234 (93) 236 (97) 
Natural Gas 6 (2) 5 (2) 5 ( 2) 
Wood 11 (4) 
Propane LPG 1 (0) 
Solar Collectors 2 (1) 1 (0) 
Other 1 (0) 2 ( 1) 

Water Heater is in Heated Area? 

PNWRES83 RT85 RI85/86 

No 127 (48) 10 (50) 93 (38) 
Yes 135 (52) 10 (50) 150 (62) 
Not Applicable 

Water Heater is Wrapped? 

PNWRES83 RM85 RT85 

No 120 ( 4 6) 108 (44) 105 (43) 

* 

Yes 143 (54) 136 (56) 137 (57) . 

Reduced Water Heater Temperature? 

EL87 EL88/Piit EL88/si'*~e 
built year 

No 213 ( 90) 203 ( 96) 133 
Yes 23 (10) 8 (4) 78 

Electric Water Heater Replaced/Added Since August, 1983? 

Yes Replaced New 
Yes Replaced Old 
Yes Added New 
Yes Added Old 
No 

Added or Replaced 

Replaced 
Added 
No 

Electric 

RT85 

14 (6) 
2 (1) 
2 ( 1) 
1 (0) 

230 (92) 

Water Heater Since August, 1983? 

RI85/86 

13 ( 5) 
5 (2) 

226 (93) 

(63) 
(37) 

*:The fuel assigned is the fuel for the primary water heater. 
The question referred to the past year and since the home was built. 
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electricity for water heating on a "used most of the time" basis. 

They also showed there were 11 sites where wood was used as primary 

water heating fuel. However, there were no sites for which the 

RI85/86 data indicated wood fueled the site's principal water 

heating system. 

The 1983 and 1985 data agree on the percent of sites where the 

water heater is in a heated area (50%-52%), and the percent of 

sites where the water heater was wrapped (54%-57%). These items 

assume a single water heater, but the RI85/86 data indicated there 

were a number of sites with multiple water heaters. Time did not 

allow examination of the RI85/86 water heater data on water heater 

wraps. 

Information about reduction of the water heater temperature 

setting was collected in the EL87 and EL88. Reductions "since May, 

1986 11 were reported by 23 (10%) of 236 EL87 respondents, and "in the 

past year (since June 1987)" by 8 (4%) of 211 EL88 respondents. 

In the RT85, residents were asked if they had replaced or added 

"The entire electric water heater unit." A similar item was used in 

the RI85/86. The inspector was instructed to ask the occupant "if 

he or she has purchased (added or replaced) any of the following 

since August, 1983." The list included "Electric water heater." The 

crosstabulation of the RT85 and RT85/86 items was as shown in Table 

18. 
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Table 18. Crosstabulation Results for a 1985 Telephone Survey 
and 1985/1986 Residential Inspection Item Measuring Change 
in the Water Heating system - Frequencies for the Any Data 
Present Sites. 

PART I. Results without collapsing categories. 

Telephone Residential Inspection 
Survey Missing Added No Replaced 

Missing 0 0 14 0 
No 18 3 203 6 
Replaced New 1 2 7 4 
Replaced Old 0 0 0 2 
Added New 0 0 1 1 
Added Old 0 0 1 0 
Total 5 212 13 

PART II. Results after collapsing categories. 

Telephone 
Survey 

No Change 
Some Change 
Total 

Residential Inspection 
No Change Some Change Total 

203 
9 

212 

9 
9 

18 

212 
18 

230 

* Total 

212 
13 

2 
2 
1 

230 

* Column and row totals exclude the counts for missing data. 

The results in Part I of Table 18 were reduced to Part II to show 

the number of alterations (replacements or additions) made in the 

water heating system (sites with missing data were omitted). The 

RT85 showed a change took place at 18 sites, and the RI85/86 

showed the same. However, the items disagreed for 18 sites, and 

were consistent in indicating a change for 9 sites. 

The water heating system alteration rate, using two years as the 

base time span for the results in Table 18, would be about 3% to 4% 

per year. 
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4.3.8 Air Conditioning 

About one-third of sites had air-conditioning systems. 

The data on air-conditioning systems came from the PNWRES83, 

RM85 and RT85. The question on air-conditioning was included in 

both the 85RM and 84RT. Table 19 was prepared using the data from 

the three surveys. The PNWRES83 and RM85 crosstabulation results 

were as shown in the top portion of Table 19. The results from 

comparison of the PNWRES83 and RT85 were as shown in the middle 

portion of Table 19, and the crosstabulation showing the 

correspondence between the RM85 and RT85 data was as shown in the 

last third of Table 19. An "other" response category has been 

omitted from the table. The RM85 and RT85 comparison suggests that 

respondents at some sites may have responded "Heat pump" in the 

RM85 and "Central" in the RT85 . Some change from "None" in 1983 to 

"Individual" in 1985 is apparent in the comparison of the PNWRES83 

and 1985 results. 
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Table 19. Crosstabulations Involving 1983 and 1985 
Air-Conditioning Items - Frequencies for the Any Data 
Present Sites. 

1985 System - Mail Survey 

1983 System Cen- Evapor- Heat Individ-
PNWRES83 tral ative Pump ual None Total 

Central 24 0 4 0 1 29 
Evaporative 0 4 0 0 0 4 
Heat Pump 0 0 14 0 1 15 
Individual 0 1 0 17 1 19 
None 1 2 2 10 134 149 
Total 25 7 20 27 137 216 

1985 System - Telephone Survey 

1983 System Cen- Evapor- Heat Individ-
PNWRES83 tral ative Pump ual None Total 

Central 30 0 3 0 1 34 
Evaporative 0 2 0 1 3 6 
Heat Pump 4 0 15 0 1 20 
Individual 1 1 0 14 3 19 
None 2 0 1 9 157 169 
Total 37 3 19 24 165 248 

1985 System - Telephone Survey 

1985 System Cen- Evapor- Heat Individ-
Mail Survey tral ative Pump ual None Total 

Central 21 0 2 0 1 24 
Evaporative 1 1 0 2 2 6 
Heat Pump 7 0 12 0 0 19 
Individual 0 1 0 18 6 25 
None 1 0 0 2 129 132 
Total 30 2 14 22 138 206 
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4.3.9 Major Appliances 

Microwave ovens and televisions were frequently added 
appliances. 

As a practical guide for use in the analysis, major appliances 

were defined as being those for which ELCAP data were collected as 

displayed in Table 20. The table combines the results for 

replacement and addition of appliances from the RT85, the RI85/86 

and the EL87. Refrigerators, freezers, microwave ovens and clothes 

washers were among the appliances included in two or more of the 

surveys. 

A separate analysis of the refrigerators data was conducted 

using data from 94 sites where refrigerators were metered on a 

dedicated circuit (Bavry, 1989, b). Although only 29 of the 94 sites 

were among those analyzed for this report, it should be noted that 

the number of refrigerators data were "spotty" and the RI85/86 was 

an inventory (usage data were not collected). 

The RT85 results at the top of Table 20 indicated that there was 

some replacement of existing appliances with used equipment as well 

as addition of used equipment. However, a great majority of the 

replacement or additional appliances was new. The RT85 replacement 

or addition rate for televisions resulted in the most changes (28 

replaced and 32 added) for all the appliances in the list. 

Microwave ovens had the next largest number of changes, but were 

added rather than replaced (45 new and 4 old added, 7 replaced). 

Waterbed heaters also were added more than they were replaced (13 

added, 3 replaced). Refrigerators were replaced at 24 sites and 

added at 3. For electric clothes washers, 25 were replaced and 4 
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Table 20. Results for Appliance Replacement and Additions 
- Frequencies for the Any Data Present Sites. 

1985 Telephone Survey 

"Since August, 1983, have any of the following been replaced or 
added?" 

Replaced Replaced Added Added 
New old New Old No 

Refrigerator 20 4 0 3 222 
Freezer 7 1 12 5 224 
Electric Clothes Washer 23 2 3 1 220 
Electric Clothes Dryer 16 4 5 1 223 
Electric Pool/Tub Heater 2 0 0 1 246 
Waterbed Heater 2 1 13 0 233 
Television 24 4 26 6 189 
Dishwasher 6 2 6 2 233 
Microwave Oven 7 0 45 4 193 

1985/1986 Residential Inspection Modifications 

"Ask the occupant if he or she has purchased (added or 
replaced) any of the following since August, 1983. 11 

Refrigerator 
Electric Clothes Dryer 
Electric Pool/Tub Heater 
Water Bed Heater 

Added 
6 
1 
3 
7 

1987 Survey 

Replaced 
25 
22 

0 
1 

No 
213 
221 
241 
236 

"Have you purchased a home appliance in the past year? Please 
review the list of appliances once again and, for each appliance, 
please indicate whether you have purchased one (or more) since 
June 1986 for use in your home. For each appliance purchased, 
please indicate whether you retained and are still using your 
previous appliance in your home." 

Kept & Using Original Did Not 
Previously 

Purchased Yes No Own 

Refrigerator 9 1 7 1 
Separate Freezer 4 2 1 1 
Stove Top 4 0 4 0 
Oven 5 0 5 0 
Microwave oven 15 0 4 10 
Dishwasher 11 1 6 4 
Clothes washer 14 1 12 1 
Clothes dryer 9 2 6 1 
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added. For electric clothes dryers, 20 were replaced and 6 were 

added. 

Where there was comparable data, the appliance results from the 

RI85/86 and EL87 seem to be in accord with the RT85 results. 

Microwave ovens were highest in terms of appliance changes, and 

clothes washers were next. 

The highest rate of appliance replacement was for televisions, 

at about 5.6% per year. The highest rate of adding appliances, 

based on the microwave ovens results, was 10% per year. Two years 

was used as the base time period in these rate determinations. 

4.4 Occupant Demographics 

The demographic variables analyzed included occupancy 
stability, income, and the total number of occupants and 
number of persons by age category. 

Results for the site demographics measures have been included 

here. Results from analysis of the data which indicated whether the 

occupant at the site was the same from time to time (occupancy 

stability) were presented in the first section. Then, the results 

for household income were prepared for inclusion as Section 4.4.2. 

The last section was prepared from the results on the number of 

persons at the site by age category. 
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4.4.1 Occupancy Stability 

About one~third of the sites may have had different 
occupants in 1987 as compared to 1983. 

Occupancy stability was a measure of whether the site was 

occupied by the same person or persons from survey to survey. This 

variable was important because energy usage is a function of the 

characteristics of the occupants, and analysts should take 

change of occupancy into account. 

Data supplied by PNL in a SAS member called SFLAGS indicated 

whether the occupant may have changed in each of the years 1985 

through 1987. Data from a another member called CHGDATA contained 

SCCF information related to occupancy changes. In the EL88, 

respondents were asked the year in which they had moved into the 

site. Data from these three sources were used to identify 180 sites 

which appeared to have been occupied by the same occupant from 1983 

through 1987. For the remaining 83 sites, there may have been a 

change in occupant (38 sites), or the data were incomplete or 

inconsistent (45 sites). The 1985 data indicated that 13 of the 38 

changed-occupant sites had a change between the PNWRES83 interview 

and the ELCAP recruitment. 

4.4.2 Income 

Household income increased from survey to survey. 

The PNWRES83 question on household income asked the interviewee 

to classify the total 1982 household income before taxes into one 

67 



of 16 categories ranging from 11 UNDER $5,000 11 to 11 $75,000 OR OVER." 

However, subsequent surveys listed only six response categories. 

They were: 

Response Income 
Category Definition 

1 Under $8,000 
2 $8,000 to $15,999 
3 $16,000 to $24,999 
4 $25,000 to $34,999 
5 $35,000 to $59,999 
6 $60,000 and over. 

The PNWRES83 data were recategorized into these same categories. 

Note that the categories are not evenly spaced and that the 

top and bottom categories are open-ended so that the measure may 

be better thought of as an income rank rather than as a measure 

falling somewhere on a continuum of income from a possibly large 

negative number to some large positive number. 

Table 21 displays for each survey a sample size, a mean income 

category and a derived estimate of the mean gross annual income in 

dollars. The results were prepared both the ADP and S0-87 subsets 

of sets. 

Table 21. Mean Gross Annual Income Category, Estimated 
Income in Dollars, and Number of Sites for Five Data 
Collections and Two Site Occupancy and Data Presence 
Classifications. 

All Occupants Same Occupant-87 
Any Data Present Data Present 83-87 

Data Dollars Dollars 
Source N Mean (1,000's) N Mean (1,000's) 

PNWRES83 236 3.53 $25.3 121 3.69 $26.7 
RM85/RT86 237 3.79 $27.6 121 3.81 $27.8 
EL86 200 3.84 $28.1 121 3.85 $28.2 
EL87 218 3.99 $29.4 121 3.86 $28.2 
EL88 194 4.02 $30.2 108 3.97 $29.2 
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The ''Dollars" results of Table21 were obtained by interpolation 

of each income category mean within its category (e.g. a mean 

income category of 3.53 became a dollar estimate of $20,500 + 0.53 

times $9,000). Because of the nature of the original categories, as 

described above, the dollar amount estimates shoul d be int erpreted 

cautiously. 

A better technique, described in the Procedures section, for 

estimating the 1982 income in dollars was available for the PNWRES83 

data. It was informative to compare the dollar estimates in 

Table 21 to those obtained for the 1983 data using 16 categories 

and 1980 Census based estimates for the open-ended categories. Each 

site was assigned the midpoint of its PNWRES83 category (or other 

estimate for the open-ended categories) and the mean of these 

values was calculated. 

As shown in Table 5, the better estimate for the PNWRES83 data 

was $29.5 thousand for the ADP sites and $31 . 5 thousand for the so-

87 sites . The estimates based on the interpolated mean for six 

categories were $4,000 to $5,000 below the better estimates. 

The categorical and estimated dollar measures of income showed 

an increase in annual household income from survey to survey. The 

percent increase over the period from 1982 through 1987 would be 

calculated, using the dollar amount estimates, as 19% for the ADP 

sites and as 9% for the S0-87 sites. 

Analysis of the income data from 108 S0-87 sites for which 

complete income data were found for 1983 through 1988 gave results 

almost identical to those for the 121 S0-87 sites with complete 

data for 1983 through 1987 . The largest difference was that for 

PNWRES83 data the mean income was 0 . 04 higher for the 108 sites. 
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4.4.3 Number of Persons - Total and by Age Category 

Same-occupant households grew smaller with relatively more 
older persons. 

Both the total number of persons and the number of persons in 

each of four age categories were analyzed. The mean number of 

persons in the sites was as shown in Table 22. 

Table 22. Mean Number of Persons and Number of Sites for Five 
Data Collections by Site Occupancy and Data Presence 
Classification. 

All Occupants Same Occupant - 87 Same Occupant - 87 
Any Data Present Data Present 83-87 Data Present 83-88 

Data 
Source N Mean N Mean N Mean 

PNWRES83 259 3.1 153 3.1 134 3.2 
RM85/RT85 252 3.1 153 3.1 134 3.1 
EL86 223 3.1 153 3.0 134 3.0 
EL87 235 3.3 153 3.1 134 3.1 
EL88 205 3.1 134 2.9 134 2.9 

In order to analyze the number of persons by age category, the 

number and percentage of sites with a given number of persons in 

each age category were calculated. The results for the ADP and so-

88 sites were as shown in Tables 23 and 24, respectively. Table 24 

was calculated using the data from the sites where occupancy 

related data said that the occupants had not changed through 1988 

and where the data on the number of occupants in each age category 

were complete. A total of 116 sites met this criteria to be used in 

calculating the results of Table 24. It can be seen that the 

percentage of sites with non-retirement age persons falls, while 

the percentage of sites without very young, school age and working 
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Table 23. Percentage of ELCAP Base Sites With the Given 
Number of Persons in Age Categories by Year of Data 
Collection Without Regard to Missing Data in Other Surveys. 

Age Category/ 
Number 
Persons Survey/Year 

Very Young/ PNWRES83 RM85 EL86 EL87 
< 6 years old 

0 78 79 82 82 
1 13 14 11 11 
2 7 7 6 6 
3 2 0 1 1 
4+ 0 0 0 0 

School Age/6 through 17, inclusive 
0 61 62 65 63 
1 17 16 12 13 
2 16 14 14 15 
3 5 6 6 5 
4+ 2 2 3 4 

Working Age/18 through 64, inclusive, for 1983 
18 through 65 for 1985 - 1988 data 

0 15 16 17 15 
1 12 11 9 12 
2 63 59 59 52 
3 9 12 14 16 
4+ 1 3 3 6 

Retireme"ntjOver 64 years old for 1983 data, 
Over 65 for 1985, 1987, & 1988 data, 
Over 66 for 1986 data 

0 79 79 79 77 
1 11 9 10 12 
2 10 13 12 11 
3 0 0 0 0 
4+ 0 0 0 0 

Total/All Ages 
0 
1 
2 
3 
4 
5+ 

Number of Sites 

0 
7 

40 
17 
23 
14 

259 

0 
7 

39 
15 
23 
15 

232 

0 
9 

40 
14 
20 
17 

223 

0 
9 

37 
15 
23 
17 

235 

EL88 

data, 

88 
7 
5 
0 
0 

64 
12 
16 

4 
5 

18 
13 
53 
12 

5 

74 
15 
12 

0 
0 

0 
11 
40 
15 
18 
17 

205 

* The results are based on all the sites supplying 

1988 
Less 
1983 

10 
-6 
-2 
-2 

0 

3 
-5 

0 
-1 

3 

3 
1 

-10 
3 
4 

-5 
4 
2 
0 
0 

4 
0 

-2 
-5 

3 

information on the number of persons in each of the 
age categories listed in the year of the survey. 

Note: Percentages may not add to 100 because of rounding. 
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Table 24. Percentage of ELCAP Base Sites With the Given Number 
of Persons in Age Categories by Year of Data Collection 
For Sites With the Same*Occupants through 1988 and Complete 
Number of Persons Data. 

Age Category/ 
Number 
Persons 

Very Young/ 
< 6 years old 

0 
1 
2 
3 
4+ 

School Age/6 
0 
1 
2 
3 
4+ 

Survey/Year 

PNWRES83 EL85 

83 84 
11 12 

3 3 
3 1 
0 0 

through 17, 
55 
21 
17 

4 
3 

inclusive 
60 
14 
19 

5 
3 

EL86 

88 
9 
3 
0 
0 

62 
11 
17 

6 
3 

Working Age/18 through 64, inclusive, for 
18 through 65 for 1985 - 1988 

0 16 16 17 
1 9 10 8 
2 61 62 60 
3 14 10 14 
4+ 0 3 1 

EL87 

91 
5 
3 
1 
0 

67 
8 

16 
4 
4 

1983 
data 

18 
13 
48 
16 

5 

Retirement/Over 64 years old for 1983 data, 
Over 65 for 1985, 1987, & 1988 data, 
Over 66 for 1986 data 

0 80 79 79 72 
1 7 9 9 14 
2 13 12 12 14 
3 0 0 0 0 
4+ 0 0 0 0 

Total/All Ages 
0 
1 
2 
3 
4 
5+ 

0 
6 

41 
15 
23 
15 

0 
8 

41 
15 
22 
15 

0 
8 

46 
12 
20 
15 

0 
10 
43 
10 
21 
16 

EL88 

data, 

95 
3 
3 
0 
0 

66 
12 
13 

4 
5 

21 
13 
50 
14 

3 

70 
15 
16 

0 
0 

0 
9 

45 
16 
16 
13 

1988 
Less 
1983 

12 
-8 

0 
-3 

0 

11 
-9 
-4 

0 
2 

5 
4 

-11 
0 
3 

-10 
8 
3 
0 
0 

3 
4 
1 

-7 
-2 

* The results are based on data from 116 sites which appeared 
to have been occupied by the same occupants from 1983 
through 1988 and for which information was available on 
the number of persons in each of the age categories 
listed for all five data collections. 

Note: Percentages may not add to 100 because of rounding. 
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age persons increases. 

The definition of the oldest age c~tegory was 65 years and older 

in the PNWRES83 data; 66 years or older for the RM85, EL87 and 

EL88; and over 66 years old in the EL86. In the EL86, the 

categories did not include occupants 66 years old. These 

idiosyncrasies of the survey questionnaires should be kept in mind 

in interpreting the results. 

In relation to the data shown in Table 24, in terms of the 

total number of persons in the sites, the PNWRES83 data indicated 

that the 116 sites in the S0-88 with complete number of persons 

data were occupied by 362 persons. In 1988, there were 336 

occupants. 

The RM85/RT85 results for the total number of people in Table 22 

are based on 20 more cases than the 1985 results for the age 

category data in Table 23 {n=252 versus n=232). This is because 

data on the total number of persons were collected in the RT85 

if a RM85 had not been returned. However, number of persons data by 

age category were not collected in the RT85. 

There are some other interesting features of the number of 

persons data, but they are outside the scope of this presentation. 

For example, in the EL87 results, the mean number of persons (at 

3.3 or 3.1) is high in Table 22, and in Tables 23 and 24 there is a 

relatively large drop (from 59% to 52% and 60% to 48%, 

respectively) in the percent of sites with two working age persons. 

The result could be just sampling variation. 
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4.5 Energy Consumption Related Behavior 

Behavioral variables in the analysis included temperature 
preferences, the number of rooms not heated or closed, daytime 
occupancy, and periods of vacancy. 

The occupant behaviors which were believed to be related to 

energy consumption and which were analyzed for this report 

consisted of indoor temperature preferences (Section 4.5.1), 

closing off andjor not heating rooms (Section 4.5.2), and daytime 

occupancy at the site (Section 4.5.3). The results were prepared 

for inclusion in this section as displayed in the following. 

4.5.1 Temperature Preferences 

Same-occupant householders may have increased their daytime 
thermostat settings. 

The mean reported temperature was calculated for the two time 

periods: 1) during the day when someone is home, and 2) at night 

when the household is asleep. The data were summarized in Table 25. 

Where the data indicted a thermostat was set "off," the data were 

excluded form the calculations. 
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Table 25. Mean Temperature Preferences by Time of Day and Number 
of Sites for Six Data Collections by Site Occupancy and Data 
Presence Classification. 

All Occupants Same Occupant - 87 Same Occupant - 87 
Any Data Present Data Present 83-87 Data Present 83-88 

Data 
Source N Mean N Mean N Mean 

Day Time Temperature - Someone Home 

PNWRES83 246 69.5 117 69.1 106 69.0 
RM85 251 69.0 117 68.5 106 68.4 
RT85 248 70.0 117 69.5 106 69.5 
EL86 221 69.8 117 69.5 106 69.4 
EL87 194 70.1 117 70.1 106 70.0 
EL88 206 70.4 106 70.2 106 70.2 

Night Time Temperature - Household Asleep 

PNWRES83 215 62.9 111 63.1 96 62.8 
RM85 240 62.8 111 63.3 96 63.0 
RT85 237 62.8 111 63.5 96 63.6 
EL86 (Data not collected) 
EL87 196 62.9 111 63.4 96 63.1 
EL88 204 63.5 96 64.2 96 64.2 

There was an overall increase in the daytime temperatures for 

each of the three subsets with the largest increase being 1.2 

degrees from 1983 through 1988 for the S0-87 and S0-88 subsets. The 

night time means, while lower than the daytime means, suggested an 

increase when the 1983 results were compared to those for 1988. 

4.5.2 Number of Rooms Not Heated/Closed 

The data collection methods left numerous conundra regarding 
unheated and closed-off rooms. 

All of the surveys asked questions that would assess zoning. 

"Zoning" is a term applied to the practice of closing off and not 

heating a portion of a residence suited for use as living space 
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(e.g. a bedroom, den, library, etc.). 

The mean number of rooms at the sites (Section 4.2.2) is related 

to the structural nature of the site. Results on the number of 

rooms involved in zoning is included here as a behavior having an 

effect on energy consumption. 

The zoning results have not been tabulated in a single table 

because the wording of the survey items differed considerably from 

survey to survey. The description of the individual tables 

indicates the nature of the item used to collect the information on 

not heating or closing off rooms. 

Based on the PNWRES83 data, the mean number of rooms which were 

reported to have been "not heated" for each of three subsets of 

sites, was as shown in Table 26. 

Table 26. Mean Number of Rooms Not Heated and Number of Sites 
for the 1983 Interview Data Collection by Site Occupancy 
and Data Presence Classification. 

All Occupants 
Any Data Present 

Same Occupant - 87 
Data Present 83-87 

Same Occupant - 87 
Data Present 83-88 

Data 
Source N Mean N Mean N Mean 

PNWRES83 263 0.99 132 1. 02 117 0. 96 

The RM85 instructions for the question on rooms "not heated" 

contained language suggesting that a closet might be included in 

the count of rooms, but not a garage. The instructions defined a 

"heated" area as: 

"a comfortable place to rest, read, study or watch television 
year-round. An area is also 'heated' if it is a small area 
that is surrounded by heated space- for example, a closet." 

In conducting the RT85, the number of rooms data were collected if 

a RM85 had not been received. However, unlike the RM85 

76 



instructions, the RT85 instructions stated: 

"A room is considered not heated if the door is closed and the 
heat is shut off or vents closed." 

Since the definition of "rooms not heated" differed in the two 1985 

surveys, the RT85 data were not used to supplement the RM85 data 

for the twenty cases where RM85 data were missing but RT85 data 

were present. The results were as shown in Table 27. 

Table 27. Mean Number of Rooms Not Heated and Number of Sites 
for the 1985 Mail Data Collection by Site Occupancy and Data 
Presence Classification. 

Data 
Source 

RM85 

All Occupants 
Any Data Present 

N Mean 

232 1. 69 

Same Occupant - 87 
Data Present 83-87 

N Mean 

132 1. 66 

Same Occupant - 87 
Data Present 83-88 

N Mean 

117 1. 68 

With respect to the RI85/86, the inspector counted rooms as 

"unconditioned" if it had no permanent space eating equipment 

directly servicing it. The mean number of such unconditioned rooms 

was tabled in Table 28. 

Table 28. Mean Number of Unconditioned Rooms and Number of Sites 
With Data for the 1985/1986 Residential Inspection Data 
Collection by Site Occupancy and Data Presence Classification. 

Data 
Source 

RI85/86 

All Occupants Same Occupant - 87 
Any Data Present Data Present 83-87 

N Mean N Mean 

244 1. 05 132 1. 05 

In the EL86, two questions asked: 
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Same Occupant - 87 
Data Present 83-88 

N Mean 
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"Are there any rooms in your home that are not heated during 
most months when heating is necessary?" 

and 

"If yes, please indicate how many of each of the following 
rooms are not heated:" (a list followed). 

No attempt was made to define what was meant by "not heated" in the 

EL86 instructions. When interpreting Table 29, the lack of 

definition should be kept in mind. 

Table 29. Mean Number of Rooms Not Heated and Number of sites 
With Data for the 1986 Mail Data Collection by Site Occupancy 
and Data Presence Classification. 

Data 
Source 

EL86 

All Occupants 
Any Data Present 

N Mean 

221 1.10 

Same Occupant - 87 
Data Present 83-87 

N Mean 

132 1.14 

Same Occupant - 87 
Data Present 83-88 

N Mean 

117 1.14 

In the EL87 and EL88 the question about rooms offered the 

possibility that rooms could be classified into five different 

categories. The category coming closest, we believed, in content to 

items in the other surveys was "closed off and did not heat at 

all." The EL87 and EL88 results were placed in Table 30. 

Table 30. Mean Number of Closed and Not Heated Rooms and Number 
of Sites With Data for the 1985/1986 Residential Inspection 
Data Collection by Site Occupancy and Data Presence 
Classification. 

All Occupants Same Occupant - 87 Same Occupant - 87 
Any Data Present Data Present 83-87 Data Present 83-88 

Data 
Source N Mean N Mean N Mean 

EL87 224 0.66 132 0.63 117 0.63 
EL88 201 0.68 117 0.55 117 0.55 

78 



4.5.3 Daytime Occupancy and Vacant Periods 

Daytime occupancy of the homes showed a slight decrease. 

Another behavioral variable influencing energy consumption is 

measured by the amount of time the site is occupied. Related 

information was collected in the PNWRES83, RT85, EL87 and EL88. In 

1983, 197 (75%) of the 263 sites were occupied from 9:00 am through 

5:00 pm In 1985, 181 (73%) of 249 respondents indicated someone was 

regularly at home at least half the time between 8 am and 5 pm on 

weekdays. In 1987, 169 (71%) of 237 respondents indicated that 

during the past heating season someone was usually home and the 

house was heated at least half the time between 9 am and 5 pm 

weekdays. In 1988, 141 (70%) of 202 respondents to the same 

question used in 1987 reported affirmatively. 

Information on time periods of at least one week for which 

"you did not use any of your appliances, heating or cooling 
equipment, or any other large equipment, because you were away on 
vacation, on business, were hospitalized or for some other 
reason" 

was collected in 1983 and 1986. The PNWRES83 included a time 

reference of "since September, 1981," while the EL86 time reference 

was "since May 1, 1985. 11 "Yes" was indicated for 91 (35%) of 263 

sites in 1983, and for 97 (44%) of 221 respondents in 1986. The 

1983 time reference was about one-and-one-half years, while the 

time reference for the 1986 data was about one year . 
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5. DISCUSSION 

Results are discussed in the same framework as used in their 
presentation, then some general comments. 

This section was prepared to discuss the results just presented. 

First, the major topics of the results are discussed. Then, a 

broader look at the results, implications and limitations. 

5.1 Site Descriptor Variable Statistics 

Findings on possible PNWRES83 differences plausible. 

The possibility that the stable occupancy sites differed in 

terms of variables in the PNWRES83 may be worthy of further 

investigation as a research topic. More accurate and complete data 

on the occupancy history of the site would be useful so as to allow 

better determination of whether the occupants did actually change. 

In the analyses which were reported here, many of the sites were 

placed in the non-S0-87 or non-S0-88 group because the data needed 

to classify the site any other way was not present in the file. , 

The data on the probability of occupant change which were used were 

not based on sources of information about occupancy changes such as 

the waivers signed by the occupant and the utility billing records. 

It made sense that families earlier in the family life-cycle, 

with younger children and with lower incomes in smaller homes, 

would tend to change residences more often than families at a later 

stage in the family life-cycle. Thus, the characteristics of the 

occupants of stable occupant sites would differ as found in the 

results. 
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5.2 Site Shell and Structure 

Further effort needed to analyze the additions data. 

------------------------------------------------------------
There were a number of difficulties associated with the 

structural additions data. It was difficult to define the 

appropriate base number of cases to be used in calculating the 

percentage of residences with an addition because of the missing 

data. The same addition was reported more than once in some cases 

and in other cases there were inconsistencies. The analysis called 

for consideration of each site's data on an individual basis and 

developing rules for assigning the size of addition. The questions 

used in the surveys varied so that data on any addition to living 

space was counted in one survey, but only space which required 

heating was counted in another. Also, the area measurements made in 

the RI85/86 were such that they were not useful in calculating the 

living area of the residence as was done in the PNWRES83. For 

example, garage area was included as unconditioned (i.e. without a 

permanent space heating fixture) square footage the same as was 

the area of an unconditioned bedroom. 

Due to these difficulties, calculating a residence square 

footage estimate corresponding to the measure made during the 

PNWRES83 was not done. Also, time did not allow determination of 

the most likely size of the addition for those cases with some 

data. For the interested reader, the raw data on the additions is 

included in Appendix C. 

The number of rooms data was not very helpful as a measure of 

house size because of differences in the way the measure was 

defined in the different data collections. 
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Since only one report of an addition was found in the SCCF data, 

it appeared that occupants of the sites did not report additions 

for recording ' at PNL using the SCCF. If additions were supposed to 

have been reported, the findings on additions may indicate the 

occupants may have been nonresponsive in reporting changes. 

5.3 Electrical Equipment 

Changes in fuel would result in decreased electrical space 
heating consumption. 

The results on fuel switching, weatherization changes and 

upgrading of equipment would lead someone to expect lower 

electricity consumption. At least for the same occupant sites, the 

data on addition of equipment or appliances did not provide 

evidence of changes of a nature to counterbalance the factors 

leading to less consumption. 

Some of the changes indicated in the electrical heating 

equipment results may have resulted from the respondent's confusion 

of heat pumps and central forced air systems or confusion of 

radiant panel heat and baseboard heating systems. 

The finding on the number of woodstoves identified in the 

RI85/86 as compared to the number identified using the survey data 

may be cause for concern in analysis of the energy consumption 

data. The woodstoves which did not appear as part of the heating 

fuel and equipment analysis may be more for recreational use, as 

some fireplaces, rather than for heating purposes. Their presence 

in the home would, in some cases, make it easy to switch to wood 

heating. 

The results on replacement or alteration of water heating 

82 



systems were not complete because there was not very much data in 

the files concerning such changes. The EL86, EL87 and EL88 did not 

request information about water heater replacements or alterations. 

So, changes in the water heating systems could not be analyzed 

except as in the analysis using the RM/RT85 and RI85/86 data which 

has been included here. 

5.4 Occupant Demographics 

Family life-cycle changes may be a factor to consider in 
the energy consumption studies. 

The demographic variables which were analyzed included occupancy 

stability, income, and the number of persons by age category. As 

mentioned above, PNL has the data, including information on the 

agreements signed by occupants and information from the utilities, 

to help make the analysis of occupancy stability more complete and 

accurate. 

The results on income appeared to be plausible. However, the 

attempt at estimating income as a dollar amount from the income 

category data did not appear to give consistently good results. 

A better procedure for converting from the income categories to 

the more meaningful estimates in terms of dollars was needed. 

However, time did not allow refining the income estimates used in 

the analysis. 

The results on the pattern of age category changes, like some 

other results cited above, would suggest that the sites might 

display decreasing electrical energy consumption over the period of 

the study. In a previous report (Bavry, 1987), based on an analysis 

of the PNWRES83 number of persons by age category data, it was 
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found that a closely related subset of 323 ELCAP sites might have 

been typical of families in the middle-age, higher energy 

consumption, part of the family life-cycle, with fewer very young 

and retirement age occupants. The results of Table 24 are 

indicative of a trend to be expected given the results of the 

previous report. 

Despite the differences in the exact samples used, discovering 

ELCAP sites were higher in 1982 consumption than other PNWRES83 

cases with utility billing data (Bavry, 1989, c), suggested that 

regression toward the mean could be expected (i.e. to the extent 

that site selection factors were positively correlated with 1982 

electrical consumption, the elevated consumption could be expected 

to fade through time) . 

5.5 Energy Consumption Related Behavior 

Was there a tendency for older persons to prefer higher room 
temperatures? 

Comparison of the RM85 and RT85 temperature preference reports 

were interesting because of the difference in the way the two 

measures were collected. In the RM85 the respondent was asked to 

draw an arrow on a circular figure with temperatures designed 

like on many heating system thermostats. The instructions included 

an example showing an arrow drawn to indicate 68°. It was possible 

0 the example biased the respondents towards 68 , and results 

supported such a contention. 

With regard to the temperature preference results, Darwin et al 

(1986, p. 5.17) showed results suggesting RT85 respondents in sites 

with older residents reported higher "home and awake" thermostat 
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settings than other sites. The results of the current analysis were 

in line with such an interpretation. This was one indicator which 

gave results contrary to the factors which could be construed as 

contributing to less energy consumption at the same occupant ELCAP 

sites. Any potential increase would be enhanced if retirement age 

individuals tend to be at home more during the day. 

As indicators of change, the results on unheated rooms and room 

closures were weak because the measures used were not very much 

alike. The RI85/86 data were of limited use in the analysis of 

change because the inspection measures did not correspond very well 

to other measures. 

The daytime occupancy rate and the rate of being away from the 

home for extended periods may have been fairly stable over time, 

but an improving economy could lead to less daytime occupancy 

(higher employment rates) and increased funds for vacations. On the 

other hand, older persons may have been more likely to be home 

during the day, which is germane because of the aging of occupants. 

5.6 General 

The study was limited in important ways and much remains 
to be done. 

It would have been preferable to work with complete data for 

all the sites. In analyses based on the ADP subsets, unless the 

pattern of missing data was the same for different variables, the 

analysis was done on a variety of subsets of the data. The results 

may have been distorted in unknown ways. However, confining the 

analysis to the COP sites might also have distorted the results. 

Further analyses designed to cope with the missing data problem may 
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be worthwhile in the future. Though the results for the S0-87 

subset of sites with complete data from 1983 through 1988 were 

reassuring, they should be replaced with S0-88 results. 

In the results on disagreement between two items thought to be 

measuring the same thing in a common time frame, the disagreement 

could be attributed to various factors resulting in errors in the 

measurements for individual sites. Despite errors with regard to 

the sites, the estimate of the total or a proportion for all sites 

could still be an unbiased and accurate estimator. The difficulty 

would arise, in the case of the data on weatherization audits, for 

example, in identifying for which individual cases an audit had 

actually been done without a previous audit. For another example, 

a problem would arise in determining at which sites the water 

heating system had actually been altered by replacement or 

addition. All combinations of classification and logical error 

would be possible, not only those showing obvious disagreement such 

as in Table 12, but others such as the error of supposing the 1983 

"yes" and 1985 "yes" cases referred to the same audit, when two 

audits may have been performed, one before the PNWRES83 and another 

afterward. 

There are other kinds of errors to guard against. For example, 

fuel switching may go undetected when more than one switch is made 

but the data indicate no switch occurred. Such can occur because it 

is difficult to ascertain what has occurred in between the 

measurements being made. In the case of the winter of 1986, data on 

most used fuel was apparently not collected. Thus, fuel switching 

during the 1986 heating season would go undetected. 

Studies of change have methodological problems unique to such 

studies (Harris, 1967; Chronbach & Furby, 1970). As regards 
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measurement problems, it is much more difficult to measure change 

at the individual site level than it is to measure an overall 

change at the group level, where measurement errors will tend to 

cancel each other. Because of the disagreement found in the 

results, it appeared that the ELCAP characteristics measures would 

give much better results if used to define aggregates of sites for 

study, rather than to isolate individual sites. However, even at 

the group level, the errors of measurement will weaken results. 

Much work needs to be done to standardize and document the 

data, add to the results in terms of the measures analyzed so far, 

and analyze the measures which were not analyzed for this report. 
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APPENDIX A. Computer Programs and Data Files 

This appendix was prepared to provide details for those needing 

to identify and access the computer programs and files used in 

performing the analyses. 

A program which drew selected data from an existing supplemented 

BPA copy of the PNWRES83 data (called SURBIL83, in OS dataset 

RPEE.RANAL.JLB.BPAPNW83.TD032886.SASDS) was in Roscoe library member 

CCR.A83LCAP2. It output a SAS library member called ADDELCAP to the 

same OS dataset containing SURBIL83. 

A second SAS program (in Roscoe member CCR.A83LCCHN) was used to 

output a summary of the file containing the data collected using the 

SCCF. The program output a SAS member named ADDSITEC to the SAS 

library in the OS dataset : 

RPEE.RANAL.JLB.ELCAP.CHANGE.SASDS. 

The results from many of the data collections were made available 

for assessment and analysis as part of 44 Statistical Analysis 

System (SAS, 1985) library members. They contained over 2,400 

variables for the 263 sites analyzed. The SAS library members were 

in OS dataset RPEE.RUROO.WHM.USRD.SASLIB (USRD, for short) 

A third SAS program (in Roscoe member CCR.A83LCAP3) was 

formulated to merge ADDELCAP and ADDSITEC with selected data from 

the USRD SAS library members. This program saved a SAS library 

member called ELCAPCOM to be used in the analysis of change. It 

calculated a number of derived measures (e.g. the total number of 

rooms in the site) to be used in the analysis and performed other 

operations. The output SAS member was saved in the same OS dataset 

as the ADDSITEC member (see above). ELCAPCOM contained just over 

1000 variables to be used in checking and analyzing the data. 

Further SAS programs performed the analyses. 
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APPENDIX B. Data Quality Assessment 

USRD Tasks to be Done: 

develop a comprehensive and coherent data coding and 
documentation plan so the coding and documentation is 
consistent across files (how will blank responses be coded?); 

make a code book for each instrument such as was done in the 
case of the PNWRES83 codebook; 

update the variable labels so they all contain the question number, 
are as meaningful as possible, easy to read, and follow a 
standard style or syntax; 

perform data quality and correctness checks on every file, 
including the PNL version of the PNWRES83 data and each 
of the files containing data summarizing or derived from 
other files; 

assemble good copies of all the data collection instruments 
used, cover letters and instructions (were there any 
instructions?); 

provide Consumer Assessment Data Library type information 
explaining the background of the data, an overview of 
the sample design and existing documentation, and how 
the data were collected, by whom, etc. (provide details 
for each data collection) ; 

each file (SAS library member) should have its own 
documentation which includes the update history and 
programmer identification. Missing data reports would be 
useful; 

copies of the programs used to transform the data should be 
documented and included as part of the documentation 
available to analysts; 

set up a procedure for logging and correcting problems with 
the data; 

the data on additions to the homes needs to be clarified, and 
perhaps a measure of the site's living space can be made using 
the site floor diagrams; 

temporary variables used as intermediaries in calculations 
should be dropped from the saved SAS members; 

should some final checks be made in light of the inconsistencies 
found in the analysis of change? 
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Quality Assessment (Continued, page 2) 

Some Details and Detailed Suggestions: 

the documentation d i d not al l ow deciphering (with certainty) the 
source of RI001F and RI001H (probably inspection items 10 and 
28) • 

when imputed 0 values are coded as "A," (as in the 1988 
data) the percent of positive responses is not 
calculated; 

heat pumps were not coded as "HCx" as stated in Schwab and 
Cowley, p. 4.6 - also, code(s) missing, details missing; 

in the RT, the number of rooms not heated was coded as "not 
applicable" if the number of rooms of the type was zero; 

some SAS formats and labels are missing; 
the heating equipment data coding results in incorrect 

labeling of non-wood equipment; 
make separate fields for heating fuel types and RIMOD additions 

and renovations (planned versus actual distinction) ; 
there are duplicate site IDs for site 90 in ELCAP87 and site 

113 in RI026; 
in the additions data, variable EL8059 has 33 sites with 0 

squared feet as the size of an addition, additions are doubly 
reported, the area reports vary, in one case the area report 
was absent from the inspection data; 

there are mislabeling, miscoding or another problem with PNW190-192, 
ZRI16A, and KS017; 

the out of range conservation step responses for 24 RT cases - what 
or why are they?; 

some bad codes in the RIMOD file need correction; 
KS017 changes from being the 1983 measure of living area to the RI 

measure of conditioned area for many cases; 
some information concerning the sampling frame stratification 

cell for the PNWRES83 cases is missing (SFLAGSA does not 
correspond to what is in the sample description document) ; 

an audit trail is needed to track down problems with case IDs and 
recreate the path followed in assigning cases to the Base and 
other groups; 

some derived variables (EL7200-EL7205) need to have a Z prefix 
added to conform to the scheme established for other variables; 

character variables need to be converted to numeric; 
create and document variables combining the data from the 1985 

mail and telephone surveys for those items where the data were 
in either the mail or telephone survey (e.g. RMT036 could be 
the data from either the mail or telephone survey corresponding 
to the variable RM036); 

one of the files containing derived variables could include 
some composite measures of the number of weatherization steps 
taken at the site; 

extrapolation of the categorical income data to dollar amounts 
might be useful; 

a content analysis of the verbatim item responses could be done 
to see if useful categories emerge (some of this has been done) ; 
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Quality Assessment (Continued, page 3) 

the data for homes with multiple water heaters may need more 
work; 

see if it is possible to obtain a better determination of 
occupancy change than available using the SAME data, perhaps 
from other records such as monitoring agreement changes or 
utility billing records. 

Characteristics of the Data an Analyst May Want to Know About: 

imputation of values may be needed for items left blank in the 
1985, 1986, 1987 andjor 1988 files for number of people, 
number of appliances, number of ovens, number of showers, 
wood heating equipment, structure changes, actions taken 
and degrees Fahrenheit; 

a contingency table or some other control technique is needed to 
analyze the heating equipment data and RIMOD additions and 
renovations data (any others?); 

the number of rooms data from the RI is quite a bit higher, 
overall, than the counts from the surveys, and may include 
more small basements; 

also, the number of bathrooms is not included in the 1983 data; 
equipment usage data were not collected as part of the RI, so the 

equipment (e.g. refrigerators) may not have been in use; 
disagreement of similar data items is not at a low level, but the 

data were checked and will have to be used as they are given; 
the survey items used to collect the same information varied 

in the surveys (e.g. four orders were used in listing the 
room types) and this can be a source of variation in the 
results; 

be careful of the coding differences between the surveys (mail 
versus telephone, especially) and within the telephone survey 
for the heating systems items and the conservation steps; 

in examining the fuel usage patterns, it should be kept in mind 
that some occupants agreed not to use wood as a fuel for a 
certain length of time; 

the RT file indicates the RM was returned, but no data is in the 
RM file for 1 case; 

the RT indicates the RM was not returned, but RM data is present 
(which answers to use?) for 5 cases; 

the thermostat setting data were gathered in both the RM and RT 
surveys; 

the BPA has two versions of some of the files and the versions 
differ somewhat in coding conventions; 

also, the different versions have different format libraries; 
some confusion may result because at different times items were 

included in different categories (e.g. weatherization was 
sometimes included under renovations and other times as a 
conservation step or "installed or added" item) 
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