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family Dwellings: Prog m Year 1989 
At a Glance 

Number of Agencies 
Nanmber of Watheri7;ed Dwellings with Agency Dataa 
Nusnker of ~~~~~~~~e~ Providing Data 
Number of Weatherized Dwellings with Utility Datab 

368 (of 400 in original sample) 
14,971 (of 18,748 in original sample) 

543 (of 926 contacted) 
4,796 (of 13,162 gas or electrically heated dwellings) 

c'rs 

Gas (50.6% of weatherized homes) 
Electricity (9.5% of weatherized homes) 

All fuels (100% of weatherized homes) 
mph Gas Savin= 

Cold climate region 
Single-family detached 

16) exemplary agenciesc 
dwellings 

Hot climate region 
Mobile homes 

All fuels 

Gas Savings 
EQmtricity Savings 
Savings of All Fuels 
NoBicsneergy Benefits 

? f O $ r n  B/C Ratid 

SOGiC8;11 Is/c Ratiof 

a;- 

V~iskdhtion B/C Ratioe 

tu of conserved gas 
Cost per kWh 01 cornserved electricity 

Per Dwelliag 

17.3 MBtu 
6.2 MB tu (site) 

18.9 MBtu (source) 
17.6 Ml3tu (source) 

23.5 MBtu 

18.4 MBlu 
34.7 MBtri 

9.1 MBtu 
12.0 MBtu 

v 
13,096 
12.2% 

13.5% 

17.7% 

14.1% 
23.7% 

10.9% 
12.0% 

of 

18.3% 
35.9% 

18.2% 

24.9% 

19.9% 
33.4% 

15.4% 
16.9% 

69.7 million MBlu's or 12 million barrels of oil 

$lQl/dwelling $1,6C)S/dwelAing 

$816/dwelling $ 9 ~ ~ / d W ~ ~ ~ ~ ~ ~ ~  

$128/dwelling $l,728Jdwelling 
$1 16/dwelling $ 1 , 6 ~ ~ ~ w ~ ~ ~ ~ ~ ~  

Electricalh H M  
1.06 1.13 1.09 
1.58 1.69 1.61 
1.61 2.33 1.72 

$4.60 (vs avemge weighted retail price of $5.90)g 
W.04 (vs avenge weighted retail price of $O.M9)g 

Agency data included information on household demographics, weatherization procedures, measures installed, and costs. 
Utility data were used if they included at least four meter readings pre- and post-weatherization and passed a number of other data 
quality checks. Ninety percent of the dwellings with complete utility data had gas heat. Complete data also were available on 3,226 
gas.--!ieated cont~ol dwellings and 429 electrically heated control dwellings. 

c A geographically dispersed set of 10 exetnplary agencies was sampled for analysis in the second phase of the Single-Family Study. 
d R e  program benefit/cost ratio compares the discounted value of energy swings to total program costs with an assumed lifetima of 

20 years and a discount rate of 4.7%. 
Thc installatinn bmrefit~cost ratio compxes the discounted value of energy savings to installation-related costs with an assumed 
Aifctime of 20 y e w  and a discount rate of 4.7%. 
'rhe societal benefitjcost ratio cspmpares the discounted value 'of both energy and nonenergy benefits (such as employment asid 
~~~y~~~~~~~~~~~ impacts) to total p r~gram costs with an assumed lifetime of 20 years and a discount fate of 4.7%. 

eloped by weighting average State prices according bo the proportions of PY 1989 weatherized, dwellings 

f 
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Air Leakage: 

Air Leakage Control 
easures: 

Air Sealing: 

Attic Insulation: 

Blower Door: 

Clean and Tune: 

Cold Region: 

Community Action Agency: 

Community Services 
Administration: 

Component Retrofit: 

Contractor: 

C6mtroI Dwelling: 

The loss of conditioned air through air paths in the dwelling’s 
structure. 

Updating ~:onaponcnts of the heating syskmsc. cooling sysiersr, PT 
water heating system for cneagy efficiency and Bnealtb and sdfety 
reasons. 
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Cool Seal: 

CRW: 

Dwelling-specific Data: 

Elderly Person: 

Eligible Dwelling-Unit: 

Fuel-Oil Study: 

Grantec: 

Gross Energy Savings: 

High-density Multifamily 
Study : 

Hot Region: 

Incidental Repairs: 

Primarily a mobile hoarse measure which seeks to reduce cooling 
load by reducing heat transkrence througlii the roof of the 
s t luclu re. 

In-house workers for Iocd agencies who insEall weatherization 
1neasu res. 

Refers to the database which contains data. on dwelling and occupant 
clndracteristics, measures installed, costs, and service delivery 
procedures for each dwelling iii the reeprcsentativr: national sample. 
These data come from 'local agency records. 

An individual who is 60 years of age or more. 

A dwelling unit which is occupied by: (1) a family wliose income is 
less than the 125% of poverty guidelinmc set by the Dircctor of the 
Office of Managemcnt and Budget; (2) by a family member who 
has received cash assistance paymcnts under title TV or XVI of the 
Social Security Act; or (3) a family member who qualifies under 
other applicable State law at any time in the past twelve months. 

Component study of the National Weathehation Evaluation which 
focuses oil ilwe!lings that are hcatcd primarily with fuel oil and that 
are located in the Noili?east. 

The State or othcr enlity named in the Notification of Grant Award 
as the recipient of Program funding. Also called State Agency. 

Calculated by subtracting Uirj post-NAC from the pre-NAC for each 
dwelling m d  snmaring across dwellings to obtain an average. Gross 
savings arc: calculated for '00th wcatherizcr", and control dwellings. 

Component btudy of the Natiorial Weathei-kation Evaluation which 
focuses on high-density multifamily dwellings (five or inore units). 

For the purposes of this study, includes the States of Arkansas, 
Louisiana. Tennessee, Mississippi, Alabama, Georgia, South 
Carolina, North Carolina, Florida, hrizona, Ncw Mexico, Texas, 
Oklahoma, and the southern California region. 

Structural repairs necessary for effective application of 
weatherization measwcs. Coinmon incidental repairs include 
window, door, and roof repair. 

Installation-Related Overhead: Common expenses associated with weatherization field work, such as 
vehicles, travel time, equipment, field supervision, insurance, 
training, and contractor profit, 

Large Agency: A local agency wliich weatherized 480 or more homes in PY 1989. 

Low-Income Home Energy (LIMEAP) The federal progi-am administered by the U.S. Depart- 
Assistance Program: ment of Health and Human Services, which asqists low-income 

huuscholds with their home energy costs. 
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Medium Agency: 

Moderate Region: 

Net Energy Savings: 

Normalized Annual 
Consumption (NAC): 

Petroleum Violation Escrow: 

Post-N AC: 

PE-NAC: 

Program Management Cost: 

Program Year: 

RimDand Joint Insulation: 

Single-Family Study: 

Small Agency: 

Weatherized Dwelling: 

Window Film: 

A local agency which weatherized more than 1 0 0  and less than 400 
homes in PY 1989. 

For the purposes of this study, includes the stales of Washington, 
Oregon, Nevada, Northern California, Utah, Colorado, Nebraska, 
Kansas, Illinois, Indiana, Iowa, Ohio, Kentucky, Missouri, West 
Virginia, Virginia, Delaware, Maryland, Pennsylvania, New Jersey, 
Ncw York, Massachusetts, Connecticut, and Mode Island. 

Calculated by subtracting the average gross savings for control 
homes from the average gross savings for weatherized homes. 

A weather-adjusted index of consumption which indicates what 
annual energy consumption would be under typical weather 
conditions (based on a ten-year average). 

(PVE) Funding source for State and local weatherization agencies. 
Funded by court fines and penalties from energy manufacturers and 
distributors for unfair business practices. 

Normalized Annual Consumption for the year after weatherization. 
The post-NAC period in this evaluation is typically defined as 
April 1, 1990 through March 3 1, 199 1. 

Normalized Annual Consumption for the year before 
weatherization. The pre-NAC period in this evaluation is typically 
defined as April 1, 1988 through March 31, 1989. 

Includes costs associated with intake and eligibility checks; audits 
and assessments; final inspections; contractorlcrew management; 
program administration; and program evaluation. 

Generally defined as April 1 - March 31 of a given year. 

The use of an insulator to rcduce energy transference at the 
inlersection of walls, floors, ceilings, or other dwelling structures. 

Component sludy of the National Weatherization Evaluation which 
focuses on single family dwellings and small multifamily dwellings 
(2-4 units) and is based on a representative national sample. 

A local agency which weatherized 100 or less homes in fY 1989. 

A dwelling which was weatherized by the DOE Program in the 1989 
Program Year with DOE funds (entirely or in part) or with funds 
from other sources that were used according to DOE regulations. 

A film that reduces excessive warming of a dwelling due to direct 
sunlight. Film, as opposed to window shades, is transparent. 





EXECUTIVE SUMMARY 

Since 1976, the U.S. Department of Energy (DOE) has operated one of the largest energy 
conservation programs in the nation - the low-income Weatherization Assistance Program. The 
Program strives to increase tlne energy efficiency of dwellings occupied by low-income persons in 
order to reduce their energy consumption, lower their fuel bills, increase the comfort of their homes, 
and safeguard their health. It targets vulnerable groups including the elderly, people with disabilities, 
md families with children. 

The most recent national evaluation of the impacts of the Program was completed in 1984 
based on energy consumption data for households weatherized in 198 I .  DOE Program regulations 
and operations have changed substantially since then: new funding sources, management principles, 
diagnostic procedures, and weatherization technologies have been incorporated. Many of these new 
features have been studied in isolation or at a local level; however, no recent evaluation has assessed 
their combined. nationwide impacts to date or their potential €or the future. 

In 1990, DOE initiated such an evaluation. This evaluation is comprised of three “impact” 
studies (the Single-Family Study, High-Density Multifamily Study, and Fuel-Oil Study) and two 

k y ”  studies.1 Altogether, these five studies will provide a comprchensive national assessment of 
the W e a ~ ~ ~ ~ ~ ~ ~ ~ n  Assistance Program as it existed in the 1989 Program Year (PY 1989). 

it presents the resulls of lhe first phase of the Single-Family Study. Et evaluates the 
energy savings and cost effectiveness of the Program as it has been applied lo the largest portion of 
its client base - low-income households that occupy single-family dwellings, mobile homes, and 
small (2- to 4-unit) multifamily dwellings.2 It is based upon a representative national sample that 
covem the €till range of conditions under which the program was implemented in YY 1989. 

oalis af the Study 

Phase one of h e  Single-Family Study has two principal goals: 

1 The two policy studies address additional aspects of the program, but are not designed to provide estimates of 
energy savings or cost effectiveness. They include: 

a characterization of the WAF’ network‘s capabilities, technologies, procedures, staff, and innovations; and 
0 a profile of iow-income weatherization resources, the weatherized population, and the WAP-eligible 

population that remains to be served. 
2 Using households below 125% of the poverty line as the eligible populaiion and excluding public housing, data 

from the 1987 Residential Energy Consumption Survey indicate that 83% of the WAP-eligible population resides 
in single-family or small multifamily dwellings (Ekergy Information Administration, 1989). In the 1990 RECS, 
the pp~lportion was very similar, 84% (Response Analysis Corporation, 1993). 
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estimate the energy saved nationwide by the Program during the first year after 
participation in PY 1989; and 
assess prograni cost effectiveness. 

In addition, it has three secondary goals: 

assess nonencrgy impacts, such as employment and erivironmental externalities; 
analyze factors that influence energy savings and cost effectiveness; and 
identify promising weatherization opportunities for the future. 

Each of these secondary goals will be a major focus of the second phase of the Single-Family 
Study, which will involve a process evaluation of high-performing local weatherization agencies and 
the collection and analysis of on-site field data on dwelling and occupant characteristics. The third 
phase of the Single-Family Study will look at the persistence of energy savings two and three years 
after weatherization in PY 1989. 

The evaluation design for the Single-Family Study consists of a treatment group of dwellings 
weatherized in PY 1989 and a control group of applicants for weatherization services. The details of 
this design were developed with the assistance of two working groups, and thus reflect the experience 
and knowledge of evaluation and weatherization experts.3 

Sampling Desi 

A representative sample of weatherized and control dwellings was used to estimate national 
and regional program impacts. Because of the difficulty and expense of obtaining data from large 
numbers of utilities and local weatherization agencies, a two-stage, cluster sampling technique was 
used to select the representative national sample. A sample of 400 local weatherization agencies was 
selected in the first slage. The second stage produced a sample of 18,748 weatherized dwellings 
(13,162 that heated primarily with gas or electricity and 5,586 that heated primarily with other 
fuels),4 and 11,795 gas- or electrically heated control homes. The sample was restricted to dwellings 
weatherized entirely, or in part. with DOE funds or with funds from ot"lacr sources that were used 
according to DOE weatherization regulations. 

Data Callectio 

See the Acknowledgments for a list of working group members. 
Gas- and electrically heated dwellings were oversampled in order to ensure reliable energy-swings estimates. 
Natural gas was the primary heating Fuel for 51% of dwellings weatherized by the WAP during PY 1989, and 
electricity was the primary heating fuel for 10%. 
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Four types of data were collected for the sampled dwellings: 

dwelling-specific dala on dwelling and occupant characteristics, weatherization measures 
installed, and material and labor costs; 

w weather data. 

agency-level cost data on overhead and management costs; 
utility data on fuel consumption; and 

Dwelling-specific and agency-level data were requested from each of the 400 agencies 
selected for the sample of weatherized homes. The cooperation of agency directors resulted in 
minimal sample attrition: data wcre received ora. 14,971 weatherized dwellings, or 80% of the original 
sample of 18,748 homes. 

Fuel-consumption data were requested from the 926 utilities which provided gas and/or 
electricity to those weatherized and control dwellings that heated primarily with gas or electricity. No 
effort was made to gather fuel consumption records for dwellings that heated primarily with other 
fuels such as fuel oil, kerosene, propane, wood, or coal. Despitc extensive follow-up activities, 
attrition was significant: utilities provided coniplele data for only 4,796 (or 36%) of the 13,162 
weatherized dwellings that heated primarily with gas or electricity, and 3,776 (or 32%) of the 11,795 
control dwellings. 

Data on average daily temperatures for weather stations in proximity to the local 
weatherhtion agencies were sbtaincd from UIG National Climatic Data Center. 

ata Analysis 

The representative national sample was deslgncd lo be large enough tu provide estimates of 
national program energy savings for PY 1989 that were within 10% of the mean at the 90% 
confidence level. In addition, estimates of energy savings were to be sufficiently precise to enable 
comparisons across the following key subgroups: 

9 

climate region (cold, moderate, and hot -- SCF Figanrc A.6); 
primary heating fuel (gas, elcctric, 3rd slhct); 

housing type (single-family, small mullihmily, anobik homes); and 
agency size (small, medium, and l a r g ~ ) . ~  

These same subgroups are used to examine dwelling and occupant characteristics, weatherization 
activities and casts, and cost effectiveness. 

- 

Small agencies weatherized 100 or k w c r  dwellings in PY 1989, mcdiurn-sized agencies weatherized more than 
100 and less th:m 400 dwellings, and large agencies weatherized 400 or more dwellings during that year. 
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Altogeiker, the evaluation dcs:gn provides for: 

the mijsi cornpeherisive evaluation of the Weathcrizaiion ,4ssistant Program ever 
corducted (involvirrg tino nds of dw:llings ard Xrii-idreds of local weatherization 
agencies and utilities); 

understanding of the program across key subgroups (climatc regions, primary heating 
fuels, dwelliiig types, and agency size); 

implementation of innovative approaches to wcatheheation program evaluation (e.g., 
retention o l  dwellings with occirpancy changes and use of a new weather normalization 
model for electrically heated and cooled dwellings): 

a detailed description of the PfOgmm's LVeatherizatblrl activities; 

a primary data analysis of energy savings and cost effectiveness of the Program as applied 
tn gas- and elcctricrcally heated homes; 

the inclusion of some non-energy benefits in the cost-effectiveness analysis; and 

the involvemciit of represcntatives of all the Program's major stakeholders in the 
evaluation's design and implemei?taeiori. 

Description of the Sample 

Figure A. l  shows a comparison of the originai sample si7cs and the data received Tram local 
agencies and utilities. With U:e high rcspsnsc ;ate from local weatherization agencies, the database of 
dwelling-specific inforrrialion provides a robust basis for generding highly accurate statistics about 
the activities of the P'rograni. The low response rates from gas and electric utilities, however, prevent 
reliable energy-savings and cost ef€ectiveness cstimates for a few key subgroups and introduce 
possible response biases. Ncvcrtheless, the data are sufficient lo generate reliable savings and cost 
effectiveness estimates for the Program as a w h ~ l c  a d  for each of the climate regions. 

?'he analysis of weatherized dwellings underscores the existence of great diversity in the types 
of occupants and single-family and small nidlifamily buildings that received DOE vd~athesizatio~i 
services during PY 1989. The dominant niarkets age clear: most weatherized dwellings are single- 
family detached (64%), owner-occupied (66%), are located in the modcrate climate region (59%), 

have central heating systcms (68%), and heat with natural gas (51%). On the other hand, the YY 1989 



ageneies/dwellings in original sample 

encies/dwellings with dwelling-specific data 

# of agencies/dwellings with energy-consumption data (weatherized dwellings) 

# of agencies/dwellings with energy-consumption data (control dwellings) 

N=1,103 agencies N=l98,OOO dwellings 

Local Agencies Weatherized Dwellings 

I N=49,500 dwellings 

Control Group Dwellings 

Fig. A.l Comparison of Sample Sizes. 

weatherized dwellings ~ S Q  include mobile homes (20%), dwellings that heat primarily with non-utility 
fuels such as liquid propane gas (13%) and W O Q ~  (6%), and households with elderly occupants (36%) 
and persons with disabilities (24%). 

There are significant geographic differences in the demographic and housing characteristics 
of the Program's clicnts. Key differences by climate region are: 

Cold Climate: highest household incomes, highest incidence of central heating and 
owner-occupanc y. 

oderate Clirna&: predominantly heated by natural gas, highest percentage of small 
multifamily homes. 

Hot Climate: highest percentage of mobile homes, smaller and newer homes, relatively 
few central heating systems, more supplemental fuels, high percentage of homes with 
elderly or handicapped occupants. 

e 

Similarly, dwelling and occupant traits vary markedly across primary heating fuels. 

DW$lEi@ ' vast majority have central heating systems, older 
~lomcs than average, many small nluiti family dwellings, few mobile homes. 
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Dwelling and occupant traits also vary by type of dwcllirig. 

-le-family Betached Dwellings: largcsl houschold sizes, highest incidence of elderly 
and handicapped occupants, more reliance on suppicillcntal fuels. 

supplcnicntal fuels, oldest dwellings, highest iincomc occup:ints. 

Mobile TIomcs: smallest and newest dwellings. grealcsl iiome ownc;9hip, limitcd gaq heat. 

Small Multifamily Dw~jJ.li~~: hcat primarily with irdclral gas, Iargcsr dvll ings,  lowcqt 
level of honie ownership, fewest elderly. 

-le-familv AtLaG-hed Dwelling: high incideiicc of ccntrd heating. limited use of 



Percent of 
Dwellings 

Participants in Households with Households with 
Weatherization incomes below incomes below 

Program 125% of poverty 1 50% of poverty 

Fig. A.2 Income Distribution of Program Participants and Eligible Households. 

even though (1) mobile homes are most prevalent in the hot region (which receives 
disproportionately less funding relative to its low-income population), and (2) single-family attached 
and small multifamily dwellings are most prevalent in the moderate and cold climate regions (which 
receive disproportionately more funding). Thus, there appears lo be a programwide tendency to 
sewe mobile homes at higher rates, and small multifamily and attached singlc-family dwellings at 

lower rates than their proportions in the eligiblc population. 
In general, the average proportion of dwellings with an elderly occupant is about the same in 

the two populations. Weatherization agencies located in the hot climate region, however, served a 
disproportionately large number of elderly clients. 

D ESCRl PTlO N OF WE ATH E R I2 AT10 N ACT WIT1 ES 

National Program Trends over Time 

The cost effectiveness of the Program depends upon selecting the most appropriate measures 
for each participating house and installing them properly so that each dollar spent on weatherization 
generates the maximum energy savings. In the early years of the Program, emergency and 
temporary measures were emphasized, including caulking, weatherstripping, and low-cost/no-cost 
measures such as plastic window sheets, By the time of the Energy Information Administration's 
evaluation of the 1981 weatherization program, the emphasis had changed to more permanent and 
effective building envelope measures, such as storm windows and attic insulation. By 1989, space- 

heating system measures (such as tune-ups and component retrollits, which were not part of the 1981 



19% 

- I he diversity am! t-nmpkxity of weitherization pioc;::!iircs has ir1crcase3 dramatically over 
tk past dccadc. W l i ~ l i  rcmy n YCS s i l l ;  \ d x t  their cliellis OII a first come-first served hasis. others 
target clients witl: gieatrr-than-avcrnge potpntial for cost-effective energy savings. Similarly, 
investment crileriz have ixeri developed that deviate fi om uniform expenditures per house to allow 
larget investments i i l  dwel?ings that offer g c a t e r  eircrgy-saving> opportunities. Program 
i rn p k  I In 
addiliora, tirr ?m-cigratr; p c x i t s  thc ::sc 31 a variety of metlrtibs foi seleciirrg wealhcrktion measures, 

rs i m b ~  hdve a large menu of diagnostic tools to i-rclp guide their weatherization. 



d low measures to be hcttcr targeted to the specific needs of individual dwellXings than O G C : ~  

when priority or prescribed lisls are used. Recognizing ?he impact of occupant behavior upon eriergy 
consumption, client education has become an integral part of many State and local w e a t h e ~ ~ a ~ ~ ~ ~  
pmagrams. Finally, quali&y control has gone beyond visual inspections during ~ n ~ ~ ~ ~ ~ ~ n g  visits, ti-9 

include sophislicated measurement and diagnostic procedures. 
Despite the increased use of more sophisticated measures and diagnostic techniques, many 

advanced measures and service delivery techniques are still not practiced very widely. For example. 
in 1989, few weatherized dwellings received high-density wall insulation (2%), an integrate 
envelope/heating system audit (8%). or d ~ s t ~ j b ~ t i o ~  system diagnostics to find leakage areas for air 
sealing (8%). 

Differences Across Regions, Heating Fuels, and Housing Types 

There was great diversity in the weatherization measures installed and the procedures 
during the 1989 Program. Differences across climate regions are particularly pronounced. 

Cold climate reyion: high installation rates far insulation, water heating, and space 
heating measures; low installati n rates for S~QITII and replacement windows and doasrs; 
most frequent use of integrate audits and blower doer testing; more space beaiing 
diagnostics. 

m e r a t e  cI ionate region: high installation rates for storm windows, ~ ~ a c ~ - ~ ~ ~ i ~ ~ ~  
measures, and air leakage control; nisst heating system diagnostics and dissemination CG 
energy literature. 

m ot climate reeipy?: low installation rates for wall insulation and space- md  ~ ~ ~ ~ ~ - ~ e ~ ~ ~ ~ ~  
measures; high installation rates for replacement windows and doors: least frequent use of 
integrated audits, blower door testing, and space heating diagnostics. 

Local weatherization agencies in the cold climate region einphasize inmy of the measures 
and procedures that recent literature suggests will produce the best results (such as integrnted au 
insulation, space heating and water-heating measures). In contrast, housing rehabilitation measures, 
which cannot be expected to significantly lower energy usage, are emphasized most by agencies in 
the Rot region, reflecting the more dilapidated condition of the South’s housing stock. 

Differences in measures installed and procedures used by fuel type were less dramatic, but 
still significant. 

Gas-heated dwellinys: high installation rates for insulation, space- and water-heath 
measures; low installation rates for mobile home measures; and most frequent use of  
distribution system diagnostics and air sealing, heating system efficiency tests, and 
integrated audits. 

Electricallv hea ted dwellings: high installation rates for storm windows; low installation 
rates for other types of weatherization measures; infrequent use of space-heating 
diagnostics and integrated audits; and greatest emphasis on client education, 



Dwek1in~s fieak.B..by “other” fuels: high insiallation rates for rnobile homz measures; 
low installation rate for water-heater rncasurcs; and most frequent use of blower door 
testirig for envellopc diagnostics and as a cost-effectiveness guide. 

In part- these differences i s f l C < L  ilie fact that meastircs and procedures are in some cases appropriate 
for @emin fw! types but  not h r  others. For exa~iiple. the most cornmoil heating system measures 
a d  diagiiosiics aic ncrt applicable to electric heating systems Pnofi‘ies of WeathcriLation measures 
and procedures also diffc; across primary heating fuels because reliance on W s c  fuels differs 
gcographically ( c g .  !he !not region relies morc on “othcr fuels”) and by housing type (e.g., mobile 
homes are rarely heated by natural gas). -~ PiiiaKy, diffcrcnces across dwelliirg types arc also apparent. 

mg$~ - fan!. ily W a c  lied hosncq’ high insialldeion raies f r r  insulatiora, storm windows and 
doors, and air leakage control; low i n ~ d l a t i o n  1 atcs for space-heating measures; and most 
blower door testing. 

mil& &=. high in.tallation rates for st03-m windows, undc~iiri-ring/skir“Limg, and cool 
seak on i?jofs; and low inste8’n’ioP-r iatcs for insulation. 

Slnnie-fajjiily attacllen._.d.~NLU.~~.~.: high installatiori rates for space-heating system 
improverinenis, stoim windows, and attic insulation; and low installation raks for wall 
ins ill at i on 

Sinai1 iiiultifainfiy dwelling: high installatioli rates for water-heater iipe;?sk~re’&s and s t o m  
windows and donis; greater use of heating systc, diagnostics, distribution system 
diagnostics, and inkgated audits; arid less blower door testing. 

Like the c d d  climNe 
of advanced dia*postir: procedurec. single-family detachcd hoiiies and small multifamily dwcllings. 

and gas-heated dwellings, two dwelling types had a high coimcentration 

The abovc pi-ofiles indiatc  that thcrc are systematic variations in the diagnostics and 
meawrc~ used to weatherire different types of dwcllings. Thcse differences are key to under.;taradinp 
tiic ~ ~ C O I ~ T T C : ) C ~  of the Program in its vaiious submarkets. 

ENERGY SAVINGS 

Foi both gas- and electrically heated dvxllingS;, 1111: estimatinn of heating and cooling energy 
savings involved s e w ~ a ?  steps. First, nomalized annual consumption (NAC), which i s  the amount of 
cnergy that woiild have Scen cuns~aned in a year with typical weather, was estimated for a prc- 
weatherization yew (gre-NAC:), and a post-weathcrization year (post-NAC), foi  each dwelling with 
coriiplctc consumption Gross savings were estimated by subtractiiig the average post-NAC 
from the average pie-NAC lor wcailierized home$, Net savings n’ei-e estinnatcd by subtracting the 
average gross savirigr for control homes from the avcrage gross savings for weatherized homes. The 
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gross or net percentage savings were calculated by dividing the average gross or net savings by the 
average pre-NAC. 

The energy saved by weatherizing fuel-oil heated homes was based on the results of the Fuel- 
Oil Study. The energy saved in homes heated by other he ls  was based on the analysis of gas-heated 
homes, with a correction for their different geographic distributions. 

The 1989 Program Results 
Estimates of programwide energy savings are surniiiarized in Table A.1. On average, each 

dwelling weatherized in PY 1989 saved an estimated 17.6 MBtu's during its first year after 
weatheri~ation,~ resulting in a 13.5% reduction in total energy use, an 18.2% reduction in the energy 
used for space heating, and an annual decrease of $116 in the low-income participant's energy 
burden. 

Table A.l 1st and 20-Year Energy Savings of Housing Units 
Weatherized in PY 1989 

First-Year 
Energy Savings 

per Dwelling 

17.3 

6.2 
18.9 

17.7 

16.4 
17.6 

1,733,000 

117,000 
3 5 6,000 

1,398,000 

3,24 8,000 
3,4 8 7,000 

34,670,000 

2,340, 
7,120, 

27,960,000 

~ 4 , 9 6 0 , Q ~ ~  
69,740,000 

Nationwide, the 1989 Program resulted in annual energy savings of 3,487,000 MBtu's. At 
equivalence of 5.8 MBtu's per barrel of oil, this represents 601,000 barrels of oil during 1990-94, or 
1,650 barrels of oil per day. Over the 20-year lifetime of the weatherization measures installed in 
PY 2989,% it is estimated that the savings from this one year of weatherization will amount to 

MBtu refers to one million British lhermd units. * The assumption of an average lifetime of 20 years for all weatherization measures installed in PY 1989 was 
based on an analysis of: (1) the frequency of installation of various packages of measures, (2) the average 
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I -  

lifetime d the cncrgy conscrvatioa mcamcs inc?udrd in each package, and (3) ?'w incasurcd gas savings of ezch 
package. 



er Fuels 



'The estimated energy saved by different types of "other" fuels suggests that fuel oil has 
contpihiiated more than any of the others. It is the most comnion "other" fuel among homes 
vrcaliherized in PY 1989, and it is used primarily in the cold and moderate regions. Liquid propane 
gas is tlre next most common "other" fuel. but because it is used primarily in the hot rcgion, it 
contribtttes much less to tlie Program's total energy savings. 

The estimated Program savings in Y 1989 are higher than the estimate of 13.8 MBtu's per 
dwellirng resulting from EIA's evaluation of the 1981 Program (Peabody, 1984). In addition to the 
gcneral increase in savings over time, our findings differ in other ways from thc earlier evaluation. 
Peabody (1984) found very little variation in energy savings by climate region, rcyorting only 
slightly lower savings in warmer climates. The Singlc-Family Study documents much higticr savings 
in the moderate and cold regions compared with Lhe hot region. Peabody (1984) found lower 
savings for elzctrically heated dwellings than for dwellings heated by naturd gas, but our results show 
comparability, particularly when considering percent savings. Finally, our estimate of energy savings 
for homes heating primarily with fuel oil is the highest of any fuel type, while fuel-oil energy savings 
were niore like the average in the asscssrnent of the earlier program. 

The estimated savings of the 1989 Prograni compare favorably with the results of evaluations 
of utility-operated low-income weatherization programs and evaluations of individual State 
weatherization programs. 

The various nonenergy impacts of low-income wcatherization progranis are numerous. 
However, much of the research addressing these benefits has been qualitative in nature, presenting 
only anecdotal evidence, A consensus on how to quantify the value of many nonenergy benefits has 
not bccn reached. 

Table A.4 lists lhe nonenergy benefits that were monetized in this study. Additional benefits 
that have not been assigned a dollar value include: thermal cornfort improvements, indoor air quality, 
benefits of increased nonencrgy expenditures, and savings associated with fewer residential moves. 
Thus, the dollar value used here for nonencrgy benefits ($976) i s  conscrvative. 

xxxvi 



, a ?%e net present value of the ~nvironnnental benefits was calculated assuming a 4.7% &scoun 
rate and a 2Q-year lifetime. The othcr noncnergy benefits occur only kaa the year ( 1989) ii 
which weathcrkation occurrcd and, thercfope, do not require d isc~ i~ i t i ng .  

The methods used here to cstirnak lhc value of ~ ~ ~ ~ i ~ ~ ~ ~ ~ r ~ ~  impacts varied. Estimatcs of 
environmental benefits relicd on a literature review and on information from this study about the 
proportions of weatherized dwellings using various fuel types and about the: average savings by fuel 
type. The analysis of environmental impacts was limited to the costs associated with S 

CD,. Estimalcs of employment benefits combined a lilerature review with data from this study on the 

number of employees directly suppoifed by DOE's weatherization pmgrarn, the skill Bcvzf of workers, 
and managers' judgments conccrning thc structure of' the job market for ~ ~ a t ~ ~ ~ i ~ ~ ~ ~ ~ ~  workers. 
Direct and indirect, but not induced, employment benefits are ~~~~u~~~~ in the csiinaatc. Data h r n  
this study on weatherization expenditures for home rcpairs are used to uantify the benefits 
associated with niaintainiiig or enhancing property values and extending thc Metimc dweE isags. 
Our estimate of reductions in arrcarages i5 bascd on a Pitcraturt. rc-cview md djitn on paynncnt historks 
that were collected on the dwellings included in this study. 
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C O S T S  

In PY 1989, h e  programwide average total installation cost (Le., materials and on-site labor) 
pr dwelling was $1,050. Expenditures for individual dwellings, however, often varied substmtiall y 
from this average. In particular: 

Eightyfive percent of dwellings had total installation expcndilures of less than $1,500, 
with 45% of dwellings in the $600 to $1,200 range. About 8% had expenditures of less 

There were no significant differences by climate region in total materials costs, but 
differences in labor costs and total instdlled costs were significant. Thc "largest inslakition 
expenditures were in the moderate and cold climate regions, while the hot region speent 
a b u t  10% less. 

ut 9% had expenditures of iiiore Lhan $1,800. 

Total installation costs3 total materials costs, and labor cosls differed significantly by fuel 
type with the highest expenditures for devdlings that hcat with other fuels. 

Total installation costs, total materials costs, and labor costs differed significantly by 
dwelling type with the highest total installation expenditures for single-family attached 
and single-family detached dwellings, and the highest materials costs for multifamily. 

Although total materials costs did not vary significantly by climate region, the proportion of 
the expenditures invested in various typcs of measures did differ significantly (Fig. A.4). In the 
cold region, investments were highest for insulation. In the moderate region, the highest expiidiares 

Other 
Water Hoading 
Space Heating System 
Air Leakage 
Structural Measures 
Insulation 
Windows and Doors 

Average Cold Moderate Hot 
us. Region Region Region 

Fig. A.4 Average Material Costs (in 1989 dollars), by Climate Region. 



were for windows and doors. In the hot region, structural repairs had the highest irivestment k ~ ~ d .  
ows and doors consaa~med nearly as high an amount. Tbas, the cold reg\on puts 

Wffw resources into the measures rntast likely to save encarp. + T l  

also were significant with the most being spent on homes heated with other hck.  
Labor cost data were collected an calculated with d rect sncthods k i  c~c1rci-okp1y, 

contractor-only, and mixed (crew and contractor) weatherization jobs. This was ne~:cssmry because 
the way agencies track costs for crew and contrac?oa labor d i U m  

dwellings that could be classified by labor type* a ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~  osse-tlaifd feI1 h t r3  cac3 of thr chsee 
types: crew-only, 33%; Contractor-only, 38%; and mixed crew 

-4 

(2 $FSC fd i y , 
agencies tend to use one l a b r  type on all, or at least most, 0% 

labor costs averaged a b u t  $433 per dwelling out of a 10  st^^^^^^^^ cost of $1,050. 
Previous studies suggest that management and overhead cssls (all cdrsts otkw than ~ ~ ~ t ~ ~ ~ ~ l ~  

and on-site-installation labor) range from $300 to $600 per housc. In spite of  the ~ a ~ ~ ~ t ~ ~ ~  of 
management and overhead costs, most previous evaluations of ~~~1~~~~~~~~~ ~~~~~~~~~s have KKlt 
reported them and have not included them in their cost-effectiveness calceclatisns. In part, this 

reflects the difficulty of obtaining accurate information on ~ ~ ~ a ~ ~ ~ e n ~  and ove 
estimate of management and overhead costs ($5001, consistent with findings of previous studies, was 

developed and used in this evaluation. 

COST EFFECTIVENESS 

The cost effecliveness of the Program was cxarnined from many ~~~~~~~~~~~~, hut only three 
are presented in detail, by subgroup. With thc i ~ s ~ a l ~ ~ ~ ~ ~ ~ ~  esspective, which f o h w s  the usual 
procedure in previous low-income weatherization program evaluations, the only encfit valracd is 
energy savings and the only costs included are installation expenditures (Le., osa-site-irisfallalaon labor 
and materials costs). With the program  SF^^^^^^^ bhe only bnel i t  valued is energy savings, while 

COSB include installation and management and overhea costs 6he "warsl'~ case). %I%"ilBI the 
societal perspective, benefits include both energy and nonenergy Smcfats, and costs inci 
installation and management and overhead costs, Nr t  energy sa%iinjr;a s;r&~::r tluasn gross cncrgy 

savings) are used in all the cost-effectiveness c ~ c ~ l ~ ~ ~ ~ ~ ~ ~ ~  kcausc we consider this a 
of program impacts. In addition, the same baseline a ~ s ~ ~ ~ ~ i o ~ ~ ~  arc: use.c.?l ( 4 ~ ' J %  discuunh rate and 211 
year lifetime of measures), although sensitivity analyses are condxetkd using ~ 6 ~ ~ - ~ ~ ~ ~ ~ ~ ~ s ~  



T-se I989 Pregram Results 

All of the peispecrives ?hat were examined show ths I989 national program to be cost 
cffcctivc Hcncfie/coct (b/c) ratios iangc from 1.09 (for thc program perspective) to 1.72 (for the 
societal pcrsyective). With the iiislallation peispective, the blc iatio is 1.61. Thus, the value. of the 
energy saved by the Pi-agiam slightly exceeds thc cost of operaring the Biogi;am. When nonenergy 
benefit? arc also iiicludcci. Ihe Program rctenms $1.72 for evemy $ 1  .OO invested 

Gas- Heated Dwellings 

For gas-heated dwellings, the national P;ograxn was cost effcctive from all three perspectives, 
with b/c ratios ranging fiem 1.06 to 1.61. Fig A S  presenis the rcsiillts for the societal persyectivc. 
The cold and moderatc regions had higher b/c ratios t h i  thc national average, while the hot rcgion 
had b/c ratios of less than 1 CK) with the installation and program perspectives, and of 1.17 with the 
socictal pcrspectivc. Only single-farnil y dctaci-red honlc:r (which account for 63% of weatherized 
homes) had b/c ratios above 1 .00  with thc program prspectiw hll dwclling types had b/c ratios of 
1.23 or higlrcs w i t h  thc othcs ~ W Q  perspectives. Large and medium sized agencies had cost-effective 
results with all three perspectives, whilc small agcncics fell below 1.00 with Uie program perspective. 

iota1 (Inslalktion, Overhead, and Mamgernent) Costs per 
Dwelling (in 1989 $1 

Fig. '4.5 Societal h y m - t i v e :  Ezcrgg and Norhenergy 
Benefits 95. Total Costs for Gas-IAeated Dweldings. 



~ ~ ~ ~ t ~ ~ c a ~ ~ y  Heated Dwellings 
Because electricity prices are higher than gas prices, energy savings in electrically heated 

ings are worth more. Therefore, cost-effectiveness results were consistently more favorable. 
Tlie national benefit/cost ratio was 1.13 with the program perspective, and higher with the other two 
perspectives. The results by climate region show that the Program was cost effective in the cold and 
moderate regions, but not in the hot region, All climate regions had b/c ratios of 1.17 or higher with 
the societal perspective. Comparisons by dwelling type indicate that weatherizations of single-family 
detached and small multifamily dwellings were cost-effective, while those of mobile homes were not. 
From the societal perspective, the weatherization of electrically heated dwellings was highly cost 
effective, with a national benefit/cost ratio of 2.33. All of the subgroups showed cost-effective results 
with this perspcctive. 

Trends and Comparisons 
The results of cost-effectiveness analyses in previous evaluations suggest that for gas-heated 

dwellings the 1989 Program improved upon the average pcrfomance of similar programs. Schlegel 
and Pigg (l990), in their review of nine evaluations of cold climate programs serving gas-heated 
dwellings, reported costs of conserved energy (CCE) that, when recalculated with our baselinc 
assumptions (4.7% discount rate, 20-year lifetime, only on-site installation labor and materials costs), 
averaged $6.08/MBtuu, with a range of $2.69 to $17.33. Cohen, ct al. (1990), in their review of 12 
evaluations of cold climate programs serving gas-heated dwellings, reported a median CCE 
recalculated with our assumptions, of $5,07/MBtu. Thus, our cold climate region results for gas- 
heated dwellings ($3.50 per MBtu) compare favorably to the results of previous studies, as do the 
national results ($4.60 per MBtu). Comparisons with utility low-income programs (for gas-heated 
dwellings) also show the 1989 Program to be more cost effective. The results for electrically heated 
dwellings indicated a national CCE ($0.04 per kWh) that was lower than the average national price of 
$0.07 per kWh. 

FACTORS ASSOClATED WITH PERFORMANCE 

The analysis of factors associated with energy savings was multifaceted: (1) it examincd the 
savings of individual dwellings and h e  average savings of different agencies; (2) it examined absolute 
savings as well as percent savings and benefit/cost ratios; (3) i t  eniployed both bivariate and 
multivariate analytic tcchniques; and (4) it examined the predictors of perforrnance in each of three 
61 h a t e  regions and nationwidc. The differcnt approaches produced a consistent portrayal of the 
major prcdictors of energy savings. 

The analysis indicates that energy savings per dwclling are largest in the Program's dominant 
submarkets, where weatherization activity is concentrated. These include: 



single-family detached homes. 
cold and motierate climate regions: and 

Partly because of small sample sizes, few additbnal predictors of electricity savings wcrc idea:ti;^ied. 
These includc high electricity consumplion prior to weatl-aerizabion and thc installation of first-time 
attic insulation. In contrast, numerous faclcars were signilicant?y associated with gas savings. 

Certain scmice delivery procedures correspond with higher-than-average gas savings, 
including: 

integrated envelopcheating system audit; 
. distribution system diagnostics; and 
= heating system efficiency tests. 

weatherization of households with high gas consumption (Fig. A.6); 

Fig. A.6 Energy Saved by High vs, Low Energy Users 
in the Three Climate Regions. 



Is., coanWaist, Mie ~ ~ ~ ~ ~ y - ~ ~ ~ ~ ~ g s  benefits of blower-door assisted air sealing md clicnt education were 
not dis:rmiblc: 

Certain weatherization measures correspond with higher-than-average gas savings, including: 
0 

* 

9 attic insulation (particularly first-time); 

e floor insulation; 
* 

furnace replacements; and 
9 mob~le home underpinning/skirting. 

~ i s ~ r i ~ u ~ ~ ~ ~ ~  system air leakage control; 
air sealing without blower doors; 

wall insulation (particularly high density); 

water heater tank insulation, pipe insulation and temperature reduction; 

Many of these findings are consistent with the results of previous research. The two findings 
that are least substantiated by other research are the apparent key role of distribution system 
~ ~ ~ a g n o s ~ c s  and air leakage control, and the questionable energy-savings benefits of blower-door 
assisted air sealing. 

Clearly, more analysis is needed to test these findings before employing them as a basis for 
Iicy and program recommendations. The results reported here are "correlational" in nature and 

cannot identify "causes" of high energy savings. More definitive ~ ~ f ~ ~ ~ ~ ~ o n  on factors influencing 
savings will result from the Single-Family Study's on-site field work (Le., phase two). 

During BY 1989, the W e a t h e r ~ ~ a ~ i o ~ ~  Assisaance Program weatherized 198,ux)O single-Emily 
or small. ~ ~ ~ t i f ~ i ~ y  homes. On average, each weatherized dwelling saved an estimated 17.7 MBtu's 
during its first year after wealhenzation, resulting in an annual decrease, in 1989 dollars, of $1 16 in 
the low-income participant's energy burden. Nationwide, the I989 Program resulled in annual 
energy savings of 3,487,06)8 MBtu's. At an equivalence of 5.8 MBtu's per barrel of oil, this represents 

barrels of oil during 1990-91, or 1,650 harrels of oil pcr day. Over the %year lifetime of 
the w e ~ ~ e ~ z a t ~ o ~  measures installed in PY 1989, it is estimated that the savings from fhis one year of 
~ ~ a ~ h e ~ ~ ~ t i o i i  will amount to 69,740,001) MBtu's, or 12 million barrels of oil. This is approximately 
equal to the amount of oil that was added to the emergency Strategic Petroleum Reserve in 1992. 

Total costs (including materials, installation-related labor, installation-related overhead, and 
program management) averaged $1,550 per weatherized dwelling in PY 1989. From the societal 
perspective, which includes both energy and nonenergy benefits and total costs for all single-family 
and small multifamily dwellings, the Program in PY 1989 was cost effective, with a benefiycost ratio 
of 1.72. Table A 3  presents some of these key statistics. 
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Table A.5 Energy Savings an 
Weatherization Assistance Prsgraan 

Based on energy consumption one year after weatherization in 1989-90. 
Estimated at an average cost of $6.89 peer MBiu's. 
Based on energy-wings benefits and total weatherization costs. 
Based on energy-savings benefits and installation-related costs. 
Based on energy-savings, employment, environmental and other nonenergy benefits and total 
weatherization costs. 
The weighted average retail price for natural gas is $5.90 per MHtu. 
The weighted average retail price for electricity is $0.07 per kWh. 

The Program proved most cost effective in the submarkets (including cold and moderate 
climate regions and single-family detached homes) where weatherization activity is concentrated. 
The hot climate region and mobile homes, on tlie other hand, represent submarkets where program 

improvements are needed. Service delivery procedures that correspond with higher-than-average 
energy savings include high priority for high energy users and integrated envelope/heating system 
audits. Weatherization measures associated with higher-than-average savings include heating system 
replacements and attic, wall, and floor insulation. More widespread adoption of these measures and 
procedures represent some of the many promising opportunities for the future. 
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I n ~ r o ~ ~ ~ t ~ ~ n ~  In 1990, thc U. S.  Department of Encrgy (DOE) initiated a natkmal evaluation of  its 
low-income Weatherization Assistance Program. "This report, w ich is one of live parts of that 
evaluation, evaluates the energy saving enCSS OP the Program as it has been ayplicd 
to the largest psPtion of its client base seholds oe;cupying single- P'm~iRy dwellings, 
mobile homes, and small (2- to 4 dwellings. The shudy is based upon a 
representative national sample (of :368 agencies, L4,97 B weaheri-ized dwellings srnd I 1,795 control 
dwellings) that covers the full range of csriditioras undcr which the program was implemented in the 
1989 Program Year (PU 1989). 

Data collection. Dwelling-specific and agency-level data on dwclling characteristics, mcasures 
installed, costs, and service delivery procedures were collected from lhe sanlplcd agencies. Fuel- 
consumption data were requested from the 426 ulilitics which provided gas and/or clcclricily to the 
sampled dwellings that heated pPiniarily with gas o r  electricity. Estimates (sf f i ~ e l - ~ i l  saviaxgs fwm a 
companion Fucl-Oil Study were incorporated into khe analysis. No effort was made lo gather fuel 
consumption records for dwellings that ticated primarily with other fuels such as kerctsernc, diyuified 
propane gas, wood, or coal. 

Energy savings. Encrgy savings were calcinlated by applying rlnc Princeton Scortskee 
(PRISM), which is a weather n o ~ ~ ~ a ~ ~ ~ a ~ ~ ~ ~  procedure, to gas and clcciric ~~~i~~~~~~~~~~~~ 
year before and a year aftcr weatkmizalicsn. For gas-healed dwellings, riatianal net savtngs averaged 
117.3 MBtu, or 13% of total gas usage, and 18% of gas used for electrically heated 

reduction in totd electricity, and a 36% reduction rn clcctricity ting. FUR all fuel 
types, the national estimate of  arinuai savings was 17.5 MBtu's 
13.5% reduction in total energy use, an 1 8 2 %  reduclion in (116: c tleating, aad an 
annual decrease of $1 16 in the low-income participant's energy burden. 

During PY 1989, the Weatherization Assistance Pmgaam weatherizcd 198,WO s ~ n ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~  or small 
multifamily homes, resulting in a total savings 01 3,487,OW MBtu'ti d u r h g  thc first year, At an 
equivalence of 5.8 MBtu's per barrel of oil, the Program saved ~~~,~~~~~ barrels of efit during 1990. 
Over the 20-year lifetime of the weatherization measures, the a ~ t j c ~ ~ a t ~ ~ ~  savings amount to 
69,740,Oo MBtu's, or 12 million barrels of oil. 

Cost effectiveness. From the societal perspective, whi ixlcludes both camcrgy and ~ ~ n e ~ e r ~ ~  
( e .g . ,  employment and environmcntalj bcnciits and ah ~~~~~~~~~~~~~~ and ~~~~~~~~~~~~~~~~~~~ 

(Le., overhead and management) costs for the gas-hcatcd ~ ~ ~ ~ ~ ~ n ~ s ,  the Program in PY 1W4 was cost 
effective, with a national benefitlcost radio of 1.b1. a3ecausc electricity prices are highcr than gas 
prices, energy savings benefits in electrically heated dwcilings are worth t n c m  that8 those in gas- 
heated dwellings, Cost-eEfeclivencss resulls, thereforc, were geraerally nm-c fmorabk  for the 
electrically heated dwellings, with a national benehi/cost ratio of 2.33. For all fuel types ~~~~~~~~~~~, 
the benefit/cost ratio was 1.61. 

dwellings, national net savings averagcd 1,830 kWk, or  18.23' seprcserats a 12% 

Factors influencing savings and cost e ctiremmesr. The analysis indicates that energy 
cost effectiveness are highest in the Progrim's dominant slsbriiarkcls (including cold aa 
climate regions and single-family detached iiomcs), whcrc DOE ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ t ~ ~ ~ ~  activity is 
concentrated. Service delivery procedures that correspoiad with Il,igher-than-ff~-averagb: gas savings 
include the weathcrization of high energy users and the use o f  integratcd ~~~~~~~~~~~~~a~~~~ systcnil 
audits. Weatherization measures associated with higher.-Ehnn-;a\dcr3gc saviiigs inclvdc ~~~~~~~~~~ system 
replacements and attic, wall, and floor insulation. 





embers of the National Weatherization Evaluation's working groups helped design this study, guid 
its ~ ~ ~ ~ ~ ~ ~ ~ e ~ t a t i Q ~ ~  and interpret its findings. The authors are grateful for their ~ ~ ~ ~ t ~ ~ ~ t i ~ ~ ~ ~  an 
would like to acknowledge them individually: 

Jeff Ackeniain 
Colorado Department of Local 

Affairs 

Pvky Ann B m d d  
Edisan Electric Tnstitute 

.Teff Brown 
Energy Division, North Carolina 

Department of Commerce 

Dale Canning 
Salt Lake Community Aclion 

Agency 

David mQl! 
Response Analysis Corporation 

Mert Dahn 
Shte of Mzonii 
Department of Commerce, Energy 

Offie 

a s p e t  Fels 
Princeton University Center for 

Energy and Environmental 
Studies 

onal Association of Regulatory 
Utility Commissioners 

ichaeei Gmnley 

Cooperathe Association 
National Rural Electric 

Richard G m d  
New York State Degt. of State 
Division of Economic Opportunity 

Sharon Gill 
U.S. Department of Energy, 

Chicago Support Qffice 

Lany Goldberg 
Sequoia Technical Services 

Mirim Goldberg 
U.S . Dep<u;tment of  Energy, 

Energy Information 
Administradon 

Judy Gregory 
Center for Neighborhood 

Development 

AI Guyant 
Public Services Commission of  

Wi scons in 

Marlha Wewctt 
Center for Energy and the Urban 

Environment 

Bion Howard 
Alliance to Save Energy 

Larry Kinney 
Synertech S yskms Corporation 

Judith Lanknu 
Change and Rwklnnd Utilities 

Leon Litow 
U.S. Department of Health and 

Human Services 

Ron Marabate 
Michigm Department of Labor 
Bureau of Community Services 

Jane Martlen 
American Gas Association 

Phil Mihlmester 
Aspen Systems Corporation 

John Mitchell 
Consolidated Edison Company, 

Inc . 

Barry Moline 
American Public Power 

Association 

John Nelsori 
Wisconsin Gas Company 

Karl Pnazek 
Director, Community Action 

Program Services 

Meg Power 
Nationd Community Action 

Foundation 

Bill lPrindRe 
Aliiiance to Save Energy 

Ken Rauseo 
n e  Commonwealth of 

M,?sSXhUEt& 

Jeffrey Schlegel 
Wisconsin Energy Conservation 

Corpora tion 

Ken Tohinrika 
Vermont Energy heslment Corg, 

Wendel Thompson 
U.S. Department of Energy 

Marjorie J. Witherspoon 
National Association of State 

Community Services Programs 



l>amd! Gcsciicn (thc ~ r i g i i ~ a l  DOC Project Maimget lor this study) helped define Ihe overall gods of 
this sttady and contih.;ed significantly to the study's completion. Jeanne Van Vlaridsen (the cksnent 

ger for this study and the new Weatherization Progmm Director) offer& valuable 
ng did  pesenting tiw evaluation's findings. Mary Fowler9 Jim Gardner, and Frank 

Stewart (ROE s p ~ ~ s ~ ~ s  of this iescaych) also providcd useful feedback and guid;laaee. 

Rescarcii staff a t  Oak ge National Lalioi atcr y and several subcontractcars (particularly Aspen 
Systcms Coipoiatinn) alsn contributed to the completion of this report. In particular, graphics 
suppr i  was piovidell by: 

Mark Mey~r 
Ed L a p  
Steve Stcicbach 

Data collection, en:;y, and screening was condwtcd by: 

KobiiI N'ar 
C h a r k K ~  Fraiizi-ruk 
Debbie Martin 
Msllissa McCoy 

___ 
I ~ I C  co1'c;t;cn of biil wiuers  was organE7cd and implemented by: 

Ih r r  Jcncs- in pariiccilar. provided valualsie assistance wiLh the arsaiysis of employment impacts. 

David Cai kc.!!. cf Response Analysis Corporation, provided information on the eligible population 
based an K;XS data. 

Tornmy Wiighi designed and wrotc llhc sample weighting methodology that is presented in Appendix 
3-5, and Offcicd valuable advicc on iis implementation. Finally, Sherry Surdam and Pauleitc Rivens 
coiitfibuted tn the typirig and layout of the rcpo?-e 

This sludy could  no^ have keen coeipleled without the cooperation of local and State weatherization 
p r q y a m  imaiigers arrd tlma Cs)!: Regional Suyport Offices, who took time away from their busy 
schedules to pi wide data a d  other assistance to the National Wcathcrbatisn Evaluation. The input 
ieceived f a n  all of tires:: individual% is greatly ayprcciated. 

xlviii 



This report evaluates the energy savings and cost effectiveness of thc U.S. ~e~~~~~~~ of 
Energy's (DOE) Weatherization Assistance Program (the Program). as it has k e n  applied to thc 
largest portion of its client base - low-income households occupying single-family and small 
multifamily homes. The most recent national evaluation of the Program's p e r ~ o ~ a ~ c e  was 
completed in 1984 based on energy consumption data for households weatherized in 1981 ( 
1984). More recently, several States have evaluated their programs to determine their effwtivcncss. 
However, most of these State evaluations have assessed cold-climate programs, resulting in an 
incomplete assessment of overall program perfomlanee and uncvcn infomiation about factors 
influencing cost effectiveness. As a result, DOE detemined that a morc timely and c ~ ~ ~ ~ ~ ~ ~ e ~ e ~ s ~ ~ e  
national level evaluation of  the Program was needed to provide policy makers and Program 
implementers with the up-to-date, crediblc, and reliable information required for effective decision 
making, 

With assistance from Oak Ridge National Laboratory (ORNI,), a National ~ v a l ~ ~ t ~ ~ ~  01 

Program was designed. The evaluation is comprised of three 6"i1npa~i7' studies and two "ppa8icy" 
studies (Beschen and Brown, 1991). The three impact studies focus on the energy savings and cost 
effectiveness of the Program in key DOE Weatherization markets: 

* single-family and small ~ i u l t ~ ~ ~ i l ~  dwellings using gas or electricity for heating 
Single-H;amily Study (Berry, Brown, Wright, and Whitc, 1549 1); 

h i ~ ~ - ~ e n s ~ t y  ~~~~t~~~~~~~ buildings using gas, electricity, or fuel-oil for heating - the 
~ ~ ~ ~ ~ ~ a m i l ~  Study ~ ~ a c ~ o ~ a l ~ ,  Brown, Temcs, and Sharp, 199 1); and 

fuel-oil heated single-family itioiines in nine northeastern Slates - the Fuel-Oil Study 
(Temes, Levins, aiid Brown, 1992). 

the 

e 

Two supporting studies address additional aspects; of the Program, but arc not desigiacd to p r o v k k  

estimatcs of energy savings or cost cffectivcness. They include: 

0 a characterization of the DOE Wealherimtion network's ~ ~ ~ ~ a ~ i l i t ~ ~ ~ ~  technologies, 
procedures, staff, and innovations (Mihlmester, Koehler, Wcyer, Brcmwm, and Beschen, 
1992); and 

a profile of low-income weatherization resources, the weatherked ~~~~~~~~~~~~. arid thc 
Program-eligible population that remains to be served (Powcc, Eisenbcrg, Michc'ss, 
~ ~ ~ e r s ~ o o ~ ~ ,  and Brown, 1992). 



small (2 to 4-unit) multifamily buildings covers 83% of the income-eligible population 1 Ass 3 m u l t ,  

it is the largest of ti?. n 
sairrpjc that covccs the $1.111 rangc of conditions under which the Pmgrairi was imp!z:rxizicd in the 

1989 Program Ycar (PY;.2 

a1 cvalua'lioii's five studics. i t  is based :aprrrx a iepresc&.ti\t- i i  

'This cliaptcr begins with an OVCTY;CW of the Piograrii, to provide tiw iedtier s+iiEr tile 

background necessary for understanding hie evaluation's results. It then provides a brief aevicw of 
the literature, again for background purposes. Next the goals of the evaluation are presented. The 
chaptcr ends with an overview of the remaining chapters that compise this iepri .  

4.2 0 

Federal efforts to weatherize the homes 
of low-income persons begail O H  an ad hoc, 
cmcrgcncy basis after the 1973 oil embargo. A 
formal program was established, under the 

Community Services Administration (CSA), in 
1975. DOE became involved in 1976, with 
p m g e  of Public Law 94-385. In 1977 and 
1975, DOE administered a grant program 
which pa?*;alleled and supplemented the CS A 

piograna; DOE monies pi0 J ided for- pu W ~ ~ S C  

of malerials and CSA was responsible for 

l a k ~ .  In 1979, DOE became the sole Fcderal 
ageacy rcspmsibk for operatirip a low-income 

weatkerization assistance prograri~. In 1982 
I .... m r y , ~ . ~ .  .... .......I .-_, .. 

is.;, -Ii~corne Homc hieigy Assistanre P i ty ram 
(LlHbAP) fuilds became available for weatherization, and in 1986 Pet~oleum Violation ~ S C ' Y O W  

(WE) funds were first applied to weatlier;zafion. However, thc tnajoiiiy of Puds  frwu bc9r :,f Lira2 

sources have been spent undcr :he niles and. regulations of the CCE Weatbr+zatimi Assistance 
Program (Power, et al., 1932). 

Thz goals of thc Wcath~rization Assistance Program are :G dCciC:f;C zatkitxil cii 
consmption and to reduce the impact of high fuel costs on low-income households, paiLcular-ly 
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those of the elderly and the handicapped. The energy burden on low-income h~~~~~~~~~~ i s  

~~g~~~~~~~~ h e  average low-income family spends 25% of its income on home energy colmyarcd to 

7% for the average family (Vine Reyes, 1987). Homes occupied hy ~ ~ ~ - i ~ ~ o ~ e  ~~~~s~~~~~~~ 
have less insulation, fewer slorm windows, and older and less eMcienk heating md cooling a: 
im ic;~':ng a greater than average need for energy-efficiency ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ n t s .  This necd i s  
corrobra sted by their higher than average levels of energy consumption per square foot of oc 

space (CWen and Goldman, 1991). At the same time, low-income households have limited financial 
resources to h e s t  in the conservation measures that would reduce their energy requirements. 

1.2.2 Roles and Responsibilities 

The Weatherization Assistance Program is a formula grant program which operates in a 
decentralized fashion - from Federal to State government to local weatherization agency. There are 
51 State grantees (each of the States and the District of Columbia) and approximately 1,303 local 
Weatherization agencies (or subgrdntees). Each local agency -veatherizes the dwellings of income- 
qualified households in its service territory, which typically is composed of several rural counties, id 

medium to large city, or part of a metropolitan area. 
The w a r t e  rS office of DOE has responsibility for overall management and ~ a ~ ~ o n w ~ ~ e  

coordination of the Program including such functions as establishing policy, ~ r o ~ ~ ~ g a ~ i ~ ~  
regulalions and guidance, collecting data, monitoring field offices, evaluating progress, p~~~~~~~~ 
national level training and technical assistance, and allocating appropriated fun 

Ten aeld o fficea of DOE exercise day-to-day oversight and coordination among the States in 
their respective regions. They review and approve State plms and applications and make grant 
awards, Field offices monitor Slates for progress against goals established in State plans arid for 
compliance with staturory and regulatory requirements. They provide training and technical 
assistancc and facilitate the flow of  information on new technologies and innovations among Shtes 
and betweeri States and tht: Tcderal governmcnt. 

State Grantee5 are responsible lor developing plans and iniplenienting programs khat refleet 
their particular needs and circumstances (climate, housing stock, et@.). Each State i s  entitle 
fw*?c?.a share of the annual Program appropriation, based on >OE review and a mval sf its state 

enter into grant pPm3 States select local agencies to serve areas within the State 

ements with the subgranter-. States are responsible for motmitoring and 
subgr, i e s ,  for t ra i~mg and providing technical assistance to them, for maintaining rec 
reporting to DQpE plii !::ogress in meeting Ehe goals established in their DOE approved pliaaas. The 
plurality of State Weatherization agencies are located within human services ~~~~~~~~~ of Stale 

3 iimto ac?c"crrant the nurnbcr of low-income haiiseholds, the percentage of total residenl id c n ~ r g y  
ing wrd ctruliarg, and the r s u m l ~ r  of heating md cooling degree days in the State. 
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government; State community and economic developmiit dcparlrncnts homc most of the remaining 
agencies (Mihlmester, et al., 1992) 

Subuantees, I___ or local agencies, arc scBcctcd by the Stail. grmees.  They are icswnsihle for 
receiving and prioiitizing applications and iiistailing OK energy conservation measurcs appropriate to 
each dwelling unit, for maintaining requiicd records, and for reporting piogiess to li-ae State, 12uri:rg 

1989, 81% of the Program's local agencies were Community Action Agencies (CAA) the 
remainder were local government agencies, communi Ly-based organizations, or other ilonqirofit 
entities (Mihlnal~ster, et al., 1992) 

me DOE program began as a hybrid effort which suppileniented and paralleled the CSA 

lled by voluntary labor with 

Iiistallatioa 
progiam by providing grants for the purchase of rinaeerials to be in 
minimal training. The emphasis was on tcnryorary, quick fix, and/or low-cost measiirr" 

standards varied widely, 
Sukscqucat to the early, quick Pix/volur~tary 1 abor sragc. the delivery mechanism evolved 

thiougla several stages. At first thex wac; a mixture of voluntary and hired labor, with axr emghasis on 
genera? heat waste m d  infiltration measures, stom w i I l d ~ 9 ~ V S  anti doors, ar.d increasingiy 011 

insulation. 'There was insufficient emphasis GTI ins:aIla!ios, standards and on ihe use of labor saving 
and/or diagnostic tools and techniques The developii~cnt of permanent trained ai-id experienced 
staff was just beginning. 

As the shift toward profcssional laboa accelcraaed, more attentiw w s  paid at dl lcvels to 

selectinn of the right measures, to laboi saving and diagnostic techuiqrics, and to propec installatis;?. 
Today the emphasis i s  on permanent cost-effwtivc rrieasuic.s tirstalled by a trairzed, pioksskvid staff 

need by client cdiication. 
Thio~gkr the early 1980's, theie iias also bceri a steady iiicrcase in the a;i,ourii s f  

weafherizatim work which ha$ becn suhcontractcd 10 professional cor 11: 'actors i iy  l ~ ~ l  agcncics. 
Subcontracted work may involve total substitution of conii act 1:tbns for local agency cmvs; in other 
instances it applies only to cei"iaii1 specialized work, such as fiii-r~ace rephcment or ret'tTbfitq 

In iecognition of improved S t a k  and local cnpdrililies, several charges \UCE introduccd inln 

the P ~ ~ g i ; P n ~  through amendments to the statute and lcgulation, beginning in 138'6. -1 

had the effect of allnwisig the States norc flexibility to drr.jeii dild ~~~ip~c-iikeiU piogidiih I 

individiial necds. Tise changes include: provisiokrs t + i ~ c h  : i k w  States to dcv 
r;e;ts (in place of the single nationwidc audit procrdurc plcvioensly p c s c  

Ili-'"t tkrcii 

p. X L A N L ~ ~  i r e  xnd cooling system nieasures, an i~icreasr in tlic expenditun lcvcl pcr hone; a d  a ?hili (with 

respect io both the $160@ maximum cxpentiilure per home and to the 60/40 ratio of  labor to 

rials costs) from a dollar limit per honc :o a stalewidc average. 



Finally, the evolution of the system at the State and local levels has led to changes in the DOE 
role. Monitoring practices and training and technical assistance activities have changed to mee 
evolving needs of a more stable. skilled, and sophisticated system. Training and technical assis 

delivery involves: identification of State staff and resource needs through ~ ~ ~ ~ n ~ ~ o ~ ~ n ~  of 
weatherizalion activilies and day-to-day contact; identification, evaluation, and d o c u ~ e n ~ a ~ ~ o ~  of new 
technologies; production of training materials; training conferences and workshops at all Bevels -- 
national, regional, and State; and the sharing and transferring of innovative and successful 
experiences. 

d .2.4 Funding History 

Throughout the United States, it is estimated that full-scale weatherization programs spent 
$4.4 billion between 1978 and 1989 on improving the energy efficiency of low-incumc housing 
(Power, et al., 1992).J DOE-appropriated run& constituted a majority of this funding between 1978 

and 1985, but was just 27% of the funding spent in PY 1989. As Fig. 1.1 illustrates, PVE funds have 
dominated the funding of low-income weatherization in recent years, LlHEAP funds havc become 
important, and ulility resources also have grown over the past decade. 

Despite the slighl decline in DOE Program funding since 1985, the vast majority of Bow- 
income full-scale weatherization funds continue to be spent in programs administered under 
Pmgrani rules. (In PY 1989, this Iigure was 76.5%.) Thus, there has been a marked increase in &he 
capacity of the Program to leverage and use effectively other resources in addition to 
appropriations. For example, in PY 1989, local agencies received 69% of their sup1p0x-t for energy 
programs from sources other than the DOE Program. This included $44 million lrcm utility 
companies (Mihlmester, et. al, 1992, p. 65). 

1.3 GOALS OF THE SINGLE-FAMILY STUDY 

The Single-Family Study is being conducted in three parts. The rcsults of the first part are 

presented in this volume. The second and third parts will be completed ovcr the ncxt yean: %fib: gods 
of the three parts of the Study are suinmarizcd in Figure 1.2. 

Full-scale weatherization refers here to conservation programs for low-income households that are offered at no 
charge and include all of the following: 
(1) an evaluation of the unit’s requirements according to a formal, written energy audit or evaluath procedure: 
(2) the availability of a comprehensive package of major and minor energy measures from which to choose:; and 
(3) installation of at least one or more of the following major measures: attic/ceiling insulation, fluor 

insulation, wall insulation, healing or water heating system maintenance, repair or replacement, window 
replacement or storm windows (Power, et al., 1992, pp. 3-4). 
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Fig. 1.1 Full-Scale Weatberizatiran: Funding Sources, PY 1978-PPI 1989. 
(Sornrce: Power, et a!,, 1932). 
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Phase one of  the ~ ~ n ~ ~ ~ - ~ ~ ~ i ~ ~  Study has two principal goals: 

a estimate the energy saved nationwide by the Program during thc first year after 
~ a ~ ~ c ~ ~ a t ~ o ~  in PY 1989; m d  

assess Program cost effectiveness. 

In ~ a ~ ~ ~ c ~ ~ ~ r ,  the first phase csthates the energy saved during the first psslretrdit year fork ~ i ~ ~ s ~ n ~  
units weahlaerizcd in PY 1989. Phase one also analyzes Program cost effectiveness fop PY 698 

"hc first phase of the ~ ~ n ~ ~ e - ~ ~ ~ i l ~  Study his: three secondary goals: 

* 

* 

assess noncnergy impacts, such as comfmolt, safety, and housing ~~~~~~~~~~~~~~ 

analyze factors that influence energy savings, noncnergy impacts, and cost e ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~ ~ ~  
an 

. identify promising Program ~ ~ ~ ~ ~ ~ n ~ ~ j e s  fop. the future. 

These secoiidary goals are also a major focus of the second phase of the %ingle-F 
Study. Ire p a ~ ~ ~ ~ l ~ ~  the second phase of the study will involve a proccss ~ ~ a ~ ~ a ~ i ~ ~  of ii set af high- 
~~~0~~~~ local weatherization agencies and the collection and analysis of on-site tlcl 
dwelling unit, occupant, and weatherization characteristics. Energy-savings results firm phase one 
will be used to guide the selection of high-performing local agencies a id  a subszeniple of  ~~~~~~r~~~~ 
and control group housing units. The on-site data will help identify factors that account four 
variations in encrgy savings and benefit/cost results, particulrtrly for housing units with especially high 
or low savings. This information will be used lo intergrct thc energy savings arid ~ n e ~ ~ ~ c o ~ t  results, 
to q ~ ~ l ~ ~ y  the nonenergy impacts of the Program, and to idcntiliy promising oppwtuni~ies. 

The third phase of the Single-Family Study will look ak the persistencc 01 energy savings ovzr 
time. Three years of postretrofit energy consumption (Program Years 8990- 1992) will be analyzed 
to assess long-term savings and the influence of household mobility. 

In sum, the Single-Family Study covers significant issues and fooc~ases on producing useful 
and practical information fer program planning, iriiplcrraentation and ~ ~ ~ n a ~ c ~ e ~ ~ t  that can be 
obtained for reasonable costs. Understanding how the Program is operating establishes the 
groundwork for planning future eflorts. 

Previous cvaluations of low-income weatherization program offer an important context 
within which &e results sf this evaluation should be interpreted. While there has bceri only one 
previous nationwide evaluation oi' the cnergy savings and cost effectiveness of tlac ~ ~ ~ ~ h ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~  
Assistance Program (Peabody, l984), there have been n~metous  ~ ~ a ~ ~ ~ ~ i ~ ~ s  of ~ ~ a t h ~ r ~ ~ ~ ~ & ~ ~ n  
programs irnpleriiented by individual States and ulilitics. In ad ition, several ~ u ~ ~ i ~ ~ t ~ ~ ~ ~ s  review 



these Statc and utility evaluations and summari~e their findings (CSR, Inc. and Meridian Corporation, 
1989; ScNegel and Pigg, 1990; Cohen, Goldman, and Harris, 1990). These reviews and the prior 
nationwide evaluation are the focus of the following literature mview. Our review is organizcdl into 
three sections: estimates of energy savings, assessments of cost effectivcncss, and identification of 
promising opportunities. 

ates af Ener 

The national Weatherization Assistance Program evaluation conducted by the Energy 
Information Administration examined a random sample of 965 single-family hones wealherized in 
138; (Peabody, 1984). The homes were drawn from 111 counties located in 24 States and the 
District of Columbia. The focus was on energy savings during the year following weatherization, 
'I'he study presented three types of energy savings estimates for the Program (p. 20): 

9 

13.1 to 13.7% of a honie's heating energy; 

10.4 to 10.9% of the home's main heating fuel; and 

9.1 to 9.7% of the home's total energy consumption (including electricity, natural gas, 
fuel oil, kerosene, and liquid propane gas). 

'1-hc rtudy showed substantial variation in energy savings across homes. In particular, 50% of 
weatherized homes reduced their home heating energy consumption by 10% or more, while 23% of 

rnore eriergy for space heating the ycar after weatherization compared with the year 
before, This wide range of energy savings i s  typical of weatherization programs (Brown and White, 
1991). 

The applicability of these findings to today's Program is qiiestionable, given the number of 
changcs that have occurred ovcr the past decade in DOE WeatheriLation procedures and the "state- 
of-the-art." In addition, the validity of the 1984 study is compromised by thc lack of a control 
group and the use of unconventional and unclcar weather iiorinalization and space heat estimation 
procedures. Further, the limited sample size could not produce robust estimates of energy savings for 
specific climate zones or types of housing and heating fuel. 

Each of the three reviews of State and utility weatherization evaluations prcsents estimates of 
the energy savings of low-income weatlierimtion programs. The study by CSR, Inc. and Meridian 
Corporntion (1983) analyzed 14 State program and reported average gross savings of 14.9%. The 
generalizability of thesc findings to the nation as a whole is hampered by the lack of existing 
evaluations of weatherization programs operating in the South. Seven evaluations of other 
compichensive weatherization programs reported highcr average gross savings of 17.7%. The now 
k'rsgrani evaluations include four studies of weatherization programs that involve rnore intensive and 
costly weatherization measures than is typical of the Program. 

- 
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The 14 State weatherization program evaluations reviewed by CSR, Pnc, and Meridian 
Corpsration (1989) tended to limit the estimate of costs to the sum of installation labor and matek4s, 
excluding my associated management or overhead costs. lJsing th is dcfrnition, thc average cost of 
these programs (in current dollars) was $1,205, per household, and the average simple payback w2s 
10.3 years. 

The review of 12 State evaluations by Cohen, Goldrrian, and Harris (1990) found the median 
retrofit costs to be $1,080 (in 1989 dollars), which includes installation labor and materials, but net 

administrative costs. Cost effectiveness is evaluated in tcrrnr of the cost of consewed energy (CCE), 
which is found by dividing the annualized cost of the retrofit by the annual energy savings, using a 
discount rate of  7% and a retrofit lifetime of 15 to 20 years. With these assumptions, the median cost 
of conserved energy is $6.80/MBtu, as compared to a national average cost of $6.00/MBtu for gas. 
As with energy savings, cost effectiveness has improved over time, and three recent demonstration 
projects have performed particularly well, with CCEs between $3.60/MBtu and $5.90MB tu. 

In comparing the results of nine low-income weatherization program evaluations, Schlegel 
and Yigg (1990) attempted to determine total program costs (installation labor and materials plus 
management and overhead costs). Thus, the average total program cost estimated by the Schlegel 
and Pigg (1998) shdy  ($2,119, with a range of $1,450 to $3,461) is higher than the average costs 
reported by CSR, Inc. and Meridian Corporation (1989). This average exceeds the DOE-mandated 
average maximum of $1,600 per dwelling because of additional funding sources. Cost effectiveness 
was assessed by estimating the cost of conserved cncrgy (calculated using a real discount rate of 5% 
ai?d a measure lifetime of 15 years). The result is an average CCE of $955,  with a range of $4.22 to 
$27.44. 

In sum, weatherization program evaluations do not always analyze cost effectiveness; those 
Fhat do assess cost effectiveness use a variety of different indicators, making i t  difficult to compare 
i.-srrlts across studies. Based on the studies reviewed above, it would appear thaE State low-income 
we2theriLation programs have a simple payback period of approximately 10 years and a cost of 
conserved energy of approximately $C,/MBtu to $1O/MBtu. The treatment of costs also varies widely, 
particularly the treatment of management and ovcrhcad costs, which are frequently excluded. 
Hznefits tend to be limited to energy savings; none of the studies revicwed above included nonenergy 
benefits in ana.'dyLing the cost effectiveness of low-income weathcrieation. In addition, the same 
caveats about the measurement of energy savings n o k d  in the previous section apply to the 

ectirnation of cost effectiveness. 

1.4.3 Identification sf Promising 0 

Thc national evaluation of  the 1981 Wealhcrization Assistancc Program offered a few 
conclusions that suggested promising opportunities. For instance, i t  concluded that insulation, stom 
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0 Weatherization applied to gas-heated homes tends to be more cost effective than 
weatherization applied to homes hcated with clcclricity. 

Weatherization of  both s ~ n ~ ~ e - ~ ~ ~ ~ i ~ y  and anullifanily taornes is ~ ~ p r o x ~ i n ~ ~ e l ~  twice as 
cost effective as weatherization of mobile homes. 

= 

e Directed approaches to prioritizing weatheaization measures help to maximize the energy 
savings derived from given expendilure levcls. 

Cohen, Gcifdman, and Harris (1990) conclude the following: 

Retrofit savings and cost effectiveness of ttic low-income weatherization program could 
be improvcd nationally if techniques from the niore advanced State programs and 
demonstration projects ace adopted by weatherization agencies in other States. Examples 
of recommendcd techniques include blower door guidcd infiltration reduction and high- 
density blown cellulose wall insulation. 

Sctilegel and Pigg (1990) estimate that the near-term potential energy savings for the 

programs they reviewcd range from 22 to 39% of initial energy ~~n~~~~~~~~~~~~ They r~~~~~~~~~ 
four strategies for increasing cost effectiveness, three of which also can Ica 
SWlingS: 

* Programs can address a wider range of cncrgy conservation mcasuses, ~~~c~~~~~~ mch 
*'soft'' rneasurcs as client education. 

4 . 1 1  



dwellings, and other key subgroups. Several methodological innovations are iinplesnsnted in the 
Single-Family Study that enable a fuller analysis of Program impacls than has been conducted to 

date. ‘These include the use of waiting lists o f  Program-eligible hoiiseholds to provide a control 
group, the inclusion of dwellings rcgardless of whether or not there has been an occupancy change, 
th.:: estimation of air conditioning savings in hot and modcrate climate regions, the inclusion of some 
noneraergy benefit<, and the inclusion of both program management aild installation-related overhead 
in the estimation of program cost. 

OF THE REPORT 

This repoit begins by describing the research design (Chapter2) and the dwelling and 
aracteristics of weatherized dwellings (Chapkr 3). Chapter 4 describes the nature of the 

weatherization activities undertaken in PY 1989, and Chaptcr 5 estimates the energy savings that have 
zcsulted. Attention then turns to a discussion of nonenergy program inn pacis (Chapter 6), program 
costs (Chapter 7), and program cost cffcctiveness (Chapter 8). The next chapter identifies factors that 
have inHuenced energy savings (Chapter 9). Thc report ends with a discussion of its conclusions 
(C%apicr 10) and a list of refercnces (Chapter 11). 
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2. EVALUATIO a 

8 = Observation 
X = Participation 
- = No data 

Implernenting this study required careful sampling, extensive data col.lec~Soars, and the 
application of a variety of data andysis lechniyues. In this chsplcr, overviews (a smqdc design mal 

selection procedures, data collection instruments and p ~ ~ c d u r e s ,  and data dnalysis tcchniyum are 
presented. 

2.1 SAMPLING 

The major goal of our sanipling process was to obtain a rcpfcsentakive ~~~~~~~~~~ sam 
single-family and small (2- to 4-unit) ~ ~ 1 1 1 ~ ~ ~ ~ 1 ~  housing units weatherized by Iocd ager~cies in PY 

In Campbell and Stanley’s (197 I )  terminology, “noncquivnlent” simply lnsenns that rtaiistica! rqt:izrdcncc moncat 
be aysurncd because random assignment to lreatinerit ;uid conixvl groups was not irnpictlawiia. 
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1989. This national sample was drawn from the mainstream of the Program, Bccause the Program 
iriiplernentors and weatherization iristallers could not have been aware that the houses thcy 
weatherized in PY 1989 eventually would be in this study's sample, -this evaluation covers the gamut 

of coazditions undcr which the Program was implcrncntcd. Unlike many studies of aueatherbation, i t  
does not focus on closely monitored situations where the installers' awareness of the study may 
produce atypical results. Instead, this study includes a cross section of the cniire Program's 
operations, including homes syealherized under a full rangc of conditions and with a large variety of 
techniques. 

Because this study i s  designed to estimate the impacts of the DOE weatherization program 
(and not thc impact of other programs that fund weathexization), the sample was restricted to 
dwellings weatherized entirely, or in part, with DOE furids OF with funds from 0 t h  sources (such as 
Oil Overcharge or Stripper-Well) that 't~csre nsed according to DOE Program regulations. 'ilhus, 
dwellings weatherized entirely with Low-Income Home Energy Assistance Program (LIHEGP) funds 
were not included in the sample if they were not administered according to DOE regulations. 

The national sample was designed to be large enough to provide estimates of national 
program energy savings for P'Y 1989 that were within 10% of ehe mean at the 90% confidence level. 

In addition, estimates of energy savings for the thtee climate regions shown in Fig. 2.1, were to be 
obtained at thc same precision. Estimates for smaller geographic regions, and for specific fuc! types 
and dwelling types, within the three regions, were expected to have less precision. The sample also 
was designed to yield descriptive data on the Program's installation of weatherization measures; on 
weatherization materials, labor, administrative and averhead costs; and on dwelling and occupant 
characteristics. Energy savings were estimated with primary data only for dwellings that heat 

a d y  witla gas or electricity. Data on wcadheriLation measures, costs, occupant and dwelling 
characteristics were, however, collected and analyzed for all fbcl types. 

Bccaiise of the difficulty and expensc of obtaining [lata from large numbers of utilities and 
local agencies, a cluster sampling technique was the most practical approach. 'rhus, a tws-stage 
sampling strategy was used, with a sample of  400 local agencies selected in the first stage, and a 
sample of 18,748 of the dwellings thzy weatlnerked and of 11,795 control homcs awaiting services 
selected in the second stage. Thc distribution of the original samples of agencies, weatherized 
dwellings, and control dwellings by climate region and agency size are shown in Figs. 2.2 and 2 3. 

Five major steps were involved in dcvdsping our salnples of local agencies and dwellings. 
was designing the ovcrall sampling process and defining the required sample sizes. This 

step depended upon an enumeration and characterization of the Program population of 1,103 local 
agencies and of the 198,000 single-family and small multifamily dwellings they weatherieed in 
PY 1989, an understanding of the typical variation in energy savings among weatherized homes and 



Very cold with little or no cooling 
Cold with moderate cooling 
Hot with substantial cooling 

Fig. 2.1 Climate Regions for the  si^^^^-^^^^^^ ~~~~~ 

B 
Local Weatherization agencies (Total = 400) 

Dwellings weatherized in PY 1989 (Total E 88,748) 

13 Control group dwellings (Totall = 11,795) 

Fig. 2.2 Distribution of the ~ r ~ ~ ~ n ~ ~  Sample of Agencies 
m d  Dwellings, by Clrmate Region 

2.3 



__ 

Laces srveabkaerimation agencies (Total .= 400) 

60 

56 

40 

30 

20 

10 

Fig. 2 3  Distribution of the Original Ssnigk of 
Agencies and Dwellings, by Agency Size 

among local agencies, and the dctailcd statistical calculations presepntcd in the Appendices of Uae 
experimental plan (see Berry, Brown, Wright and White, 1991). The second step was to construct a 
sampling frame that was stratified by local agency size and geographic region. The third step was to 
draw a random sample of local agerlcies from thc: sampling frame stratified by size and geographic 
region. ‘The fourth step was to randanly select a sample of dwellings from lists of dwellings 
weatherized in PY 1989 entirely, or in part, with DOE funds or Funds used according to DOE 
regulations (dwellings meetimg these criteria will be called “weatherized dwellings” in tbe rest of the 
report). These lists of weatherized dwellings werc obtained from the local agencies selected in step 
three. The fifth step was to obtain a control group from the waiting lists of the same local agencies 
selected in step three.2 

~_ 
Each of these five major steps is discussed in more detail in Appendix S-1. Additional details a b u t  the selection 
and weighting OF the national sample arc given in Appcndices €3-2 through F-5. 
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2.2 DATA COLLECTION 

This study necessitated the collection and management of several large data sets, which 
required an extensive and complicated effort. The data collection effort began with the identification 
and classification of the 1,103 local agencies operating in the continental United States. The local 
agencies were classified by geographic location and by size, which was defined as the number of 
dwellings weatherized in PY 1989. Contact names, addresses, and telephone numbers also were 
obtained for this data base, which was used for sampling, informational mailings, data requests, mail 
surveys, and telephone follow-up aclivities. 

The next step in the data collcclion effort was to contact the local agencies. Information 
packages, explaining the purposes and plans for the National Evaluation of the Weatherization 
Assistance Program, were sent to all 1,103 agencies by each State's program director in September 
1990 (Appendix 8-2). All of the agencies also received a mail survey in October 1990 as part of the 

Network Characterization Study (Mihlniester, et al., 1992). The 400 agencies selected (from the 
population of 1,103) for our national sample werc contacted again by mail beginning in December 
1990, informed of their inclusion in this study, and asked to provide lists of the dwellings they 
weatherized in PY 1989 (Appendix B-2). The collection of the lists of weatherized dwellings 
continued through April 199 1 (Fig. 2.4). 

As the lists of weatherized dwellings were received from the local agencies, they were entered 
into a data base, and a sample of weatherized dwellings was selected at random from the lists. 
Sampling rates varied by fuel type and agency size as is explained in Appendix B-1. There were four 
major components of the data collection effort for these sample dwellings which are described in the 
sections that follow: ( 1) dwelling-specific data on dwelling and occupant characteristics, 
weatherization measures installed, and inaterial and labor costs; (2) agency level cost data on 
overhead and management costs: (3) utility data on fuel consumption; and (4) weather data. The 
timing of the data collection efforts is sunimarized in Fig. 2.4. 

2.2.6 Dwelling-Specific Data from Agency Records 

Most local agencies keep extensive records on the dwellings that they weatherize, but these 
records differ from agency io agency. Thus, the first step in developing the Dwelling-Specific Form 
was to understand what information was available in agency records. Agencies were asked to supply 
examples of their recordkeeping systems so that the common elements of their systems could be 
identified. Items were generally included in the Dwelling-Specific Form only if a large majority of 
agencies (80% or more) had the item in their records. A few items, such as utility names and utility 
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Fig, 2-4 'liming of Data Collection in the Single-Family Study. 
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account numbers, werc includcd on the form even fliough we knew that nnany agencies did not havc 
this information. is was done because the value of having the ukility ~~~~~~~~~~~, even for a 
minority of dwellings, was high. 

After selecting the data items on dwellings that were most useful for the study's: purposes 
most available in agency records, a Lest version of the Dwelling-Specific Form was devclopcd. This 
tesl version was pre-tested with six agencies. Feedback from these agencies was used to refine the 
instrument. The final version of the ~ w e ~ ~ ~ n ~ - S ~ e c i ~ i c  Fonn (Appendix 8 - 3  ) a,ks far information 
on dwelling and occupant charactcristics, weatherization measures, and material and labor costs for 
dwellings weatherized in PY 1989. 

For each of thc 400 agencies, a data request package was mailed in March through June of 
1991. Each data request package conlained one Dwelling-Specific Form for each 
sample served by that agency. 
(Appendix B-3)p a cover letter from the DOE director of the Program (Appendix €3-21, and a set of 
instructions. Small agencies were asked to completc data forms for only a few dwcllings, while the 
largest agencies were asked to complete several. hundred forms. 

Thc package also contained one Agency ~ ~ f ~ ~ ~ ~ a t ~ o ~  F 

The datzi request packages were sent out in successive waves of mailings that were s 
about one to two weeks apart. Mailings were conducted in these successive waves boih because of the 
sheer volume of the effort, and because it was desirable Lo spread out the return of  data and the 
accompanying workload over several months. ailings requesting agency cost data and utility data 
(Sections 2.2.2 and 2.2.3) also were implemented in successive waves in a similar pattcm. 

Extensive follow-up activities were conducted to minimize sample attrition. These actions 
included several reminder letters and numerous telephone calls. In cases sf 
the State manager of the program was contacted and asked to encourage a res 
By November 1991, the collection of Dwelling-Specific Forms ended. At th 
original sample of 400 agencies had responded. Data entry was completed in Dccenibcr: and andysis 
began in January 1992. 

The 32 agencies that did iiot respond were droppe from the sample because of lack of 
cooperation, insufficient funding or manpower, or other such reasons. ~~~~~~~~~-~~~~~~~~ Fum 

infomiation was requested for 18,748 dwellings and data were returned for 14,97 I dzvellings, 
Attrition occurred for the following reasons: 

* 

m 

= 

local agency did not return any forms (3% of dwellings), 
local agency did not return some of the fonns (3%) of dwellings), 
dwelling did not meet study criteria3 (10% of dwcllings), 
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cy knformation Form 

The Agency I i i ~ o z a t i o n  Form (Appendix R-3) asked for information on overliead and 
program nianagcment costs. Because overhcad arid program ma~nagerneiit costs arc not tracked on a 
Inowe-by-house basis, they mist be collected for the agency as a wholz, and then used to calculate an 
average per house cost. Separate agcncy cost-related qucstions were dcvcloped for crew-based vs. 
contractor-based jobs, becausc thcse two types of job5 use differcnt methods of repreing overhead 
and program managemeiit costs, The Agency Infooi-mation I-;nn was mailed out to each agency at 
the s m c  time as their set of Dwclling Specific l.’crn~is. This mailing: (Appendix N-2) also askcd for a 

l is t  of dwellings awaiting weatherization servi that could be used a$ a corrirol group. Typically, 
agency waiting lists werage about one-fourth of annual production. Thus, the population of control 
horries on waiting lists was estimatcd to Is: abm1 49.500. 

2.2.3 Utility Data 

Primary data on fwl  coiifumption were collected only for dwellings that lreat primarily with 
gas or electricity. No effort was made to gather furl consumption records for dwellings that heat 
primarily with other fuels (such as wood, coal, fuel oil, kerosene, and propane). These fuel 
coilsumption records are often noncxislcnt. tlic cost of  trying to collecl whatever records might be 

available would be extremely high, and i h e  eisclulness and rcliahility of tl-le information would be 
low. Because of these problems, a separalc enctering effort was undertaken for homes heated 
primarily with he1 oil (i.e., the Fuel-Oil Study). Fuel oil is second only to natural gas in its 
frequency of use amcng home$ participating in DOE’s 1989 Wtwherization Program. 

The firs; stcp in collecting electric and gas consumption data was to identily the utilities that 

sewed the sample dwellings, and to locate the apprspriatc contact person within tlse utility. Utility 
directories were consiilted and cxtcnsive tclephoiie work was conducted ‘I‘elephone contacts 
included State l%biic Utility Commissions. State energy offices. utilities, utility associations, and local 
governments. In addition, the local agencies wete askcd to provide utility contacts in the mailings 
they received beginning in December 1990. Information about the utilities sewing specific dwellings 
also was collected as part of the Dwelling-Specific Form (Appendix B - 3 ) ,  This information was used 
to locate the correct utility for specific dwcllings. 

Beginnirng in April 13911, a preliminary mailing was sent to 1,500 utilities that had been 
tenlarivcly identified as serving the dwellings in thc study. The purpose of this preliminary mailing 
was to introducc the study to the ritility, to ascendin amy problcms the utility would have in providing 
the data, and to continue the piocess of identifying the best contact person. A reply form 

addition, some dwellings thai were initi:rlly identified as having been weatherized in PY 1989 were actually 
weatherized in a different program yex. 7 hese dwcllings also wcrc dropped from the sample. 
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(Appendix B-2) which identified the contact person and asked for information on any potential 
problems in providing the data was enclosed with a request to mtum the form to ORNL. After the 
utiiily responses to the preliminary mailing were received and the list of contacts and addresses 
updated, the first wave of data request packages was sent to utility contacts in July 1991. Mailings of 
data requests to utilities continued in successive waves until September 1991. These data request 
packages explained the National weatherization Evaluation's goals and sponsorship and asked for 
assistance in obtaining fuel consumption records (Appendix B-2). The data request packages also 
contained - -  the list of sample dwellings lhat the utility served for which fuel consumption data were 
needed and a detailed explanation of preferred formals for machine readable data. 

During July through September 1991, utility data request packages were mailed out to 926 
ulilities. Members of the original group of 1,500 utilities were eliminated from the mailing list if they 
were found to be duplicates (sometimes the same utility was listed under different names, or at 
different locations or branch offices), or if they were not gas or electricity providers for the study's 
sampled dwellings. In all of the climate regions, gas records were requestcd for gas-heated dwellings 
and electric consumplion records for electrically heated dwellings. Additionally, in the moderate and 
hot climate regions, electric consumption records were requested for gas-heated homes if we knew 
(from the Dwelling-Specific Forms) that the dwelling had air conditioning. 

Extensive follow-up efforts were conducted to maximize the utility response rate. These 
actions included several reminder letters and telephone calls. In cases of persistent nonresponse, a 
lctter from DOE was mailed to the utility's Vice President, or CEO/General Manager and a letter, 
cosigned by two Working Group members representing ulility regulators, was sent to the Chair of the 
Public Utilities Commission in their Slate (Appendix B-2). 

Most local weatherization agencies collect bill waivers from their clients as part of the process 
of applying for services. Most of the utilities believed that an example of an agcncy's bill waiver 
provided sufficient aulhorization for the release of the fuel consumption records for this study. 
Some utilities, however, would not provide fuel consumption records unless they had a signed bill 
waiver in their possession from each custonicr in the sample. If a utility required such waivers, 
mailings were sent to local agencies that had these bill waivers on their application forms (to obtain 
xeroxes for the utilities). If an agency did not have bill waivers in their files, a bill waiver request was 
sent to individual householders. The bill waivers that were retuned to ORNL were, then, forwarded to 
the utilities that required them. 

As a result of the extensive follow-up efforts (including several thousand letters and telephone 
calls) to obtain utility billing records, 689 of the 926 utilities (74%) responded to our data request. 
However, some of the information they provided was in~omplete.~ The information received is much 

___-- 
Because most utilities keep between one and two years of billing histories on-line in their computer systems, 
obtaining recent information is rehtively easy. Earlier data could often be obtained only from microfiche or from 



more complete for the post-Weatherization years (1 990- 199 1) thais for the pre-weatherization years 
(1988-1989). 

For the initial sample of 926 utilities consumption records were requestcd on 24,957 
dwellings. Of the total dwellings, 13,162 were weatherized homes and 11,795 were control hnmes. 
Among the 689 utilities that responded to our data request, records had been requested for 17,991 
dwellings. Out of these 17,991 dwellings, some data were received on 14,198 and reasonably 
complete data were received on 11,882. Thus, s a t 9  of the 24,957 dwellings for which records were 
requested attrition occurred for the following reasons: 

utility did not respond, 
utility required bill waivers which could not be obtained, 
utility could not locate the dwelling in their customer rceords, and 
records were too iiicvmplete to bc useful. 

Weather data were obtained from all the primary and secondary weather stations in the 
continental U.S. for which the National Climatic Data Center (NCIDC-1) keeps records. The NCDC data 
on average daily temperature, which are required to run PRISM, are quite complete and generally of 
high quality. 

,4lthough many analysts h i t  their studies to primary weather stations (of which there are 
264), our analysis used data froin both primary and secondary weather stations to ensure greater 
accuracy. The procedure for matching dwellings with weather stations involved identifying the 
geographic locations of the agency that weatherized the dwellings and of the primary and secondary 
stations in both longitude and latitude, After the locations of all the agencies and stations were 
denoted, the distances from each agency to all possible weather stations were calculated, The next 

step was to find the closest weather station by minimizing the distance in a weighted distance equatiov 
(Appendix B-4). The weighted distance equation gave greater weight eo north-south differences tl-naa 
to east-west differences, because they have larger effects on temperature. If data were not available 
from the nearest secondary weather station, the default was to the nearest primary station. Tpmccdures 
for missing data also were devcloped and applied (Appendix B-4). 

paper records. Utilities werc often unable, or unwilling, to do the very labor intensive job of retrieving earlier 
htn .  The expense of paying workers to assemble the data was frequently raised as an issue by the nomesponding 
utilities. This study did not include a provision for paying for the dataa. Future studies may need to considca 
paying utilities for the data requested, to reduce nosrccsponsc rates. A few irtill'aies informed 11s that they require 
payment, as a standard pl i cy ,  bcfore providing ~ A Y  records. 
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2 .  

Data obtained from each of the four major components of thc data collection effort 
~ ~ w e ~ ~ ~ n g - ~ ~ ~ ~ ~ c  Fonns, Agency Information Foms, utility fuel consumption records. and weather 

ata) were d e ~ e ~ o ~ ~ i  into clean data sets. Standard agency and dwelling identification numbers were 
assigned so that infomiation from the various data sets could be merged as needed. In Chapter 3, 
sample attrition €or the data from the Dwelling-Specific Forms, Agency Infomiation Fomis, and 
utiIity fuel consumption records is analyzcd. Sample attrition was not a signifkant problem for 
weather data, although some procedures for imputing missing data are described in Appendix B-4. 

In Chapters 4, 5, 7, and 8, differences in weatlaerization activities, energy savings, costs, and 
cost effectiveness are consistently tabulated by the same key subgroups: 

* 

a 

6 

climate region (cold, moderalc, and hot); 
primary heating fuel (gas, electric, and olher); 
dwelling type (single-family, small multifamily, and mobile homes); and 
size of local agency (small, medium, and large)? 

These key subgroups were emphasized bccause they significantly corrclate with program 
performance measures. 

In reporting varialions by key subgroups, wcightcd results are used in every chapter except 
Chapter 3 (which describes the sample in both unweighted and weighted terms). The weighting 
~ ~ ~ e ~ u r e  is described in Appendix B-5. The methods used to analyze the data on weatherization 
activities and costs, on energy savings and on cost-effectiveness are discussed &low. 

.3.1 erizatisn Activities and Costs 

The initial analysis of the data obtained from the Dwclling-Specific and the Agency 
~ ~ f o ~ i a t i ~ ~  Forms, which is presented in Ghaptcrs 4 and 7, is descriptive in nature. Simple 
tabulations and cross-tabulations are used to characterize the national distribution of weatherization 
activities and costs. Differences by key subgroups such as climate region, €uel type, etc. also are 

presented. 
~ ~ ~ e ~ ~ a ~ ~ ~ ~  activities are scported in the six broad categories used in the Dwelling-Specific 

Forni (Appendix B-3): air leakage control, insulation, water healer measures, windows and doors, 
space heating measures, and mobile home measures. The pcrcentages of dwellings that had measures 
of each type installed are reported by key subgroups. 

5 Recall that small agencies weatherized 100 or fewer dwellings in PY 1989, medium-sized agencies weatherized 
more than 100 and less than 4W dweflings, and large agencies weatherized 400 or more dwellings during that 
Y W .  
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For specific dwellings, efforts were madc to collect the rnaterials costs for each of these six 
categories as well. However, the rnaterials costs data for these six categories is often missing, with 
only the total materials costs reported. This led to some complications in OJ;ie analysis of costs, with 
respect to the treatment of zerocs and missing values, which are discussed in Chapter 7. 

Analysis of the agency cost data obtained from the Agency Information Form was dbfficdt 

because much of thc information was missing or obviously incorrect. A subset of 137 agencies ahat 
provided complete and logically consistent data was assembled arid analyzed for this part of the 
study . 

rgy Savings Analysis 

The major goal of this study was to estimate the national energy savings of the Weatherization 
Assistance Program. In general, a dwelling’s energy use will vary from year to year for a variety of 
reasons including changes in weather, appliance stock and usage, thermal integrity of the house, arid 
energy-related behavior of the occupants. Weatherization is only one of many factors that may cause 
changes in energy ConsumpEion. For individual dwellings, it is difficult. (and beyond b e  scope of this 

study) to identify thc contribution of weatherization alone to changes in consumption. By averaging 
across large numbers of weatherized and control group dwellings, however, it should be possible to 
estimate an average effect of weatherization. 

In this study, the influence of weather on consumption was removed by applying a weather 
normalization procedure - the Princeton Scorekecping Method (PRISM) (Fels, 1986). Other factors 
which cause variations in energy consumption, such as changes in occupant behavior and appliance 
stocks, were assumed to cancel out because large enough groups were being examined to producc 
similar effects in both the treatinelit and control samples. 

For dwellings that heat primarily with gas or electricity, PRISM was applied to utility 
consumption records for the year before and the year after a retrofit installation, together with 
average daily temperatures from a nearby weathcr station for the saiiic time periods, to determine a 
weather-adjusted index of consumption labeled normalized annual consumption (NAC). Analogous 
to an automobile miles-per-gallon rating based on a standard driving cycle, the NAC index indicates 
what energy consumption would be under typical weather conditions. ‘l’las: gross energy savings are 
then derived from the differences in the NAC for pre- and post-wcathcrization periods. An energy 
conservation effect is thus neither masked by a cold wiiiter nor exaggerated by a warn  one. 

To estimate the savings attributable to the Program from changes in consumption that WQUM 
have occurred without the Program, the PRISM method also was applied to a control group of 
houses. Both gross savings and net savings are presented in Chapter 5. Gross savings a n  based 0x1 

the PRISM results for the treatment group alone. Net savings are obtained by comparing changes in 
control group consumption to those of the treatment group. Because control group consumption 
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may increase or dccrease during the study period, net savings may be either higher or lower than 
gross savings. 

Some data (DweUiing-Specific Forms) were collcctetl on all weatherized dwellings in the 
sample regardlcss of the fuel used for healing. For exmple,  ~ ~ ~ ~ o ~ n ~ ~ ~ ~ ~ ~  on the dwelling and 
occupant charactefistics, weatherization measures insta3lcd, and the costs o b  thc measures was obtained 
from agency records for all weatherized dwejlings in the sample. s approach made i t  possible to 
characterize the entire population of single-family and small ~ ~ l t ~ ~ a n ~ ~ ~ ~  dwellings w e a t ~ e r ~ ~ e ~  in PY 
1989 on several important variables. This ~ n ~ ~ ~ i a ~ ~ o ~ ~  was aniilyzed to produce indirect estimates of 
energy savings. The indirect estimates were iaafemd from existing studies (where available) and 
developed from a comparison of dwellings us g other fuels to gas and electrically heated dwellings. 
Thus, the single-family and small inulkifmily using units, for which Dwelling-Specific Forms were 
returned, were included in the national estianate of erazrgy savings regardless of the fuel type used. 
Their estimated savings were weighted according to e ~~~p~~~~~~~~ o F weatherized dwellings using 
each fuel type. 

A somewhat atypical and ~ ~ e ~ ~ i ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~  inlercsliaig fcdtaase cE khis study i s  that housing 
units were not dropped from the analysis because of occupancy changes. Most e ~ ~ l u a t i o ~ i s  of 
weatherization impacis remove housing units with occuparicy changes Prom the sample because of the 
large fluctuations in energy consumption that naay result. I f  a ~ G W  f m i 3 y  moves into a housing unit, 
consumption may double or  be cut in half even with no ~harnge in the unit's energy-efficiency 
characleristics, There are, however, several reasons to retain rinits with occupancy changes: 

9 a primary purpose of the Program i s  Io iracreasc: &he energy efficiency OP the low-income 
housing stock, and this occurs wi&h or without cccupa~aa:y chmgt"&; 

m low-income housing units have especially high a~ct~parr t  turnover rates, and an extrcmely 
high attrition might result i f  all hou$;ing uaiits with uccrspmcy changes were eliminated 
~~g~~ attrition could be espccidllly darnaging he the phase three pc~sistccaace analysis); 

housing units with occupancy changes and housing units without occupancy charigcs may 
have different energy-related ~ h ~ ~ ~ ~ ~ ~ ~ ~ s l i c ~ ~  because movers ten to diffcr from stayers 
(e.g. ,  they belong to differciat age groups O F  ~~~~~~~~r~~~~~~~~~~~ aiad 

there is some evidence that cxannining o n l y  stayers may misrepresent energy savings 
because of attrition bias (Blasnick. 1989). 

e 

In this study. housing units wi t&n and without o ~ ~ ~ ~ ~ ~ ~ ~ c ~  shangcs arc inchfled; in addition, we 
examine the impact of household turnover on savings. 

Although utility billing data are the best snurcc of infonnation on gas and electricity 
c ~ n s u ~ ~ ~ t ~ o ~ ,  there are some i ~ ~ ~ o ~ ~ ~ ~ t  ~ o ~ ~ ~ ~ ~ a ~ ~ ~ ~  factors Ihat must bc considered in their use. 
Firs$, me hime periods separating meter readings arc of variable length (e.g., some may be monthly 
and some ~ ~ ~ ~ n t ~ ~ l y ~ ~  thus, different households will have different beginning and ending dales for a 
~ e t ~ ~ - ~ ~ a d i n g  ~ b ~ ~ i ~ g ~  cycle. Because calendar months rarely correspond to the cycle months, no 
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monthiy sunirnany data can be used. Instead, daily weathcr data must be matched to the days for 
which consumption data are obtained. and each household's wcather-adjusted estimates of 
consumption must be computed separarcly. 

A second complication is that differ eni utilities keep records in different formats (some hard- 
copy and some computerized); therefore, records must bc reformatted into a standard system. 
inaccurate or missing billing data may result from meters' not being read when scheduled, from 
estimated readings, or from changcs in utility accounting procedurcs. Errors like these were handled 
by eliminating housing units with inadequate billing histories from the data base. Clhapler 3 contains 
ann analysis of pattens of attrition in the utility consumption data. 

2.3.3 Cost 

Analysis of cost effectiveness requires using the estimates of program-induced energy savings 
(Chayter5), data on fuel prices, and data on other program benefits and costs, To the extent that 
nonencrgy impacts can be estimated in monetary terns, these also can be incorporated into the cost- 
effectiveness analysis. The monetization of noncnergy impacts is discussed in Chapter 6 ,  costs in 
Chapter 7, and cost-effectiveness results in Chapter 8. 

'The cost effcctivcncss of a retrofit investtrnent can be deter-nnii-ied with a variety of approaches. 
Although a basic comparison between measured energy savings and the coszs of achieving them is 
always involved, a number of olhcr iiiputs are usudiy needed as well. Key assumptions include the 
expected lifetime of the housing unit and of the rctmfit ~nea.surcs, a discount rate that reflects the time 

value of money, and estimated fuel price escalation rates. Because there is significant tancertainty in 
these key assumptions, sensitivity analysis was used to estimate a range of cost effectiveness under 
varying conditions (Chaptcr 8). 'h ba5eline assumptions were a 4.7% real discount rate, 20 year 
measure lifetimes, and 1989 fuel prices. The fuel prices were obtained from published sources 
(Energy Information Administration, 193 1 a and 1991 b); weighted fuel price values were calculated 
based on the distribution of weatherized dwellings hy State. 

In Chapter 8,  cost-effectiveness indicators are calculated with standard fornulais. In 
particular, estimates of benefiucost ratios and of the cost of consewed cnergy are presented. These 
cost-effectiveness indicators are reported by climate rcgion, housing type, fw l  type, and size of local 
agency. 

The evaluation design and data collection processes described in this chapter provide for: 

the most comprehensive evaluation of Ihe Weatherbatioii Assistarwe Prograin ever 
conducted (involving thousands of dwellings and h~i idral  i s  of local agencies); 
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a ~ ~ ~ ~ r s ~ ~ ~ i ~ ~ n ~  of the Program across key subgroups (climate, primary heating fuels, 
dwelling types, and agency si=); 

~ ~ ~ ~ $ ~ ~ ~ ~ i t a t ~ o ~  01" ~ ~ i ~ ~ ~ ~ v ~ ~ i ~ ~  approaches to weatherization program evaluation (e.g., 
retcntiotl of dwcalings 
t w d d  for clectrically 

;a ~~~~~~~~~ description of the Program's weatherization activities; 

a prinialy data analysis of cnergy savings and cost effectiveness of the Prograin as applied 
to gas- and electrically heated homes; 

die inclusion of some nun-energy benefits in the cost-effectiveness analysis; and 

~ y a ~ ~ a t i ~ ~ i ' ~  design and implementation. 

tlz occupancy changes and use of a new weather normalization 
ed and cooled dwellings); 

= 

G involvement of representatives of all the Program's major stakeholders in the 





3. QWELLING AND OCCUPANT CHARACTERISTICS OF 
WEATHERIZED HOMES AND THE ELIGIBLE POPULATiON 

This chapter describes the dwelling and occupant characteristics of homcs weathcrized by the 
Weatherization Assistance Program during BY 1989. It bcgins by analyzing the respondents in the 
sample by climate rcgion, agency size, type of primary heating fuel, and dwelling type. This 
characterization is used in an asscssment of nonresponse bias and in the development of sample 
wcights. Thesc weights are used in the rest of this chapter and in all subsequent chapters to convert 
sample statistics into estimates of totals and means for  the population of weatherized homes 
(Section 3.1). Attention then turns to the dwelling and occupant characterislics or homes weatherized 
during PY 1989 (Section 3.2). Next, characteristics oF weatherized dwellings are compared with those 
of the Program-eligible population (Section 3.3). This comparison is based on an analysis of data 
from the 1990 Residential Energy Consuinption Survey (RECS). The chapter cnds with a summary 
of its key findings (Section 3.4). 

3.1 CHARACTERISTICS OF THE SAMPLE OF EATHERWED 
DWELLINGS 

The original sample contained 400 local weatherization agencies, 18,748 weatherized 
dwellings, and 1 1,795 control group homes. Dwelling-specific data wcre solicitcd from local agency 
records for the entire sample of weatherized dwellings. Dwelling-specific data were not requesied for 
the control group, since such data would not be available in  agency files. Energy-consumption data 
were solicited from utilities h r  those sampled dwellings that heated primarily with gas or electricity. 
Gas and electric utilities wcre asked to provide energy-consumpiion d a h  ior the entire original 
sample of control gmup dwellings, since all of them were presumed to have 3a.s or electric heat. 

Dwelling-specific data were received from 368 (92%) of the original sample of agcncies, on 
14,971 (80%) of thc sarnple oP dwellings they weatfaerizcd in PY 1989 (Fig. 3.1). Complete energy- 
consumption datal were provided for 4,796 of the sample of-‘ weatherized dwellings (drawn from the 
clients of 264 different agencies) and 3,776 of the sample of control dwcllirigs (drawn from the 
clients wailing to be served by 230 dilTerent agencies). Dwelling-specific data are available for 85% 
of the weatherized dwellings for which complete energy-consumplion data were provided. These 
samples are described in inore detail in the seclions below. 

1 A dwelling was considered to have “complete” energy-consumption dntn if it had at least four consumption values 
for the primary heating fuel during bolh the PTE- and post-weatherization years and including one or more winter 
months during both years. 
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at of agencies/dwellings in original sanipie 

# of agensies/dwellinys with dwelling-specific data 

Nrl,1Q3 agencies N=198,00Q dweiiings N=49,5QQ dwellings 

# sf agencies/dwellings with energy-consumption data (weatherized dwellings 

a% sf agencies/dwellings with energy-consumption data (control dwellings) 

Fig. 3.1 Compasisoii of Sannpk Sizes 

Local ,I?agencies Weatherized Dwellings Control Group Dwellings 

3.4.1 Samplie af %$weblings with Dwelling- pecifie, Data 

There is little differeerrcc bcltween the geographic di Wibutions of the sample with dwelling- 
specific data (Fig. 3.2) and the original sample of agencies and dwellings (see Fig. 2.2 on page 2.3). 
This is due to the excellent response of the local agencies to our request for dwelling-specific data. 
The distribution of responding agencies, by climate region, is very similar to that of the original 
sample. The orily nolable difference bclwecn the samples of dwcllings is the slightly lower response 
rate in the Bot climate rcgion. which provided 20% of the sample with dwclling-slxcifiic data 
compared with 23% of the original sample. 

‘Ihe original sample (see Fig. 2.3 on pagc 2.4) and the sample with dwelling-specific data aha 
are distributcd similarly by agency size (Fig. 3.3). The only notable difference is the slightly lower 
response rate of smaller agencies. Howevcr, those smaller agencies that did respond providcd 
information on a higher pcrcentage of the sampled dwelliiigs, so the distribution of weatherized 
dwellings with dwelling-specific data, by agency size, is essentially equivalent to that of the original 
sample. 
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Fig. 3.2 Distribution of Agencies and Weatherize 
Dwelling-Specific Data, by Climate Region ~ ~ ~ ~ ~ e ~ ~ ~ t e d ~  
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Local weatherization agencies (Total = 368) 

37 Dwellings weatherized in 5"Y 19S9 (Total = 14,971) 
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Fig. 3.3 Distribution of Agencies and Weatherized ~ w ~ l l ~ n ~ ~  with 
Dwelling-Specific Data, by Agency Size ~ ~ ~ ~ ~ ~ e ~ g ~ ~ ~ ~ ~  
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The riisilibrrtions sllr11111aii/ed in Figs. 3.2 and 3.3 are the hasis for the development of 
wigiris  that are used throughout tine rest of the report to correct for nonresponsc biases. 
Appcnd;x (2-1 prcsen;is i'ric actual weights that are uccd in ihc analysis of dwelliiig-Fpecifnc data. Both 
of t k  minor nonresponsc b i a m  iiotcd above are correctable with these weights 

bigurc 3.4 prcsc,its thc :!isti ibkiiioll of the sample of wc3therizcd dwellings (with dwelling- 
specifk data) by CIiilldc xgion. Rclh unwighied  and weighted percentages are shown. The 
weighted pzrcciitnpx are biased cstimaics of thc clislribirtioii of PY 1389 wearherieed dwcllings 
across the ihrcc clinialt: rcgioiis. 'l'hey documen: the domiinanre of the modcrate climate region, in 
terms of weatherized iiomcs (with 58.5% of thc total in PY 1989). Th? cold -cgisn is a larger 

gc of ilic ira\.\lzigiiied sai~ik~lc compared to the wcjehtcd sarnplc: because it had the highest 
iespons5 rate of tile three clirrlaic rrgions. Identical samplilig fractions werc used across the three 
ic g i 0 i i  s . 

Climate Regions 

&-jl(j 

Unweightcr! I Weighted 

Fig. 3.4 Disii-ibutiors of Weatherized I9wel!ings. by Climate Region 

Figtire 3.5 picscliis thc diyrribuiion of the saoipli: of wcatheiized dwellings (with dwelling- 
specific data) hy prilhni y hcatiiig fucl. CIP~BI unweightcd and weighted percentagcs are shown. The 
unsveightcd pcrccfiiapc show the doiiiinnnce of gas heat in the samplc of weatherized dwellings for 
which dwclling-spc;ri fir data arc a v a i l ; l b ~ ~  IlOtiY gss and clectrically heated homes were sampled at 
higher rates than homes hcatcd by othcr lrwls to ciisiire adequate wmple sizes f O r  the analysis of 
ener,qy savings. TilC weighted pc;crn;ages are i~nhiased estimates of the types of priiinary heating 
fucl uscd hy iiomc.; wc3.llici-izc:l i i i  PY 1989. Bascd on ihcsc ~lumbcrs, gas and clcctricity represent 
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Single-family 

Fig. 3.6 Distribution of Weat erized Dwellrlkgs, by D%velling Type 

In Section 3.3, the fuel. typc arid housing-type characteristics of wmtiierizcd Etrmes are 
compared with the eligible population. Significant differences exist. 

Energy-consumption data were requested from utility companies for the sample of 13, I62 
weatherized dwcllings that heat prinnaiily wild1 gas or electricity. Infur-rtiation on eirergj. ccinwnptiorn 
VIES also sought for the entire control group sample of 11,705 dwelling% 

Utilities provided complete data for only 4,796 (or 36%) of the original sa~rrple of 
weablherized dwellings and 3,778 (or 32%) of tine sample of control dwclliiigs. ‘lhls sample of 4,796 

weatherized homes was sewed by 264 different local agencies, and the coinlrol sample OP 3,775 
ii6meS by 230 of these agencies. Comparing these sample siLes with tile target of 6.500 d 
weatherized by a sample of 365 local agencies indicates a significant shortfall. Thus, i t  will not be 

possible to achieve :he anticipated levels of confidence and p x i s i o n  when mimating the zneigy 
savings of specific subgroups of dwellings. However, based an our piaming asslumptiom t i l t :  sample 
should be sufficient to estimate the energy saved by the program as a whole with a relativz enor of 
13% and a 90% confidence level. 

The significant nonrespcn~sc ratcs on the part of gay and caeciric utilities cause sevci:l: nntaldc 
Lases in the composition of the sample with coniplete encrgy cansui~~ption data. Becauw rcsprrr 
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Thus, the lower than anticipated utility icsponse iales has rcstilted in samples of d 
do not proportionately reprcsciit the populations from which they were drawa. Mowe:.es, [lie same 

biases that afflict the representative sample of weathcikcd dwellings also iiriparrt 111:. ~ i i i i ~ i  I Iwellinp.; 
favAitating cornpadsons between the wearhcrized and rontrol dwellings. Fi~rtl-aet a sei o f  vit I ~ P I I ~ A  was 

developed to adjust for biases in climate region distributions. 'I'hesc ribjzi L. hirihir 

detail in Chapter 5 )  are used to rcdircc the bias awociatcd wi?h estimates 
weatheriation statistics. 

The vast majority of both the wYeatlacriLcd and cnri[iol d\%.cl!iilgi; with mergy coiwrnpticm 
data are gas-keated (90% and 84%, respectively). Gecaiaw of the rplativrly : ,lair J ~ F U ~ J I '  ot 

representative weaeher;ized dwellings with electric hcat for which cow umption ba;r; ,-ti P available 
(N=497), the precision of the cncrgy-savings zstimdti: ; !'os* t h i q  tu::! type is con raliiy IC?? ' (  t ihdl 

for natural gas. 



3.1.3 Sample with Agency Cost Information 

Three-quarters of the sampled agcncies (298 out of 400) rctumcd an Agency ~ ~ ~ o ~ J ~ a t i ~ ~ ~ i  
Form; however, many of these forms were too incomplcte to be usable or contained obvic) 
inaccurate and inconsistent informalion. The Pirst three questions on the form (Appendix 
example, ask for: (1) total program costs (TPC) in PY 1989, (2) total installation costs (TIC, which i s  

Uie sum of all materials, labor and installation overhead costs), and (3) total program management 
cosls (PMC, which includes any costs that are not installation costs). Logically, the sum of ~ ~ ~ ~ a l ~ a t i ~ ~  
costs and program management costs should equal thc total program costs (TIC + PMG = TPC)* On 

many o f  the data forms, however, the values reported for installation costs and management costs did 
not sum to the toral program costs. 

In addition, there were frequcnt errors i n  calculating an average per house program 
management cost (APMC), To obtain an APMC, the total program nianagcment cost in PY 19x9 

should be divided by the number of houses weatherized in PY 1989. In this case too, the values 
reported on the Agcncy Infomiation Form often did not have the correct nunierical relationships. Xn 

particular, the values that appeared to have been used within the Agency Information Fomm Elas the 
number of houses weatherized often did not agree with data on the number of houses wcalhcrized 
obtained from other sources (Le., the Network Characterization Survey anti the lists of dwellings 
provided by the agency). 

Because of the frequency and pervasiveness of the reporting and cornputational errors on a91e 
Agency Information Forni, many of the values reported for APMC were not credible. Specifically, 
values for APMC ranged from a low of $12 per house to a high of $1,868 per house. Pscvious 
studies (Kushler and Witte, 1985; Kushler, Witte, and Stanley, 1987; McKenzie and Phenegcr, 198.3; 
Randolph and Greelcy, 1990; Schlegel, 1991) suggest that average values of lxlween $300 and $500 

per house are typical. The values of less than $300 that appear in the Agency Information Pcmn rlala 
probably do not include sonie significant management cost categories, and the values above $500 

probably include some installation costs. 
For the reasons discussed above, much of  the cost information reporlcd on h e  Agency 

Information Form was seriously flawed. A subset of credible data was developed by applying logical 
checks (such as TIC + PMC = TPC) and a believable value criterion (not less than $100 or more than 
$1000 for APMC). The number of f o r m  retuiiied with what appcared to be credible and consistent. 
data was 137. 

The 137 agencies that returned credible and consistent data were not distributed across thc 
climate regions in the same proportions as the total sample. While the proportions of thc agencies 
with good data to the total satnple were similar in thc cold and moderate regions (33 out of 99, and 
64 out of 151, respectively), there was a noticeably smaller proportion in the hot region (40 out o f  
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150). The agencies with good data also werc not distributed evenly by ageicy size. Larger agenciw 
mc:e likely to return consistent data, as shown by the fact that agcficics with ~ ~ w d  &da 

iirrized arr average of 287 dwellings while the average for the total salnple was 172. The largcr 
sge:~.-,ies probably were abie to report morc consistent cost data because they w f e  niore likely to 
have computerizcd recordkecping, and staff with accounting skills. 

Although the subset of 137 agencies that reported reliablc data on the Agency Info'onnalioaa 
k'0mi is nul rcpresentative of the total sample of local agencies, the APMC estimated from the 
agrrxies with good da;a falls within the range estimated by prior studies (Chapter 7). An analysis of 
variations in APMC by key subgroups was planned for this study, but the limited number of accuraie 
values and their unrcprcscntative distribution could not support much analysis of this type, 
lhereforc, only average values for the agencies with good data are repsfied and used for the cost- 
cffcctiveness; analysis (Chapter 8). The absence of Agency In€onnation Foms data on overhead and 

gtinent costs does not, however, result in the removal of any agencies or dwellir~gs from any 
~ t h ~  par1 of else aiialysis. 

3.2 DWELLING AN 
WEATHERIZED 

This scction characterizes the population of dwellings that the Program weatherized ins 
PY 1989 arid coiiiparzs dwelling and occupant characteristics across kcy subgroups. Only weighted 
values arc rcpsnted, became the goal i s  to describe t.:: pt.-qxhiion of weatherized dwellings and kcy 
subgioups. The analysis of different subgroups lay$, the fourzdaiioii ior explaining var iat :~ns in 
encrgy savings, weathcrkalion costs, and cost effectivciics2 < ~ 2 , ~ . ~ % ! ~ ~ ,  5 ,  7, and 8). 

'I'able 3.1 presmts the dwelling and occi-ipant charactcriqtics of the population of wentlierized 
dwelliiigs, and compares these characteristics across the tlrree cliiiidte regions. Each of these 
characteristics differs significantly by climate region, underscoring the irnpoflancc of ccndccting a 
region-by-region analysis of thc performance of the P r o g r m .  

Raced on the weighted statistics shown in Fig. 3.1, 64% of the dwellings weatherized by the 
Progidin in 1989 were single-family detached, and 66% were owner-occupied, 90th oE these 
characteristics are most prevalent in the hot region (74% and 83%, respectivcly). Mobi!e iiumes arc 
esiimated to be 20% of the weatherized dwellings; they are also most prevalent in t k  hot region 
(22%). Sinal1 riiultifamily dwellings make up 13% of weatherized homes and are most comnioii in 

the moderate climate region (17%), where only 58% of the weatherized dwellings are owncr- 
occupicd, 

3.10 



rcupant Characteristics sf Weatherize 
by Claimate Region ~ ~ ~ ~ i ~ ~ t ~ ~ ~  

** and *** indicatc that differences across cliniate regions are significant at the 01 o r  0 001 levcl, 
respectively. Chi-square tests are used for all variables dcsignated with a “I”, and F-tests kiased on 
analysis of variance are used for the remaining variables, 
1 Measured as thc percent of dvielliilgs with the characteristic. 

Half (51%) of the dwellings weatfierized in 1989 were huated primarily by natural gas; this 

fuel heats a significarilly higher percentage of the honies wcatheriLcd in  the moderate region. P%x&ric 
heat, on the othcr hand, is uscd as a primary heating luel by only 18% of the ~~~t~~~~~~~~~ 
dwellings. It is most prevalent in thc hot region where i t  accounts for 14% of weatherized hoanee;. 
O h e r  fuels represent nearly 40% of the liiomes weatherijred by the DOE Program ~ ~ ~ ~ t ~ ~ ? ~ i w ~ ~ e ~  they 
aceourst for higher pcrccntagcs in thc cold and hot regions than irr the moderate region. 1x1 i i ic cold 



region, fuel oil is the dominant other fuel. In the lnot region, liquid propane gas, kerosene, and wood 
are cr~miinoniy used. 

Supplemental hcating fuels are used in about 30% of tlne homes weatherized by thc Program, 

'I'he incidence of supplemental heat is lowest in the cold climate region. This can be explained, in 
parr. by the high percentage of central heating systems in that region (83%). Despitc the prevalence 
of central heating systems in the total population of weatheriLed dwellings, only 24% of the dwellings 
weatheilzed in the hot region havc central heating systems. 

Nationally, less than one-third (28%) of the weatherized dwellings have some form of air- 
conditioning (AC) equipmen1 - either a central AC system (7%), a wall or window unit (19%), or 
both (2%). More than half of the homes in the hot rcgion, but only 16% of the homes in the cold 
region, have A@ equipmcnt. 

WeatheriLetl homcs average 1,083 square feet, nationwide. They are smallest in the hot 
region. The average weadieriLed house was built in 1947, but again this vanes by clirnatc region. 
Wea!heriLed dwellings are newest in the hot region a i d  oldest in the cold and moderate regions. 

The avcrage number of occupants in a weatherixd dwclling i s  2.8. Thirtysix percent of the 
time, weatherized dwellings arc occupied by at lcast one elderly person, arid 24% of the time, tliere is 
a handicapped occupant. Weatherized dwellings in the hot region have the smallest households and 
the highcst percentages of elderly (57%) and handicapped (36%) occupants. Thus, this region 
pelformed most effectively in meeting the Program's legislated goal of targeting i t s  services to the 
elderly and handicapped. 

The avcrage income of households who participated in the PY 1989 Program, was $7,343. 
This average is significantly lower in the hot region ($6,088) compared with thc cold region ($7,864). 

In sum, dwelling and occupant characteristics of homes weatherized by the Program in 
PY 1989 vary markedly across climate regions. In Section 3.3 we provide a protilc of the eligible 
populalion and identify several dissimilarities with the weatherized population. 

ifferences by Primary Heating Fuel 

T a b k  3.2 profiles the dwelling and occupanl characteristics of weatherized dwellings by 

primary heating fucl - - natural gas, electricity, and other. As with the climate region distinctions 
discucced above, the statistics indicatc marked and significant differences. 
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* *  arid *** indicate that dilfcrcnces across dimate regions ate sigraikxmt at the 0.01 or 0.001 level, 
respcc&ively. Chi-square tests we used for a11 variables designated with a "I", and F-tcsls based on 
analysis of variance arc used for the remaining varlablcs. 
1 ~~~~~~~~ as the pcrcorie of dwellings with the eknxaciedstic. 
* ltaissing Observations = 372 dwcllings. 



tfwelliTigS wcatherked by the Progranl, but i t  is uncommon nmsl-rg westlrerized mobile hormes. 
O d y  60% of weatherized homcs with gas heat are owner-occupied. and a smaller than average 
perceriiagc have eldcily or handicapped occupants. 

-. electric all^ healed homes weatherized by the Program tend to be located in the hot rcgion, 
which explains many of their characteristics. For instance, thcy have relatively few central heating 
systcms, inore air-conditioning equipment, and are newer than weatherkd homes heated by other 
€uuels. A high proportion of electrically heated weatherizcd dwellings are mobile homes (29%), and 
fewer ihan average arc single-family (57%). Their households are slightly larger (averaging 2-9 

occuparrts) and have higher incomes than homes heated with natural gas or other fuels. 
Weatherized homes heated byfkels other than natural gas and elemi& (primarily he1 oil, 

liqnid propane gas, and wood) provide a third distinct profile. A high percentage of these dwellings 
(22%) are located in the cold climate region, which accounts for the relative absence of air- 
conditioning equipment (only 21% of these homcs have centra9 A@ systcms or a wall or window air 
conditiomr), Only half (58%) of thcse dwellings have central heating systems. A relatively high 
percentage of these dwellings are mobile homes (29%), arid a relativcly low pcreentage are small 
multifamily dwellings. This distribution of bowing types is consistent with Eheir high rate of owner- 
occupancy (73%). Finally, many of these households have elderly (40%) or handicapped (26%) 
occupants. 

In sum, dwelling and occupant characteristics of homes weatherized by the Program in 
YY 1989 vary markedly by type of heating fuel. These differences suggest that the potential for 
energy savings also differs by fuel type. In particular, the cluster of characteristics of electrically 
heated homes (e.g., southern locations and newer homes) suggests a lower potential for space-heat 
savings and a higher potential for cooling savings relative to homes heated by gas or other fuels. 

32.3 Biffesences by Type of Dwelling 

Table 3.3 pmfiles the dwelling and occupant characteristics of weatherized homes by 
dwelling type - single-family detached, mobile homes, single-family attached, and sniall 
muiiifalnily. As with the climate region and fucl distinctions discussed above, the siatistics indicatc 
sti:-mmtial differences. 



16.9 55.5 54.3 

** and *** indicate that 
mpec ti vel y . Chi-square 
analysis of variance arc u 

nces across climate regions are s ~ ~ ~ ~ ~ i ~ ~ ~ ~  at the ~ o ~ ~ l  or 0.001 level, 
wc US& for d l  ~ a ~ ? & l e s  designated ~ i i h  a “I”. aiid F-~sBs based t)i> 
r the remaining variables. 

Measured as the percent of dwellings wilh the characteristic. 
* Missing ~ ~ b s ~ ~ ~ ~ i ~ n ~  = 122 dwcllings 



Sin~;le-fmify detachcd dwelling we most similar to the "avcrzge" weatherized home, because 
they dominate tttc population. They have the largest houscl-aold sizes and the highwe incidence sf 
elderly and haridicapped occupants. Only 63% of them have central heating systems, and they rely 
cn supplemen:al. heating fuels moie thaii any othcr dwelling type 

---_llll- Mobile homes have the least square footage, the greatest home ownership, and are the newest 
of the four types of weatherized dwellings. Slightly more lhan a quaiter of hem heat with natural 
gas. while 59% heat wit!! fuels other thaii gas or electricity. 

Only 3% of weatherized homes are s.~nglg-fmiilv ..atta..cic.ci dwellings. Almost all of these 
hsancs have ceiiira'l heating systems (92%), and fcw have supplcmcnla: bcatiiig fue!s. Singk-family 
airached dwellings arc: Trre oldest of the dwelling types, and their occupaiiEs have a m m g  L k  highest 
incomes. 

Small mt~ltifainilv dwclliiws heat primarily with m;ia-& gas (72%). Thcy have 13ne largest 
squaic Footagc and the lowest incidence of air conditioning e q u i p c n i  01 m y  type of dwclling; the 
lack of air coisditioning cquipmcnl is related to their almost cxclusivc location in the moderate and 
cold rcgions, Small multifamily dwellings also h a w  the lowest level of home owriaship (18%), which 
is coilsisfent with the fact that only 21% of them have XI elderly occupaini. 

in sum, differcrir dwelling typcs have ciiarkcd!y diffcrciit dwclling and occiipant 
The distinct conslellation of characteristic. associited u.ith each type must be chaiacteristicc. 

-ed in exp1ain:ng t l x  perfnnnaiice of the Trogrm.  

The population of Program participants (Le.. PY 1989 weathcrizcd dwellings) was described 
in Section 3.2. 3m tiis section, ilae chaiacterisilio of these pailiciparits ace cnanparcd io  those of the 
population of incnmc-eligible dwellings. Characteristics of the popcaiat ion of irncoriie-eligible 
dwollings (bigtires 3.9 through 3.12, Table 3.4 and Tables C.3 through (2.5) were provided by 
Rcsponse Analysis Corporation, bawd on the DOE Energy Iiiforrnatinn Adiiiinistration's 1990 
Rcsideiitial Energy Consumption Survey (RFCS) data tapcs. 

In amlyzing thc RECS data, the eligible population could be defincd as all households below 
125% or bdow 150% of the federal poverty guidclines. Definitions of income eligibility vary among 
the States. Some States use 125% of the poverty lcvcl, while others use 150% of the poverty level. 
Other definitions, such as 60% of the State's median income a170 may be uscd Because of the 
varying State dcf initions. the 2iogram-eligible popiilatim actu:\lly ha5 a mean income that is 
somewharc bctwecn 125% and 150% of thc povcily icvcl. Most of the comparisons in this section 
arc Irclwccn the participants and houscholds at 125% of povciiy. (This is thc deiinitlon being used 
unless it is othci-wisc noted.) The diffcrenccs shown by thcje colilp;\ri\ons would be morc 
proi?Ounced if tlic eligible population were defined as households af 150% of poverty. Although 
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Participant Dwellings (weighted) Eligilols Cgwoitings 



Table 3.4 P)we!ling and Occupant Characteristics of RECS Sample 
of Program-Eligible Homes by Climate Region* 

52.0 52.6 54.1 
7.6 15.1 19.5 

40.3 31.8 26.5 
0.0 4J.5 .m 

99.9 100.0 100.1 

109 3 40 3 14 

Measured as the percent of dwellings with the characteristic. 
The figures in this table wcrc provided by Kcsponsc Analysis Corporation from the 1998 
Rcsidential Encrgy Consumption Survcy (KECS). Eligibility for the Weatherization Assistance 
Program was defined as 125% of the federal povcrty income guidelincs. 
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ch as higher proportions o f  homeowners and lower incotncs arnnng mobile home residents or  
because there are more renters among small ~nultifainily/attached s ~ ~ g ~ e - ~ a ~ ~ ~ ~ y  residents. Such 
associated characteristics could produce variations in client receptiveness to outreach and screening 
~ r ~ ~ ~ t ~ ~ ~ u r e s ,  resulting in differential rates of program participation. A ~ ~ e ~ ~ ~ i ~ ~ y e ~ y ,  ~r~~~~~~ managers 
may target mobile homes because they are often clustered in which f ~ c ~ ~ i ~ ~ ~ ~ s  outreach. 
Similarly, the DOE requircmcnt that at least two of  the households occupying 3- and 4-unit rental 
b ~ i ~ ~ i ~ ~ ~  must be eligible before the entire building can be wcatherized may be an ~ u t ~ ~ a c ~  barrier. 
'The rcasons for &e over-representation of mobilc homes and the ~ n ~ c r r e ~ r ~ s ~ ~ ~ a t ~ o ~  of small 
anairlei~a'amily/at~ached single-family dwellings arnong the Progr~~1-partieipant ~ o ~ u ~ ~ t ~ ~ n  cannot be 
discenled conclusively from this statistical analysis. 

Secondly, the weatherized population uses lower proportions of electricity (10%) and higher 
raportiom of other fuels (48%) as the primary hcaling fuel than the ~ r ~ ~ g r a i ~ i - e ~ ~ g ~ ~ ~ e  

(16% and 31% respectively). The differences in primary hcating fuel are cspecidly iargc in the hot 
climate region, where 46% of the Program-participant population heats primarily with other fuels as 
compared to 23% of the eligible populalion (Tables 3.1 and 3.4). This ~ n ~ e ~ e ~ r e s e ~ ¶ t a ~ ~ o ~ i  of 
electricity as a primary heating fuel may relate to its concentration in newer homes, i t s  greater use in 
hot climates, and its lower prevalence aniong mobile homes, which are morc likely lo tiear with other 

fuels. 
ifferences in the average size and age of dwellings are not large, with the Program- 

participant papulation occupying slightly smaller, older homcs than thc ~ r o ~ r a ~ i ~ - ~ l ~ g i ~ ~ c  population 
(Tables 3.1 and 3.4). Distributions of the age of dwellings and lheir square footagc (Figures 3.10 
and 3.11) also show that slightly flkore of the Program-participanl population i s  c o ~ c c i ~ ~ r a t ~ d  in the 
oldest atad smallest dwellings. The slightly higher conccntralion of the Program-participant 
~ ~ ~ ~ a t i ~ n  in dwellings built after 1980 may renect its highcr conccnlration in mobile homes (which 
tend to be newer, because thcir housing market share has increased in rccent years, and because they 
have shorter expected lifctimcs than sile-huilt dwellings). 

The number of occupants shows littlc variation between thc two p ~ ~ ~ ~ ~ ~ ~ o n ~ ~  except for the 
slight By larger households among the Program-eligible populaliori in the hot cli~nate region, The hot 
climate region had a much higher percentage of dwcllings wilh elderly occupants (57%) among the 
~ r ~ ~ ~ ~ ~ - ~ a ~ i c ~ p a ~ ~ t  population than among the Program-cligible population (37%). Thus, agencies 
located in Ihe hot climate region are particularly effective at reaching out to elderly clients, which is a 
legislated goal of the Weatherization Assislance Program. For the Prograria as a whale, &tic average 
gaercentagc cf dwellings with an elderly occupant was about the same for the two populations C+4% 

~~r~~~~~~~~ vs. 34% eligible). Thus, elderly houscholds are slighlliy ~ ~ ~ e ~ r e ~ ~ e s ~ n ~ e ~  among 
~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~  participants in the moderate and cold rcgions. 
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I ~ f ~ ~ ~ a t ~ o n  on the perccntagc of  ~ w ~ ~ ~ i ~ ~ ~ s  with a h a n d ~ c a ~ ~ ~ e d  occupant that appears in 
Table 3.1 could not be Zncludcd in Table 3.4 because RECS does not collect information on this 
variable. Differences in detinilioiis and data quality may cause comparisons of results on the central 
heating system, s ~ ~ p ~ e I ~ e n t a l  heating fuel, and air-conditioning equipment variables to be 
misleading. RECS ~ e ~ ~ ~ ~ t ~ o ~ s  for central heating system categories differ from those used on the 
Dweiling-Specific Form in ways that could nor be clearly reconciled. The RECs data shawed higher 
usage of supplement heating fuels and Grighcr penetrations o P  air c ~ n ~ ~ ~ ~ o i i i n g  equipment than 
results from the ~ w e ~ ~ ~ ~ g - ~ ~ ~ ~ ~ f ~ c  Fonn r('Fablcs 3. P. and 3.43. These differcnces, however, may be 
largely due to ditfercnccs in the data collection proccdurcs. Agency files sometimes lacked 
information on the use of ~~~~~~~~~~~~a~ Iuds  arid oil ltre prescnce/absencc of air conditioning 
equipment. Since the RECS was conduclcd on-site, it certainly has a more complete accounting of 
the penetraeion of ~ u ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~  fuels and ais ~ ~ ? n ~ ~ ~ t ~ o i ~ ~ ~ ~ ~  equipinent, Although the greater 
frequency of missing values in ltre wel8ing-Specific data may Icad to biased estimates of the total 
penetrations for these variables, this docs nut affcct this study's ability to identify correlations between 
the presence of ~ ~ ~ ~ ~ e ~ ~ e ~ ~ a ~  fuels or ~ ~ ~ ~ ~ ~ ~ ~ ~ l i ~ ~ ~ ~ ~ ~  cquipiiicne arid other variables, such as 
electricity savings armd cost clPcctivenes9. 

e ~ r ~ ~ ~ ~ - ~ a ~ ~ ~ ~ ~ ~ ~ t  ~ Q ~ ~ i ~ a ~ ~ o n  gcncrally (with the cxception of the cold climate region) 
has a lower average ~ ~ c ~ ~ e  than the ~ ~ ~ ~ ~ a ~ ~ - c ~ ~ ~ ~ ~ ~ ~ e  population (Tables 3.1 and 3.4). This 
difference is especially ~~~r~~~~ in the hot climnte region. Figurc 3.92 S ~ W S  that higher proportions 
of the ~ r o g r ~ ~ ~ - ~ a ~ ~ c i p a ~ ~ ~  ~~~~~~~~~u~~ (43%) cam less than $5,000 annually than is true for the 
Program-eligible population (25%) (when eligibility i s  dcfined as 125% of pvcsty). When eligibility 
is defined as 150% 01 poveny, the differcnccs are evcn grcales. Thesc differences suggest that the 
Program is targeting the needier part of the low-lncomc sector. This finding is consislent with other 

differences discussed above, such as the greater concentration o P  the ~ r o ~ ~ ~ ~ ~ ~ - ~ a ~ i c i p a n t  population 
in mobile homes (the least. experisive iilousing splion), ;md in oldcr, smaller dwellings. 

3.4 SUM 

Local agencies were very respunsivc Is  DOE'S requests for dwelling-specific data, resulting in 
a responsc rale of 80%. Rcsponse rate bias was minimal and easily correctable through the use of 
saniple weights. As a re:sult, thc database OY dwelling-spccific infomiation provides a robust basis for 

generating highly accurate slatistics about the activities a 1 ~ 1  characteristics of the network of local 
agencies, and for analy~iitg factors leading 10 successful progranl pcrfuonnaim. 
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Percent of 
Dwellings 

Fig. 3.12 Iiicanne Distribution of Prngraan-Ber:iciip~~~ aaad 
Program-Eligible Households in the U.S. 

Gas and electric utilities, on the othcr hand, wcrc less responsive to DOE'S reqiwst for thc 
energy-consumption data. Complete information was providcd for 36% of tkne weahrized dwellings 
and 32% of the control group dwellings. Thus, the oversampling of gas and electrically heated 
dwellings (that was part of the original experirrreirtal plan) was wise. The lower than anticipated 
response rate from utilities prevented reBiabk energy-savings and cost-effectiveness estimates €os a 
few key subgroups. However, the data are sufficient to gencrate reliable savings and cost- 
effectiveness estimates for the program as a whole and for each of the climate regions. 

The analysis of weatherized dwellings underscores tire existence of great diversity in the types 
of occupants and single-family and sillall miiltifaanrily buildings that rcccivrd .,yeatlwization services 
during PY 1989. The dominant markets ate clear: most weatherized dwcllings are single-family 
detached (64%), owner-occupied (56%), arid arc located in the moderate climate region (58%); airti 

the plurality heat with natural gas (51%). and have central heating systcms (68%). On the other 1iand9 
the PY 1989 weatherized dwellings also include mobile huincs (?a%), dwellings thal heat primarily 
with noncommercial fuels such as wood (6%) and coal (1%)- and houwholds with eldcrly (36%) and 
handicappcd (24%) occupants. 
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There are significant geographic differences in ilmc Pmgr am's clients, Speeiliically, 
weatherized homes in the cold c h a t e  region have the highcst hauschold incomes and the highest 
incidence of central heating and owner-occupancy. V4cakt;Rerized homes in the moderate climatc 
region have a preponderance of gas heat and a high percentage of small ~ ~ l ~ ~ l a ~ ~ ~ y  homes. Ira 
hot climate region, weatherized dwellings are dramatically different - they are smaller and rmver, 
use more supplemental hearing fuels, rarely have central heating systems, typically have air 
conditioning equipment, and house more elder1 y and handicapped occupants. 

Similarly, dwelling and occupant traits vary markedly by type of priniary heating fuel. For 
example, weatherized dwellings that heat primarily with nalural gas are most prcvalermt in the col 
moderate climate regions. The vast majority have ccrilrd heating systems, and they tend to be older 
than other homes. Gas heat is corninon anicpng small ~ ~ ~ l t ~ f a ~ i ~ ~ ~ y  dwellings weatherized by 

Weatherization Assistance Program, but it is unco~nnion arnumg weatherized mobile homcs. Only 
60% of weatherized hornes with gas hcat are owner-occupied, and a smaller than average pcrcentage 
have elderly or handicapped occupants 

Finally, diiferent types of dwellings havc different structural a i d  occupant traits. To  us^^^^^^ 
consider the differences between mobile h ~ ~ i i e s  (wilh only 804 square feet of heated living space, 
78% home ownership, and where 59% hcat ~~~~~~~~~y witkt fucls other than natural gas or electricity) 
and small multifamily dwellings (with 1,210 square fcet of heated living space, only 18% 

ownership, and where 73% heat primarily with natural gas). 
These differences are key to understanding the performance, challcnges, and c p ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~  of 

the Program. 

3.4.3 Comparisons of ulimtians 

There are notable differences between the Progrm parlicipants in PI' 1989 a 

eligible population. The Program participants wcre mort concenhra~ed in the cold and maoderde 
climatc regions than thc Programeligible population, retlccting the highcr funding levels a:f ce'$d:.r 
climate regions. The weatherized dwellings alcn included higher propo;lions of araobiie lionraes and 
lower proportions of single-family attachcd and sariall ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ i ~  dwellings tiinan thc eligible 

pulation. This is the case even though ( I )  mobile lioaraes arc unoi;k p r ~ v a I ~ n i t  in the hot repimi 
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the eligible population. In the hot climate rcgiom, loor instance. nearly half of the vmtherized 
dwellings heated primarily with other hcls as coniparcd to about a quarter of the eligible population. 
The over-representation of o t h u  fucls may relate to thc prevalence of mobile homes in this region's 
weatherized sample, which predominantly heat with fuels other than gas or electricity. 

In general, the average proportion of dwellings with an cldcrly occupmaple is about thc same in 
the two populations. WeatheriLation agencies located in thc 1101 climate region, however, served a 
disproportionately large number of elderly clicnh. Program participants in PY 1989 typically had a 
lower average iiacome than the eligible popdaiion (Fig. 3.121.. aild resided in smaller, older homes. 
lhis suggests that the DOE WeathedLation Assistance Program is serving thc needier part of the low- 
income sector. 
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4. DESCRIIPTION OF WEATHERIZATION ACTIVITIES 

T h i s  chapter characterizes the nature of the Weatherization activilics that were undertaken by 
the Wcalherization Assistance Program during PY 1989. It begins by describing the weatherization 
m e a s u ~ s  that were installed in the 198,000 participating homes (Section 4.1). Attention then turns to 
the service delivery procedures used during PY 1989, including client selection and investment 
criteria, use of diagnostics, sclection of measures, client education, and quality control (Section 4.2). 
In both sections, we examine differences across climate regions, fuel types, types of dwellings, and 
agency sizes. A summary of findings is provided in Section 4.3. 

4.1 WEATHERIZATION MEASURES INSTALLED 

The cost effectiveness of any weatherization program depends upon selecting appropriate 
measures for each house and installing them properly, so that each dollar spent on weatherization 
generates the niaximum energy savings. In the early years of the Program, emergency and 
temporary measures werc emphasized, including caulking, weatherstripping, and low-cost/no-cost 
measures such as plastic window sheets. By the h i e  of the EIA evaluation of the 1981 Program 
(Beabsdy, 19841, the emphasis had changed to more permanent and effective building envelope 
measures, such as slorm windows and doors and insulation. In 1984, regulations were passed to allow 
Program funds to be spent on heat exchangers, therniostat control systems, water heater efficiency 
modifications, and pipe and boiler insulation. In 1985, replacement furnaces and boilers were 
approved, and the Secretary of Energy was allowed to add weatherization mcasures to the Program 
without a rulemaking procedure. Thus, the Program in 1989 allowed States great flexibility with 
respect to the weatherizalion measures that could be installed with Program funds, particularly in cold 
climales. Regulations passed in 1993 amend the Prograni to allow States to spend Program funds on 
cooling efficiency modifications, giving greater flexibility to programs operating in hot climates. 
The newly approved measures include replaccrnent air-conditioners, evaporative coolcrs, venlilation 
equipment, screening, window films, and shading devices. This section describes the weatherization 
measures that were actually installed in PY 1989. 

4.1.1 Frequency of Installation of Different Measures 

Local agencies offer numerous different weatherization measures to their clients. Based on 
weighted data from the representative sample of dwellings, Fig. 4.1 shows the six most conimonly 
installed types of measures. Less common categories of measures include space cooling system 
iniprovements (e.g., tune-ups, component retrofits, and the installation of fans), lighting 
(e.g., compact fluorescents), and appliance measures (e.g., refrigerator replacements). None of these 



measures were installed in more than 2% of the dwellings weatherized by the Program in PY 1989 
[see Mihlmester, et al. (1992) for statistics on these], 

123,000 Homes 

26,000 Homes 

Mobile Home Measures (13%) 

11 1 ,OOO Hoiwes 

83,000 Homes 

Windows and Doors (42%) 

Each pie represents the population of 198,000 single-family and small multifamily dwellings weatherized in PY 1939. 

Fig. 4.1 Types of Weatherization Measures Installed in PY 1989. 

Air leakage control was the most common type of weathefization measure installed in 
PY 1989. It is estimated that 188,000 (Le., 95%) of the 198,000 weatherized homes received or 
more measures aimed at reducing air infiltration. Gencral caulking and weatherstripping around 

ows and doors is by far the most common of these measures. 
Insulation was the next most comnion type of energy conservation measure installed by the 

Program in PY 1989. It was installed in 123,000 (i.e., 62%) of the 198,000 homes. Attic insulation 
was either installed for the first time (27%) or added to existing insulation (19%) in the majority of 
these 123,000 homes (Fig. 4.2). More than 10% of the weathcrized homes received one or more of 
each of the following: conventional wall insulation, rim or band joint insulation, and floor insulation. 
High density wall insulation, foundation or perimeter insulation, and attic hatch or access door 
insulation were each installed in '2% of the weatherized homes. Duct and crawlspace insulation was 
added to about 1% of them. 
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PERCENT OF WEATHERIZED DWELLINGS 
0 10 20 30 40 50 60 70 80 90 160 
t I I I I I I I 1 1 

AIR LEAKAGE CONTROL 

General caulking and weatherstripping 90% 

Air sealing, without blower door 

Air sealing, with blower door 

Distribution system 

INSULATION 

Attic, first time 

Attic, added 

Wall, normal 

Rim or band joist 

Floor 

62Yo 

WATER HEATER MEASURES 

Tank insulation 

Pipe insulation 

Temperature reduction 

Low-flow showerhead 

13% 

WINDOWS AND DOORS 

Storm Windows 

SPACE-HEATING MEASURES 30% 

Clean and tune-up 22% 

Component retrofit 

MOBILE HOME MEASURES 13% 

Underpinning or skirting 6% 

Caol seal on roof 6% 

56% 

Type of weatherization 
measure 

lnn;lled by in-house 

0 Installed by contractor 

Fig. 4.2 Frequency of Installation of Weatherization Measures. 
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Comparing the installation rates for attic and wall insulation to the pmctration of these 
measures (based on the 1990 Residential Energy Consumption Survey) suggests that very different 
proportions of thc potential are being captured.' RECS shows that 66% of low-inconne dwcllings 
have attic insulation (defined as at least some attic insulation), suggesting that 34% have no insulation. 
Thercfore, the 27% installation rate of first-time attic insulation by thc Program is close to the 
potential shown by the RECS, On the other hand, thc national Program installation rate for wal41 
insulation of 19% is far below the potential suggested by KECS ( 4 4 %  of dwellings lack wall 
insulation). This shortfall is especially large in thc hot climate region where only 1% oP dwellings 
received wall insulation from the Program. 

Encrgy-efficiency improvenients to water-heating systems were made in 11 1,000 homes 
( is . ,  56%). Most of thzse retrofits involved water heater wraps (40%) or hot water pipe insulation 
(34%). In addition, water temperatures were reduced and low-flow showzrhcads were added to 13% 
and 8% of the 198,000 homes, respectively. RECS data show that 74% of low-income dwellings lack 
water heater wraps, indicating that the Pmgram is not capturing the full potential savings from this 
measure. 

Energy-efficiency improvements to windows or doors were made to 84,000 homes (i.e., 42%) 
in PY 1989. By far, the majority of these improvements involved the addition of storni windows, 
which were added to 36% of the weatherized homes (Fig 4.2). This installation ratc is capturing a 
significant proportion of the potential for the addition of storm windows. RECS data indicate that 
43% of low-income dwellings have stornis on all windows, while 57% do not. S t o m  doors were 
added to only 4% of the 198,000 weatherized homes, and window films or shades were added to ody  
2% of them. The statistics on replacement windows and doors (discusscd in Chaptcr 6 and prcscmted 
in Figure 6.1 and 'Table F.1) indicate that replacements are at least as conirnon as the addition of 
storms. Doors were replaced on 38% of the hollies weathcrizcd in PY 1989, and windows were 
replaced almost as often (37%). Altogether, stomi windows were added or entire windows were 

replaced on 61% of the weatherized homes. 
Thirty percent (Le.? 59,000) of the 198,000 homes weatheriLed in PY 1989 had energy- 

efficiency improvements made to their space-heating systems. Most of these improvements involved 
tune-ups, during which the heating systems were cleaned, controls adjusted, and filters replaced. 
Heating system component retrofits were completed in 8% of the weatherized homes. Thcse retrofits 
include a variety of efficiency improvements such as vent dampers, replacement burners, and 
electrical or mechariical furnace ignition systems which replace standing gas pilot lights. The 
addition of a set-back thermostat and the replacement of an entire heating system occurred niuch less 
oft en. 

The RECS statistics reported in this chapter were provided by Response Analysis Corporation. 
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Finally, mobile home measures werc installed by local agencies in 26,000 (Le.? 13%) of the 
198,000 homes in PY 1989. The most common of these nicasures, underpinning or skirting, was 
added to 6% of the weatherized units. Since 20% of the  ye^^^^^^ units weatherized in PY 1989 were 
mobile homes, approximately one-third of these received either undcrpinning or skirting. Skirting 
refers to the addition of material to border the bottom of a dwelling tu prevent air infiltration. 
Underpinning refers to work done to the underbelly of a mobile home, which sometimes included 
repairing the bellyboard to enable foundation insulation to bc added. Other mobile home measures 
include cool seals on roofs, which were added to 6% of the weatherized homcs (Fig. 4.2). and vapor 
barriers, which were added to 4% of the weatherized homes. 

On average, approximately 55 to 65% of the weathcrization measures shown in Fig, 4.2 were 
installed by employees of local agencies, called “in-house crews.” The reliance on crcws versus 
contractors, however, vanes by type of measure. Stonn windows and general caulking and 
weathcrstripping, for instance, were most often installed by crews. In contrast, space-heating system 
measures were installed by contractors in 7 1% of the cases. This pattern i s  consistent with the profile 
or local agency staff provided by Milidniester, et all. (1992, p. 4 1). Local agcncies employ very few 
engineers. The Mihlmester, et al. (1992) sumey of 920 local agcncies identified only 20.3 full-time 
equivalent ( R E )  engineer employees, or 0.02 per agency. Envelope crew and crew chiefs, in 

Fig. 4.3 compares the installation ralcs 
for selected weatherization measures bctweer-r 
1981 (based on Peabody, 1984, p. 21) and 
PY 1989. The comparisons are made only for 
single-famil y detached dwcllings since that was 
the focus of the Peabody (19814) study. The 
three most dramatic changes were in the 
installation rates of space heating systcrn 
measures, blower door-assisted air sealing, and 
storm windows. The 1981 Program did not use 
blower doors or instrill any space heating system 
measures, while by PY 1989 these had become 
established featurcs of the Program. In conlrast, 

contrast, account for 34% of total FTEs, or 3.17 FTEs per local agency. 
I 

niower Doors I 
Blower doors arc variable-spd fans equipped with 
n frmmc rand shroud that permit them to fit inside a 
variety of door fr,?xnes. ~ ~ s ~ r u ~ e ~ ~ ~ ~ o n  includes 
pressure gauges that enable the operator to 
determine thc flow of air etisough the fan as well 
as thc pressurc the fan induces on a dwelling. 
Sincc Icakics houses require higher fan speeds to 
induce a given pressure difference, blower doors 
can measure hhc relative leakiness of a house. 
When used as a diagnostic instrument, they can 
also reveal the locus of many leaks, thus 
providing a clear target for air sealing. When the 
job i s  partially or fully cornplcte. blower doors 
also providc technicians with fast fccciliack on h e  
effectiveiizss of their work, a fact that coritnbutes 
to increased practical wisdom on the part of the 
techriicims and the overdR ~ r ~ ~ ~ s s ~ o n ~ ~ ~ a t ~ o n  and 
etficicncy of the weatherization process itself. 

b 

the PY 1981 Program installed storm windows in a ~~~~0~~~~ of kaomcs, while by PY 1989 this rate had 
declined to 36%. These trends are consistent wilh a growing body of research emphasizing the cost 
effectiveness of‘ blower doors (see sidebar) and furnace tune-ups and retrofits and questioning the 
cost ellectiveness of storm windows (CSR, h c .  and Meridian Corporation, 1989; Cohen, Goldman, 
and Harris, 1990). Caulking and weatherstripping wcre more promincnt in 1989 than in 1981, 



although in b~*th years air leakage ineasures ‘PWC used in n1oiC than 90% of the weatherized homes, 
Finally, insulation was: installed in 62% of the dwellings wwtherized in I989 (down from 81% in 
lSSl), &it the 1989 Program included much m o ~ e  sirlcsual! and duct iiisulatinn than the 5981 
Program. 
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53% 

30% 

18% 

Caulking ab4 lnslrlation SbmI Space Iiaafirg Blower Door- 
Weatherstripping Windows System Measurea Assisted Alr Seali! 

Fig. 4 3  Installation R a t a  for Selected ~ ~ ~ ~ ~ c ~ ~ ~ ~ ~ ~ o ~ i  Measures: 
1981 and 1989. 

Another interesting comparison is between DOE weatherization and utility “full-scale” 
weatherization programs operating in 1989. Power et al. (1992, pp, 18-2.3) found that relative to 
DOE weatherization, utilities invested less and installed fewer energy-coinsemation measures in the 
dwelling units they weatherized. 

The package of energy-efficiency measurcs iristallcd during a particular weatherization job 
typically is determined by an audit or some other prioritization procedure (see Section 4.2)- Inpub 
to these procedures often include factors such as lilt: dwelling‘s prior lcve: of energy consumption, 
type of heating system, and structural characteristics. Most of time factors differ by climate region, 
primary heating fuel, and type of dwelling, As a result, we w ~ ~ l d  expect installation rates for specific 
measures to vary significmt!y across the program’s inajor subgroup>. This is shown to be the case in 

the followirag iahlcs and paragraphs. 
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ces Across Climate Regions. Table 4.1 shows dramatic differences across climate 
regions. in the cold climate regio insulation, water heater, and space heating system measures are 
inslalkd at no8a”ofy higher ratces than for the program as a whole. In addition, air sealing with the 
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assislance of Slowcr doors w a ~ :  used to coiiLio1 air lexkage in more thaii one-third of the cold region's 
weatherized homes comparcd with 18% nationwide. 111 contrast, mobile konie measures were 
installcd in only 11% of the weathenid lioiiies locatcd in the cold regiori (vs 13% nationwide and 
23% in the hot climate region). This is despite the fact tllat 21% of thc dwellbnps weatherized in the 
cold rcgion wesc mobile homes, which is sliglnlly highcr than thc antionwide ~ r m g e .  Storni windows 
and doors and replacement windows and doors also were installcd inficqucntly in this region relative 
to h e  nationwide ralcs. 

In thc moderate climate region, all of 1hc major types of weattnerizatiorr ~nrasures exccpt for 
mobile home measures were installed at higher than average rates, particularly water heater measures, 
storm windows, and space heating system nieasurcs. Air leakage control w3s installed in 9'7% of thc 
jobs in this region, a slightly higher percentage than in  the otiicr two regions. However, the use of air 
sealing cmphasizing bypasscs with blower door tcsting i s  notably less coil'rinon in thc modcrate 
climate region than in the cold rcgion. 

'me hot region is the nmiost distinct of thc thrcc climate rcgioiis in lcrms OT installation rates. 
Vcry few space heating system mcasurcs were installcd iir PY 1489 (i.c., in 2% of thc dwellings), and 
water heater measures wcre installed in ordy 29% of thc w~iitheri7cd dwcllingc;, compared with nearly 
twice that rate (56%) nationwide. Insulation and air 1cak;ige conrrol mcssurcs also were installed 
relatively less often in the hot region. Wall insulation, in paiiicular, was installed in only 1% of the 

homes in this region, compaied with 25% and 24% in thc cold and nnodcrate regions, Iespcctively. 
On the other hand, mobilc home measures were installed in utie quaikr of the weatherized hornnes. 
This far exceeds the installation rate of tlic other rcgions, circa when the hot region's gieater than 
average proportion of weatheri7ed mobile howrrc. is takcri ink) accourit. 'k'hc hot region installed 
s tom windows and doors at approxitnaicly tlhc nat ionwick r;veragc, but it  installed many more 
replacement doors (58%j and windows (44%) :hail ilrc ~ t l i e r  i w u  rcgions (scc 'I'ahlc F. 1). 

Differemccs Acrciss Heating Fuelc;. Table 4.2 docunnerif c; tallation r a m  for t h e  types of 
heating fuels. Differences across ftid types ;IYC important hcmrisc c;f this study's nced to extrapolate 
energy savirigs from measured fircl. iiw (for natiil-al gas 2nd clcctliciiy) to ot lm linels. To the extent 
that the wcatherization jobs are diffcreni fur dwellings hcrrtcd by "othcr" fuels, the savings based on 
gas and electric dwclliiigs must b: adjuftcd to rcCcct the enlire program's encigy savings in single- 
family and small multifamily dwellings. 

Weatherked dwellings heated primarily with naturA gas have signitncanlly higher than 
average rates of installation for four of thc six types of weatirl~ii~aiion iiiea.jurcs siiown in Table 4.2, 
Installation rates for insulation, water lieatcr measures, and spncc hcal ing system nieasures are 
particularly high. Window and door treatancnts are slightly less coniiiwn i t 1  gas-heated weatherized 
homes, and mobile home measures arc significaatly less conimoti. The latter is consistent with the 

fact that few mobile homes hcat with naturd gas. 
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The profile for weatherize dwellings hcated primarily by electricity is very different from 
thc profile provided ve. Rakes Cor ai1 taut one of the major categories of wcathcrization measures 
shown in Table 4.2 are lower for these Miellings than for the program as a whole. Because many 
space healing measures arc riot plicable tu electric hestirag sysiems, there is less potential for their 
use. Thus, electrically hcated ~~~~~l~~~~ cannot use whnt is c o ~ m ~ ~ ~ ~ ~  believed to be one of the more 

95.3 
90.1 
19.3 
16.5 
6.6 

58.2 
25.9 
19.5 
14.0 
12.6 
13.7 

49.9 
30.7 
30.6 

9.2 
9.6 

46.3 
40.0 

27.1 
18.6 
6.3 

19.9 
10.1 
8.9 

1 Values in the table are thc pcrcenl of dwellings in which a m x w . ~ e  was installed. All of the 
weatherization measures: differ sigwificmtly across fuel types, at the 0.001 level, based on Chi- 
square tests. The lable is limited to ineasures that were installed in at least 5 %  of the homes 
~ ~ ~ ~ e ~ i ~ ~ d  during PY 1989. There are 372 missing observations. 
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cost-effective measures. The one major category of measure that is installed ill greater frequmcji in 
electrically heated homes is mobile home measures, which wcrc installed in 19% of the weathcrizzd 
dwellings heatcd by electricity. This is corisistent with the fac; that a relatively high proportion of 
mobile honcz are electrically heated. Within tlie major category of insulation, added a;tHc insulation 
and floor insulation also were installed at slightly higher rate? in Llaese dwellings. The low installation 
rate for first-ilmc attic insulation reflects the relative newness of the clectrically heated housing stock, 
which has more attic insulation in place whcn the weatherization crews arrive. 

lnstallation rates for dwcllings heated with “othcr” fuels arc geriedly close to the nationawcide 

averages, and are more similar to the rates for gas-heated, than for electrically heated dwellings. 
Modest differences inclrjde: a slightly higher than average ratc of installation of mobile home 
measurcs and stomi windows and doors, and a slightly lower than average rate of installation of water 

heater ineasures. 

Differences Arross Dwelling Types. Table 4.3 shows the diversity of weatherimtion 
measures installed in different types of dwellings. Many of these diffcrcnces reflect the Program’s 
objective of installing measures that reflect the most cost-effective opportunities available for a 

particular dwelling. 
Sirngle-famil y detached homes have higher than average installation raecs for inskilation and 

air leakage control. Kales of attic insulation arc particularly high. Based on the instdllation ratc for 
attic iiisiilatinn/fiirsi time. we can deduce that inore than one-third of the single-family detached 
homes wratherbcd in PY 1989 were without attic insulation prior to participation in the program. In 
cnntrast, single-family detached homes have the lowcst installation rates for space heating m e a s ~ r e ~ ,  

More than hdf of the mobile homes weatherized in PY 1989 had one or more specific mobile 
home measures installed (e .g . ,  skiding or cool sea! on roof), distinguishing this dwelling type from 
single-family and small multifamily dwellings, Mobile homes also had a relatively high installation 
rate for storm windows. On the other hand, insulation was installed in fewer than onefifth o f  the 
weatherized mobile homes comparcd with a programwide averagr of 62%. Whcn insulation was 
installed in mobile homes, it was most often used to insulate thc floors. 

Single-family attached homes are distinguished by the high rate of space heating systcm 
improvements (62%) and stonn windows (57%) provided by the: Program. Wall insulation is 
uncommon in these dwellings, but attic insulation is added for thc first time to 40% of them 

(compared with 28% programwide). 
Small multifamily dwellings offer yet one more distinct profile of weatherization activities. 

Water-heater mcasrires are installed with greatcst frequcncy in these dwellings. particularly pipe 
insulation. Stom windows and doors also are installed at notably highcr than average rates in small 
multifamily dwellings. 



97.6 

84.7 
29.1 
10.9 
5.7 

94.5 

87.9 
24.0 
14.5 
7.5 

58.5 
39.9 
13.2 

1 .B  
15.8 
4.7 

61. 
23.3 
13.1. 
25.9 
17.2 
7.4 

I 
I 

53.0 
45.7 
25.3 

3.4 
2.8 

65.1 
43.4 
45.9 
17.2 
9.7 

61.6 
54.0 
18.9 

30.5 
21.8 

6.5 

0.3 
0.0 
0.0 

0.2 
0.2 
14.0 

e table are the percent of dwellings in which a measure was installed. All of 
w e a ~ ~ ~ ~ ~ a ~ ~ ~ ~  measures differ significantly across dwelling types, based on Chi-square tests. The 
table i s  limited eo measures that were installed in at least 5 %  of the homes weatherized during PY 
1989. There are 122 missing observations. 

~ ~ ~ ~ r e ~ ~ ~ e ~  Across Agency Sizes, Small, mcdium, and large agencies are distinct in tcms of 
&e frequency with which they install different weatherization measures (Table 4-4). 



95.5 
98.9 
23.9 
17.6 
'7.2 

51.2 
26.1 
20.6 
19.8 
13.8 
13.5 

56.8 
40.5 
33.3 
12.4 
9.9 

42.8 
36.2 

29.7 
21.8 

6.7 

14.2 
7 .O 
6.3 

95.4 
85.3 
20.5 
26.5 

5.2 

65.7 
30.1 
19.0 
22.7 
19.8 
7.5 

65.3 
44.8 
46.2 
13.8 
'7.7 

40.5 
35.6 

3'7. I 
28.9 
14.2 

6.0 
1.4 
2.1 



Mobile Baoane measu~cs were instlallcd in l$% of the dwellings ~ e ~ ~ ~ ~ e ~ ~ ~ ~ ~  by srnclk agencies in 
--_.-. a rate that is three times higher than large agcncies. This reflects the nnrm 

served by small agencies, and the greates incidence of mobile homes ainong the mral poor. 
Large agencies (Ilaose u t  weatherized 4 ua-ing PY 1989) latavc Illany of 

the opposite characteristics. Their air sealing is often assisted by blower doors (111 27% of the laorncs 
they weatherized), and space heating measures, water heater measures, and wall and rimhand joint 
insulation are installed at relatively high rates. Mobile home measures are rarely insta 
profile of measures reflccts the more urban northern nature of the housing stock served by large 
agencies. 

edium-sized agencies tend to install weatherization measures at rates that are typical of kbe 
Program as a whole, ranging somewhere betweera the installation rates of miall arid large agencies. 

This is not surprising since medium-sized agencies account for more than half of $he dwellings 
~ e a ~ e ~ ~ e ~ ~  in PY 1989. 

4.2 E LB 

The ~ ~ v ~ ~ ~ ~ t ~  and complexity of wcathcrizatioia proccdurcs has increased ~~~~~~~~~~~~~~ over 
the past decade. While many agencies still select their clients on a first eomc-first sewed basis, others 
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ency of use of Different Service De w e a y  Prsesdsnres 

The Single-Family Study’s UweIling-Specific Form requested detailed infomatioil about the 
sewice delivery procedures used for e of the sairipied w/.eazherizcd dwellings (see ‘4ppendix 3-3j. 
In addition, the suwey of local agencies conducted by Mihlmester, et d. (1992) piovides a great deal 
of agcncy-specific data about service delivery approaches, Information on a selection of service 
delivery procedures was abstracted from these two data sources for use in this section’s description of 
weatherization procedures and in later analyses of factors influencing energy savings and cost 
effectiveness (Chapters 9 and 10). These selected procedures are listed iii Fig, 4.4.* These  
procedures were judged likely to be able to discriminate betwcca Inigh and low performance. I n  
particular, it is hypothesized that the use o f  a priority OT prescribed list to select weatherization 
measures is associated with low energy savings and cost effectiveness, since the needs of specific 
dwellings may be overlooked when applying the standardized guidance of a single list. All of the 
other procedures shown. in Fig. 4.4 are expected to be associated with high energy savings and cost 

efkctiveness. 
Highly innovative or unConilkion procedures sinch a? infrarcd scanning and smuke sticks are 

iaot discussed in this section because they are not erriployed with sufficient frequcvcy for the Single- 
Family Study to identify a statistical impact upon pcrfonnancc. M O W W C ~ ,  mm17erous inraavativt: 
procedures are described in Mitalrncstcr, ct al. (1932, cliapfcr 6), and some of t h e w  arc: rcvisired in tlxe 
secofid part of this study when we profile the proccdures used tn wcathcsiAe high-performing 
d wcllings. 

During PY 1989, a majority of local ageincis used at !cast o m  mcthtrd of distributing 
weatherization resources across eligible clients to mnximizc the energy saved per invested dollar 
(Mihlrnester, et al., 1992, Fig, 6.2, y. 75). Nearly owquarter (33%) of the dwellings weatherized in 
PY 1389 were selected based on estimated savings or energy use (energy use being a typical indicator 
of potentid energy savings), The level of invwtmerm: iil  51% of thc PY 1983 weatherized dwellings 
was based on estimated energy savings per dollar spent; for 36% of the weatAneiized dwellings, 
investment level was based on energy use or estimated savings. Such procedures werc mrcly used by 
the Program during the early 1980’s. 

Data foi the three client selection and investment criteria nnd thc two client ediicnlinn rne4scds show En Fig. 4.4 
were dcrivcd from the Mihlmesk~ et al. (1992) data bxc. A particulx dwelling tiraii was assigned a value of “1” 
for a pae$icular pmccdurc if the local ’YAP agency indicated that i t  used the procedure in 50% or more of the 
dwdlisgs it weatherized during PY 1989. Otherwisc the nssigncd value was “0.” 
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Investment level based on estimated 
savings per  dollar invested 51% 

Investment level based on energy 
use or estimated savings 

Client selection based on anergy 
use of estimated savings 

Heating system efficiency test 

Blower door testing to find 
leakage areas 

Distribution system diagnostics 
for sealing 

Blower door testing as cast- 
effectiveness guide 

CLIENT SELECTION AND 
INVESTMENT 

USE OF DIAGNOSTICS 

SELECTION OF MEASURES 

CLIENT EDUCATION 

QUALITY CONTROL 

Priority or prescribed list 81 % 

Integrated envelopeheating 
system audit @/a 

In-person education 

Literature to client 

Visual lnspeclbn of heating 
system 33% 

Heating system diagnostics 24% 

Blower adlor for e?wlope 
diagnostics 12% 

A variety of diagnostic pracedulcb .;;ere used by the Program in F'Y 1989 $0 ga:ide thc 

weatherization v io l .  Heating system efficiency tests were ~ ~ n t a u ~ t e d  in 39% of ehc avereths;,r:lcd 
dwellings. Blower door testing was done in 18% o f  the weatherized dwellings to fan 
and in 7% of the dwellings to estimate when i'lnrtlncr air leakage control ceased 10 be cost-efh~ida~e, 
Distribution system diagewstics vvcre conducter' in 8% of  the dwel!ings to find lerskagc al-t>3.. k- 

sealing. 
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Priority or prescribed lists were still the dominant method of selecting weatherization 
measures in PY 1989, although less so th,m in 1981. The vast majority of dwellings weathcn'zcd in 
BY 1989 (81%) had ineasures installed bascd on such prescribed rcconnmcndations. Of the local 
agencies siaweyed by Mihlmester, et al. (1992, Fig. 6.2, p. 75), 28% indicated that in PY 1989 they 
used an integrated audit to select measures - that is ,  they used a single audiE approacla tc. x?&t  

envelop and space heating system measures, thereby accounting for the interdependencies of these 
two types of energy-saving measures. On a house-by-house basis, however, the Single-Family Study's 
data indicate that during PY 1989, only 8% of the weatherized homes were subjected to an iritcgrated 
audit. 

Client education has become a mainstay of the Program. In 1981, the Program was only 
&ginning to recognize the critical role of occupant behavior and the potential for client education is 
save energy. By PY 1989, the vase majority of participants in the Program weie provided with either 
in-person education (75%) or literature on how to conserve energy and reduce utility biKs (66%). 
Some agencies have extensive diene education programs involving additional activities Such as video 
tapes and workshops. Most agencies, howcvcr, limit their education to a one-on-one discussion with 

the client of energy-saving opportunities, accompanied by a parnphkt, flyer, or other literature. 
Some of tlic same diagnostics that have become important means of directing the installation 

of weatherization n~easures also are now used as quality control methods to judge the caliber of the 
completed job. Nearly one-quarter of the dwellings weatherized during PY 1989 were subjected to 
heating system diagnostics as a quality control indicator. Twelve percent were blower door tested to 

diagnose the level of air leakage after weafhcrization. In addition, visual inspections of heating 
systems were common (33% of dwellings). 

rences Across Key Subgroups 

The service delivery procedures used by local agencies during PY 1989 varied markedly 
across cliriiate regions (Table 4.3, primary heating fuels (Table 4.69, typcs of dwellings (Tabk 4.7), 

and agency size (Table 4.8). 

Differences Across Clhade Regions. 'The cold climate  one ised the most rigorous methods 
for sclccting clients, determining investment levels, and sclecting measures. For iiistarice, ~43% oi trr~ir 

clients were selected based on encigy use or estimated savings, and nwrc than one quarter of the 
wealherized dwellings wicierwent m integrated mvclope,'iicaaing system audit. J ioines wNcatLu-i ed in 
the cold region also often undcawent hcating system efficiency t cm,  reflecting Cais I cg :~~ i ' s  focus on 
space heating retrofits. Blower door testing was u w l  more d t c n  in this climate than in the other two 
climate regions to identify leakage area; (3'7% 01 the homes), as a cost-effectiveness guide (IS%/,,, and 
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in ~ o ~ i t o r ~ n g  the completed work (17%). In-person education was provided to 78% of this rcgim's 

PY 1989 clients, but only 54% were provided literature on energy-efficiency measures. 

Table 4.5 Selected Service Delivery Procedures, 
by Climate Region (weighted percentages)' 

56.2 

37.7 

42.6 

40.0 

37.1 

7.4 

18.3 

67.2 

28.2 

77.9 
53.7 

32.8 
17.2 
17.2 

49.4 

31.4 

15.0 

53.8 

18.4 

9. I 

7.0 

80.7 

4.5 

71.9 
72.5 

43.9 
35.9 
13.4 

58.8 

48.7 

28.7 
..I 

0-6 

1 . 1  

5 . 2  

0.0 
UII 

95. I 

8. x 

8 
59 '7 

4.4 
0.0 
2.9 

_____r___- 

I Values in thc table are the percent of dwellings in which a mcasure was installed. AQ1 scavice 
delivery procedures di fkr  significantly across climate regions, at the 0.001 level, bas? 
square tests. This table is limited to measures that were installed in at least 5% of the homes 
weatherized during PY 1989. 
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Table 4 6  Selected Service B'Jcelivery ~'r~ccdures, 
by Primary Heating Fuel (weighted peseerrtagesy 

50.6 

42.7 

28.9 

13.0 

18.4 

5.2 

5.8 

87.0 

4.6 

80.5 
66.5 

16.0 
8.5 

12.1 

4?.8 

42.9 

25.7 

35.9 

16.6 

7.3 

7.2 

85.4 

8.3 

80.5 
65.1 

26.7 
19.2 
11 .1  

Values in tiic table arc the percent of dwellings in which a measure was installed. A11 service 
d e l i s y  procedures differ significantly across fuel types, at the 0.00 1 level, based on Chi-square 
tests. This table is limited to measures that were installed En at least 5 %  of t h ~  homes wcatlnedzcd 
dvi-ing PY 1389. There are 3'72 missing observations. 
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Table 4.7 Selected Service Delivery Procedures, 
welling Type (weiglated percentages)l 

45.4 

43.5 

26.6 

34.6 

15.5 

9.1 

5.8 

83.6 

6.2 

79.7 
64.7 

32.4 
21.3 

11.7 

51.9 

17.3 

30-9 

61,7 

45.0 

1'7.3 

25.2 

12.2 

3.9 

8 .o 

53.4 

13.8 

9.6 

7.5 

83.3 

2.8 

71,2 
24.4 

24.0 
17.5 

6.7 

74.3 

9.4 

Values in the table arc the percent of dwellings in which a measure was instdlcd, All seevice 
~e~~~~~~ procedures differ signihmtly across dwelling types, at the 0.M I level, based on Chi- 
square tests. This table is limited to measures that were installed in at least 5% o i  the honacs 
weatlacrized during PY 1989. Ttrere arc 122 missing observations. 
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SO,? 

34.9 

22.6 

38.2 

18.0 

4.1 

7.3 

81.9 

'7.4 

72.7 
70.9 

30.2 
19.7 
10.3 

59.2 

34.8 

20.9 

51.8 

23.3 

13.8 

11.7 

74.? 

10.6 

79.3 
62.4 

44.3 
41.4 
17.3 

I Values in the table are the percent of dwellings in which a mcasurc was installed, All service 
dclivciy procedures differ significantly across agency sizes, at the 0.001 level, based on Chi-square 
tests. This table i s  'limited to measures that werc installed in ae least 5% of the homes weatherized 
during TY 1989. 

In thc moderate climate region, only 15% of the PY 1989 weatherized dwellings were ~ckctcd  
accoiding to an c ~ t i ~ ~ l a t i o n  of energy use or savings. Similarly, integrated audits wcre uscd in 4% of 
t l ic  dsuel!ings In contrast, the region's weatherized dwellings o fkn  benefited from the use of space 
hcating efficiency tests both as a diagnostic procedure at the time of weatheriLation (54%) and later 

4.20 



as a quality control measure. This reflects the region's emphasis on space heating system measures. 
Blower door testing was used less often in th is  region lhan in the cold region, despite the modcrate 
climate region's high rates of installation of air leakage control measures (97%). Clients in the 
moderate climate region were most likely to receive energy-efficiency li tcrature from their local 
weatherization agency. 

In the hot region, client selcction and investment levcls often were based upon energy use 
or estimated savings. However, measures were selected almost exclusively according to priority or 
prescribed lists and not individual audits of dwellings. Similarly, few sophisticated ~ ~ a ~ n o ~ t ~ c  
procedures were used, either as part of the weatherization or subsequently as part of the quality 
control. The relative absence of heating systcm diagnostics parallels this region's Bow level of space 
heating retrofits. In-person energy education was provided to 81% of the hot region's PY 1989 
clients, but in-person literature was given to only 68% of the clients. 

Differences Across Heating Fuels. The frequency of use of several scsvice delivery 
procedures differs markedly by primary heating fuel (Table 4.6). Not surprisingly, heating system 
diagnostics were rarely used in electrically heated homes during P Y  1989, since most of these 
diagnostic procedures are not applicable to electric furnaces. Gas-heated homes, in contrast, 
exhibited the most frequent use of heating system rliagnostics and integrated audits. 

Differences Across Dwelling Types. Difl'erenccs across dwelling types are also apparent 
(Table 4.7). In particular, heating system diagnostic procedures were used most frequcntly in 
weatherizing small multifamily dwellings: more than half of their heating systems were efficicney 
tested during the weatherization job, and nearly one-third underwerit some form of heating system 
diagnostic as a quality control nieasure. The prevalence sf these procedures can be partially 
explained by the slightly higher than avcrage installation o f  heating system measures in 2- to 4-unit 
multifamily dwellings. It also rellccts the fact that sriiall ~ ~ ~ ~ ~ i f a i ~ i ~ y  dwellings typically have 
centralized heating systenis that serve all the units in the building. Thus, one lumace cfficiency test 
acts as a diagnostic tool for multiple units, This dwelling type also received more energy literature at 
the time of weatherization than any of the other dwelling types. Rlowcr door testing, on the other 
hand, was relatively infrequent. 

Differences Across Agency Sizes. Small and large agencies are distinct from the national 
average in their reliance on dilferent service dclivery procedures (Table 4.8). Medium-sized 
agencies, on the other hand, tend to follow the national average in their service delivcry practices. 
The only notable departure from this typicality i s  Lhcir greater reliarice on providing literature to 
clients to support their energy education efforts. 

Small agencies rarely use blowcr door lesting to find leakage areas, as a cost-effectiveness 
guide, or for quality control. Thc sizc of their wcalherizalion budgcts is probably an important 
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obstacle to their purchasing expensive equipment such as blower doors. Perhaps because they 
perfom space heating system measures with relative infrequency, they also have lowcr-thanweragage 
use of heating system efficiency tests, heating system diagnostics, and integrated audits. In contrast, 
for 87% of the dwellings they weatherized in PY 1989, they used a priority or prescribed list to select 
weatherization measures. The nationwide average is 8 1 %. 

Large agencies make the most extensive use of blower door testing - to find leakage areas, 
as a cost-effectiveness guide, and for quality control. They also employ space hcating system 
diagnostics with great frequency, including distribution system diagnostics (14% of hornes), heating 
system efficiency tests (52%), heating system diagnostics (4 1 %)? and an integrated audit (1 1 %). 

4.3 su Y 

This chapter underscores the diversity of weatherization procedures used by each of the 
Program's rnajor subgroups and the advances that have occurred over the past decade. Some of the 
more distinguishing features of the weatherization measures installed and the procedures used by 
major subgroups are summarized in Sections 4.3.1 through 4.3.3. Program trends over time are 
sumniarized in Section 4.3.4. 

4.3.1 Differe Across Climate Re 

The findings by climate subgroup indicate that there are dramatic differences across climate 
regions. 

Cold climate reg;ion 
- 
- low installation rates for mobile home measures, storm windows and doors, and 

- 
- more space heating diagnostics. 

high installation rates for insulation, water heating, aid space heating measures. 

replacement windows and doors. 
most frequent usc of integrated audits and blower door testing. 

Moderate climate reqba 
- 
- most space heating diagnostics. 
- 

high installation rates for storm windows, space heating measures, and air leakage 
control. 

most frequent dissemination of energy literalure. 

Hot cliinate rcgioii 
- 
- 

- 

low installation rates for wall insulation and spacc- mc? water-heating measures. 
high installation rates for mobile home measures and replacement windows and 
doors. 
least frequent use of integrated audits, blower door testing, and space heating 
diagnostics. 
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These findings show that the cold climate region implements at higher rates the measures and 
at recent literature suggcsts will produce the best results (such as advanced air sealing 

idcd by blower door testing, space heating and water heating measures). The cold c!imate region 
used the most rigorous methods for selecting clients, determining investment levels, and selecting 
measures. Homes weatherized in the cold region also oltcn unclewent heating system efficiency tests, 
reflecting this region's focus on space heating retrofits. Blower door testing was used more oftera in 

is climate than in the other two clinaate regions to identify leakage areas, as a cost-effectiveness 
guide, and in monitoring the completed work. 

The moderate region implements more advanced measures than the hot region and fewer 
than the cold. Blower door testing was used lcss often than in the cold region, despite the region's 
high rates of installation of air leakage control measures. 

The hot region is the most distinct of the three climate regions in  terms of measure 
installation rates. Very few space heating system and water heater measures were installed. Insulation 
(especially wall insulation) and air leakage control also were installed relatively lcss often in the hot 
region. In contrast, housing rehabilitation measures, which cannot be expected to significantly lower 
energy usage, are emphasized most by agencies in the hot region, reflccting the more dilapidated 
condition of the South's housing stock. In the hol region, nieasures were selected almost exclusively 
according to priority or prescribed lists and not individual audits of dwellings. Similarly, few 
sophisticated diagnostic procedures were used, eithcr as part of thc weatherization or subsequently as 
part of the quality control. The da t ive  absence of heating system diagnostics parallels this region's 
low level of space heating retrofits. 

4.3.2 Differences Across Fuel T 

Differences across fuel types are imi9oskant because of this study's need to extrapolate energy 
savings from measured fuel use (for natural gas and elcctricily) lo other fuels. Differences 
type were less dramatic than those by climate region, but still significant. The following d ~ f ~ ~ r ~ ~ ~ ~ ~ ~  
are relative to the nationwide averages. 

Gas-heated dwellinvs 
- 
- 
- 

high installation rates for insulation, space- and water-heating measures. 
low installation rates for niobi'ic hoinc measuscs. 
most frequent use of space-heating diagnostics and integrated audits. 

. gleetricallv heated d wellings 
- 
- 
- 
~ 

high installation rates for mobile home measures. 
low installation ratcs for other typcs OT weatherization measures. 
infrcquent lase of space-heating diagnostics and integrated audits. 
greatest emphasis on client education. 
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- 
- 
- 

hi@ installation rate for s tom windows. 
low iiistallation rate for watcr heater measures. 
most frequent use of blower door testing for envelope diagnostics and as a cost- 
effectiveness gtide. 

Weatherized dwellings heatcd prinrar i ly with natural gas have significantly higher than 
average installation 1 ate3 for insulation, watcr heater, and space heating system mcasures, heating 
system diagiwstics, aiid integrated audits. SOTC 3f these diffcrmxs reflect the predomiaaaxe of gas 
heat in many of the northern States. Window and door tieatlnenls are slightly less common in gas- 
incated weatherized homcs, and m;s%;ile home measures arc signiircam1tiy less common. Ilne latter is 
consistent with the iact that few mobile h o m a  Eicat with natural gay. IIoincs heated with electricity 
and with other fricls, in conirast, are more likcly to have Icss effective mcasures, such as storm 
windows and mobile heme m c a w m ,  installed. Iil addition, h e a h $  system diagnostics weie rarely 
used in  electrically heated homes because many of thcsc diagnostic proccdurcs ai? riot applicable to 
electric heating system. Installation rates for dwellings hcatcd svilli "oiiici" fuels are generally close 
to thp national avrragcs, and are inore sinmildi is thc rates for gac-hedicd. lhan for clcctrically heated 
dweliinp 

4.3.3 Differences Across Dwelling Types 

Some diffcienccs across dwelling types arc also apparcnt. The following differences are 
relativc to the xitionwide averagcs. 

- 
- 

high installation rates for insulation, windows and doors, and air leakage CoiliroI" 
low installation rates for space-ticatirlg measures. 

- 
- 

high installation rates for mobile homc nieasurcs a i d  stoms windows. 
low installation iatcs for insulation. 

Single-fami ly- att achcd dwcll ings 
- 
- 
- 

liigii installation rates for space-heal i r ~ g  systcrii improvcmcnts and stonii windows. 
high installation mtcs for aitic insulation. 
low raics for wall insulation. 

Small rnulfifamdy dwellings 
- 
- ~:;li~.t heating system diagmustics. 
- Icss blower door testing 
- 

high insMlntion ratm for watcr-hcratcr nicasurc9 arid slomi windows and doors. 

frecgricnt diwcmination of energy litcrr;lure, 

Unlike tiit: cold climate region and gas-heaicd dwellings, no sirigk dwelling type had a 
higher concentration of the measures gcncrally bclicved to bc mos: cilectivc. 'rk only Impnilant 
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3.5 Trends 

In the examination of trends over time, the two niost d r m a i c  
sates of space heating system ~xieasures~ Eralower dmr-assisjed air 
1981 Program did not install any space heating system nicasil 

become an established feature o f  the Pnogrann. Anokhcr ncw ft.disrc, biowr- 

was used in 16% of the weatficaizalion jobs in PY' 1984. In cow 

windows in a majority of homcs, wlaik by PY S9X9 this $31;~" Plxi 
trerids are consistent with ii growing body of rcscanoh ennphasiring ihc ccsi ,: 
door diagnostics and funiace tunc-ups and retrofits and yuc.atias~iia!g thc cost 2f 

windows (CSR. Tnc. and Mcridia~i Corporation, I9XS; Cohcn, G 
Randolph, and 
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than in 1981. In general, insulation was slightly less prominent in 1989 than in 1981, but the use of 
wall insulation was gRater in 1989. 

Another interesting comparison is between DOE weatherization and utility “full-scale’. 
weatherization programs operating in 1989. Relative to DOE, utilities invested less and installed fcwer 
energy-conservation measures in the dwelling units they weatherized (Power et a1 , 1992). 

The diversity and complexity of weatherintion proccdures has increascd dramatically over 
the past decade. While many agencies still select ti7eir clients on a first comc-first seaed hasis, o2lier.s 
target clients with high savings potential based on pre-weatherization energy use. I n v c s ~ a ~ n i  criteria 
have been developed that deviate from uniform expenditures per house to allow larger inveslmrnts in 
dwellings that offer greater energy-savings opporiurnities. Program implementen iiow have a large 
menu of diagnostic tools to help wide  their weatherization. Similarly, the Program permits the use 
of a variety of methods for selecting wealherizat ion materials and services. This allows measurcs to 
be better targeted to the specific necds of an individual dwclling than Occurs when priority or 
prescribed lists are used. Recogriizing the impact of occupant behavior upon energy consumption, 
client education has become an integral pa11 of Inany state and local Weatlicrizarion Assistance 
Programs. Finally, quality control has gone beyond visual inspections during monitoring visits, to 
include sophisticated measurement and diagnostic procedures. 

Because of the newness of inany of these servicc dclivery procedures, their impact on energy 
savings and cost effectiveness is unclear. Ncverlheless, many experts believc that Ihcse newer: more 
advanced practices can improve prograin perfonfiance (Sclilcgel and Pigg, 1930; CSR. Inc. and 
Meridian Corporation, 1989; Cohen, Goldman, and Harris, 1990; Grccilcy, Randolph, and Hill, 1992). 

The Greeley et al. (1992) study of the Virginia prograinindicatcs that the incorporation of 
advanced practices (including high density blown cellulose wall insulation and advanced air s c a h g  
techniques focusing on attics, basements/crawls~~aces, bypasses, duces and registers, heating sysrcrn 
safety inspections, and furnace cleaning and tuning) significanely improves program encrgy saviligs. 
This study suggests that the advanced techniques currcnily used in Norlhcrn and Midwestern States 
can also be highly cffective in milder climates, where we havc shown that these techniques were rarcly 
used in PY 1989. 

In the following chapters of this report, energy savings and cost effectivencss lor the PY 1989 
Program will be examined by climate region, fuel type (Chapter 5 )  and by packages of 
weatherization measures installed (Chapters 9 and 10). An effort will be made to examine some of 
tire same relationships investigated in previous research. 
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5. ENERGY SAVINGS 

is chaptcr presents the results of the analysis of energy savings for the first year after 
w e ~ ~ ~ e r ~ ~ ~ ~ ~ @ ~  in the 1989 Program Year. The priniary goal of this chappfcr is to provide it reliable 
and accurate. estimate of the amount of primary heating fuel saved by the ~ e ~ ~ ~ e ~ ~ ~ ~ i ~ ~ ~  Assistance 
~ r ~ ~ r ~ ~ ~  during PY 1989. A secondary goal is to characterize thc van'iati~t-c of energy savings across 
climate regions, heating fuels, types of dwellings, and size of agency. Analysis of thcse key 
s ~ ~ ~ r ~ ~ ~ ~  provides insight into factors influencing savings, a subject that Es pursued hrther in 
Chapter 9. 

For both gas- and electrically heated dwellings, tht: estiniation of energy savings involves 
several steps. First, the energy consumption of individual dwellings is w e ~ t ~ ~ e r - ~ o ~ a ~ ~ ~ e ~ ~  so that the 
~ ~ ~ ~ s ~ ~ ~ t ~ ~ ~  patterns of a dwelling can be compared across time periods lhat experienced different 

er conditions. En particular, normalized annual ~ o n s u ~ ~ ~ ~ o ~  (NAC) is ~ ~ ~ ~ c ~ ~ ~ a ~ ~ ~ ~  will1 PRlSM 
r ~ - ~ e a t ~ ~ e ~ ~ a ~ ~ o n  year (pre-NAC) and the post-weatherization year (post-NAC) for each 

~ w e ~ ~ ~ n ~  with complete consumption data.' The units for NAC are ccC for gas-heated dwellings and 
kWh for electrically heated dwellings. 

Second, the difference between energy use before and after w ~ a ~ ~ e r i ~ a ~ ~ o ~  is estimated for 
both weatherized and control homes. In parlicular, gross savings are e;alculated by s ~ ~ t r a c t ~ n g  the 

st-NAG from the pre-NAC for each dwelling and summing across dwellings. The gross percentage 
savings are calculated by dividing the average gross savings by the average pre-NAC and multiplying 

ecause the gross savings are calculaled for individual dwellings while gross percentage 
savings are based on averages, thc former are subjeclcd to statistical tests (e.g., OT diffcrcnces across 
subgroups), but the latter are. not. 

Third, the estiiiiates of gross savings are adjusted to takc into account changes in encrgy 
c ~ ~ s ~ ~ ~ ~ p ~ i o ~  that would havc occurrcd in the absence of the W e ~ t h ~ r ~ ~ a t ~ o n  Assistance Program. Tn 
~ ~ ~ ~ ~ ~ ~ a r ,  thc Iiet savings per weathcrized dwelling are calculated by sublracting khc average gross 
savings for control homes from the avcrage gross savings for weatherized homes. The net percentage 
s,wa'ngs are calculated by dividing the average net savings by the averagc pre-NAC and ~ ~ l ~ ~ ~ i p ~ ~ i n g  
by 400. 

The first two sections of this chapter (Sections 5.1 and 5.2) present gross and net energy 
savings lor gas- and electrically heated dwellings. In both of thcsc scctions variations in gross cncrgy 
savings by kcy s ~ ~ g r o u ~ s  (climate region, type of dwelling, and size of agency) also are examincd. 

scctinn presents iiidircct estimates of energy savings for dwellings that heat with other fuels 
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(primarily fuel oil, liquid propane gas, wood, and keroseaac) (Section 5.3). Section 5.4 develops 
estimates of prograxnavide energy savings. Section 5.5 compares the chapter’s results with prior 
evaluations of thc Program and with utility Iow-income weatherization programs. The clrdpter ends 
with a summary of its findings (Section 5.6). 

Although energy savings are thc most easily qumhified program benefits, other benefits may 
be of comparable importance, including the prcsem-vation of affordable Imaasing, health and safety 

improvementss, emgloymernt impacts, and environmental benefits. These monenergy bcnefits are 
discussed in Chaptcr 6. Program costs and cost effectiveness are discussed in Chapters 7 and 8. 

5.1  G 

Gas-heated dwellings accoiint for 90% of the 4,299 weatherized dwellings for which complete 
fuel consumption records were available. The use of natural gas aq a primary Pieating fuel 
characterizes approximately half (51%) of the dwrllings weatherized by ihe Program during PY 1989 
(see Fig. 3.4). Thus, the overall performance of the Program is highly dependent upon the 
Program’s ability to reducc the energy consumed in gas-heated homes. 

Gas utilitim across the country also provided complete gas consumption data for 3,226 gas- 
heated control dwellings.* Some of these compllete records had errors due either to pr0blems with the 
submitted data or errors intioduced in tile data entry process. 

Therefore, an elaborate. screening piocess was developed to identify potential data errors. 
The screening process identified invalid or duplicated dates as well as fuel consumption that was 
outside of reasonable ranges. Problems associated with houschold turnover were also resolved, where 
possible. In particular, periods with zero consumption values that occurred as the result of a 
temporary vacancy were set to missing values By identifying and correcting such data quality 
problems, loss of data was minimizcd, 

Next, thc hcating-only version of PXISM was applied 60 tlne data. A second set of screens 
then was used to identify potcntial data errois based on the PRISM parameters. These data errors 
were corrected, where possible, and lhe corrected data wcrc :eacalyzed with PRISM. As a final step, 
the following criteria were applied to shcsc results to idcnrify poor-fitting PRISM models:’ 

1. coefficient of determination (R2) of NAC less than 0 2  and covariance of NAC gredter 
than 0.3 

2. minimum and niaxirriuni values of pre- or post-weatherization NAC, which varied by 
climate region: 

Incomplete gas billing records were provided for approximately 5,500 additional weatherized and control 
dwellings. In most of these cases, some or all of the pre-weatherization pcricid was missing. In other cases, 
most of the winter of either the pre- or post-weatherization pe&d was missing. 
See Reynolds and Fcls (1988) for a discussion of R2 criteria nnd other indicators of the rcliabiliiy of PRISM. * 
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Any dwelling that had one or inore of the above characteristics was c l ~ ~ ~ i n a t e ~  from thc analysis of 
gas  saving^.^ 

The application of  these indicators sf poor-fitmg P n~odels caused the sample of 
weatherized gas-heated wcllings to dccr'c3se by 10%: frram 4,299 to 3,882 ~ W ~ ~ ~ ~ X ~ ~ S ~  

control dwelllings declincd by 18%: fro 3,226 to 2,635. These rcduced samples have excellent 
overall modeling results. The mcat PRISM parameters are preserafed in Table E.3 in Appendix E. 
For both the pre- and ~ ~ ~ ~ ~ - w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  year and for both e$lc weatherized and C O I I ~ R ~  dwellings, 
the average cocfficicient of ~~~e~~~~~~~~~~~ (R2) of YAC for tht: h a  different groups ranges from 0.83 
to 0.85. The reference 
temperatures for thc axaodels average 63.3 degrccs Fahrmiacit. Finally, the tL?anperatiire-dependent 
gas use (which incPuiles gas use for spacx Ric;ak as well as the tcanperaturc-dependcnt portion of water 
heating) is estimated to be 76% of total gas ~ o n ~ u ~ ~ ~ ~ ~ ~ ~ ~  Thc ~~~~~~~~~t~ of  thcse vdues supports 

These valucs compnrc favorably with other w d ~ a t i o n s  (Fcls, 1986). 

Once the weather meJmialization was coinpl~hed and gross savings were estimated for cach 
dwelling, weights wcrc applied to thc ~ ~ ~ ~ ~ ~ v ~ d ~ ~  rcwlks Io obtain unbiascd estimates of savings for the 
nation and its key subgroups. In particular, khc weights corrcct for the slighl under-repr~sentation of 
the hot climate region and s1nd1 agerrciw in the sample: of homes wills. gas ~ ~ n s ~ ~ ~ ~ ~ ~ ~ o ~  data. Sample 
weights were calculated for the wcalheri~ed alwcllirigs bawd OR !he sample of 3,882 dwellings with 
good-fitting PRISM modcls. A diffcrcnt sct of sanap8@ wC-,ighls were cakdaled for the conlrol 
dwellings based OR the sample of 2,635 dwellings with good-filling P raaodels. As shown in 
Table E.1 in Appendix Ep ~~~~~~~~~~~~ factors (N/K~)  wcn: calculated for 15 strata of local agencies - 
five different climate rcgions and thr-cc agcncy size ~a!cgories.~ Weighting fa'zlctws (h%/r) Qicn were 
calculated for each local agency, reflec&iaag the extcnt that gas consumption data were available for 
eta& agency's weatherized md coni ml dwellings (see Table E.2). 

Thc product of Ihesc two wcighiing factors (N/n x M/r) produces the weight that i s  assigned to 
DwelBings associated with agcncies that had (or control) dwellings for cach ;igcncg; 

The ~ b ~ ~ e v ~ a t ~ o ~  "ccc" refers to lOe, cubic fcct of natural gas. 
The first screen clirninated tlwcllings tha t  had sagniflcant vxiat6lity in gzs use across meter-reading p~riods, and 
whcrc the vm-iabilily was unrckded In heating dcgrcc days. This situation siaggcshs nny of a number of abcmitions 
that invalidate the wenther-normnliz;~liorr pmcedusc, such as extcnded wcations during winter, extensive use of 
s ~ ~ ~ ~ ~ ~ c I ~ ~ ~ ~  heating fuds, or ~~~~~~~~~~~~~1 gas use for purposc~ other than space hcating. The second screen 
eliminated dwellings that had too little gz? use, suggesthag that Bhcy did not heat with gas, or too much gas use, 
suggesting a multifamily buildiilg w i l l m t  ~~~~~~~~~~~~ metering or mrie otlm anomaly. 
Recall that 60 stPraia W ~ X C  uced foor wcighling the dwcllimg-sgacdrc &la, because the sample sizes were so much 
larger. 
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weights greater than 1,000 were removed from further analysis because of the wide fluctuations that 
such extremely large weights would create. The weights wcre then recalculated, and the final sample 
size was reduced by less than 1% to 3,873 weatherized dwellings and 2,611 control dwellings. 

5.1.1 Nation id@ Gas Savings 

Whole-House Gas §avings. The weighted results provide an unbiased estimate of 
nationwide, whole-house gas savings (Table 5.1). The weighted gross savings of weatherized 
dwellings i s  135 ccf/year or 10.1% of pre-NAC gas consumption. These statistics are almost 
identical to the unweighted estimates (Table 5.1). The closeness of the weighted and unweighted 
estimates of gross savings is indicative of the small amount of attrition bias in the gas consumption 
data. 

Table 5.1 Average First-Year Gas Savings for Gas-Heated Weatherize 
and Control Dwellings (in ccf/year)a 

a Nuinbers in parcntheses are standard errors of the estimates. 

Percent net savings is calculated as the net savings divided by the average pre-NAC, and 
multiplied by 100. 

*** indicates that savings are statistically different from zero at the 0.001 level. 

The weighted estimate of net savings provides an assessment of the amount of energy saved 
by the Program in a typical single-family or small multifamily home. (Recall that net savings are a 
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better estimate of Program saving because they account for changes in c o ~ s ~ ~ ~ ~ i ~ ~  that would have 
occurred in the absence of the Program.) The weighted net savings that results from subtracting khc 
weighted gross savings of the control group from that of the weatherized group is 173 ccf/year or 
13.0% of pre-weatherization consumption. 

The standard error of the weightcd estimate of gross savings is 13 ccflyear. Thus, the rclative 
error (defined as the slandard e m r  divided by the mean) is only IO%, which i s  the targeted value for 
the evaluation (Berry, et al., 1991) and indicates an acceptable level o€ precision. The standard error 
around the weighted net savings of  173 ccf/year i s  18 ccf/year, also resulting in a relativc error of 
about 10%. 

These standard errors enable the calculation of  a 90% confidence interval arourld the 
estimates of savings. In particular, the 90% ~ 6 ~ ~ ~ i d e n ~ e  interval around the estimated net savings of 
173 ccf/year is 151 to 195 ccf/year. 

Gas-Heat Savings. Energy savings from weathcrization programs are often described in 
terms of the ammnt of space heat energy consumptioil that was reduced. Nearly at1 of the 
weatherization mcasures installed by the Program are aimed at reducing space heating reyuircments. 

easures are the only notable exception, md they account for a sinall fraction of total 
weatherization costs. 

Based on data collecled during the 1957 Rcsidential Energy Consumption Survey ( ~ r ~ ~ ~ ~ y  
Information Administration, 1989, Tables 15 and 281, low-income households nationwi 
125% of the poverty level) with gas heat consume 71% of their gas for space-heating g~urposes.~ 
Applying this average to the results shown in Table 5.1, the average wealhcrizcd home w'a 
estimated to have consumed 947 ccf of gas (i.c., 71% of 1,334 ccf/year) for space-hea 
during the year preceding weatherization. Thus, the average net savings of 173 ccf/year is estimlaled 
to be 18.3% of the gas used for space heating. 

Variability of Gas Savings. Tlnerc is a great deal of variability in the gross gas savvings of 
weatherized and control dwellings. Nevertheless, thcre is a discernible difference between the 

distributions of energy savings for weatherized and control dwcllings. Coiisider the t ~ ~ s ~ r ~ ~ ~ ~ ~ ~ ~ ~  of 
gross gas savings for the two groups (Fig. 5.1a). For 71% of the weatherized dwellings, Ehe 

Normalized Annual Consumption o f  gas was less during thc first year after ~ e ~ t l n ~ r ~ ~ ~ ~ ~ o ~  klaan 
during the preceding year. In contrast, only 48% of lhe control group had lower Nomalizcd A, 
Consumption of gas during 1990-91, than in 1988-89. 

The distribution of  pcrccnt savings for weatherized and control dwellings also shows great 
variability (Fig. 5. lb). Nevertheless, &he percent savings of weatherized dwellings is disce 

The 1990 RECS indicated that low-income households (defined as 125% of the poverty levell) with gas heal 
C Q ~ S U ~ ~  76% of their gas for space heating purposes (Response Analysis Corporation, 19939. 
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greater than the percent savings of control dwellings. The mean savings of weatherized dwellings is 
only &I%, which is less than the percent gross savings shown in Table 5.1. Recall that Table 5.1 is 
based on calculating mean percent savings from the weighted mean values of pre- and post- 
weatherization Normalized Annual Consumption (ix., it is based on aggregate statistics). The mean 
percent savings shown in Fig. 5.lb is based on averaging the percent savings for individual dwellings. 
As Fig. 5.1b shows, percent gas savings is a negatively skewed distribution. In particular, there are 30 
weatherized dwellings (or approximately 1% of the sample) which have highly negative savings (i.e., 
less than -1 10%). If these dwellings were removed from the sample, the mean percent savings would 
increase to 9%, which is close to the programwide estimate of 10%. 

5.1.2 Gas Savings, by Climate Region 

The weighted gross gas savings per weatherized, gas-heated home varies substantially by 
climate region. As Table 5.2 shows, gross ccf's of gas saved per weatherized dwelling in the cold and 
moderate regions were significantly higher than in the hot region, ranging from 166 ccf/year in the 
cold region to 102 ccf/year in the hot region. In the hot region, the savings are not significantly 
greater than zero - the variability in savings is simply too large and the sample size is too small to 
confirm a statistically significant reduction in consumption. 

The control group analysis indicates that each region experienced a diffcrent overall trend in 
gas consumption among low-income households waiting to be weatherized in 1991. Therefore, the 

adjustments to the gross savings differ by region. 

. In the cold region, control dwellings consumed 69 ccf/year morc gas in the post- 
weatherization year (1990-91) than in the pre-weatherization year (1988-89), and this 
incrcase is statistically significant at 0.001. Thus, the net savings in the cold region is 
higher than the gross savings - at 235 ccf/year or 17.7%. 

In the moderate region, control dwellings consumed 45 ccf/year more gas in 1990-91 
than in 1988-89, although this change is not statistically significant. With this adjustment, 
the net savings for weatherized dwellings is slightly higher (at 182 ccf/year or 12.4%) 
than the gross savings for this region. 

. In the hot region, control dwellings consumed essentially the same amount of gas in 
1990/91 as in 1988-89. The estimated net savings of the Program in this climate region is 
therefore only slightly lower (at 91 ccf/year or 10.9%) than the gross savings. 

These climate region differences are vividly illustrated in Fig. 5.2, 
Pre-weatherization gas use is highest in the moderate climate region (1,464 ccf/year), 

intermediate in the cold region (1,327), and lowest in the hot region (833). The fact that dwellings in 
the moderate region consumed more gas before weatherization than dwellings in the cold region, 
while their savings were substantially less, suggests that the moderate region offers considerable 
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potential for additional savings. Since the moderate region dominates the Program, the Program- 
wide savings could be substantially improved if this potential were to Ire realized. 

le 5.2 Average First-Ye F Gas Savings for Gas-Heate 
and C ~ ~ i t r o l  Dwellings (in cef/year), by Climate ~ e ~ j ~ ~ a  

a Numbcrs in parentheses arc standard errors of the estimates. 

b Percent net savings is calculated as the iret savings dividcd by the average pre-NAC, and 

*** indicates that gross savings are statistically different from zero at the 0.001 level. 
multiplied by 100. 
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Fig. 5.2 Gas Savings by Climate Region 

Reassariqgly, thc levels of pre-weatherization gas use for weatherized and control dwellings 
differ by no more than 20% in any climate region. (Wealherized dwellings consume more gas than 
control dwellings, before weatherization,) In the hot region there is essentially no difference. This 
similarity underscores the value of using a waiting list as a control group. The characteristics of the 

dwellings waiting for weatherization are likely to be similar to those of the weatherized homes, before 
participation in the Program, 
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5.1.3 Gas Savings, by 

Fig, 5.3 illustrates the variations in gross and net gas savings for different types of gas-heated 
homes.7 Variations in savings by dwelling type are large arid significant. (Based on an analysis of 
variance of the gross savings, these differences are significant at a 0.001 level.) 
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Fig. 5.3 Gas Savings by D w e ~ ~ ~ ~ ~  Type 

In particular, single-family detached honnes weatherized in PY 1989 experienced the greatest 
net savings, at 184 ccf/year. Small multifamily and single -family attaclted davellings saved 
approximately the same amount (156 and 152 ccf/year, respectively). In contrast, mobile homes 
saved only 120 ccf/year. 

As a percent of pre-weatherization gas consumption, net savings are still highest for single- 
family detached dwellings (14.1 %). However, net savings are least for small multifamily dwellings 
because this dwelling type has the highest pre-weatherization gas consumption. 

Thus, the Program produces the greatest gas savings in those dwelling types that account for 
the greatest percentage of their clients - single-family detached homes dominate both the PY 1989 
weatherized dwellings and the population of eligible clients (Beschen and Brown, 1991). The 
Program produces the least gas savings in mobile homes, but these comprise only 20% of the 

The national control group is used as the control for each of the four dwelling typcs, Thus, in each case the net 
savings is 37 ccf/year greater than the gross savings. Individualized control group cuddl not be created for each 
dwelling type, since the dwelling type of the contml group homes is unknown. 



dwellings weatherized in FY 1989 and even less (12%) of the eligible population nationwide. Further, 
y 2 7 4  of the mobile homes weatherized in PY 1989 heated primarily with natural gas, further 

diminishing the impact of this submarket on Program-wide gas savings. Nonetheless, gas-heated 
mobile homes appear to offer an important opportunity for improvement for the Program. 

5.1.4 Gas Savings, by Size of Local 

Dwellings weatherized by medium-sized local weatherization agencies experienced the 
greatest gross savings (148 ccf/year) and h e  second largest net savings (173 ccf/year) of the three size 
categories (Fig. 5.4). Large and small agencies had comparable gross savings (119 and 
120 ccf/dwelling, respectively). However the net savings of large agencies were larger than the net 
savings of small agencics (176 vs. 159 cch'ycar, respectivcly), because of the greater control group 
adjustment. 
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Fig. 5.4 Gas Savings by Size of Eoca g~~~~~~~~~~~~~ Assistance Program Agency 

Analysis of percent savings suggests that Barge agericics did not perfomi as well as smdl- and 
edium-sized agencies. Because large agencies are located primarily in lhe moderate and cold 

climate regions, the dwellings they weatherized in PY 1989 consumed greater than average levels of 
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gas before WeathCriZatiCm. A s  a result, the 174 ccf/year net savings of large agciicies lranslatcs inEo a 
relatively low percentage reduction (1 0.6%) in consumption. Small agencies also generated lower- 
than average gross and net savings. However, they are concentrated in the hot climate region and the 
dwellings thcy weatherized therefore had low levels of gas use. As a result, their net savings were 
15.1% of their pre-NAC. The percent net savings of medium-sized agencies were also relatively 
high. 

Thus, as with different types of dwellings, the Program produces the greatest gas savings in 
those dwellings that are served by the dominant size of agency. Recall that medium-sized agencies 
(those that weatherized inore tharn 100 and less than 400 dwellings during PY 1989) weatherized 54% 
of the single-family and small multifamily honies in BY 1989. 

TED DWELLINGS 

Electrically hcatcd d~el l ings  account for 10% of the sample of weatherized dwellings and 
13% of the sample of contrd dwellings for which complete fuel consumption records were available. 
They rcpreesent 10% of the dwellings weatherized by Ihc Program during 1989. Thus, they account 
for a small, but significant fraction of the Program’s clients. 

Electric utilities across the country provided cornplck electricity consumption data for 497 
elcctrically heatcd dwellings wcathcrizcd in FY 1989, and for 550 electrically heated control 
dwellings. More than half of these dwellings are locatcd in t h , ~  moderate climate re 
rcgisn has the smallest proportion of them. These proportions are consistent with saturations of 
electric heat, by region, for the population of dwellings weatherized in BY 1989. 

Electricity supports a diversified array of residential energy cnd uses, including home heating, 
air conditioning, water heating, refrigeration, and nunierous other appliance uses. The existence of 
these multiple uses complicates the process of weatlier nomialization and the assessment of savings. 

Three versions of PRISM are available for normalizing annual electricity consumption: the 
Heating-Qnly, Mcating-and-Cooling, and Cooling-Only versions (Fels, Reynolds, and S tram, 1991). 
Kmo.vving the weather, appliance use, and supplemeiatal heating of individual homes, one might be 
able to assign the appropriate version of PRISM to each dwelling in the sample. Information on 
appliance ownership is limited, however; data on air-conditioning equipment, for instance, were often 
missing from the Dwelling-Specific F o m  (‘4ppemlix B). Therefore, an alternative assignment 
process was used. The profile of electricity consumption for each of the approximately 1,047 
dwellings was studied and assigned a version of PRISM based 011 the existence or absence of heating 
and cooling peaks. 

The Heating-Only version of PRISM was used when a dwelling exhibited a heating peak 
and not a cooling peak. 
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The Cooling-Only version of PRISM was used when a dwclling exhibited a cooling peak 
and not a heating peak. 

The Heating-and-Cooling vcrsion of PRISM was used when a dwelling exhibited both a 
heating and a cooling peak." 

Consumption profiles for three dwellings, one for each version of PRISM, are shown in Fig. 5.5. 

These dwellings illustrate the types of consumption profiles assigned to each model. 

For the Heating-Only and Cooling-Only homes, 
weatherization was completed during March 1990 and 

electricity consumption data are for January 1988 through Cooling Only (YN0130066) 

Fig. 5 5  Model Electricity Consumption Profiles for the Three Versions of PRISM: 
Heating Only, Heating-and-Cooling, and Cooling Only 

An elaborate screening process (similar to the one used for gas-heated dwellings) was 
developed to idcntify potential errors in the electricity Consumption data for all three versions of 
PRISM. After identifying and correcting such problems, the appropriate version of PRISM was 

* An intermediate version of Haling-and-Cooling (HC) PRISM was developed solely for use in the National 
~~~~e~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' s  Single-Family Study (see Fels, Reynolds, and Stmn, 199 I). 
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applied to the data. 4 second sct of scrscns -/as used lo furiller idenitify poteiitid eriors, and m y  data 
errors found at this stage were corrected. The data were tlncn rcailalyzed with PRISM More than 
half of the dwellings originally assigned to thc Heating-and-Coo 

sufficient cooling ur  ’rseatirig I c e d  Zi produce riicaningiul I esults. ‘1 hesc dwellings were then 
individually reassigned eithcr :CI the Heating-Only or ihc C,ooling-Only model, based on an 
inspection or‘ their consump&ion profiles. Each dwelling was assigned the same model for both the 
pre-weatherization period and for the post-w~rath ation peliod, for ease of analysis. 

The foollowi~g criteria were applied to tikc final \nrcather-ni,YiilaiiLed results to identily poor- 
fitting PRISM model.;. 

. coefficient of determination (Et2) less than 0.20 ad covariaiice of NAC greater than 0.3 

minimum and maximuilr values of pre- or post-~~~~alhei;Lalion NL4C, which varied by 
climate region: 

- cold climate region - less tlran 5,000 k W  or greater thm 8 0 , W  kWh 
- modenate dimate q i o n  - !ess than 3,OOO k h h  01 greater than 70,OW k W  
- hot climate legion - less than 300 kWh or grcatcr lhan 61?,(XC kWn 

Any dwelling that had one or morc of the abclve cli2racte:risiics was eliinimted froin the analysis of 
electricity savings.8 

Altogether, good-fitting PRISM morlcls rcsnrted for 91 8 (or 88%) of the representative 
saniple of 1,047 electrically heated dwellings with complete comnr-iiption data Almost half (426) of 
these werc a;veatheriLed dwellings and slightly morc :balk half (402) were control dwellings. Their 
distribution across the three versions of FWSM is sum-irnnari-/cd belo\.v, anti the resulting PRISM 
pararncters are described in Table E.4 throiigh E Ci in Appcnriix E 

Dwellings with Air Conditioning anti Electric H c G ~ .  Thr WcatinpKooling vel sion of PRISM 
provided estiaaks of the electricity savcd by dwc!lings with \igl:;ficaiii electricity cons  
both healing and air conditioning Based oli the electiiriiy conslimption p o l i l e s  of ille sample of 
1,047 electrically heated homes. thc ~ c a ~ ~ n ~ . a ~ ~ ~ - ~ ~ o o l i l ~ ~  ierjioii uf BRlSM was thc best rnodel for 
approximately 20% of thc dwelling\. Goi~d-fittii~g PRISM inodcls rcsulled for oi71y 52 of these 
dwellings, necessitating the amssigrrment of so atin,~-Only or Cooling- 
Only version of PRISM. The avcrage R2 for the Ilcating-ai’ld-coolii-ig PRISM mcrdcl.; is 0.63. 

Jvelliligs to cilliel the 

EBectrically Heated Dweilings with M i n h ? !  2ir Cnnditionirrg. i’he TIcating-Oidy version 
of PRISM provided estimates; of Ihp_ electricity s:wed by ele~trit~ally hcatcel dwcllingh with niiili*-: 11 air 
conditioning. ‘l’he Ileatirig-Only version of PRISM was appIiect to a z:&x-ity of the dwellings. 

Good-fitting PRISM models resulted for 803 o€ them, with an W7 avcragiii? 0.63. 

The rationale for these criteria is the same as for gns-heated dwellings. Scc footne?e 4. 
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~ w ~ l ~ i n ~ s  with Air Conditioning and Minimal Electric Heat. The Cooling-Only version of 
provided estimates of the electricity saved by eleclrical.blly healed dwellings with significant air 

The Cooling-Only version of PRISM was applied to 
ately 10% of the dwellings. Good-fitting PRISM models resulted for 63 of them, with an R2 

conditioning, but minimal electric heat. 

averaging 0.70. 

5.2.1 Nationwide Ellectricity Savin 

Whole-House Electricity Savings. Total energy savings for electrically heated homes were 
obtained by combining the electricity savings results of all three versions of PRISM described above. 
These are presented in Table 5.3. 

Table 5.3 Average First-Year Electricity Savings for ~ ~ ~ ~ t ~ j c ~ ~ ~ ~  Heated Weatherized and 
Control Dwellings (in kWhlyear)" 

gross 

5 .8% 1,830"** 12.2% 

To provide an unbiased estimate of nationwide electricity savings, the results of each climate 
region need to be weighted to reflect the distribution of VU 158'3 wcalherized electrically heated 
homes. Because of the small number of dwellings with electricity consumption data, it was not 

5.15 



deyirahlc to employ the 15-ccll weighting scheme that w a s  used for the gas consrrmptioii data.9 
Instead, weight5 were applied to the aggregate results for each of the three clinialc legion:, to obtain a 
national average, Weights were not applied to each dwelling, as was done in thc analysis of gas 
consumption. The decision to rely primarily upon unwcighted values in the aiialysis of key 
subgroups (in Sections 5-2.2 to 5.2.4) is supported by tlie fact that the sampled dwellings are 
distributed across the three climate regions in representativc proportions 'The slight bias i s  that both 

the weatherizcd and control dwellings with electricity consimption data are located 
disproprtionntely less in the cold climate region relative to the poplation of weatherized dwellirngs. 

Based on thc dwelling-specific data dcscribed in Table 3.2, electrically heated weatherized 
homes are distriibutrd in the following proportions: 

cold climate iegion - 0.15 

moderate climate region O S 0  
hot region ---..- 0.35. 

Weighted U.S. results are calculated by multiplying each of the mean pre-NAC and post-NAP, values 
shown in Table 5.3 by the appropriate proportion and summing tplc producls. The weighted gross 
saviiigs is the diffeience between the weightcd pre- and pst-NAC values, 

The weighted results indicale a gross electricity savings of 867 kWh/year (or 5.8%) 
nationwide, and a nee savings that i s  more than twice as large, at 1,830 kWI-Jyeai-, or 12.2%. 'lhc ne: 
savings are much larger than the grnss savings because of the behavior of the control group. In 
contrasl lo the weatherized dwellings, the average (unweighted) gross electricity savings per csiitrol 
dwelling with electric heat i s  -963 kWh/year (or -6.7%). Thesc control group resulis are also 
significant, indicating a discernible trend toward increased electricity conisuinption among low- 

income househoids waiting for weatherization services. A similar increase in yer-household 
electricity consumption beetween 1984 and 1987 was documented by EIA (Battles, 1991). The 4% 

increase over this %year period was attributed to an increase in the iise of air coaaditisning and an 
increase in the number of electrical appliances used. Our control group results suggest that tip:: ticnb 

toward increasing electricity consuniption continued through 1990. 
The weighted and unweiglited estimates of savings are similar because thc sample of 

elcctrically heated homcs with consunnption data is distributed in a fairly representative fashion acmss 
the three climate regions, relative to the population of electrically heated homes weatherized in 
PY i988. The weighted average gross savings i s  sliglrlly higher than the unwcighted average, because 
the sample of weatherized dwellings under-represents the PI' 1989 weatherized homes located in the 

Large weights applicd to miis represented by only a handful of dwellings would have significantly decreased thc 
precision of our estimates of savings. 
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cold ~:giora. Once ~ ~ o ~ r ~ y  wciglmted, $tis: higher savings in the cold regioha have rmxe of ara ixngaci 

te of gross electricity savings i s  e ~ ~ ~ ~ 3 ~ ~ d  to be 

ear). Because use wcights are ~ ~ ~ ~ i e ~  to the aggregated regional results, the wcighir; 

Ttac standard error of the ~ ~ ~ g ~ t ~ ~  eski 
cas. This is nearly iderlcical to e standard error of thc ~ n w e ~ ~ ~ ~ t ~  

do nest add as much to the variability of the data as occitrred in the weighted analysis of gas savin 
'Rae relaiive error (defined as the standard c m r  divided by the mean) is 31%, which greatly excc 
the targeted value of 10%. It is high because of the large variability in gross eleckricity savings across 

%e small sample size, which reflects the ~ e ~ ~ ~ ~ v e l y  small ~ ~ ~ ~ a t ~ ~ n  of  elect 
zed homes. '%e same s ~ ~ ~ ~ a r ~  error around Chc weightcd net swings of 1,830 

a relative e m r  of 19.6%. 
E standard error enables the c a ~ c ~ l a ~ ~ ~ n  of a confidence interval around the sakq;s 

particular, the 90% confidencc interval around the estimated net savings of  

ranges from 1,241 to 2,4 19 k W ~ ~ ~ e ~ ~ ~  

~ ~ ~ - ~ o ~ ~ j t ~ o ~ ~ ~ ~ ~  Savings. As with Lhe gas-heated dwellings, it i s  valuable to discuss the 
y electrically heated d ~ v e ~ ~ ~ ~ ~ ~  in ternis of %hc amount of space heat energy 

~ ~ ~ s ~ ~ ~ i ~ ~ t i ~ ~ ~  that was ~educed. We also need to consider savings as a proportion of  the ~~~~~~ ,if 

space: beat and air c o ~ d i t ~ o ~ i ~ g  energy c o n ~ ~ ~ ~ t ~ ~ ~ ,  since a ~ p ~ ~ x ~ ~ ~ a t ~ ~ ~  ~ne- ten th  of  the 
clcctricdly healed homes appear to be best fit by the ~ ~ ~ ~ l ~ ~ g - ~ ~ ~ ~ y  version of PRIS 

Based on data collected during e 1987 Rcsidential Energy ~ ~ ~ s u i ~ ~ ~ t ~ ~ ~ n  Survey (Eaie~gy 
~ ~ f ~ ~ ~ ~ a ~ ~ o n  A ~ ~ ~ ~ ~ s t s a ~ ~ Q n ,  1989, Tables 17 and 291, low-income households nationwide ( 
125% of the poverty level) with electric heat constime 34% of their electricity for space-heating 

ased on the results shown in Table 5.3, ~ ~ a ~ h ~ ~ ~ ~ ~  homes with clectric heat ~ 0 ~ 1 ~ ~ ~ ~ ~  

h 08 electricity ( i c y  34% of 14,972iycas) for s ~ a ~ e - ~ ~ ~ a ~ ~ ~ g  purposes durin 
~~e~~~~~~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ o ~ .  Using this srna11cx value as thc ~ i c ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ,  the net savings i s  cskiniated to 

tK: 35-996 of electricity use for space heating. 

were not ~ v a i ~ ~ ~ l e  from the 1987 Residential Ener.gy Chisumption Survey. 'li'hcreforc, an ~~~~~~~t 
was estimated using indirect means. Based on the ~ ~ e l ~ ~ n ~ - s p e ~ ~ ~ i c  databasc (see Ta 
3-14], 44% of electrically heated weatherized dwellings Inavc air-conditioning equipment, a higher 

l o  The 1998 RECS estimates that there are 13.9 iniliion low-income (125% of poverty) households who live in 
mobile homes, single-family homes, or small multifamily homes. 2.3 million (16.5%) heat with electricity, 
6.9 ~ i ~ ~ ~ o n  (49.6%) have air conditioning equipment, and 1.5 million (10.8%) have electric main heat & air 
conditioning equipment. 
The PRISM analysis oh weatherized dwellings based on the heating-only modcl. (Table E.4) suggests that 4,538 
~W~~~~~ (or 30% of whale-house electxicity c o ~ s u ~ ~ ~ i ~ ~ ~  is  devoted to space-heat use. The estimate is 3 1% 
based an the 41 $ control dwellings descri in Table E.4. The 1990 RECS shows that low-income households 
with elecl-ric heat consume 30% of their electricity for space heating purposes. 

1 1 
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pzrcentage :Im for hc A S  ht-atcd wiih gas or otaw fuels. We csliniate f r ~ i i ~  PRISM result% that each 
dvclliiig wlth ail-umditiol-iing cq i r ipent  consenrnm 1’7% of thcir electricity consumption for air 
ccl*,ditiolririg (this is about half the ?niouiii t a t  they spend on space Thus, on average, it is 
?s‘l~iied that tlie electi”lcaily hcslec! wc~thet i ~ e d  dwcllirigs consume 7% (0.17 times Q.44) of their 
e1cctrir;iy un air coiditioi-hg. Adding t!iis to the base of 34% dedicated to space heating, the total 
rj;ceiiidgr US& foi space la tL@ b7.c 41% (34% plus 7%). 

Based on tlip icjcllts showii in Tabla 5 3 ,  homes 14th electric heat that were weatherized in PY 
5,139 k T 5  nf e!ectric;iy (ix., 4 1 % of l4,972/year) for space-conditioning pungioscs 

diiing i;le ; e x  preceding weathrrii-ation. Using &lis as tlw denominator, net savings are estimated to 
be 29 8% of elea iric i‘ly for space conditioning. 

-. 3ity of Electricity Savings. kiglrc  5.6 ill1tsti;ptes the wide. vaPiabiliiy in the electricity 
save?. by clcc2;ically hezted homes - b i h  i n  terns i3f absslutc savings (I-ig. 5.h) and percent 
savillgs (Pi.< 5.Gbj. I t  also slrows a discernible difference in gross savings levels between 
wtathzri& and COklliCr; dwclhgs.  Whit!  57% of wcathcPiLe9 dwcllings with electric hcat consumed 

ity afict w:vci%?ierizatioi-i t i - i x  befoic, the S a m  4s tmuo for only 43% of control dwcllirigs. 

As ‘1 abie 5.4 shows, gmcs e!eciricity savings 6 ;tighest in thc cold rcgion (1,933 kWh/year) 
a i d  louics: i n  ;he hol r c g i m  (307 kW3Vyear). Decaure control dwcllings in thc inodcrate region 
ccnsumrd sipificaiilly moie electiicity in the post-weatlnii izaliim year than in the pre-weatherization 
year, the estii-iratcd i ~ e t  savitig\ for westiicerixc! dwellings in this region is quite higk (aE 2,473 
k‘&h/year). In ‘ h t h  thc cold and hot iegions, the cstimated gross savings for control dwellings is 
negative, but tile nic:lr~ ; P  rrot sigiiiflcmtly differcat from z c r c  

- 
Poi both tiic sample of wea:hcrixd and conti01 dwellirrgs, pre-weatkren-iLation electricity use is 

(‘This differs from the regional 
of gas conscmptio~i. where liie irm~dcrate climate legion is the most energy intensive.) The 

percelit net saving(; r a i i p  froiii 5.4% irl the hob region to 14.9% in the moderate region. F i g .  5.7 
vividly illustiatcs these climate repion differcrres, 

Liighcst. in tile cold ciilnatc regions and lowcct ki ihc hot region. 

The PRISM :itt;tiySiS of wratherised dwcllings that havc signifasant amoritits of electric heating and cooling, 
indicates thst ?,IS9 kWh/ywi  (or 1 4 %  of the whclc house elcctricity consamption) is dedicated to air 
conditicning The cotnparahle estimate b a e d  on coiiiro’r dwellings is 2.303 4Wh or 16%. The PRISM analysis 

rmxkl, indicates that a higher amount of energy is used for 
cd dwellings m d  2 466 kWh (or 18%) for control dwellings. 

I bus. the esiirtisie of 1 7 % ~  UCC% onsidcnt with thme results. The 1990 KECS ~ndicates that 
!:.,v-inioriic hcscholds with ;ilr m a ?  coiwmc 19% of their electricity for space cooling. and 
that hoiiscklds Xvith electric heat & e1cc:T.c cooling consuiiie 44% of their electricity for combined space 
iltSiqg J I ~  C C Z ! ~ : ~ .  

--. . U U h 7 . r a r r B b i W I . , A , > . - W . P .  
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Table 5,4 Average First-Year Electricity Savings far Electrically Heated Wmtherized xmb 
Control DweHirrgs (in k Whlyear), by Climate Region" 

- respectively. -_- .--I ..--. J a Nunibers in parentheses are standard errors of the estimates. 

b Percent net savings is calculated as the net savings divided by the average pfe-NAC, and 
multiplied by 100. 

* * arid *** indicate that savings arc statistically different from zero at tlsc 0.01 mid 9.001 levels, 



. - ,  

(1 4.9%) 

157x3 

5.2.3 E%scta!city Savings, by Dwelling Type 

Fig. 5.8 shows how eleciricity savings vary across different types of  electrically heated 
d ~ e l h g s . ~ ~  The differences across each type are significant. In particular, singk-family detadie3 

homes and small multifamily dwellings save mure electricity after w~~~~~~~~~~~~ than do 8-if0hik 

e pattern of high perfomlance among single-family homes and SEDdk 

m ~ l t ~ f ~ i ~ ~ ~  ~ ~ ~ ~ l ~ ~ ~ g s  was found in the analysis of gas-heated homes. One difference i s  that ik: 

POSS 3avim.g~ for electrica ly heated ~~~~~~~~ homes is negative, a l t ~ ~ ~ ~ ~ ~  the smplc  s i ~ c  
(N=48) is sm&! 
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Fig. 5.8 Electricity Savings by Dwelling Type 

-6% Electricity Savings, by Size of Locall Weatherization AssZstanee 

Large and medium-simi local agencics have slightly higher gross savings than small agencies 
(Fig. 5.9). They have considerably higher net savings because of the sizable increase in eonsumniion 
experienced by the control groups Cor the medium and largc agencies. Medium-sized and large 
agcncies generated similarly high gross and net savirio., i i l  !!x gas-heatcd dwcllines they weiit!i:.rized. 
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Fig. 5.9 Electricity Savings by Size of Locaf Weatherization Assistance P ~ o ~ ~ a ~  Agency 

Electricity savings as a percent of pre-weathcrization electricity consumption is also high for 

both medium and large agencies. (Recall that this was not true of the gas-ticated dwellings 
weatherized by large agencies, which had high pre-NAC's and hence low perccrmt savings.) In 
contrast, the net savings of small agencies is only 7% of pre-weatherization elcctricity use. 

5.3 DWELLINGS HEATED BY OTHER FUELS 

To estimate the energy saved by homes that heat primarily with fuels other than naerrtal gas 
and electricity, a common unit of energy was necessary. Table 5.5 provides co~~vcrsion factors for 
converting natural gas, eleclricity, fuel oil, and barrels of petroleum into millions of 



Table 5 3  Conversion Factcws 

a hss tmes  a 33.03% conversion efficiency. 
Sources: Eaergy Information Administration (1991). 

Besides the consimplion data collected in the Fuel-Oil Study, no priniary consumption data 
were collected for dwcllings that heat with “othci” fuels. As a result, indirect estimates had to be made 
of em-sy saving5 irn these dwellings. A s  was shown in C:hapler 3, wcatherizcd dwellings that heat with 
other fuels are somewhat distinct. Most noteworthy is thc fact that they tcnd to be located 
dispmpoitionately in the hot climate rcgion. ‘ h e y  arc more likely to be nobile homes, to be owner- 
occupicd, and to have elderly or handicapped occupants than gas- or clcclnicaIIy heated dwellings. 
Chdpirr 4 showed that homes heated with other fuels reccive a mix of wsatlieriLation measures that 
rcsembks thc national average, albeit wilh slightly higticr r a t c ~  of mobile hcme nieasures and storm 
wir.dows and doors aiid a slightly lower than ave;qe iiw,lllaticn ratr for water heater mcasurcs. 

Thc traits of weatherized dwellings thde heat vi i t!~ cethcs fi m similar to those of gas-heated 
homcs. Most of the differences bctweesi them c a ~  IIC ex;,: !c: 1 by the disproportionately high 
repiesentahm of homes with othcr primary fuels i r t  I:re hot clii:-.dC: region. In addition, there are not 

niariy gas-hcatcd mobile homes, even in the hut regioni. 
Oiir approach to cstimatiiig the energy saved by dwellings primarily heated by other fuels is 

t\w fold. First, we ~ssunie  that fuel-oil heated homcs located in the nine norllieas‘ecm States cavered 
by the Fuel-Oil Study save the same anmmt of energy as the averagc home in that study - -  lei0 
gallons of fuel oil per ycar (Temcs and Levins, 1992). Fucl-oil heated homes in the nine 
norihe;:stern Statcs account for 21% of the dwellings heated by other fuelq. and 8% of tlrr, popi,alatioai 
of wca:herized dwellings, in aggregate. 

Sccmd. we assume that 011 a climate region-by-cliniak rcgion basis, dwzllings heated by 
othc; fuels, including those dwellings healed by fuel oil which are localcd outside of the Northeast. 
save the same amount of encrgy as gas-heatcd dwellings. ‘That is, we assume that the only difference 
k?twc:’i tliesc homes and gas-heated dwcllings is their geographic distribution. 

Table 5.6 shows the pro~mortion of homes located in each of the three climate regions, by type 
of primary heating fuel. These proportions are multiplied by the avcrrage energy savings per gas- 
=&?.- 
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~~a~~~ ~ w ~ ~ ~ ~ ~ ? ~  in the respective regions:, the products are thcn added to cstlmatc the aver~gc energy 

saved p e r  weatherizcd dwelling, for a particular type of primary heating fuel. The ~~~~~~~~ average 
ese fucl-specific values provides an estimate of the average encrgy saved pes we~itheaiml 

eats with rsther fuels - 17.7 Btm's per year. This value is ~~~~~~~~ higher Limn thc 

estianakd energy savings far gas-hcated homes (17.3 MBtu's per year), because of the high savings of 
fue%-oi% heated homes locate in thc ninc n ~ ~ ~ e ~ ~ ~ e ~  states (22.4 MBlu's per year) 

eated by Other Fuels 
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The estimated energy saved by different types of "other" fuels suggests that fuel oil has 
contrilrukd inore than any of the otliers. It is the most cornnion "othcr" fuel among honaes 
wcathcciz@cll in PY 1989, and it is used primarily in the cold and moderate regions. Liquid propane 
gas is the next most common "other" h c l ,  but because it  is used primarily in the hot region, it 
cc3trFbrries much less to the Program's total energy savings 

Altogether, the energy savings of "other" fuels, per weatherized dwelling, are greatest in thc 

ccld region (averaging 22.9 MBtu/dwelling) and least in the hot region (at 7.6 MBtu/dwclling), It 
mrcf be reiterated, however, that these c?re hdircct estimates a ~ d  they slaanuld be treated with caution. 

Estimates of programwide energy savings are srammarized in Table 5.7. Thcse estimates were 
obtained by combining thc estimated energy savings for the thrcc types of dwellings (gas, electricity, 
and other) into a weighted average. 

kncrgy savings for gas-healed hvmcs were obtaincd by convcrting the gas savings from ccfs 
to equivalent MBPd's. Electricity savings in kWWJyear were comverted to MBtu's at the point of 
consuinptlon (*'site" or  end w e )  and at the "source." l'he former value corresponds lo the heat 
cornicrit of Ihc kWh used by the consumer. The latter value corresponds to the energy required to 
generate and transmit the equivalent number of kWh. Thus, the source value accounts for Iosscs 
incuiicd due to generalion, transmission, and distribution. 

The average first-year net energy savings pcr dwelling weatherized in PY 1989 is estimated to 
be 16.4 MBtu's (site) and 17.6 MBtu's (source). This represents a 13.5% reduction in total energy 
usc, an 18.2% reduction in thc cnergy used for space heating, and an annual decrease of $116 in the 
lowincome participant's energy burden. 

During PY 1989, the Weatherization .4ssistance Program weatherized 198,000 single-family 
or small multifamily homes, resulting in a total savings of 3,487,000 MBtu's during the first year 
following weatherization (i.c-$ in 1990-91). At an eqaiivalence of 5.8 MBtu's per barrel of oil, the 
Program saved approximately 601,000 barrels of oil during 1990-96, or a b u t  1,650 barrcls of oil 
per day. Over the 20-year lifetime of the weatherization mcasures, the Program's savings amount to 
69,740,000 MUtu's, or 12 million barrels of 0 i1 . l~  

Sec Appendix M-2 for an explanation of thc assumed 20-yex period of energy savings. 
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Table 5.7 First and 20-Year Energy Savings of Housing Units 
Weatherized in BY 1989 

5 . 5  COMPARISONS WITH OT EATHERlZATlON EVALUAJlONS 

This section compares the estiniated energy savings of the 1989 Program with the savings 
estimated for the 1981 Program. Comparisons are then made with the energy saved by utility- 
operated low-income weatherization programs and W ~ a ~ ~ ~ ~ ~ a t ~ o n  Assistance Programs operated by a 
sample of States. 

5.5.1 Comparison with the 1981 Program 

Recall that the Energy Information Administration's evaluation of the 198 1 Weatherizalion 
Assistance Program (Peabody, 1984) is the only previous nationwide evaluation of the Program. 
These previous estimates of energy savings for thc 1981 Program are not directly coniparablc to the 
estimates prcsenled earlier in this chapter, because of numerous methodological differences: 

the EIA study employed a different modeling approach to estimate savings1* 

The PY 1981 evaluation based its savings esliinales on the difference between predicted post-weatherization 
consumption and actual post-weatherization consumption. The predicted consumption estimates were obtained 
from a regression equation with an extensive list of variables related to dwelling, energy equipment, and 
occupant characteristics. The process of prdcting consumption was: designed to statistically control for the 
influences of weather and other confounding factors. This process in uces many possible sources of variation 
which are not present in this study. In conhst, the Single-Family Study normalizes for weather with PRISM 
mnd controls for other confounding factors with a control group. Thus, it is not possible to repiicate the 
previous evaluation's methods in this study, nor is i t  possible to adapt its findings to make them precisely 
comparable to ours. 
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the EIA study excluded units in small multifamily buildings, and included few mobile 
homes 

the E I A  study excluded units if they experienced a change in occupancy betwcen 1980 
and 1983 

thc EIA study included fewer homes from warm weather States; as a result, the average 
gre-NAC gas consumption of the homes in its sample is high 

the EIA study did not collect consumption data for a control group, but instead 
incorporated external factors in its modeling estimates of net savings. 

Despite these differcnccs, comparisons are useful since the E1A study is the only other national 
evaluation of the Weatherization Assistance Program conducted to date, 

Table 5.8 cornpares the energy savings estimates for 1981 (from the EIA study) and 1989 
(this evaluation). The evaluation of thc 1% 1 Program examined 568 gas-heated homes which 
consaimed an estimated 1,342 ccf of gas during the first year after weatherization. Through a 
modeling approach, Peabody estimated that this represented an average savings of 160 ccf/year, or a 
10.7% reduction (Table 5.8). These values are lower than the estimatcs of program-induccd gas 

Table 5.8 Energy Savings by Priniasy Heating Fuel: 
Am Earlier Evaluation (I981 j and the Current Evaluation (1989)a 

a Estiiiiates for 1981 are drawn from Peabody (1984). 
Derived from thc following statistics reported by Peabody (1984, p. 18): the 1951 Program saved 
13.8 MBtu's of energy in the year following weatheriLation, and this is 10.4 to 10.9% of total 
I:ousehold use of the main homc heating fuel, 
Includa*i e s iha tm for fuels 0 t h  than natural gas and dcctricily that are derived indirectly. 
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savings provided in the current evaluatioir (173 ccfjyear or  13.0% savings), suggesting ttnat thc 
rogram improved during the 198Qs, despite thc lower levels of  ~ r e - ~ e ~ t h ~ r i ~ a t i ~ ~  gas use io 198? 

relative to 1981. 
The evaluation of the 1981 Program also examined 43 electrically heated homes which 

consumed an estimated 16,349 kWh of electricity during the first year after weatherization. Through 
a modeling approach, Peabody (1984) estimated that this represented an average total electrkity 
savings of 1,524 kWh/year per weatherized dwelling, or an 8.5% reduction. These values are lower 
than the estimates of prograni-induced eleckicity savings provided in the current evaluation (1, 
kWh/year or 12.2% savings), suggesting that the program improved during the 198O's, despite the 
lower levels of pre-weatherization electricity use in 1989 relative to 1981. 

Based mostly on an indirect estimation approach (tk exception being fuel-oil homes in nine 
northeastern states where savings have bcen monitored), dwellings heated primarily by fuels other 
than natural gas and electricity are estimated to save 17.7 MBtu's pcr dwelling weatherizcd in 1989. 
Based on this estimate, and the measured savings for gas and electricity, program-wide savings 
estimates for 1989 are derivcd (Table 5.8) Thc results indicate a slight increase in estimated savings, 
from 13.8 MBtu's to 16.4 MBtu's (at the site) and 17.6 MBtu's (at the source). At the same time, the 
program has experienced a reduction in thc levels of pre-weatherization encrgy consumption of 
participants, which may be an artifact of the greater proportion of program participants located in the 
hot region in recent years compared with 1981. Sirice Lhe potential for energy savings declines with 
lower pre-weatherization use, the increascd savings of the Prograin is patsicularly noteworthy. 

In addition to the general increase in savings over time and decrcase in levels of pre- 
weatherization energy use, our findings differ in other ways from the results of the national 
evaluation of the 1981 Program (Peabody, 1984). Peabody found little variation in energy savings 

by climate region, reporting only slightly higher savings in colder climates. The ~ ~ ~ g l e - ~ a m ~ ~ y  Study 
documents much higher savings in the moderate and cold regions compared with the hot region. 
Peabody estimated lower savings for electrically heatcd dwellings than for dtvcllings heated by natural 
gas, but our rcsults show comparability, ~ ~ ~ ~ ~ ~ ~ u ~ a ~ ~ ~  if you considcr percent savings. Finally, mir 

(indirect) estimates of energy savings for homes heating prirtaarily with fuel oil or kerosene are 
particularly high, while they were morc avcsage in the assessment of the earlier program. 

5.5.2 Comparison with Utility Pro 

This scction coinpares our findings with the results of evaluations of utility-operated low- 
income weatherization programs, Because utility evaluations have focused primarily on the cost 
effectiveness of weatherizing gas-heated homcs, we will limit our discussion to 

Fig. 5.10 graphs the annual encrgy savings of four sets of ~ ~ ~ i ~ ~ ~ y - ~ ~ ~ ~ ~ r ~ t e d  l ~ ~ w - ~ ~ ~ ~ ~ ~ e  
savings for is, dong with our estimates of national savings for the Progr 
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each of the three climate regions. It illlistrates that the yerfom~aslce of the 1989 Program i s  
comparable to thc perfomiance of thcse utility low-income programs. 

...-----... ~ ..,,...-,,-.- __.-._I- 
UWI-A: Wisconsin utiiities initiating low-incomr. pinarams in 1982 

UWI-B: Wisconsk iiiifities iniiiating I~v-incorw piogrartls in 19HB 

UCA: Pacific Gas and Electric's low-income prugram 

UOf-i: Ohio Utility low-jilcoine pilar program 

Fig. 5.10 Weatherization Assistme Program Gas Savings Vs 
Utility Low-Income Weathesizatim Pr-ogr~m Salii~gs 

Figure 5.11 compares out findings wiur the results of evali.ia,tions of four State Wcafkierizaeion 
Assistance Programs. Because evaluations of State programs have focused prinarily on the cost 
effcetiveness of weathcii.ing gas-heated homes, we will limit our discussion to that heating fuel, as 
was done in the a b v c  section.16 

Recall from uour review of the literature i n  Chaptcr I that. to date, no State progrmis in the hot 
region have hcm evaluatcd using iiicilsurcd c:rergy savings. The 1988 Virginia program is the most 
southern program wit!i measured energy savings, arid its gas savings were only 7 ccf/year -- 22% less 
than thc hot region produced in the 1989 Proginm, Tile 1981 Wisconsin and 1984 Michigan 

l 6  While additional State wsatheri7ntion programs have becn evaluated (see C'ohen and Goldman, IWI and Schegel 
and Pigg, 1990, for adclitio~ial referwccs). these four progmrn evdwrtions were ?dicved to have prrrticialar ly 
skrong researc5 designs. 
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The Single-Family Study eanaphasizcs the weighted cstimaticm of nct cnergy savings, as thc 
best measure of program impact. Thc weighting corrccls Tor diffcrenccs in wmp31ng fraetioias and 
response rates, and the usc of a coritsol group acs,aunts for ch;;ngi.s in caic’yj c~ \n~~mnpt ion  that 

would have occurred in the ahsence of Ihe Program. 



Gas-heated dwellings accoiinl for 90% of the sample dwellings for which f t i d  constonmption 
records were available, and represent approximately half of the dwellings weatherized by DOE'S 1989 
Program. Thus, their performance dominates the outcome of the National Weatherization EvaBucititiori. 

This study's weighted estimate of neb savings in gas-heated Inoines i s  173 ccfs or 13.0% of 
pfe-weatherization gas CoASUmptiOn (Table 5.9). Thc percent savings arc higher when based on the 
gas used for space-heating purposes during the year preceding weathcrizaiion. The avcrage net 

savings of 173 ccfiyear is estimated to be 18.3% of the gas used for space heating. 

Net savings are highest in the cold region (235 ccfk), nearly as high in the modccnte regiorr 
(182 ccPs), and much lower in the hot region (91 ccf's). Because prc-wcati~enimtion gas use is 

highcst in the moderate climate region, net savings as a pcrcenl of total gas use for this rcgisnn 
(12.4%) is much less than in the cold region (17.7%). Prc-weatherization gas use is low iii the hot 
region, and thus the percentage saved is fairly high (10.9%). 

Variations in savings by dwelling type and siLe o€ local agency are large and significanl for 
gas-heated dwellings. Single-family detached and small multifainiiy dwellings (the doniinani 
dwelliiig types sewed by the Program) both save signiPicanLly more than mobile homes. Mcdiuni- 

sized and large agencies saved significantly more than small agcncies. 

Electrically heated dwellings represent 10% of the dwcllings weatherized by the Program 
during 1989. Thus, they account for a smnali, but significant fraction of the Program's clients. 

The wcighted net savings estimate in electrically heated homes for the Program nationwide is 
1,830 kM/ycar  (at the site) (Table 5 .  IO). This represents a 12.2% reduction in total electricity, a 
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29.8% reduction in electricity used for space heating and air c o ~ d i t ~ o ~ ~ i ~ ~ ~ ,  and a 36.0% reduction in 
elcctricity used for space heating. 

Table 5.1 8 Electricity Savings in Electricatly eated ~~v~~~~~~~ 

e energy saved by electrically heated homes varies markedly across key s ~ ~ ~ g r ~ u ~ s .  
Percent net savings range from 5.4% in the hot region to 14.9% in the nnoderate region, As with gas- 
heated honnes, single-family detached and sinall niultiiamily dwellings save more electricity after 
w c a ~ h c ~ ~ ~ t ~ ~ ~  than any of the other dwelling types. As was found in the anidysis of gas-heated 
homes, electrically heated dwellings weathcrized by mcdium-sized and large agencies o ~ ~ p e r f o ~  

wellings w e a ~ h e ~ ~ e ~  by small agencies. 

weltiirr eated by Other Fuels 

An indirect estimation approach is used to estimate the energy savcd by dwellings heated by 
fuels other than natural gas and electricity. The approach ernphasizcs the similarity between gas- 
heated homes and dwellings heated primarily by these other fuels, but recognizes that thc two types 
of ~ ~ ~ ~ e ~ l ~ n ~ s  have different regional distributions. It also incorporates the results of the Fuel-Oil 
Sludy of fuel-oil healed dwellings in the nine nortlieastem stales (Tcmes and l,cvins, 1992). The 
result i s  an cstinnatc of 17.7 MBtu's saved pcr weathcrjzed dwelling. This value i s  sligIilly less than the 
eslinaaled energy savings for gas-heated homes (17.3 MBtu's per year), because of  the high savings of 
fuel-oil heated homes located in the nine norlhcastern states (22.4 MBIu's per year). 

wide Energy Savings 

The average liist-year net energy savings per dwelling wealherim.! in PY 1989 i s  estimated to 
k 16.4 MBtu's (at ih2-r~ site) and 17.6 MBtu's (at the source), reprcsenting a 13.5% reduction in pre- 
~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~  energy use and an 18.2% reduction in the energy used for qmcc hcating. 
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During PY 1989, the Weatherization Assistance Program weatherized 198,000 single-family 
or small multifamily homes, resulting iii a total savings of 3,487,000 MUtu's during the first year. At 

an equivalence of 5.8 MBhu's per barrel of oil, thc. Program saved approximately 601,OOO barrels of 
oil during 1990-91, or about 1,650 barrels of oil per day. Over the 20-year lifetirnc of the 
weatherization measures, the energy savings from its one year of weathcrization activity in PY 1989 
amount to 12 million barrels of oil. 

The estimated Program savings in PY 1989 are higher than the estimate of 13.8 MBtu's pcr 
dwelling reesiiilting from EIA's evaluation of the 1981 Program (Peabody, 1984). In addition to the 
general incrcase in savings over time, our findings differ in other ways from the earlier evaluation. 
Peabody (1984) found very little variation in energy savings b y  climate region, reportirig only 
slightly higher savings in colder climates. The Single-Family Study docurncnts much Inigl-aea. savings 
in the moderate and cold regions compared wiih the hot region. Peabody (1984) found lower 
savings for electrically heated dwellings than for dwellings heated by naiural gas, but our results show 
comparability, particularly if you consider thc nagnitudc of energy savings at the source, when 
comparing types of heating fuucls. 

The estimated savings of the 1989 Program compare favorably with the results of cvduations 
of utility-operated low-income weatherization programs and evaluations of individual State 
weatherization programs. 

5.  portunities for the Future 
During 1989, DOE'S low-income weatherization program gemrated significant energy 

savings in those submarkets where the Program's activity historically has been concentrated -- that is, 
cold and moderate climate regions and single-family detached homes. Two submarkets appear to 
offer substantial opportiinities for improvement: the hot climate region and mobile homes. Savings 
in both of these submarkets could probably be doubled with the iinplemcntation of state-of-the-art 
procedures. In addition, the fact that dwcllings in ehe moderate region consullied more gas before 
weatherization than dwellings in the cold region, while their savings were substantially less, suggests 
that the moderate region offers considerable potential for additional savings. Since the moderate 
region dominates the Program, Programwide savings could be substantially improved if this potential 
were to be realized. 

Hot Climate WeatheriLdtioti. Greely, Randolph and Hill (1992) dernonstrated that low- 
income homes in Virginia offer as great a polential for savings as lioines in colder climates. 
Allhough Virginia is classified as a rnoderate climate State in the National Evaluation, it borders the 
hot region and, therefore, provides some indication of thc potential lherc, especially in States such as 
Tennessee, Arkansas, Oklahoma and the northern parts of Georgia, Alabania and Mississippi, where 



heating loads arc suhslanlial. ~ c ~ o ~ ~ F r ~ ~ ~ ~ ~  studies of this type should be done in States with 
~ r e d o ~ ~ n ~ ~ ~ ~  cooling climates (sesch as Florida, Califorraia, Texas, and Arizona) to determine the 
potentiall for savings there. Gurrcntly there are few published d ~ r n ~ n s ~ ~ L i o ~ ~  studies of lJae Program’s 
potential for savings in such cooling ~~~~~~a~~~ climates. 

NI, field study in North Carolina, which i s  currently in draf~ f~mm (Sharp, 1993), 

found limited savings in energy used for cooling, but a potentid for space-heating savings of over 
28%. ‘iiTiis fielid study compared restilts of  ciaarenit Stntc ~ v ~ a t ~ ~ ~ ~ ~ ~ t ~ o ~  practices (using the Retro- 
Tech audit which focmsses mainly on cnwc10p~ measures) with results using an advanced audit (which 
has now been expanded indo the ~ c ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~  Assistawcc Progmn National 
NEAT). In addition to more a vakaccd measure cvrdua”,otn capabilities, 11ac NEAT audit includes a 
more ~ o ~ ~ ~ ~ e l a c n s ~ ~ e  sct ctE inea6u1-e~ bhdn Iksc KcBro-Tcch audit, with an clttensive list of both heating 
and cooling e~~~~~~~~~ and shaell mcasIIrcs. E total costs for thc two procedures were vcgy similar. 
Most sf the NEAT houses recelvcd vial1 irssulation, which was nut included in the standard program 
and air sealing assisted by blawcr dours. Ansther differcrrce was that NEAT 
storm w ~ ~ ~ ~ ~ ~ v ~ ~  while most oE the homes i n  Zhc standard program did. 

Like Lhe Virginia study, the Nlraflta Caro-slind fkRd study sliowed that ~ ~ ~ a c e - ~ e a t i n ~  savings 
above 20% can be dc’aail-vcd. The piles; program Gseely, ct al. (1992) ~ ~ ~ ~ c ~ ~ ~ ~ ~ ~ ~ c ~ ~  in Virginia found 
that space-heating savings cculd bc iracrcmcai frosin 10% (for tit: current ~~~~~~~) to 24% (with the 
i ~ ~ ~ r ~ ~ ~ ~ ~ ~ t ~  lhey ~ ~ ~ ~ ~ ~ e ~ ~ a ~ ~ ~ ~ ~ ~ ) .  In thi: North 67arol;i-a study, prelirniwary space-heating savings in 
houses receiving the ~t~~~~~~~~~ State proeedurc averaged 2Q%, while spacc-heating savings in houses 
receiving the NEAT audit avemgcd 28%. These NEAT rcseilts dcmonstrdc Llaat savings improve with 
the use of ;p anore ~~~~r~~~~~~~~~~~ sct of cawlupr: md cqu‘spnicnt mci~stires fa considcr, m d  with the 
use of  an advanced measaim wliccbion tcchnique (audit) four each house that better prioritizes 
envelope and equipment mmures. 

omes use from 1.25 to 2 times the enctgy pcr square fuot o f  csrriparabk site-built houses 
19SS). Their unique C ~ ~ P S ~ I T I C I ~ O ~  makes thcm difficult to wcathcritb: effcctivcly using the 

measures and techniques dwelnpcd for site-corbstnrcrcd dwellings. 
A survey of weatherization evaluations condeactcd for DOE by Mcnidian Corporation 

indicated rhat weat~aerization o f  mobils Iinnics was savixig considerably less encrgy than 
weatherization of sitc-built houses (CSR, 1989) Recognizing the apparent problem with 
wcatheriting niobile homes, DOE initiated ;t testing program at the Solar itlricngy Rescarch Institute in 
1988 to investigate cost effwtivc ways to wcathwiee anobilc B~tamcs. The resczrcla program tested the 
thennal bencfits of different weziitl-acri~alion measurcs iia the controlled erivironment of the 
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Collaborative Manufactured-Building Facility for Energy Research and Training (CMFERT). The 
CMFERT study showed that with retrofits developed specially for mobile homes, the potential for 
savings in cold climates ranges from 30 to 50%. The most cost-effective measures for mobile homes 
located in cold climates appear to be: blower-door-directed air sealing and duct repair, furnace tune- 
up, blown-in belly and roof insulation, and interior storm panels (Judkoff, 1991). 

During 1989 and 1990, the initial results of the first phase of the CMFERT study were 
available, but training and information dissemination was not widespread. With the availability of 
more recent research, training, and literature, it is likely that many agencies today are more fully 
tapping the potential of mobile homc weatherization to save energy in cold climates. Research still 
needs to be conducted to determine cost-effective mobile home weatherization strategies in hot 
climates. 
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GY PROGRAM IMPACTS 

This chaptcr describes lhe types of nonenergy impacts that resull from low-income 
weatherization programs. Some information is presented on the magdtude of these impacts, an 
where feasible these impacts are monetized (i.e., expressed in dollars) for inclusion in the cost- 
effectiveness analysis (Chapter 8). 

The impacts of low-income weatherization programs are nmmcrous. Most of these inipacts 
are benefits, but a few are adverse. They are grouped into five major categories bedow: 

(1) Affordable housing 

r 

decreasing homelessncss and mobility. 

maintaining or cnhancing residential property values; 
extending the lifetime of low-income housing; and 

(2) Comfort, health, and safety 

. . preventing fires; and 
impacting indoor air quality. 

(3) Impacts on household budgets 

improving the livability and thermal comfort of low-income homes; 

increasing nonenergy expenditures; and . reducing utility arrearages and terminations. 

(4) Employment and economic inipacts 

increasing economic output; 
increasing earnings; 
increasing employment; 

* 
decreasing unemployment. payments. 
generating federal tax revenues; and 

(5) Environmental externality impacts 

. 
* 

reducing the envimmrrental iinpacts of energy production and consumption; md 
increasing thc erivironnnental effccts of producing weatherization materials. 

This chapter begins by describing the activities undertaken by the DOE Weatherization 
Assistance Program that contribute to preserving affordablc housing natitmwidc (Section 6.1). 
Attention then turns to the comfort, health, and safety improvements that are nnadc by local agencies 
in conjunction with their Weatherization work (Section 6.2). In Scction 6.3, impacts on ~ ~ ~ ~ ~ s e ~ ~ ~ ~  
budgets through reduced energy burdens are discussed. Section 6.4 describes the employment and 
economic impacts of weatherization, and Section 6.5 discusses the environmental externalities 
associated with home weatherization. Section 6.6 combines the rcsults of the previous sections to 



produce the dollar values for nonenergy impacts that are used i n  the bcncf;t/cost ainalysis of 
Chapter 8. 

Available research on the normergy bcncfits of weath imt ion  is limited W-hile tliere is a 
good deal of anecdotal evidence on t k  substantial bcncfits of low-incorsls weatheri~aiion in the areas 
of affordable housing, health, and safc'cty, these anecdotes do not suppoit the assignment of dollar 
values to the benefits. We scarched for literature that would help us to cpanlifgr each of the 
Pionenergy benefits, but except for environmental aird em;doyineni effectq. found \ c r y  little that 
prescntcd quantitative estimates of ili1pact<. 

We also considered Iiow any available infomation 011 thc inciaewe and c ~ ~ s t s  of events such 
nioviiig 10 a new residcme, OT 

demolishing liousing that is not repaired iiiight be combined to cstizia;e tkc- vd'ile a€ a. r~onsneigy 

benefX In some case?, such as for rcduct-:d mobility and avoided d e r i ~ o l i t i o ~ ~ ~ ,  we were zhlc to 
estimate an average avoided cost, but found ihal the value was less than $1 per weather ked dwelling. 
Bccause of the unccrtainty and coninoveisy abuut the assiirnpiiolis undcrlying thg alues, we chose 
to discuss them, but not inorietii.e thrn-r. At the orhcr C X ~ Y C Z L C ,  four nonensrgy 
values of more than $30 per dwelllng tkm m d l c s t  to lnrgrqi t1ic.y are: 
2) enhanced property values and cxtca-kdcd life?imc of d ~ w l l i ~ ~ ~ ,  3) environmental benzfits, and 
4) ernployment benefits. The estiniatcd enrk,ioymen: bcncf~is ale thc most signifmiif cines; they are 
three times larger than thc next largest value? 

For the benefits that are assigned a dollar value in this Chapter, the rne%~ods used to estimate 
their value varicd Estiniates of environmeiital benefits relied on a literature revicw and on 
infomation from this study about the proporiion!, of wcatticriLed dwellimgs using various fuel types 
and about the average savings by fiicl type. Estmaks of cmpioymcnt benefits combined a literature 
review with data from this study on the amount of Program CiIlpiojmCnt, the skill level of workers, 
and managers' judgments conccrniiig the stiucienre of thc job market for weatherkition workers. 
Data from this study on Program cxpeniditurcs on homc repairs are wed to quantify the bericfits 
associated with maintaiiiing or enhancing pioperly vaIi1es ant? extending !he lifetime of dwellings. 
The monetary benicfits of a reduced incidcnce of fires are qiiniitified by using insurance inalinstry 
data. Our cslinmate of reductions in ariearages is based on 3 literature review ami dnta on payment 
histories that were collected on flit? dwcllkgs included in this study. 

6.7 . I  Property Values and the I..ongevity of Structures 

The Program network dclivers a wide army of direci sciviccs to its low-income clients, in 
additim to energy-efflclcncy improvcments. Rccognir iirg ihai hoiiic repairs arc often needed before 



weatherization measures can be installed, DOE allows the expenditure of some of its resources on 
housing rehabilitation. Using funds from non-DOE sources, the Program offers a vehicle for 
delivering additional housing rehabilitation services that improve the structural integrity of the 
nation's stock of affordable housing. Sources providing funds for housing rehabilitation include the 
Farniers Home Administration, the U.S. Department of Housing and Urban Development's Housing 
Rehabilitation Program and, in a few cases, utilities. The weighted national average spent on materials 
for structural rcpairs in PY 1989 was $126 (Chapter 7). This is the amount of benefit assumed for 
maintaining the property value and extending the lifetime of weatherized dwellings. 

Local weatherization agencies conducted some amount of housing rehabilitation in almost all 
(172,000 - or 87%) of the 198,000 dwellings they weatherized in PY 1989. The vast majority of 
these rehabilitation measures involved fixing or replacing windows or doors (Fig. 6.1). Attic 
ventilation and incidental repairs to roofs, walls, and floors account for most of the other housing 
rehabilitation activities. Other, less common rehabilitation measures include fixing attic hatches, 
ceilings, foundations, steps, and porches, electrical repairs, and septic, plumbing, and bathroom 
repairs, Fig. 6.2 shows how one home served by the Program was made more livable thru 
weatherization. 

PERCENT OF WEATHERIZED HOUSEHOLDS 
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Fig. 6.1 Frequency of Incidental Repairs and Structural Repairs 
(Percent of Dwellings). 
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BEFORE AFTER 

Fig. 6.2 Improving S ~ ~ s t ~ ~ ~ ~ ~ ~  Housing Through ~ ~ ~ ~ ~ e ~ ~ z a t ~ o ~ ~  
An Example from the Blue Mount in Community Action Agency. 

One common concern of local Program managers is the limited funding available for 
housing rehabilitation (Mihlmester, et al., 1992, p. 47). One local agency Director estimated that 
10% of the eligible homes in his service area have to be put on hold until they can be repaired. 

The incidental repairs and other structural rehabilitation work conducted by the Program 
during PY 1989 vary significantly across the Program's major subgroups. These differences arc 
documented in Table F.l (based on climate regions), Table F.2 (based on primary heating fuels), 
Table F.3 (based on dwelling types), and Table F.4 (based on agency size), 

The installation of structural measures by local weatheriLation agencies occurs least 
frequently in the cold region. The moderate climate region has average installation rates for these 
measures. Structural measures by local agencies are installed most frequently in the hot region. 
Ninety percent of this region's PY 1989 weatherized dwellings benefited from some form of 
structural measure. 

Gas-heated homes had high rates of housing rehabilitation (especially windows/glazing and 
attic ventilation). Electrically heated dwellings reccived the fewest incidental repairs and structural 
measures, reflecting their relatively young age. Dwellings heated by other fuels Irad high rates of 
roof repair (1 1 %), door replacements (42961, and window rcplacements (40%), but average levels of 
other s t ruc tu ral mcasu res. 

Differences across dwelling types also are significant. Single-family detached homes had 
high rates of housing rehabilitation (especially windows, doors, walls, and attic ventilation). Mobile 
homes had slightly lower than average installation rates for housing rehabilitation measures ( w i a  the 
exception of replacement doors and windows which were installed in 61% and 49% of mobile homes 
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an average rates of housing rehabilitation (although relatively high rates of wall and roof repairs). 
Small multifamily dwellings had lower than average levels of  housing rehabilitation (with the notable 
exception of windows and glazing, which were repaired or refurbished in morc than half of these 
dwellings). 

Incidental repairs to roofs, walls, and floors were made more frequently by small and 
medium-sized agencies than large agencies. Installation rates for structural measures, however, are 
quite similar across the agency size categories. 

Housing rehabilitation improves the comfort of dwellings and helps to preserve the stock of 
affordable housing for low-income persons. The high rate at which some rehabilitation was 
performed, 87% of dwellings nationally, indicates that this is a common and important need. As one 
local agency Director stated, “The Weatherization Assistance Program has been an important factor 
for preserving older housing in [my area] and rebuilding entire neighborhoods.” 

6.1.2 Homelessness and Mobility 

There is evidence that increascd energy costs have exacerbated housing shortages. High 
energy costs mean households are less able to pay their bills - including rent or mortgage payments. 
A study of failures in NUD mortgages concluded that “2.5% of the 1974-1975 mortgage failures 
were directly attributable to energy price increases” (Metrostudy Corporation, 1976). Dearbom and 
Tabor (1979), suggest that when rental owners are prohibited from passing increased energy costs on 
to their tenants, the pressure on landlords may contribute to deterioration of the rental housing stock 
and the subsequent abandonment of buildings. 

Energy-efficiency improvements can abate homelessncss by reducing tenant evictions and the 
abandonment of low-income housing. Surveys of homeless persons and emergency shelter providers 
have found the loss of utility service to be a minor, but consistent contributor to homelessness. 
Robinson (199 11, for instance, found that among the dominant housing-related reasons for 
homelessness in Pennsylvania, utility terminations were cited as the cause 7.9% of the time. Robinson 
also found that utility terminations precipitate housing abandonment. Based on surveys conducted 
by Pennsylvania utility companies, 32% of the homes of residcntial electric customers were 
abandoncd within one year after utility termination. The rate is 22% for gas terminations. 

Data from this study suggest that wealherimtion reduces the rate of residential mobility and 
(by inference) the costs associated with housing turnover. Thc average number of occupancy 
changes occurring in 100 dwellings, per year, were calculated for weatherized and control dwellings 
based on data provided by gas and electric utility companies. These numbers are underestimates of 
the actual rates of occupancy change, since some utilities failed to provide infomiation on household 
turnover. There is no reason, however, to expcct that any such bias would differentially affect the 
weatherized versus the control dwellings. Therefore, we focus on the relative magnitude of 
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occupancy changes in the pre-weatherization and post-weatherization periods. Fig. 6.3 presents the 
results. 

Average 
Number of 
Occupancy 
Changes 
Per 100 
Dwel I ing s 
Per Yeas 

20 

15 

18 

5 Dwellin 

*Based on 5,527 weatherized dwellings and 4,224 control dwellings. 
**Based on 6,216 weatherized dwellings and 5,481 control dwellings. 

Fig. 6.3 Annualized Rates of Occupancy Change: 
Pre- Versus Post-Weatherization 

After weatherization, dwellings experience significantly less annual turnover in occupancy 
than was experienced prior to weatherization (1 1 occupancy changes per 100 dwellings before 
weatherization versus 9 occupancy changes per 100 dwellings after weatherization). Over the same 
period the control dwellings experienced an increase in turnover (12 occupancy changes per 100 
dwellings in 1988-89 versus 18 in 1990-91). On a programwide basis (i.e., €or the 198,000 dwellirigs 
weatherized by the Program in PY 1989), these statistics suggest that in the first year following 
weatherization the Program prevented at least 4,000 changes in occupancy. The reduction in 
occupant turnover is large enough to be visible by landlords, based on a survey of landlords in 
Wisconsin (RCG/Hagler, Bailly, Inc., 1991). Unfortunately, the resulting benefits are difficult to 
value. We did a rough calculation of the avoided cost of reducing mobility by 4,000 moves, but 
concluded that because the estimated average benefit was less than $1 per weatherized dwelling it  was 

rtant to include this effect in our benefit/cost calculations. 



Enhanced comfort. is a natural O U ~ C Q I I I ~  sf many weatherization ~~ieasures.  No DOE 
approved w ~ a l ~ ~ ~ r ~ z a ~ ~ o ~ ~  measures are installed spcci fically to improve comfo~% improved comfort is 
simply a side benefit. Certain health and safely irnprnvcments to ~ u i l ~ ~ ~ ~ ~  envelopes (such as 
replacing broken doors) and space hcaeing systems (such as correcting carbon tnonoxidc problems) 
also are legitimate Program expenditures. Occasioxially funds from non-DOE sources (including 
state crime and safety programs and area ageiicics on aging) provide additional resources to achieve 
health and safety goals at the same time Ihat weatherization i s  being conducted. 

The only coaqmncnt of this “’health, safety, atad comfort” category that is msiaetized below is 
the benefit or fire prevention. It i s  clear, however, that the other components are valuable. For 
instance, fewer illnesses, due t~ a healaier ~ ~ y i ~ ~ ~ ~ m ~ i ~ t  (resulting from fewer drafts or less carbon 
monoxide), and fewer injuries (e.g., from avoidcd accddcnts due to home repairs such as fixing steps), 
reduce the need for medicare payments, which offsets the govcmrncnt cxpenditure on weathcrizalion. 

A great deal of anecdotal information suggcshs that thc homes of low-income households are 
more comfortable as the result of weatherization and rrssoci alcd housing rchabi? itation. Several 
quantitative studies  borate this. 

Cladhart and Wcihl (1990) report that ~ e a ~ ~ ~ ~ r ~ ~ ~ t ~ ~ ~ ~ i  Icd to morc uniform daily interior 
tcmperatures throughout the dwelling unit and iat occupanIs made fewer thclnostat adjustmcnts to 
obtain comfort, Occupants also rcpol-ted that their houscs were wamicr, lcss drafty, and “more 
comfortable” after ~ v ~ a ~ ~ ~ e ~ ~ ~ a t ~ ~ ~ ~ ‘  Similarly, the Fuel-Oil Study being conducted for Ihe National 
~ e a t ~ e ~ ~ ~ ~ t ~ o ~  Evaluation (‘fcmes and Levins, 1993) has also ~ ~ c ~ ~ ~ ~ ~ c ~ ~ e ~ ~  irasgrovements in 
FkerceiVtXI COmfQfi land draftJncS5 f O l l O W h g  ~~~~~~~~~~~~~~~~~~ 

ere is growing evidence that following ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ a ~ ~ o ~ ~  housclaolds “‘take back” some of the 
potential lor reduced cnergy ~ o ~ a ~ u ~ ~ ~ ~ i o ~  by improving the comfort of their home’s interior 
temperatures (Weihl, Gladhart, and Krabacher, 1988) This would cause a shorlhll in the actual 
energy savings achievcd by the energy-efficiency ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ i ~ t s .  

An analysis of intcrior ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ r e s  bcfore vcrsiis after weatherization by the Wood River 
ConservaEion Projcct identiAed a statistically significant 0.6’ P: incrcasc. This “‘hakc back effect” was 
higher for low-income ~ ~ ~ ~ s c ~ o ~ ~ s  than f o r  highcr income housd i~ lds  (Dirran, 1987). The Fuel-Oil 
Study, on die other hand, did not delcct any “arekc back“ effcct. Thc study numitored p-e- and post- 
- . ~ e ~ ~ ~ ~ ~ ~ ~ a ~ i ~ ~ ~  indoor t e n ~ ~ c ~ ~ t u ~ ~ s  of both wcathcri7cd dwellings and a sample of control homes. 

1 ’fie sznmplc consisted of  ten (lV) low-income houscs in Lansing, Michigan. Metering equipment was used to 
peraturcs and thermostat settings. Blowcr door tests wcre also conducted, along with an 
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The average indoor temperatures of bolk groups were within 0.2OY;, in both the before and after time 
periods. Thus, the overwhelming evidence is that weatherization improves the perceived com€ort of 
homes, but it may or may not lead to increased indoor temperatures during winter. 

It is difficult to value the worth of improved coniforl. It is likely, however, that this value i s  

greater for elderly households than for others, given the diminished capability of their bodies' 
temperznlure-regulating systems (SchwanZz and Peterson, 1979; Brown and Rollinson, 1985). 

Another possible benefit i s  being able to heat, and therefore occupy additional rooms as the 
result sf weatherization. These comfort beneSits are not quantified in this report, but the second part 
of the Single-Family Study will include interviews with occupants of both weatherized and control 
dwellings that should produce valuable infomation on comfort benefits. 

Hcalth arid safety measures (other than those dealing with the heating system) were iristalled 
in 53,000 (or 27%) of the 198,900 single-family and small niultifamily dwellings weatherized in PY 
1989 (Fig. 6-4). Carbon monoxide tests were conducted in 23% of the weatherized homes, window 
and door lacks were installed in 4%, and smokc dctcctors in 3%. The Program also occasionally 
provides firc extinguishers. 

PERCENT OF WEATHERIZED HOUSEHOLDS 
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Fig. 6.4 Frequency of Health and Safety Measures 

(Percent of Dwellings) 

Ileating system repairs and safety improvements were made to 14,000 (or 7%) of the 198,000 
homes weatherized in PY 1989. Heating system iepn'rr-s include tlic i eplacerment of thel-rnocouples, 



&ermostats, fan switches, and furnace filters. Heating system safety measures include repairing or 
replacing gas valves, gas controls, leak detectors, and limit switches, as well as fixing gas leaks and 
carbon monoxide problems. While these safety measures are relatively uncommon, it is likely that 
their benefits are significant. 

Each of the health and safety measures shown in Fig. 6.4 have different distributions across 
climate regions (Table F.l). Health and safety measures are installed at slightly lower than average 
rates in cold climates. In contrast, heating system repairs and safety measures are undertaken in cold 
climates at rates that exceed programwide averages. The moderate climate region has higher than 
average installation rates for health and safety measures and heating system repairs and safety 
measures. Health, safety, and heating system repairs were relatively uncommon features of the PY 
1989 weatherized homes in the hot region. 

Differences across primary heating fuels are equally marked (Table F.2). In PY 1989, gas- 
heated homes had high rates of health and safety measures (especially carbon monoxide tests), and 
heating system repairs and safety measures. Electrically heated dwellings had low levels of heating 
system repairs. Dwellings heated by other fuels had average levels of heating system repairs and 
safety measures, and lower than average installation rates for health and safety measures. 

Differences across dwelling types also are significant (Table F.3). Single-family detached 
homes had average installation rates for health and safety measures and heating system repairs, as did 
mobile homes. Single-family attached dwellings had extremely high installation rates for heating 
system repairs, safety measures, and carbon monoxide tesling. Small multifamily dwellings had lower 
than average installation rates for heating syslcm repairs and safety measures, but higher than average 
installation rates for window and door locks - perhaps reflecting the more urban milieu of this type 
of housing stock. 

Large agencies conducted heating system repairs and safety measures and installed window 
and door locks at a higher rate than small and medium-sized agencies (Table F.4). These emphases 
reflect the more northern and urban nature of large weatherization agencies. 

To illustrate the potential value of these health and safety measures, the following sections 
discuss the benefits they offer in terms o f  fire prevention and possible impacts on indoor air quality. 

Fire Prevention. "Dcfects in, or mishandling of, heating eyuipmcnt causes more residential 
fires than any known cause . . .'I (Insurance Information Institute, 1990). In 1987, heating systems 
caused 20.5% of the residential fires, 10.1% of the deaths, and 10.0% of the injuries due to residential 
fires. The fire-induced death rate for elderly individuals, a group targeted in the Program, is higher 
than for any other age group (Insurance Information Institute, 1990). 

Measures installed by the Program reduce the costs of fires in four ways. First, safety 
measures performed an the heating system such as fixing gas leaks, reduce the probability of fires. 
Second, any fires that start after weatherization are likely to cause less damage because cellulose 
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insulation tends to snuff out fires, either hy inhibiting their spread, or, i i i  the case of ceilings and walls 
collapsing, actually gutting them out ln contrast, fires in l m m s  with tininsulated walls and ceilings 

tend to spread rapidly since ?he empty cavities help fccd the fiic ‘Ihird. when thsir primary heating 
system becomes more efficient and less costly to operate, lo~ri-iiicome households may reduce use of 
suppdemental heating system5 such as space hcatcrs and wood btming \iuves, which are more likely 
to cause fires than ceritral heating systems. Fouith, by redkrcing en:ergy costs and iiwrefore mearages 
(see Section 6.2. l ) ,  wcatheriLation reduces utility terminatin:is. Loss of utility services has been 
shown to rcsult ii-n loss of life from energy-related fires. In a ~ t u d y  of low-income ~ Q I ~ S C ~ I O ~ ~ S  in 
PBiiPadelphia, Rohlnsorn (1991) notes that a mmbpei- of Philadelphians lose thcir lives every year in 
fires caused by the use of dangerous energy sources. “When electric or gas sewice i s  shut off, a 
number of familics rcsor; to such measawes as candles, extensioni cords nun from a neiglrboi‘s, rkgal 
reconnections to power lines, and kerosene heaters.’’ 

The benefits of redxirag the mrinbcr of fires iiic1iidc rcbrrced loss of life? rcduced injuries 
from fires (and the consequent costs of hospitalization and othci medical treatnmits), and reduced 

properly losses. The value of thesc benefitq is difficult to quantify, alth h fire prevention is clearly 
a benefit for at least some sveatherieed dwellings ‘l’hc value of reduced injuries and medical costs is 
small relative to tlie other factors and difficult to qiiantify. l’hr value of avoided deaths from tires 
due to heating systems and thc value of pieventirig fire-related propetty damage arc estimated in 
Figs. 6.5 and 6.6. Combining the avoided costs due to prcventcd death and avoided property losses, 
the total value for the Program is $643,500 oi $3 25 pcr */eathehLed dwc!?ing. 

Indoor Air Qiiality. Carbon monoxidc testing m a y  be o m  of the more impitarsh safety 
offerings of thc Program. A Wisconsin Gas Company manager (Nelson, 1993), r c p t s  that his ulility 
perfoms carbon monoxide testing for about 1 %  of his uiility’s custcmcrs each year at an average 
cost of $80 p r  test. ?‘imcsc test5 are pcrfairied in rcsponsc :n custornt-r rcyii 5  he\? the c~l~.tomc; 
believes there may be a CO problem B y  pioviding (‘0 Icsting, thc Prsjgrlu~~ reduces thesc costs for 
many gas utilities, nationwide. In wlditiori, Xclson rcporls that t k  Wisconsin Gas sc:.vice arm (with 

about 488,000 cworners), expcricnces 4 or 5 crisis siiuations 1e1:itwl lo C(3 dullfig each hedting 
season. These crises arc at least twice as likely anlcing Io \~~- i~coinc  I:wwlmlds. ’++%en such crises 

occur, substantial costs (perhaps in cxcess of $5.WO) are inculled for e rgenq  scnicc (fire tmcks, 
ambulances, paramcdics. police car5 hospitalitaiion). In addiiioii. rediiciliz CO in living areas can 
improve the heaJlh of occupants and thereby rcd:xe medical costs. 
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Step 1: Estimate the elderly and non-elderly occupants of dwcllings weatherized in PY 1989. 

1 9 8 , O  dwellings weatherized in PY 1989 
x 2.8 l occupants/dwelling 
= 556,400 occupants of dwellings weatherized in PY 1989. 

Estimated number of elderly occupants in wcatherized dwellings: 

198,000 dwellings weatherized in PY 1989 
x 0.35 dwellings with onc or more elderly occupants 
= 69,300 elderly occupants of dwellings weatherized in PY 1989. 

Estimated number of non-elderly occupants in weatherized dwcllings: 

556,400 occupants of  dwellings weathcrized in PY 1989. - 69,300 elderly occupants of dwellings weatherized in PY I989 
=487,100 non-elderly occupants of dwellings weathcriml in PY 1989. 

e estimated number of occupants in PY 1989 weatherized dwellings: 

Step 2: Determine appropriate fire death rates. Firc death rates arc 5.2 per 100,000 elderly 
population (over age 64) and 1.7 per 100,000 persons in the gcneral population. Ten percent 
of fire deaths are caused by rcsideniial healing cquipincnt (Insurance Infomation Institute, 
1990; National Safely Council, 1989). 

Step 3: 
Combining these factors: 

Estimate total number of deaths by firc duc to residential heating eyuipincnt. 

El d c rly 
.5.2/100,000 x 0,1 x 69,300 = 0.36 expcctcd number of deaths of cldedy persons. 

Non-Eld e rl _u. 
1 . ~ / 1 0 0 , ~ 0 0  x 0.1 x 487,000= 0.83 expected number of deaths of non-elderly persons. 

Step 4: Estimate the cost of deaths by fire due to rcsidential heating. The average lifetinic cost 
due to a lire dcath is  approximately $250,000 and the average lifetime cost of an elderly person 
due to a firc death is approximarely $24,000 (Slatistical Abstract or the US., 1991). If we 
assume that wealhcrizalion activities such as furnace repairs prevent these expected deaths from 
occurring, the benefit derived from rcduccd deaths is esliniated to bc: 

Elderly 
0.36 x $24,000 = $8,640. 

No n-El d erly 
0.83 x $250,000 = $207,500. 

The total benefit is estimated to be $216,140. 

Fig. 6.5 Value of Deaths Due to Fires Prevented by Weatherimtion 
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Step I: Establish the ratc at which low-income residcntial fires occur: 

5.52000 fires 
98,880,000 occupied dwcllings in 1J.S. 

Assume a low-incornc household unit is twice as likely to have a fire rhm average, 
i.e., 0.0122 fires per dwelling unit. 

As a scsult. "),,416 fires would be expected for the population of dwellings weatherized in 
PY 1989. 

.I--- = 0.0061 fires per dwelling unit. 

Step 2: Estimate rate of low-incornc residential fires due to heating systems. 

Twenty-one percent of rcsidaential fires are caused by heating systems. 

2,496 fires x 0.21 fires due to heating systems T= 483 fires from heating systems would have 
occurred in the weatherized population if the dwcllings had not k e n  weathcrkeci. 

Step 3: Estimate the rcsidential property loss due to a fire. Residential property loss in 1988 
due to fires was $3,897 million ( U S  Department of Commierce, Bureau of the Cc;aus. 1991). 

Average loss per residential fire: 3,897,000,000 = $7,06O/firc 
5 5 2,000 

Wc assume that the average property loss for low-income houscholds is half the national 
average, i.e., $3,530. 

Step 4: Estimate the number of fires that were preventcd through weatherization. If  the 
program prevents 25% of the fires that would have occurred due to heating systems, the number 
of fires prevented would be 121, 

Step 5 :  Estimate the total avoided property loss. Avoided property loss due to weatherization 
would be 121 fires prevented x $3,53O/house = $42'7,000. 

Fig. 6-6 Value of Property LQSS Due bo Fires Prevented by Weatherization 

On the other hand, weatherization can have adverse health impacts on occupants miding in 
dwellings located in arms with particularly high levels of radon. These occupants may (or may not) 
experience increased mdialion as the rcsult of weatherization. The primary method utilized to reduce 
exposure to these radioactive particles i s  increased air ventilation. Yet weatherization oftcr, 
significantly reduces levels of air infiltration. As a result, it can increase radiation levels within 
homes. In other cases, however, weatherization may reduce the amount of radon entering the living 
space by decrming the amount of soil gases drawn into the house and by keeping any such gases in 
basement areas. 

At present, indoor air quality impacts of weatherization cannot be quantified. Data on the 
number of low income dwellings that might be expected to experience degraded or improved indoor 
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Low- income households (defined as households earning less thm 125% of e poverty level) 
~ ~ n s ~ ~ ~ e  13% lcss atid spend 15% less on encrgy than non-poor U.S. ~ o ~ s e h ~ ~ ~ ~  (Stun@9 1991). 
However, because they earn less, low-income ~ o ~ s e h o ~ ~ s  spend four times more on energy as a 

of  their income, than non-poor households. According to the U S .  ~ e p a ~ ~ c n t  of  Ileal 
Services (1992), the average low-income f m i i y  spends 12% of its income on r e s ~ ~ ~ n ~ ~ ~  

pared to 3% for the avcragc 1J.S. family. 
-sen fuel prices are high, low-income ~ o u s ~ ~ ~ ~ ~ s  may have to choose between heat and 

other basic lmeecssities such as food, ~ n t ,  medicine, or medical care. The inability to pay fuel bilk 
nmy theaten the very survival of ~ ( ~ w - i ~ $ c o ~ ~ e  households - -  ~ c ~ ~ ~ ~ ~ ~ c ~ ~ ~  and. at times, 

, poor households may turn to cheapcr, but unsafe3, sources of heat such 
ers, which may cause deaths due to fire and ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ r ~ ,  or suffer serious 

~ ~ r o ~ ~ e ~ ~  because of  ate heat or coo1ing. Womclcssness also rnay be increased 
~~~~~~ of the ~ n a ~ ~ ~ ~ ~ y  to pay fuel bills. The diverse negative effects of a ~ o ~ s e ~ ~ ~ ~ ~ ' s  ~~~~~~~~~~ to 

fuel bMs are the crucial reasons that the federal govenimenE ~ ~ h r ~ ~ ~ ~  p ~ ~ ~ ~ r ~ ~ ~ ~ ~  such as the 

DOE W ~ a t ~ e ~ ~ a t ~ o n ~  helps l o w - i n ~ o ~ ~  tiousekrolds deal with high energy prices. 
ecause low-income bouscholds experience a constant cash flow crisis, most of the 

saved thrcangh energy-efficiency iniprovenients wit1 ht: spent for other goods and scrvices. Al 

e a ~ ~ ~ g / ~ o o l ~ n ~  comfort for less money and, thus, to spcaid more on other needs. Energy 
11, therefore, cause a r e d i s t r ~ ~ ~ t ~ ~ ~ ~  cad' consumer purchases on the part oP ~ ~ a ~ h ~ r ~ ~ ~ ~  

This stlady ofd'ers some data OR the impact of weatherization on the energy ec9sts of low- 
income ~ o u ~ ~ ~ ~ 1 d ~ .  The energy-savings analysis (Chaptcr 5 )  estimated that weatherization reduced 
natural gas c ~ ~ ~ ~ ~ p t i o n  by 173 ccf (or 13.0%) arid electricity consumption by 1,830 k 

12.2% j. Average 1989 gas and electricity prices were calculatcd by weighting State averages, 
~ u b l i ~ h e ~  b y  the Energy Information A ~ ~ i ~ ~ ~ t r ~ ~ l ~ o ~ ~  (1991), by ithe ~ r ~ ~ o r t ~ ~ ~ ~  of PY 1989 
~ e a ~ ~ e ~ ~ ~ ~  dwellings located in that State, md ~ ~ ~ 1 ~ ~ ~ n g  the products. At m average price of $0.595 
per ccf of ~~~u~~~ gas and $0.0694 per kWh of electricity, the savings per unit w ~ a ~ ~ ~ e ~ ~ e ~  are 

e low -incame household3 health improves as the result of weatherization, it might experience increased 
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bL'hcn the full range of employment impacts are considcrzd, Cdlcr, et nl (1992) show that er,ei-sy 
efficiency investments create more jobs than equivalent invcsmenis in energy supply sectors, which 
are relatively capital intensive. This corroborates a prcvious study which estimated that conservation 
and solar technologies would create 2.4 to 2.7 times more einiploynient national!y than would the 
equivalent use of oil, natural gas, and electricity (Buchsbautn, et al., 1979). Similarly, integrated 
resourcc planning in Maine estimated that DSM pmgrams would iesult in two to five times more jobs 
than a proposed power plant (The Goodman Group, 1992). 

Only one study has taken a national approach to estimating the employment irnpacts of 
investment in weatherization (Oak Ridge Associated 'Ilnive~siiizs, 1983). It focuscs on the dircct and 
indirect effects of weatherization invcstments anti docs rrot alteriipt to estimate the induced effect. 
Therefarc, i ts  results under-value the eanployrncni bcnefits of weatherimtion. Its analysis estimates 
h a t  52 full-time equivalent (FTE) positions are siipportcd per $1 million (1983 dollars) spent by 
local weatherization agencies. Most of these jobs ale dircct employment by local agencies (36 

FIX'S), while 15 ETE's of indircct employment ar? rreslcd. Thus, for every employee of a local 
agency that is supported by the WeatkriLatiori Assistance PrOgiarii, an addiiionnl 0.44 FTE 
employees are created indirectly as the iesult of JODS m suppofiing inciustiial and service scckors. 

End et al, (1391) also iiwe conducted a coI1IpichCr:sive analysis of the jobs created by 
invzshnients in weatherization, but their analysis is limited to New York Statc Disl et al. (1991) 
analyzed the processes producing cco~~omic impacts by identifying sector coefficients that describe 
the changes in the economic output of the various industrial sectol-s influenced by weatherization 
activities. The study concluded that. over the assumed 23-year lifetime of the wea:herization 
rneasurcs installed by the New York Weatlicrizarirsn Program, the economic Itrerxfi'iCs included 
iricrcases in employment of 95 tu 122 job years per lriillion dollars of Program cost. 

Thc employment estimates pi-oduced by E151 et al. (1931j arc twice as high as thc national 
estimates produced by the Oak Ridge Associated Universities study; they also are higher than the 

rewlts of a majority of the 10 studies rcviewed by Jones (1985). Since New Yo& i s  a net exrgy 
consumer with high energy prices, llie econoiriic becrcfils of the Progrm arc probahly higher there 
than in most Stztcs. Because of our desire to be conscwiiitive i n  our estimates of thc value of 
a-ronenergy benefits, we rely on tbi. resw'lis of the Oak Kidge Associated Univensities study to esltirriate 
the magnitude of indirect employment, rather thari extrapolating from the analysis of the New Yok 
weatherimtion program (Eisl, e: al., 199 1). Rcsriits frolii an earlier National WzatI-ipriTation 



The value of direct employment, estimated in terms of Iederal tax revenue creation, i s  $55 E7 

r ~ ~ ~ ~ ~ ~ ~ ~ ~ e d  dwcliling (Table 6 1 ) ”  This value was obtaialed by ~ ~ ~ ~ ~ i ~ l ~ ~ ~ ~  the ~~~~~~~~ per sapit3 
federal income tax paid by ~ ~ ~ ~ s e ~ ~ ~ ~ ~ ~  making less than $20,oW pes year in 1.988 ($l,OOO), timen ale 
estimated job years of increased ircct employment arid then dividing this product y the nkawaber 33.f 
we,%’aic.-ized homes (Table 6.1). 

Table 6.1 Taxes Generated from Employment in the 
Weatherization Assistance Program 

Source: Mihlmester et al. (1992), p. 40, for crew employment (6,723 jobs) plus an 
6,723 jobs for contractors since about half of Ihe direct weatherization labor is su 
contractors. 
Source: Mihlmester et al. (1992), p. 7. This includes all funding sources. 
Source: U.S. Dcpartment of Commerce, Bureau of the Census, Statistical Abstract of the U&cd 
States 1992, Table No. 509. This is the average tax paid by households with adjuustced gross 
incomes of $13,000-$14,999. 

The indirect employment impacts of the Program in PY 1989 were estimated by using t 
Oak Ridge Associated Universities multiplier for indirect employment of 0.44 able 6.21, This 
multiplier was applied to the FTE for direct employment (13,466jobs) to yield an  ad^^^^^^^^ indirect 
employment impact of 5,925 FTE in various supporting industries. Assuming the indirect eniployees 
earn $10 per hour3, or $20,800 annually, the income generaled by indirect e m ~ l ~ ~ ~ ~ e ~ ~ ~  exccedcd 
$123 million per year. ‘This produces a per weatherized dwelling benefit of $505.85 (TdRk 6.2j. 

en this is added to the tax revenue generated by direct cmployrnent (Table 6~1)$ the total benefit 
from increased direct and indirect employment is $561.12. 

Another employment-relatcd benefit is the avoided cost of ~~~~~~~~~~m~~~~ ins 
payments. Table 6.3 illustrates the likely avoidcd costs of reducing the nee 
50% of dir.,ct employment and 25% of ine‘ii-ct employment is taken from 
unempirjyed workers, over 8,000 previously zanempbycd workers will no longer 
benefts. Thus, the it-, elided costs of seducing unemployment are estimated at about $82 per dwdlhg .  

I- such payn1enw Yf 

6.17 



Table 6.2 Indirect Ennpluyment Impacts o f  the 
Weatherization Assistance Program 

a Source: Mihlmcster et al. (1992), p. 48, for crew employment (6,723 jobs) plus an additional 
6,723 jobs for contractors since about half of the direct weatherization labor is supplied by 
contractors. 
Source: Oak Ridge Associated Universities (1983), p. v. 
Source: Mihlmester et al., (19921, p. 7. 

Table 6-3 Avoided Costs of Unemployment Benefits 
for llirect and Iimdiiwt Employment 

S Q I J ~ C ~ :  U.S. Department of Comznerce, Bureau of’ tho Ccnsus, Stntisfical A b ~ f n s c ~  of the 
United States 1992, Tables No. 561 and 582. I 
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This method of valuing incrcases in einploynient does not include increases in ~~~~~~~~~~~~~~~ 

that are induced by the Program through the respending of salaries and energy bill savings. At Icast 
one study has suggested that this is the largest of the three types of einploymcnt impacts (Cal~fiaii-aia 
Energy Commission, 1979). Our method also docs not include increased corporate income iaxes and 
State and local income taxes. Also ignurcd is the possibility that employees involved with dclivcring 
Program services have upgraded their skills and consequently thcir wages (Jones, 19SS), An ea.sly 
study conducted by Urban Systems Research and Engineering (198 1) concluded that the Program 
did not produce iiieasurable benelits from iinprovenient of skills. If this study werc repca 
the benefits would be greater, because of the significant ainounl of training being conduck 
the Program network (Mihlrncster, et  al., 1992) and the incrcascd skills requircd to r k l i w r  
weatherization scrvices. Finally, this method of valuing the criiploynicnt and economic impacts does 
not consider the impact of removing resources from the economy through taxallion to Iund DOE 
weatherization4 

VIRONMENTAL EXTERNALITY IMPACTS 

6.5.1 Environmental frnpacts of Energy Production and Cons 
There is a growing recognition that weatherization and othcr cnergy cffi 

constitute a pollulion abatement strategy, and that cvaluations of these programs should credit them 
for their positive environmental impacts. The enactment of Title IV of the Clean Air- Act 

Amendments of 1990 provides both explicit and implicit inccntivcs for utilities to USE cnergy 
conservation as a means to reduce SO2 emissions for acid rain compliance ~~~~~~~~~~~?~~~ Krugcr, and 

Morgan, 1992). In 1991, DOE and thc Commission of the European GornnnunEeies sigaaed arh 
agrcernent to devclop estiniatcs of external costs associated with the production and ~~~~~~~~~~~~~~~ oi' 

energy fmm different fuel sources (Cantor and Lee, 1992).5 
At the State level, a recent survey showcd that 17 Public lJliiity Comiuissicans h a w  instituted 

or  are developing rules addressing envimnincntal externalities (JGF Integrated, 139 1). Thesc mIcs 
require electric utilities to consider the cost of envircmnental cxternalilics when evaluatiaig crscrgy 

A henefit/cost analysis seeks to calculate the value of benefits flowing from a public project and Ixilancc thrm 
against the costs, which generally are financed out of tax revenues, either initially or ultimately. 'rhe ~~~~~~~~~ of 
resources from an economy via taxation will have multiplier effects on income and employment. la may bc rai;ketl 
legitimately, should the full, multiplier effect of the tltv removed from the economy to pay for a piMi 
accounted as the cost of the project, against which the benefits are to be compared? In practice this k 
Most project funding comes out of general revenues, and the funding b : ~ c  of all projects will inapm 
losses through the extraction of tax revenue. The comparison of differential benefits across projccts fu 
common tax base will yield the variation which orders thcir social desirability. If sonic projects arc fmaied by 
excise taxes and others by the income Lax, then the difference in the social cost of the h x  may cause ,a difference 
in cost of funds among projects. 

5 The results of this study to date have crnphasized the difficulties associated with ~ ~ u a ~ ~ ~ ~ ~ ~ ~ ~ ~  the cost of 
environmenta! externalities at a national scale. Nuincrical results lor syccific sites in the U.S. will be prnduccd, 
but national estimates are not anticip2ted. 

I 
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zlficicxy and othrr resowce options as part of their iniegraicd resouice planning. Ilntoflunately, no 
oilnl consm:;src: has merged regarding the value of reduced cxissions. 

O.sr rcvicw of the litcrateire produced an cstimatc of the environmental ex’reixility benefits of 
d~icc:d t.irargy production, distribution, and consumptien of $1 1.66 per dwelling The derivation of 

l i i i \  irgure is siac?wn in Table 6.4 and the assumptions involved arc explained below. 

Table 5.4 Emvirrsnnaental Benefits of the WeaQheri~dCF~m Assistance Frogram 

a FQIJTCP: Psce Uniteisily, 1998. 
Source: M3~sacliusetts Dcpamacnt of Public Utilities Order 89-239. 

The analysis of natural gas, fuel oil, kcrosenc, and liquid propane gas was limited to the costs 
associated with SO, and NO,. Variouc estimates of cnviionmental costs of atmospheric carbon 

emission a i e  available, but range from exceptionally low to exceptionally high. Because of the 
currelit iaeh of COI~SCISSUS the omission of atniospheric carbon costs was the mort conservative 
asciimpiion. We used estimate? of pounds of SO, and NO, per MBtu rclerased from coal-fired, oil- 
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aiid natural gas-fixed power plants, contained in Pace Univcrsity's study (lQg0). We BS 

lhat the: emissjons o f  thcse materials from dispersed s~urces such as home heating units :isirag h 1 aii. 
n~~~~~~~ @S+ keKSeIle, etC. ZirC no l Q W c r  th I isom the controlled power plants. (They art: p r A a  
11igher.j , we used estimates o f  damagcs per poimn 
NO,. ~ ~ e ~ r e ~ ~ ~ a ~ ~ y ,  rnargisdal control costs should be no higher than marginal da2mges: i t  ou!d nc', 

he cost effective to pay morc to control an cxtcriiality than it costs in damages. 

Also from Pace Universiay (19 

ijlliswcver, i 

239 are sjx times the value of the Pace ~~~~~~~~~~ damage sstinaatcs for N a d  ntPar1j IF4rvq: f I F  
chose to use the more eoanservatlvc damage estimates ofkrcd by the Pace Uniuen 

For %he e ~ ~ ~ ~ ~ ~ ~ ~ e ~ t ~  costs of electricity generation, we considercd two a1Btcrnali.1~ esllmaates, 

one based on a review of the Mesatwe on damages (Lapsa, $991) and thc other on csn t sd  GCP~S 

( ~ a ~ s a ~ h ~ s ~ t t ~  Department of Public Utilities Ordcr 89-239). 'fhc cstimak based OF co~akid ~0516 is 

lower and i s  the om lase 
These data give us estimates of the dollair value of cnviroimcntal costs pcr MRtu c b f  eircrgy 

generated (Table 6.4). Separate cost cstirnahcs are ~r~~~~~~~ for each o f  four firel typl;".s: n 
fuel oillkerosene, LPG, and electricity. To estlrnale the environmental value of rcduc!iow % ! I  cncagv 

ittcd by DOE w e ~ t ~ e ~ z a ~ ~ o ~  activitizs, we wcighkd thcsc fuel -specific estimatcs by t l ~ .  
pmpodion of Program savings attributable to each f u d  typc, The data on this ~i~~~~~~~~~ o f  s w i n ~ s  
by fuel type among weathefized howcholds i s  eonlainetl in Figurc 3.5: 

9.5% by electricity, 
a 

13.2% by LPG, and . 

50.6% heated by natural gas, 

16.0% by fuel oil and 3.2% by kernsene, 

7.5% by 0 t h  fonn~, indudinig coal, wood, and srplar. 

We assumed that there arc no emissions from thc residual 7.5%l1,. 
To obtain Ehe environrncntal cost estimalcs cited above, we rniiltiplic thest: perccneages by 

the e ~ ~ i ~ ~ ~ e ~ ~ a ~  cost e s h a t c  for Ithe respective fuel typcs and ~ U K U W X !  these ~~~~~~~~~~~ costs 

(Table 6.4). The conclusion i s  that the annual envirsmmcnatal Pcncfits per weathcrked dwelling arc 

approximately $12. 
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and far less than the decreased levels of the same pollutants associated with reduced fuel 
coiisllmption. DOE'S ( 1979) review of other weatlierization materials (including rock wool, cellulose, 
peilite, and vermiculite insulation, storm windows, caulking compounds, and weatherstripping) 
concluded that thcir increased production would not have any adverse environmental impacts. 

l'ne various impacts of low-income weatherization programs are numerous and can be 
p r o u ~ ~ e d  into five major ca.tegories: 

preservation of affordable housing; 
cornforb I-nealth, and safity impacts; 

impacts on household budgets; 

environmental externality impacts. 
employment and economic impacts; and 

While nunierous studics have examined the energy saved by weatherization, little research has 

addiessed r-ionencrgy impacts. Much or the research that has been conducted has been qualitative, 
pieseiiiing only anecdotal. evidence; a consensus on how to quantify the value of many nonenergy 
benefits has noi becn reached. 

Table 6.5 summarizes the dollai valucs for nonenergy bcnefits that were developed in this 
chap;cr. Additional benefits that have not been assigned a dollar value include: thermal cornfort 
improvcments, indoor air quality, benefits of increased nonenergy expenditures, and savings 
associated with fewer residential moves. Thus, the dollar value used herc for lionenergy benefits 
($376) is an underestimate, 

The methods ixxd to e s t h a t e  the value of nonciicrgy impacts varied. Estimates of 
znvironiinental bcacfits relied on a literature review and on iiifumiation from this study about the 
propoflions of weatherized dwellings using various fuel typcs and about the average savings by fuel 
type, The ;nrralysis of environmental impacts was limited to the costs associated with SO,, NO,, and 
CO,. Estiiriates of employment benefils combined a literature rcview with data from this study on the 

i1uinbei of emp'uoyees directly supported by DOE'S wcatherimtion program, the skill level of workers, 
and niainagers' judgments concerning the structure of the job markct for weatherization workers. 
Direct and indiiecl, but not induced, einployment bend  its arc included in the estinnatc. Data from 
this study on Program expenditures for home repairs are used to quantify the benefits associated with 

mairiidining or  enhancing property valucs and exlending thc lilctiine of dwellings. Our estimate of 
rCdlJCtiOns in arrearages is based on a literature revicw and data on payment histories lliai were 
collccied oi7 a subset of the dwellings included in this srudy. 
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Table 6.5 Net Present Value of Norienergy Impacts of the 
Weatherization Assistance Program 
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7. P 

Local ~ e ~ ~ ~ e ~ ~ ~ a t i o n  Assistance Program agencies often rcccive weatherization and other 
energy program funds from seven1 sources, ineludiaig DOE, LIHEAP, FVE and State agencies. The 
amou~at of lunding receivcd by locall agencies from various sources in PY 1989 is shown in Fig. 7.1 
and is described in two earlier reports (Mitxlrnester, et al., 1992 and Power et al., 1992). These funds 
were applied to a larger number of weatherized dwellings than the oncs studied in this report, 
including large multifamily buildings and units weatl-acrized entirely outside of the 
weatherization rules and procedures. Thc distributiorn ol  funds shown below is nevertheless indicative 
of thc wide range of funding sources used to weathcrizc the dwellings studied in this rcp0rt.l The 
funding breakdowns in Fig. 7.1 include all (243,268) houses weatherized by local agencies 
regardless of the funding source. The rest sf the amlysis in this chapter is based on a smaller subsea 

H HS-LI HEAP 
Weatherization Funds: 

18% ($84.5 million) 

PVE FI 
($1 36 

Other Federal Support: 
5% ($25.2 million) 

31% ($142 

P 
Landlord Funds: 
4% (1.9 million) 

Uliiity supper?: 
9% ($42.4 million) 

Other Financial S~pporl:: 
3% ($14 4 million) 1.7 million) 
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of homes: a stratified random sainpk of the 198,000 singic-family and sinall multifamily homes 
weatherized entirely, or in pari, w i t l 7  DOE funds or \.ish fmds from other aoarrces that w e x  used 
a c c o r d q  to DOE weatlierization rcgulations. Dwellings weatherized eniiirly wilh 1,I:IEAP or utility 
funds that. were administered under differen: tules wcre not included in the sarnple. .4s a result of this 
definition of OUT DOE weathem-izcd "population," most of thc homes in our sa111ple wcre wcatherked 
according to DOE rules, but some of thc homes with ~ i i x c d  funding wcre not, 

Data on program costs arc difficult to coltcct and intcqrct because of thc divcrsity of fui?ding 
SQIJ~WS and the variety of rccoidkecping systcrils uscd by local c.c?!heriLaiioii azcncies. Different 
States, and local wea.thcri,:ation agc~~cies withifi the 'ia11e Statz, kce;? Lost rccorti!: in v a r b m  formais, 
using a variety of cost catcgoiies 'I I I C  cost caacgories typicdlly used for reporting local 
weathhcrization expcndiiutes to thc Stalcs arc shown i i i  Tabic " 1 ~  1. Data on total p i o g ~ ~ i l ~  costs and 

iiiafw i d s  costs are gencra:ly the most reliable nutnhrs  and art' thc x : ) ~ I  ami? 

Data on labor, administration, training and tcrhnical assislance {T&'TA), and piogram support costs 
;fie less consisteiit and compamblc because thc dcfinitions, catcporics, and procedures used i r r  
accounting for them are more varrahlc. Fsi cxmmpie, agcncics that use contr:ictcd labor will nul tiack 

labor costs in the sailic way a$ agencies that use in-housc crcw 1-ibo:, or mixed crcwlcontractnr labor. 
Similarly, weatherization programs housed alonp with scvcra! olllcr soci;il scr vice programs (receiving 
funding froin a variety of sources) milay allocate and t i x k  costs for p r a ~ r m  suppsrl somewhat 

h l e  m o s s  

__ ____._ _ _  .... 
2 The brcakarrt between material arid labar cosis is likcly to be lpioic :rccrirat:: for wentherizriiion jobs pcrcorrncd by 

i n - h o l m  CiCWS sather lhail those involving contractors. 1nform:iI discussions with weatherization prograrn 
managers siiggest that contractor breakouts of matcri:il and I:rhor cosls are oflcn inconsi~tcnt niiil subjective. 
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Table 73 Cost Cadcgaries Used in This Study 

IN ST Ab L. A T  IO N C 0 ST S 

IN STAblAT ION- RE LATE $3 PHOGRAM 
OVERHEAD MANAGEMENT 

I i ~ h l i e  & Eligibility 
Aiddids &. Assessmenis 

Fina! !nspecticsns 
Con tractorlCrew Mg n a  t. 
Program Administration 

Program Evaluation 

than thc installation of measures. Staff travel timc, or audit and inspection functions, for examplc, are 
not included in our definition of labur costs, allhough thcy may be present iri Ehc labor costs category 
('Table 7.1). Our category of materials costs, howcvcr, is defined the same way as the usual category 

(i.e., the weatherization niateriials inmllcd in dwellings). This allows for comparisons with earlier 
studies, such as Pcabsdy (1984>, which include only wcrathcrdzation materials costs. Another reascn 
for selecting our cost categories was that we wished lo be abjc to track costs differently for crcw-based 
vs. contractor-based program so fhal wc could more closely adhere Lo actual variations in the 
expenditures by labor type. Our categories, Ihcrcforc, have diffcrcnt components for crew and 
contractor work (Appendix B).3 We a150 hoped to obtain accurate estiiriates of the costs of specific 
individual program functions, unencumbered by the need to confoim to prograrri rcquircrnents. 
Lastly, we expcctcd that our categories, which emphasize thc distinction between on-sitc installation 
costs and dl other costs, w ~ u l d  pic more comparabiic io cost accounting schemcs used by low-income 
weatherieatioia programs sponsored by utilities and govenimental agencies other than DOE. 

Contractor profit is part of installation-related overhead costs for contiactor jobs, but is not part of crew-based 
program costs. 
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Although there were several good reasons for using our cost categories, there also were 

~ r a ~ ~ ~ ~ ~ s .  The local agencies often could not map their cost accounting systems onto our 
catilgorksp which led to some inconsistencies arid uncertaintics in our cost d:m. These ~ ~ ~ b ~ e ~ s  are 
discussed jn later sections. 

Although QUP cost category definitions differ from those used by the Program, the findings 

on costs p r ~ s e ~ t e d  in this Chapter clearly reflect the inipact of program regulations. Section 7.1, for 
exan:ple, describes total on-site installation costs and shows that average ~~~~~a~~~~~~~ @e., aaratsrials 
and ~ n s t a l 1 a t ~ ~ ~ ~  I a b r )  expenditures per weatherized dwelling (for all fuel types) arc $1050. Findings 
in Seclioias 7.2 and 7.3 show 

le. overhead and mmagernent cosks (all costs except i ~ s t ~ ~ ~ ~ ~ ~ ~ ~ n  costs) are esthd ied  at 
per house (Section 7.4). making the total average expenditure per house just under 

at installation labor and inaterials expcnditures, gencsd8y conform to 

$1,600. 
Agencies vary in how they combine funding sources. Some use a mix of f~mdirng sources in 

erizing the same dwclling (often without tracking the funding sources used for a particular 
d w e ~ ~ ~ ~ ~ ~ ~ .  Others use different Funding sources for diffcrent parts of the p-ogrm year (c.g., 

LZHEAP for January-June and DOE for July-December). The DOE weatherimlicrrr regu4ahions in 
PY 1989 were more restrictive conccming how funds could be spent than the LI%-IEAF rules, Since 
about 62% of local agencies reported receiving LSHEAP weatherization funds ~~~~~~~~s~~~ et al.? 
19923, it is possible that anany of the dwellings in our sample rcceivcd some ~~~~~~~e~~~~~~~~~~ measures 
funded by LBIIIEAP. When LIHEAP, utility, or olher funding is used in a dwelling, these fundc may 
be uscd for incastires (such as furnace replacements or housing r e ~ ~ a b i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  which would not 
~ ~ ~ ~ a ~ ~ y  be allowed in a dwelling wcatticrized entirely under DOE regufaaiorns. 'T'hereforc, we asked 
the 1cdcal agencies to tell us (whenever possible), thc percentagc of nnn-DOE funds used in 
w~~~~~~~~~~~ a dwelling. This enables a comparison of costs for dwellings weatherized entirely with 

$$E funds and for dwellings weatherized partiy with DOE furids and partly with other funding 
sources (Section 7.5). 

111 the next three sections of this chapter, variations in  total installation costs, niaterials costs, 
and labor costs by cliniate region, fuel type, dwelling type, and agency size are discussed. Labor 
costs are reported separately for agencies ihat use only in-liouse crews, only coiitractors, or some 
~ o ~ ~ ~ ~ n ~ t j ~ ~  of crew and contractor labor (Scction 7.3). Findings on overhcad aiid management 
costs are discussed in Section 7.4, and differences in expenditure pattcms betwecn agencies receiving 

OE funds and those with several sources of funding are reviewed in Section 7.5. Scction 7.5 
s u ~ ~ ~ ~ ~ ~ ~ ~ ~  th is  Chapter's most important rcsul ts. 
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9.1 TOTAL INSTALLATION COSTS 

7.1 . I  Programwide Totail Installatisn Costs 
Total installation costs arc defined as the sum of materials ami installation labor costs for all 

labor types. '1"lae grogramwide average value for total installation costs for all fwd types (weighted to 
provide an unbiascd estimate) is $1,050. However, the total installation costs for an individual 
dwelling can differ substantially from this average. 

The distribution of total installation costs is shown in Fig. 7.2. Eighty-five percent of 
dwellings had matcrhls aid laboor expenditures of less than $1,500, with 45% of dwellings in the $600 

to $1,200 range. About 8% had iiistallation expcnditurcs of less than $300 and about 9% had 
installation expenditures of more thari $1,800. 

23.0"/0 
22.2% 

J 

6.4% 

Mean = $1,050 

Median = $931 

3 ~ 3% 

1.3% 

300 600 908 1200 1500 1800 2100 2400 2700 3000 3300 3600 

Total Installatism Costs 

Fig. 7.2 National Distribution of 'I'otal Installation Costs (weighted). 

7.1.2 Differ nces by Climate egi8n, Fuel Type, Dwelling Type, and 

As Fig. 7.3 shows, the total installation coqts of weatherization vary by climate region, primary 

heating fuel, type of dwclling, and agcncy size, The largest installation expenditures are in the 
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7 . 2  ATERIALS COSTS 

Interpretation of the data on materials costs prescnted in this section requires an 
understanding of how these data were collected and calculated. Materials costs data were collected in 
Part E of the Dwelling-Specific Fonn (Appendix B-3). Respondents were asked to record matcrials 
costs by type of measure (e.g., insulation, air leakage, etc.) and by type of labor (in-house crew OF 

contractor) doing the work on that measure. They also were asked to rccord the total materials cosh 
for all work done by a crew and for all work done by a contractor. Similar proportions of the 14,727 
dwellings with cost data were weatherized by each of the hree possible labor types: csew-only (33%), 
contractor-only (38%), and mixed crew and contractor (29%). In mixed labor jobs, the contractor 
was most likely to do the space-heating work. Similarly, contractor-only jobs were more likely than 
crew-only jobs to include space-heating work. 

Although materials costs were requested by measure lype, labor costs were not because 
agencies do not track measure-specific labor costs. Materials costs also were sometimes not available 
by measure type. In many cases, responding agencies rccorded only lhc total materials costs without 
providing a breakdown by type of measure. As a result, there were large numbers of zeroes and 
missing values in the measure-specific cost data. It also was clear that the allocation of costs to a 
measurc-specific category was not always consistent across agencies. S t o m  windows, for example, 
night be placed in the structural measures category by some agencies and in the windows and doors 
category by others. Total materials costs data, on the other hand, were recorded quite csmplctely and 
consistently. Therefore, more confidence can be placed in the total nialerials cost than in any other 
part of this analysis. 

To help correct for inconsistencies in the measure-specific niaterials costs data, an extensive 
computer screening and checking routine was implemented. Reasonablc ranges of values were 
defined and valucs outside of these ranges were set to missing. Because there were many Z ~ F Q C S  in 
the measure-specific costs data, and because the combination of measures installed varies across 
dwellings, the number and set of dwellings with costs data (othcr than zero) for a measure-specific 
category changes for each category. 

The presence of large numbers of zeroes in the costs data led to two separate analyses: 
(1) with zeroes included, and (2) with zeroes excludcd. The next two sections (7.2.1 and 7.2.2) 

report findings with zeroes included, while the following section ('7.2.3) reports results with zeroes 
excluded. Thus, the amount of expenditures reported in each category in Sections '7.2.1 and 7.2.2 
(Figs. 7.4 to 7.7) is a function both of the average amount spent when costs arc reported and of the 
propoition of zeroes in the category. In comparing the amount spcnt for space-heating measures in 
the hot region ($3) vs. the m o u n t  spent in the cold region ($89), for example, thz much lower cost in 
the hot region occurs mainly because only 2.4% of homes in this region received space-heating 
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measures, while the rest of the homes h a w  zeroes rccordcd as the amount spent nn space-hertilig. 
This high proportion of zcroes r~csulls in a riauch lower average cost fc)r the hot region, than for the 
cold, where 36% of homes received space-heating nicasurcs (Fig ,  7.4). Thus, the average materials 
costs shown in Seclions 7.2.1 and 7.2.2 (Figs, 7.4 to 7.7) reflect the frequency with which spcific 
measures are installed by various subgroups. The less frcqzaenlly a measure is instdlcd (and the more 
zero costs are reported) the lower the avcrage will bc. Similarly, the most frequently installed 
measures will Rave higher averages. 

In contrast, if one excludes zeroes and examines costs: only in those laomes which received a 
specific measure and reported a cost value for the measure (Section 7.2.3), materials costs are ~.rsuaUy 
much higher (Figs, 7,8 to 7.1 1). The values shown in Figs. 7.8 to 7.1 1 are based an only dwellings 
with non-zero materials costs reported for the specific masure.  

7.2.1 Progra aterials Costs 

The cost of weatherization materials in PY 1989 avcragcd $504 pcr dwelling (Fig. 7.4). When 
zeroes are included in the averages for materials costs, insulation ($13?), windows and doors ($133). 
structural measures ($1261, and air leakage ($1 16) account for thc vast majority 01 ~ h c  expenditures. 
Smaller amounts are spent on space heating and water heating nneasures. 

7.2.2 Measure-Specific Materials CEBSIJS; d 

Figures 7.4 to 7.7 prescrit average matcrials costs (with zerocs included) by clarnate region, 
fuel type, dwelling type, and agcncy sizc. The tablcs on which Bhese figures are based, and some 

addilional detail, are presented in Appendix G (Tables (3.1 to G.4). 

An examination of varhtions in average total nmalcrhls costs by climate rcgiora revealed IitLIc 
Since thcre are significant diffcrcnces in total difference in average expenditures (Fig. 7.4). 

installation costs (Section 7. I$, those diffcrcnccs are cle~irlgi due to variations in lab?rsr costs. 
Although total materials costs did not vary much by region, the proportions o f  the total 

invested in specikic measures (with zeroes Included) did differ significantly (Fig. 7.4 and Table G .  1). 
In the cold region, average expenditures for materials were highcr fur insulation, water heating, arid 
space-heating measures than in the other two regions. IIP thc modcratc region, the highest naatcfids 
costs were for windows and doors. In the hot rcgiun. structural measurcs had the higlacst materials 
costs, and windows and doors nearly as high an amount. As shown in Chapter 4, thcse differaxes 
indicate that the cold region puts more resources into fhc nieasures likely to savc the most encrgy, 
while the hot region spends more on n~casures with less energy-saving potential1. 

The emphasis on housing rehabilitalion work in the hot rcginn O C C L R ~ S ,  in part, because of khc 
extremely poor condition of loci -iiacome housing i n  thc South (Table G3). Thc nnisel-sk;sle cmdir;s:i 



of low-income housing in the hot reginn is lieqiicntly emphasized by pogt  am managcrs from this 
area. They repori that the funds allocated by the G‘OE Program are often inadequate for doing a 
complete job of weatherizing the homes they serve. ?‘he extrenicly poor condition of much of the 
housing in the hot region also was observed by OKNL staff during field visits to agencies in this 
regicn. Although this study did not collect quantitativc data on the contlilioli of the housing stock by 
region, the higher amounts spent on structural rcpairs in the hot rcgioli suggest that there i s  a greater 
need for housing rehabilitation theie. In addition, data froin llme 1989 American Housiag S11r-vey 

(AHS) indicate that homes in the Southern CCRSUS iegion :tr; -;iorc likcly lo be substandard than 
homing in the Northeastern, Midwestern. or Western rcgions. Mec:iuse n m i y  of the States in this 
study’s hot region also are in the Southern C’cnsus region, thcsi: A H S  data (‘I’able G.5) supp‘rri the 
impression of both program nianagers and ORNJ, staff that thc hot rcgioin ha&: a greater need for 
strucliiaal repairs and housing relnabilitation. 

Differences in materials coqt$ by fuel type werc significant ( t  , 7.5 anti Table G.2)- ‘I’he 
most money was spent for materials in dwellings that heat primalily with other ,dels -- $40 ts $SO 
more: than. in dwellings that heat piilnarily with natural gas or clcctricily. 711 dv,~i~!lfirgs heated with 
other fuels, the highest materials costs wcie for struckIra1 nica!s~i~t.s and windows ::(-id ~ O O K Y  The usc 
of other fuels is concentrated in the hot rcgion, where structuml nicasures 2nd iviridow and door 
installations are most prevalent. For dwellings that I m t  prim:irily with natural gas, &L most was spent 
on insulation (due, in part, to their coriccniralinn in the ccld region). Electrically heated dwellings 
had the highest expenditures for structural tiieasureq and  windows and doors (Fig. 7.5 and 
Table (3.2). 

The dwelling types of single-family detachcd and small ruullikmily had the highcst average 
expenditures on materials. Expcnditures were nearly as high for mobile: homes and much lower for 
single-family attached dwellings (Fig. 7.6 and ‘I’able (3.3).  Compared to other dwclling types, single- 
family dctachcd dwellings had the highest expcnditurc~ for insmlnlion and the lowcst for windows 
and doors. Mobilc homcs had the highest expenditures for slructural nieasuies arid windows and 
doors, in part because of their concentration in the hot region, where installation rates for these 
measures are highest. Single-family attached dwcllings had the highest expenditures for space 
heating, while small multifamily dwellings had the highcst cxpci~diturw for air leakage ~iieasures 
(Fig. 7.4 and Table (3.3).  

Small ageimcies had the highest average expenditure ($638) on materials (Fig. 7.7 and 
Table 6.4),  with largc and medium s i x  agencies spending d m u t  $50 less per house on materials. 
Large agencies spcnt the most on space heating mcawres, more than twice as much as medium 
agencies and over four times as much as small agencies. Sniall ngencicu spent the most on windows 
and doors (ieflecting the greater conccntration of small agencics in thc trot region). 
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7.2.3 aterials Costs Only for Homes with the 

In the previous section, we examined measure-specific inalerials costs with the zero values 
included. This way of examining the materials cost data tclls us thc proportions of total dollars 
invested in various types of measures. With ttic zero values included, the measure-specific dollar 
values are a fimction both of the frequency with which the measure is installed (Le.) the proportion of 
zeroes in the category) and the costs reported. 

In this section, we will address a differcnt quesliun about inatcrials costs: when a measure is 
installed (Le., when a non-zero dollar value is reported for the measure), what i s  thc average materials 
cost? This question does not considcr variations in the frcquency ol' installation across subgroups, it 
only asks what is the average cost when a measure i s  installed in a dwelling? The amount spent on 
measures when zero valucs arc excluded is usually much higher than when zeroes are included 
(Figures 7.8 to 7.1 l), showing thal variations in the frequcncy of installation greatly reduced most of 
the cost values shown in Seclion 7.2.2. 

Differences across climate regions in the average materials costs when a measure is installed 
(Fig. 73) are greatest for space heating. The highcr cxpcndilurcs on space heating in the moderate 
region reflect its higher rates of installing rcplacerncnt Pumices. For. all measures, except insulation, 
average expenditures are highest in the moderate rcgion. The cold rcgion spends the most on 
insulation when it is installed, perhaps reflecting the higher incidence of wall insulation there. 

Variations by fuel type (Fig. 7.9) show that expenditures arc generally higher in electrically 
heated homes whcn measures arc: installed. Thc only exceptions are for space beating measures, 

ere the most is spent in dwellings heated with other fucls; arid for air leakage where the most is 
spent in gas-heatcd homes. 

Expenditures by dwelling type show significant variation (Fig. 7.10) for all measures except 
water heating. Space hcating measures cost the most in single-Family attached dwellings, and a higher 

an average amount in small multifaniily dwellings. Spacc-heating measure costs for single-family 
detached and mobile homcs are significantly lower. Air leakage work is most expensive in sinall 
multifamily and single-family detached dwellings. Structural measures cost the most in single-family 
attached and mobile homes. Windows and doors cost thc most when they are installed in mobile 
homes. Since mobile homes usually have a smaller living area, this suggests that complete 
replacement of all windows may be more common for this dwelling type. Insulation costs the most in 
single-family detached and small multifamily dwellings, perhaps reflecting the higher rates of 
installing wall insulation in these dwelling typcs (Table 4.3) 
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Water Heat Space Heat 

1 Single-Family Detached 0 Sin~ie Famtly Attached 

[_I Mobile Home 

Small Multifamily 

Air Leakage Slructural Windows Insulation 
Measures and Doors 

Average Cost of Ma rials in Dwellings 
the &leasure, by 

a No values of zcm arc included in these averages. 

Differences by agency size (Fig. 7.11) show that. the large agcncies have the lowest rnaterials 
1 measures except watcr Iicating, air leakage, arid spacc fncating. There is liMc difference 

by agency size in costs for wa~er  heatisig 01- air leakage ~neasu~cs, both of which require inexpensive 
materials. Space heating measures, howcvcr, cost about twice as muel-a in largc agencies. This occurs 
mainly because the large agencies do ~ i u ~ r e  C O ~ I I ~ Q I W ~ ~  retrofits and furnace replacements (Chapter 
4). For M Q S ~  nseasures, small agericies have highrr materials costs than either the nicdiurn or large 
agencies. This probably reflects thc grcater ability of Barge and medium-sizcd agencies to negotiate 
reduced prices for the purchase si. large quantities of materials. 

Labor cost data wcrc collected and calculated with differcnt methods for crew-only, 
contractor-only, and mixed (crcw and contrackor) weatherization jobs (Appcndix 18-31. This was 
.;;.i-essary because of differences in the way agcneics track costs for crew and contractor labor. 
Among the dwellings that could be classified by labor type, approximately one-third fell into each of 
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the tlmc types. Generally, agmcics tend to use cithcr in-house OF contractor labor on all, or at least 
most, of their weatherization jobs. 

0 
Water Heat Space Heat Air Leakage Structural Windows 

Measuaos and D w s  

Small a Medium u Large 

263 

Insulation 
I 

Fig. 7.11 Average Cost aF Materials in Dwellings Receiving 
the Measure, by Ageircy Sizea 

a No values of zero are included in t ime averagcs. 

Hecausc contractor laboi costs include profit and overhead expenses that are not included in 
crew labor costs, one would expect the e x p c w s  repocicd for contraclor jobs to be higher. As shown 
in Table 7.3, average total installation costs were over $300 higher for contractsr-only labor 
weatherization jobs than for crew-only jobs. Costs for mixed jobs exceeded those for crew-only jobs 
by TnnOie than $400. Thcse differcnces occiir both because contractor labor costs include pmfit and 
installation overhead expenses that arc not includcd in crcw-only labor costs, anti because contractors 
are more likely to do space-heating work. 

Climate region comparisons for labor costs show that crew-only and mixed jobs cost thc most 
in the cold climate region and the least in the hot region (Apperidix G ] ~  Contractsr-only jobs, 
however, had the highesl total installed cost ($1,303) in the tuodcrate region, and averaged about 
$180 less in thc cold region, and about $228 less in the hot region. The national average for labo; 
costs (weighled by thc proportions in each labor type) was $433. 
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includes materials and Iabr  
includes materials, labor, profit and installation-related overhead 
includes labor, profit, and installation-relaled overhcad 

Table 7.3 Contractor Labor Costs Higher Because Include 
Profit, Overhead, and More Space-Heating Work 

Average labor costs (Appendix G ,  Table (3.6) showed the same patterns as total installation 
costs: highest for crew only and mixed in the cold region, highest for contractor-only in the 
moderate region, and the lowest costs in the hot region for all labor types. Hourly rates for crew-only 
jobs were highest in the cold region and lowest in the hot region. 

Among crew-only and contractor-only jobs, an examination of total installed costs by 
primary heating fuel (Appendix G, Table G.7) shows the highcst expenditures for dwellings heated 
with other fuels. In mixed labor jobs, however, elcctrically heated dwellings had the highest total 
installation costs. Labor costs showed the same patterns as total installation costs. 

Single-farnily dctached dwellings had the highcst installed costs for crew-only and mixed 
jobs, while single-family attachcd dwellings had the highest installation costs among contractor-only 
jobs (Appendix G, Table G.8). Labor costs showcd similar patterns. 

Large agencies (Appendix G ,  Table G.9) had lhc highest installed costs for crew-only and 
contractor-only jobs, while stnall agencies had thc highcst installcd costs for mixed labor jobs. 
Medium-sized agencies had the highest crew labor costs, and paid the highest hourly wage. Large 
agencies had the highest labor costs for contractor-only jobs. For mixed labor jobs, the highest labor 
costs were found in small agencies. 

7.4 OVERHEAD AND MANAGEMENT COSTS 

Overhead 3md nianagcment costs include all costs except the expenditures for weatherization 
~ ~ t e ~ ~ ~ ~  and for the labor required to install these materials. Installation inaterial and labor costs 
were discussed above (Sections 7.2 and 7.3). As shown in Table 7.2, the tolal cost of a program can 

.. 
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be divided inlo installation costs and overhead arid IPiaiidgt:iI1Liit costs. Prcvious staidics suggest that 
overliead and rnanagcnicne costs raligc from $300 IO $600 p a  :inu\c (Kuvbdcr and Witte, 1985; 
Kushler, Witte, and Stanley, 198 7; McKcn~ic .*lid PtlCiicgcr, 1983; K:intlolph and Greeley, 1990; 
Schlegcl, 199 a ) .  In spitc of the tlragnitudc of ovclhcad ml nun:~pcmcil; costs, lliost previous 
evaluations of weatherization p o g ~  ams havc n1u1 rcps;tcd them a d  iidvc iiot included them in thcir 
cost-effectiveness calculations. In part, this rcilccls thc difficulty of obt:iining accurate information 
on overhead and managcmnt  costs. It  is parlic.ularly pr~~blci i~; i~ic  to obtain coi~rprable data across 
agencies and time, bccausc of variations in lccordkccping systems. 

As was cxglaincd in C31aplcr 3 (Section 3.2 q), much of llic inlormation this study obtained 
on program management and inqtnllation uvcrhC:)d costs was too incomplcec to be usable or 
contained obvisvsIy indccuratc iiifwmation. BCC:UIW of the frcqueiicy arid pervasiveticss of the 
reporting and computational eiiols un the hgciicy Inlor inat ion l-orins (Appendix €33 ,  many of the 
values reported for averagc piograni manaecriicnt costs (APMC) wcrc ilot credible. Specifically, 
values €or APMC rmgcd froilj it low of $12 per hou.;c to :i high 01 ir ,868 per house. Values less 
than $300 that appcar on thr .4gency InfomJion Tiiii l iS pid lc tb ly  do not  include some significant 
program management costs, aiid valucs above $600 probahly include some direct installation 
(Le.? labor and inaterials1 costs. 

Out of the 298 agencics Ih:~t returmcd Agcilcy Ii-ti’orti~diion Forms, 137 provided daia that fell 
within reasonable ranges. hltliough Ihz wJw1 ol. 137 :Iyncies that rcpsilcd rcliable data on the 
Agency Infomnalion F0mm is not represcnialivc 01 1i1c lotai miiplc of local agcncies (Section 3.2.3), 
the APMC of $390 estimatcd from thc aprncics wifh good tl:\l:t S C C I I I ~  io be c r c d i i k  Variations by 
climate region estimated from these agcncics also seem to bz ;w,nnablc with APMC highest in the 
cold region ($4.15), next hiphcst in Ihc tuodci,tie ($4!<?1* : \ i d  loiwxL I L L  [lie hot ($320). ‘l’hzs? results 
should be vicwed cautiously, however, IL~~crtus;: o f  lirililcrl s:iin!7lc 5iLes :!id high vat ibility. These 
data also suggest t i n l  larper ngcncics Ii;ivc h ighr \ t  ,%F’PV?C ($470), followed by nizdium-sizcd 
agencies ($4i)S), with thc lowest P.I’MC for s11d1 a g ~ i i i  ics ($344). Chic-r aprtin, howcver, the sample 
sizes are too SElall to produce sta’risiially significmt r c ~ u l l s  

Estimates for inst3llstio~-rclated ovci iicutl t t n t  c v ~ l r l  be obtaincd from the Agency 
Information Fomi wcre not ciecilblc, cven lor thc si111~cI o f  ~ ~ C I I L ~ C S  w i t i i  good data. Alfhough the 
instructions on thc Agep~cy Inlirimalion I‘ornmi aqkeci 1I i : i i  ma fc~  ;,ils ami labor costs be reported 
separately from installatioh-rclatrc! overheal. I ~ I C  ius(. riiagnitudc of the reported average 
installation-related oveihcad3 indicatcd th:it matc;ilrls and 1;ib01 r w 1 s  wcre usually mistakenly 
included. 



Results Irorn the Fuel-Oil Sludy provide some assibtarice in  intcrprcting the Single-Family 
Study’s results on overhead and management costs. In the Fuel-Oil Study estimates of APMC and 
average installalion-related ovcrhead costs were obtained for. 23 agcncics in the Northeast (Ternes and 
Levins, 1092). Terries and Eevins (1992) initially used a form ncarly identical to the Single-Family 
Study’s Agency Infomiation Form to collect data on costs. l‘hey found inany of the same mors  and 
inconsistencies in thc data returned on their form as we did in the Single-Family Study. They tried to 
resolve these data problems by conducting tclephonc inlcmicws with pcaonncl at each agency. After 
conducting these interviews, they concluded that ovcrtmcad and managenncnl costs averaged $627 per 
house. This cost was estimated to include $438 f o r  program management, $59 for in-house crew 
installation-related overhead, and $130 for contractor inslallal ion-rclatcd ovcrhrad. An overhead and 
managemen1 cost of $557 was estimated for houses in which only in-house crews performed the 
weatherization work, and of $65 1 for contractor or mixed crew/contractnr jobs. 

Thus, based on results froni the Fuel-Oil Study, one cart conclude that lhc sum of APMC and 

~ n s t a ~ ~ ~ ~ ~ o n - r e l a t e d  overhead costs is appsoximatdy $600, and based on thc results of the Single- 
Family Study one can conclude that the APMC is about $350-400 pcr house. ‘T’hese results suggest 
that average program managcment costs are in the %35U-450 mngc, and that installation overhead is 
in thc $50-150 range. This division is obviously inexact; thc sum docs, howcver, scem eo be belween 
$400 and $600 per housc, as is consistent with findings of prcvious sludics (KusNer and Witte, 1985; 
Kushler and Witte, 1987; McKenzie axid Phcncgcr, 1983; Randolph arid Grccley, 1990; Schlegel, 
1991). In the cost-effectiveness calculations (Chaprcr X), thcrcforc, a value of $500 per house will be 
assunied for overhead and management costs. This i s  a lower amount rhm was estimated by the Fuel- 
Oil Study, but we believe that the n:ilional cstimatc should be lower bccause the costs of most goods 
and services (and total weatherization costs) arc higher in the Northcast (whcre the agencies Ternes 
and Levins studied are located) than they are in many ollicr parts of zhc United States. 

7 . 5  SOURCES OF FUNDING 

As is shown in Table 7.4, dwellings weatfirrized cntirely witti DOE funds had average installed 
costs that were lower than those for dwellings weathcrizcd with funds from multiple sources. 
Subcategories of costs, including materials cost<, stnmml measures, and heating system work also 
had lower average expenditures for dwellings weatherized m i r e l y  with DOE funds. Except for space 
heating work, dwellings weathcriicd with a inixturc of funds Lhal iricludcd more lhan 50% DOE funds 
consistently had higher expenditure levcls than homes with mixed funds lhal included less than 50% 
DOE funds. Also, it appears that mixed furids that include n iwc  than 50% DOE funds tend not to be 
spent according to DOE guidelines. Plus, these funds an: sped  quilc differently than I he  pattern of 
expenditures in dwellings wcatherized with only DOE funds. 
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Table 7.4 Costs by Source of Funding 

Among dwellings weatherized with mixed funding, some used all funds according to DOE 
guidelirics, while others did not (Table 7.5). Dwellings with mixed funds spent entirely uradcr DOE 
guidelines had lower expenditures for materials, structural measures, heating systems, and total 
installed costs, than dwellings with mixed funds not s p m  entirely under DOL guidelines. Mixed 
funds spent entirely undcr DOE guidclines wcre spent siiiiilarly to dwellings weatherized with only 

DOE luiurrds (Tables 7.4 and 7.5). 

Table 75 Costs for Dwelllings with Mixed Funding 
by C~verage  of DO15 Guidelines 
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7. Y 

This chapter examined total installation costs, materials costs, ~ n s t ~ ~ ~ ~ ~ ~ ~ f ~  labor costs, 3rd 
~ ~ ~ ~ ~ r ~ ~ e ~ ~  and ~ ~ n ~ g e n i c ~ t  cosks--presenting ~ ~ ~ g r a i n w i ~ ~ c  averages and describing variations across 
climate rcgiom, Iucl type, dwelling type, and agency sizc. Findiiigs are ~ ~ r ~ i i ~ ~ ~ j ~ ~ ~  below. 

9, the: prograinwide average total installation cost (icy matcnials arid on-site labor) 
per dwelling was $1,050. Expenditurcs for individual dwellings, however, oftcn varied substantially 
P~OKII this average. In particular: 

a Eighty-five percent of dwellings had total installation expenditures of less than $8,500, 
with 45% of dwellings in thc $600 to $1,200 range. About 8% had expenditures of less 
thasa $300 and about 9% had expcnditures of n m c  than $1,800. 

* There were no significant differences by climate region in  total materials costs, but 
ifferences in labor costs and total installed costs were significant. The largest ~ ~ i s t a ~ ~ a E ~ ~ ~  

expenditures were in thc taioderak and cold climate regions, while the hot regiori spent 
about 10% less. 

Total ~ ~ ~ s ~ ~ l a ~ i o ~  costs, total inalerials costs, and labor costs differcd s ~ ~ ~ i ~ ~ a n ~ ~ ~  by fuel 

Total installation costs, total materials costs, arid labor costs differed s i ~ ~ i ~ c a n t ~ ~  by 
~~~~1~~~ type with the highest total insfallat ion expcnditurcs for s ~ n g l e - € a ~ ~ l ~  attxhcd 
and singlc-family detachcd dwellings, and the highcst matcriais costs for ~ ~ ~ l l i  
rnul t i fam ily- 

Total installation costs, materials, and labor costs differed significantly by agency size 
with the highest exgenditurcs by small agencics. 

e with thc highest cxperidilures for dwc!lings that heat with other fuels.. 

. 

7. aterials costs 

TIE cast of weatherization materials in PY 19x9 avcraged $594 pcr dwelling. Whcn values of 
zero are included in the averages for materials costs, insulation ($1371, windows and doors ($133j, 
structural measures ($1261, arid ais leakage ( $ 1  16) accounl for  thc vast majority of Lhese costs. 
Smaller amounts were spent on space hcating and watcr lacating measures. 

A~~~~~~~ total materials costs did not vary significantly by climate region, measure-specific 
costs did differ significantly. In the cold region, average expenditures for matcrlals were higher for 
insulation, watcr heating, and space-heating measures. In the moderate region, Lhe higticst riaaterids 
costs were for windows and doors. In the hot region, stmdural iiieasurcs had the highest materials 
cost, and windows and doors nearly as high an amount. These differences indicate Lhat the cold 
region puts more resources into the measures likely to save the nmst energy, while the h ~ t .  region 
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spclids more oi-i irieasurcs with lcss cncrgy saving potcn:ial. 'I hcsc d 
need for houqing rahatiilitation wcrk in ihe hot region. 

crences also rcflect a greater 

Diifcrcnccs in iliaiciicik costs by fuei type also were significant. Whcn zeroes were included, 
thc most m o ~ q  ?I.':s spczi for iiialc;;:ils in dwc!lings that heat priiiinrily wl!h nthcr fuels. In dwellings 
l l d c d  \.A!i!h oiiier fuels ; L i d  with cicctricity, tile highest rvatcrials costs viere fo r  structural measures 
and windows mi doois. Thc use of o t h r r  fiiclc ;1r%.l clcctiicity is more comrnon in the hot icgiiin, 
where si1 uc!i.lrd I I I C ; ~  cb a i d  w' lado~~  and door ilis%allalionc are mos? prevalent. Iir dwcllimgs that 

hcat primarily with natural gac thc highest 1iia1ci-d~ expenditures wcrc for insulation. 
Sill@-fairiily dctachcd a i d  sinal! imiuiiifaiiiily h ~ d  the highest avcragc expernditures 011 

n1;itciidq of the Ccxir dT-'?!!ing types. ~ ' . x ~ c ~ K ! ~ ~ I J ~ P s  with /eroes: included were nearly as high €or 
iiiobiie iioilics and 1n11cii 1 o v r  for siiigic-family atlachcd dwellings Siiiglc-family detached 
dwel l in~q had thc highcst cxpcxliriircs fccr insii1:ition and fhc lowest for windows 2nd doors. Mobile 
iiuirie5 i r d  ti-ic: Iiiplicst cxp;rldiiuleh for niructur:il Iilcasurcs :uid windows and doors, in paxi because 
of thrir ronrtalitralion in thr hot legion whei e iiistallation r'ites l'or thcsc measures are highest. 
Sin$- faliiily aiidciicd dweIliiq+ hdd the iiigiicst cxpcnrliluics for spacc healing, while small 
niultifi~~iiily d w d l h z s  h:ld thc highest cxpcnditiii-cs for air 1r;ikngc tiicasuscs. 

Sma!! q!;*rxics spent the higiicst amount pcr housc on matcri:ils Large agepcies spent the 
iiiiisst Oii qm-c-hcating rclrofits iirltl furn~t -e  rcplaccnicIits, more than twice as muck as medium 
a p l c i c s  and Ovci faur times as niucii a\ small :lgct-ncics. Small agencies spent tiic rliost on windows 
and docis (irflpctii-tg thc grc:itrr conccntr:rlion o f  small agmcics in the hot region). 

Wkcn :tic s:miplc ;vas rchttiricd :o horiics in v:hich thc ~i~c;isurc was installcd and  in which a 
riuliLclo value f w i  iii'itciid rn  was rcpn'icd, di1ferci-w.x across climate regions were greatest for 
spacc-hca:ing iiICL3,iiC.i .  'I'his oCcui?-ci! :xiinly bcc:iusc Ihc iuotlri-atc and cold rcgions Installed i ~ w ~ e  

I ~ ~ 9 h ~ c t i i c i r i  l u l l i  Siii1iiafiy, spcc-iicating 1ilc;tsures cost about twice aq much in large agencies, 

becaiiw thcy did iiiorc fumxc rcplaccnncnts than sniallcr agcxizs .  For Ino i t  measures, large and 
mcdium-si7ed agcxicb  spent less Ih:wi siiiltll agcricics, pubably  because they were mote able to 
iregotiate rcduceii p i r r s  for thr. piirrh:iw of large qumtitics. Windows and doors cost thc most whrn 
thcy wcrc in.;::i'llcd i i i  Iiiobilc iiorncs. suggc\iing h i t  storiii windows and doors arc most expensive in 
this dweiiiilg I ~ P C .  

. 

Instnllation 1 : ih i i '  cost data wcrc collccrrcl and a n n l y x d  f o r  crcw-only, contractor-only, and 

~iiixcd (crew aid  co~ltraclor) vGitlrerizatiol1 jobs. hiiior-xg the repiescnlutivc dwellings with cost data, 
appioxiiiiatrly onc-thiih fc!! into each of thc :hrcr labor types Gcncr:nlly, agencies tend to use either 
iwhousc or coiiirzcicr labcit IJii d, or  at Ic:\st most of lhcir wc;lthcri~:1rion jobs. 



Nationally, labor cwts avermgctl about $433 per dwelling out of a total i~~~~~~~~~~~~ cost of 
$1,056). Because labor costs for mixed labor and ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o r - ~ ~ ~ y  jobs Encleadc profit and overhead 
expenses, their costs excccd t&aosc for craw-only jobs. 1,abor cost? showed regiorial pattcmsn highest 
for crew only and mixcd i n  the cold rc&m9 highest for contractor-only in  tlic mtrderate rcgitana, and 
the lowcs& costs in thc hot region for all labor typcs. 
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This chapter presents the a-esulis of the analysis of Program cost cffectivemss in thc 1989 
Program 'Year. Because energy savings and costs vary b y  kcy s ~ ~ ~ r ~ ~ ~ ~ s ~  c ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s  rew1t.s 
AE pic-,ented by fuel type, climale region, dwelling typc, and agency size. 'khe first section (8.1) 
explains %e perspectives used for the cost-effectiveness calculations. Section 8.2 presents results for 
gas-heatet5 dwellings by key subgroups, Section 8.3 presents results for electrically heated dwellings, 
and Section d-4 for dwellings heated with other fuels. The next section (8 .5 )  presents progr 
results for dl  fuel types combined. Section 8.6 compares this study's results to previous ~~~~~~~~~~ 

results. The final seclion summarizes key Zindings. 

8.1 COST-EFFECTIVENESS PERSPECTIVES 

The cost eFectiveness of the Program can be determined with a variety of ~ p ~ ~ ~ ~ a ~ ~ ~ ~ ,  
Although a basic comparison of the value o€ measured energy savings and the cosls of  a e ~ ~ ~ ~ ~ ~ ~  
them is always involved, a number of other inputs are usually necded as well (Fig. 8. 
assumptions include the expected lifetime of the retrofit measures, a discount rate that re 
time value of money, and estimated fuel price escalation rates. Once the key assunnptions are chosen, 
a variety of cost-effectiveness indicators can be calculated with standard formulas. fn this c 

Senefit/cost (b/c) ratios and costs of consersrcd energy (CCE) arc reported. 
significant uncertainty in the key assumptions, a sensitivity analysis of b/c ratios is presented, 

Becausc :here i s  

Assumntions 

iscount rates 
Fuel price increases 

L ..- I 
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This chapter examines the cost effectiveness of the Piogram from three major perspectives 
(Fig. 8.2). The first perspective includes only energy savings benefits and on-site installation costs. 
In this installation perspective, which follows the usual procedure in previous low-income 
weatherization program evaluations, Ihe only benefit h\at is valued is eiiergy savings and thc only 
costs included are expenditures for malcrials and on-site installation labor. The second persp.;.c;i\ e$ 
the program perspective, includes only energy savings benefits, but compares these benefits 10 total 
costs (Le., on-site installation costs plus management and overhead costs). The third perspective, the 

societal, includes the most comprehensive set of benefits and costs: bolh energy and selected 
nonenergy benefits (as valued in Chapter 6), aid all costs (as devcloped in Chapter 7). 

Perspective 

Installation 

Program 

Sack tal 

Benefits 
Included 

costs 
Included 

Fig. 8.2 Three Approaches Used lo Calculate Cost Effectiveness. 

Each of these approachcs is valuable for differcnt purposes. Thc first perspective, which 
determines on-site installation benefits and cvsis is best for comparing this study’s results to those of 
previous evaluations of low-income weatherization program$. The sccnnd approach, the program 
perspective, offers the most conservative estiinaie of poprani cost cffcctivcncss. If the prograin is 
cost effective from this perspective, it  will bc from the others as well. The third approach, which USCI 

a broad, societal perspective, is best for valuing a - I ~ o I + ~  imiplcte set of program impacts n;rd for 
comparisons with alternative uses of government funds. 

A focus on cost effectiveness is, i n  ilicory, superior to ;I focus on ciiergy savings for the 
purpose of assessing weatherization iiieasurt c xrvice delivery procedures, and other program 
options. Comparisons by climate rcgion, type of heating fuel and dlwelling type based on cost- 
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effectiveness results may offer better guidance for allocating program resources than c 

based only on encrgy savings. For example, if submarket A achieves higher energy s 
submarket El, this fact alone does not mean that more resources should be invested in s ~ ~ ~ ~ ~ ~ e ~  A. 
Cost considerations also must be included in such decisions. To continue the example, it may be SBnat 
submarket B achieves 80% of the energy savings or submarket A at half the cost, making it  a more 
cost-effective investment option. In practicc, however, the average costs per dwelling do slot va 
much by subgroup, while the energy savings fluctuate markedly. As a result, the findings of ~ t c  cost- 
cffectiveness analysis closely mirror those of the energy savings analysis in Chapter 5 .  

Nevertheless, i t  is important to examine Ilie cost effectiveness of the Program to 
value both to low-income households and to the larger society. In addition, lhe Program cannot be 
accurately compared to low-income utility programs by examining only energy savings. Utility low- 
income weatherization programs have a very broad range of investment levcls from lows of less tla 
$100 per dwelling to highs of over $4,000 in the Hood River Conservation Project ( 

Keating, 1989). Cost-effectiveness comparisons are essential for ranking the success of programs 
with such disparate investment levels. 

Analysis with each of the three perspectives (installation, program, and societal) uscd 
baseline assumptions: a real discount rate of 4.7%’ and measure lifetinmes of 20 years. Sensitivity 
analyses were conducted by varying the discount rates (2% to lo%), measure lifetimes (10 years to 
25 years), and other inputs. Examples of the scnsilivity results are shown in Section 8.2.5, 

A justification for the baseline assumption of a 20-year measure lifctirne was develnped by 
taking into account the following information: 

the frequency of installation of various packages of measures, 
the average lifelime of h e  weatherization measures included in each package, md 

the measured savings by package. 

The development of a realistic assumed average lifetime (which was weighted both by the ~~~~~~~~~~ 

of installation of packages of weatherization measures and by their measured savings) for the PY 
1989 program required several steps which arc explained in Appendix H-1. 

The national gas and electricity prices for 1989 were developed by using average Stale paices 
( H A ,  1989 and EIA,  1991a) and weighting them according to the proportions of PY 1989 
weatherized dwellings located in each State. The resulting weighlcd average national prices were 
$0.588 per ccf of natural gas and $0.069 per kWh of electricity. Price escalation rates are bascd on 

I 

1 This discount rate was recornrnended (for evaluating the cost effectiveness of the WAP) by DOE in the Fcdcrd 
Register, 1991, October 23 Proposed Rule. The results presented in most of this Chapter are based on a discount 
rate of 4.7% and a lifetime of 20 years. Examples of resulls based on 10% and 2% discount rates md vnrioias 
lifetimes are shown in Section 8.2.5. 
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- 
kxIcr.gv Information Administration reference case projections to the qcar 2010 (EIA, 1931b). PAees 
fom oilier fuels also were obtained from the EIA dsc~rment ( H A ,  19892, p. 20). 

Net errergy savings (rather tban gross energy savings) are used in all the cost-effectiveness 

calculations, bccause WJC consider this a better indicator of piogram impacts (Chapter 5). TWQ 
icdicatois are wed for the iiisiallatioii arid program perspectives. benefit/cosa ratios and the cost sf 
coiisemd cricrgy (CCE) For the societal perspective, only bcnefitlcost ratios are uscd because a CCE 
does not reflect nonencrgy benefits. 

n e  mul t r  of the cost-effectiveness calculations, based on thc installation perspeetive, for gas- 
heated dwellings are shown in Fig. 8.3 .  ‘l’hese national rcsults indicate a belrcfitlcost ratio of 1.58. 
P‘Oi an average expendituie, in gas-heated dwcllirrgs, of $1,015 the Program pr6adl.rced energy-savings 
beiiefits of $1.605. 

Average 
U.S. 

1.58 

16Q5 



BH4Ei3TKXXST (W) RATIOS 

0 Q25 050 675 I C 0  125 1 5 0  175 2 0 0  

Moderats Region 1 7 ’  

Hot Region 0 D1 

Large 

Medium-sized agencies did the ~ i ios t  cost-erfective work, f c ~ k w e d  by largc agencies 
Wcatherizations completed by sniall agencies (which had the lowest savings and Biighcst costs) ware 
the least cost effective, although their bcnefiil/cost ratio was still above 1.30. The relative perb 
of each subgroup is stoniinarized in Fig. 8.5. Only the hot acgion falls belaw the threshold for cost 
effecLiveness. 
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Fig. $3 Installation Pers 
Installation Casts fo 

The national cost of conserved energy (calculated with a discount rate of 4.7%, net savings of 
173 ccf, installation costs of $l,OIS, and a 20 year measure lifetime) was $0.46/cc€ (or $4.60 per 
MStu) for the gas-heated dwellings. This cost of conserved energy (CXE) is less than the weighted 
national price of natural gas for 1990 ($0.59/ccf), which is another indication that the Program is cost 
effective. The cold ($0.35/ccf) region had a CCE well below the 1990 price, while the hot region 

($!l.83/ccQ had costs of conserved energy that were well abovc the 1990 wcightcd price. The 
moderate region ($0.44/ccf) had a CCE that was somewhat lower than the 1990 pfice. 

F r ~ m  the program perspective, which compares only energy savings benefits to all costs, the 
national pisgram was cost effective, with a bcnefitlcost ratio of 1.06. The cold and moderate region 
had higher b/c ratios than the national average, while the hot region had a ratio of 0.60 (Fig. 8.6). 
Chly  single-family detached hoines had b/c ratios above 1.00 with this perspective (Fig. 8.7). Large 
m d  medium-sized agencies had cost-effective results, whilc small agencies did not. The relative 
performance of each subgroup is sumniarized in Fig. 8.8. 
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1.06 
3000 

2500 

Average 
U.S. 

Fig. 8.6 Program Benefits an Costs by Climate Region 
For Gas-Heated ~ w ~ l ~ ~ n ~ ~  

BENERT~COST (BE) wnos 
0 0 2  Q4 0 6  O B  10 1 2  1 4  1 6  18 2 0  

Fig. 8.7 Program BenefitlCust Ratios Y Climate Region, Dwelling Type, 
and Agency Size for Gas-Heated Dwellings 
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Fig. 8.8 Program Perspective: Energy Benefits Only vs, 
Total Costs for- Gas-Heated Dwellings 

Societal Pers 

From the societal perspective, which includes both energy and nonenergy (e.g.? employment 
and environmental) benefits and both installation and noninstallation (i.e., overhead and 
management) costs for Ihc gas-heated dwcllings, the Prograin in PY 1989 was cost effective, with a 
national bencfitcost ratio of 1.6 1 (Fig- 8.9). Thc socictal pcrspcctivc produccs somcwhat higher 
beenefit/cost ratios than lhe installation pcrspectivc bccausc management and overhead costs were 
a~sunretl to add $500 to the costs, while tlic discounted cnmployment and environmental benefits 
rncreased benefits by over $900. Thc rclalivc pcrfomiance of subgroup? does not change as the 
pisp:ciives change because the socictal pcrspcctivc simply adds a constant to both the bcniefits and 
the costs of the installation perspcctive. 

With the societal perspective, climntc rcgion ratios ranged from 1.17 for the hot region to 
1.84 for the cold region. All dwelling typcs had a bcnelrt/cost rAio above 1.00. WeatheriLa:ion of 
znobiilc homes was the least cost-cffcctivc (Fig. 8. IO) .  Mcdil_rm-sizcd agencies had the highcs: 
k i l e h t j c o s t  ratios, while sixiall agencics had ;I bcrrrfiI/cost ratio of 1.43. ‘l’tmc relative perfonnance of 
cacii suhgiuup is summarized in Fig. S. 1 1. All subgi-oups cxcccd lhc cost cflmiveness threshold. 
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Fig. 8.9 Societal Benefits and Total Costs by Climate Region 
for Gas-Heated Dwellings. 
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Fig. 8.10 Societal Benefit/Cost Ratios by Climate Region, Dwelling Type, 
and Agency Size for Gas-Heated 



8.2.4 ExcSuding Utility Funding and Structural Measures C m f s  

Nine percent of the: funds cqended  by the PiOgrai31 in PI '  1989 weie leveraged flux% 
provided by utilities (Mihlmcster, et al., 1992, p.11). Onc could a r g w  tilai i t  is inappropriate to 
incliide likesc leveraged funds in the benefit/cost ratio that ch;ir,iiicri/es the IIOC im9ogiaik?. In some 
cases, t k s c  etiiity fiinds would not have bce:n spent on low-income wcnfheritaticn, i f  it werc not for 
the cxistewce of tint. Pmgiam infrastnnclure of local agencies. A h ,  the utility fundq arc sometimes 
spcnt on measures that reduce clecklicity dcimni: (such as compact fiuuicsceiii bJbs) in hones that, 

heat with fuels other than electricity. Ilius, the energy savings of such utility irivestn-mit~ would not 
be captured by our study. In addition, somc utility furids 3i-c spar; 911 budget coui~seling, which 
again v,culd not lead to energy-savings benefits in our study. 

Tncs inclusion of cosEs associated with structural 1ncachtc6 (such as replasing broken wirndows 
and doors, ot fixi6.sg iosf lcaky) can also be debated. Seme struc:nral measurcs, although necessary 
for the effective performalice of other energy-ellicicncy mcwm?,  may add iiiort to the costs than 
they produce in encrgy savings. Major investments in structurd mcasurcs aae not intended to be 
supported by DO5 funds because the Weatherization Program is pnmariij  :in cwi-gy-efficiency 
program, and iIQ! 2 housing rehabilitation plograiii. In addition, :i 5ignificant portion of the money 
invested in structural measures is likely to come froill non-DOL .;(iur~cs. such as federal (e  g., HUD), 
State or local housing rclmabilitation progrmr. 
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Table 8.2 B%enefii"rt/Cosb Ratios Using Total Costs for 
Dwellings Weat Aneriiled in I989 Program Year 

a Nine percent of totd program expenditures were provided by utility cornpnxiics. These funds are removed from 
the bctiefit/cost ratios in h i s  column. 
An avcrage of $ I26 per dwel'ning was: spent on stnictuml sneasws. These costs are removed in this column. 
This iigure csreespnh to the program perspective used in the rest of the chapter. 
This figure corresponds to the societal perspeclive used in the rest of the chapter. 

All of the input variables to the cwt-effectiveness aiialysis werc assigned a triangular 
probability distribution (Technical Appendix E, p. E-30, @RISK User's Guide). Tne triangular 
distribution is specified by a minimum, maximiinn, and anodal value. FOP example, measure lifetimes 
were assumed lo have a minimum, maximum. and mode of 15, 25 and 20 yeans, respectively. In this 
caw, as in all others where the mode is halfway between the minimum and the maximum, the mean is 
the same as the mode (20 years). 'The savirigs distribution was defined as the 90% confidence interval 
around the net savings. .*vitli a minimum of 151 ccf, a nnajclrnum of 193 ccf and a modal value of 173 
ccf. The rlistribuEion of discount rates was assigned a minimum of 2%, a maximum of 1096, and a 
modal value of 4.7%. 

After all the input distributions were defined. the @RISK simulation program was uscd to 
select one thoiisand samples of points from the input distributions in order to calculate EPenefit/cost 
ratios for each combination. The 1,008 possible outconscs were then used to produce a probability 
distribution of likely benefit/cost ratios. One thousand cases were mn to produce each of the output 
distributions shown in Fig. 8.12, for the program perspective, and Fig. 8.13, for the societal 
perspective. 
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The output distribution for the program perspective (Fig. 8.12) shows that only the E ~ O R  

favorable conibinations of awmptions produce a cost-effective rcsult, while less favorable ones do 
not. Nevertheless, the mean of the distribution was 1.02 and slightly more than 50% of the cases 
produced a bJc ratio above 1.00. With the societal perspective, in contrast, the Program is cost 
effective for all of the specified inpiat distributions and is cost effective in 100% of tile cases smpled 
(Fig. 8.13). 

The program perspective results arc particularly sensitive to the choice of discwnt rates as 
illustrated in Figure 8.14. With the program perspective, a fixed discount late of 2%, and 
distributions for the other inputs, the Progr is cost effective with all combinations of inputs. With a 
fixcd discount sate of 4.796, it is cost-effective only for the more favorable parts of thc input 
distributions, and with a discount rate of 10% oi  higher it is never cost effective. With the societal 
perspective, even discount rates as high as 10% always produce cost-effective results (Table 8.3), 

Benefit/cost resealts are sensitive, not only to the choice of discount rate, but also to the 
assunred lifetime of the measures. The effects of varying both assunned discount rates and lifetimes 
are summarized in 'T'ahlc 8.3 m d  Fig. 8.15. 

Because electricity prices are higher than gas prices, energy savings benefits in electrically 
heated dwellings arc worth inore than those in gas-heated dwellings (Chapter 5 ) .  On the cost side, 
electrically heated dwellings had slightly lswes-than-average weatherization costs (Chapter 7). Cost- 
effectiveness results, therefore, were generally more favorable for the electrically heatcd dwellings. 
For thc clectiically heated dwellings, nct savings at the site were used for dl of the bmefitJcost ratios. 

'The detailed results of the cost-effectiveness calculations for electrically heated dwcllings are 
shown in Appmdix 13-2. The national b/c ratio, with thc installation perspective, was 1.69. 

The pattern of results by subgroups was very similar tu the results for the gas-heated 
dwellings (Section 8.2). For the electrically heated dwellings, with the iristallation perspective, only 
the hot region and mobile homcs had b/c ratios of less than 1.00. Comparisons by dwelling type 
indicate that single-family detached and small multifamily dwellings had benefit/cost ratios of 1.82 

and 1.64, respectively (Appendix H-2).* 

2 Weatherization of single-farm ily attached dwellings was not evaluated for cost effectiveness, because only five 
homes were available in this category. 
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Fig. 23.14 Seiisitivity of Program Perspective Results 
to Choice of Discount Rates 
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Table 8.3 Sensitivity of Benefit/Cost Ratios bo Discount Rates and Lifetimes 

2% 4.7% 10% 

Fig. 8.15 Sensitivity of BenefitlCost Ratios to Assumed 
Discouii t Rates and Measure Life times 
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Examination of the conelation between agency size and b/c ratios for electrically heated 
dwellings showed a different pattern from the results for gas dwellings ~ ~ ~ ~ ~ n ~ ~ x  H-2). In 
electrically heated dwellings. large agencies had the highest benefiucost ratios. In contrast, medium 
agencies had the highest b/c ratios for gas-heated homes. Because the sample size f ~ r  electric 
heated homes in large agencies was small (n=39) (compared with the gas-heated sample of 1,477 
dwellings weatherized by large agencies), the electric results for large agencies are less reliable than 
the gas findings. Small agencies had the kawest b/c ratios POP both gas- and electrically heated 
dwellings. 

From the program perspective, the ~ a ~ ~ ~ ~ a ~  Program and most subgrou s achieved cost 
effectiveness. The subgroups with b/c ratios helow 1.00 were: hot climak region, mobile homes, and 
small agencies (Appendix HI-2). All other subgroups had b/c ratios greater than 1 I 

From the societal perspective, which includes both energy and selected nonenergy benefits 
and both inshHation and noninstallation costs, the w ~ ~ ~ ~ ~ ~ ~ ~ a ~ i o n  of electrically heated ~ w ~ ~ ~ ~ ~ ~ s  \vias 
cost effective, with a national benefit/cost aatio 01 2.33. The cold and moderate dirnate regions ha 
ratios of 2.36 and 2.73, respectivcly (Fig. 8.16). The hot rcgion was less cost effective (1.57)., Wi 
thinis perspective, all dwelling types, except mobile homcs (1.47), had benefitlcost ratios greater t9aen 
2.00. Large and medium-sized agencies also had benefit/cost ratios above 2.08, while smaU agencies 
(1.89) did not. 

8.4 OTHER FUELS 

Although the cncrgy savings for dwellings that heat with fuels other than gas, electricity, and 
fuel oil were not measured directly in this cvaluation, estimates of savings in MBtu's for other faels 
were presented in Chapter 5 (Tables 5.5 and 5.6). To assign a dollar value tcr Ute assumcsd savings h r  
other fuels we used the national prices given in the EiA State Energy Price and Expenditure ~e~~~ 
1989 (EM, 1992a, p. 20). The assumed values arc shown in Appendix F-2. 

8.5 PROGRAM-WIDE COST EFFECTIVENESS 

To estimate program-wide cost efkctivencss our results for gas and clectrically heated 
dwellings, and the results from the Fuel-Oil Study (Ternes arid Lcvirrs, 19923, were combined with the 

dollar savings for other Fosls. The annaaal eBF!ar s-aarirays lor each fucl WezQ wcfg'i71ed 
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Fig. 8.16 Societal BeneBtlCost Hati 1s by Climate Wegiernm, Dwelling Tvpc. 
and Agency Size  OF EI~eric~4: ly  IIeated Dwellings. 

by the proportion of dwellings in the Program population that heat with that fuel to obtain an average 
annual dollar savings for all fuel types (AppcndixF-7). Using this piocedure, we estimated that 
average annual dollar savings for all fuel types was $ I  15.55 per dwelling. Using our baseline 
assumptions of 20-year lifetimes and a 4.7% discount rate, this amount of annuall dollar savings along 
with the weighted average national installation cost of $1,850 for all fuel types yielded a knefil/cost 
ratio of 1.61. With the prograni perspective the b/c ratio for all fuels was 1.09. With the societal 
perspective, the kenclitkost ratio for all fuels was 1.72. 

The results of cost-elfectiveness analyses in previous evaluations of low-income 
weatherization programs were reviewed in C h p t c r  I (Section 1.4.2). Peabsdy (1984) did nut report 
the cost of conserved energy for the 1981 Program. Schlcgci arid Pigg (t990), in their review of 
nine evaluations of cold climate programs serving gas-hcatcd dwellings, reported CCE's that, when 
recalculated with our baseline assumptions (4.7% discount rate, 20-year lifetime, only on-site 
iristallation costs), averaged $6,08/MBtu, with a range of $2.69 to $17.33. Cohcn, et al. (1990), in 
their review of 12 evaluations of cold climate prograins serving gas-heatcd dwellings, iepiTCd a 
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Fig. 8.18 Cost of Conserved Energy for the PY 1389 ~ ~ ~ t ~ i ~ ~ i ~ ~ ~ ~ ~ ~  
re Program vs, Low-Incame Utility Programs in Gas-Heated Dwellings 

8.7 SUMMA 

This chapter examined the: cost-effectiveness of the Program from three perspectives, With 
the installation perspective, which follows the usual procedure in previous low-ineomt: weatheaization 
program evaluations, the only benefit valued is energy savings arid the only costs included are 
expenditures for materials and installation labor. The. program perspective also includes only ernergy 
benefits, but compares these benefits to total costs. With the societal perspective, benefits include both 
energy and selected nonenergy benefits, and total costs (including installation, overhead and 
management expenditures) are used. 

For gas-keated dwellings, the national Program was cost effectivc fr~rum all three perspectives, 
with b/c ratios ranging from 1.06 to 1.61. ‘he  cold and modcrate regions had higher b/c ratios than 
the national average, whilc thc hot region had b/c ratios of less than 1.00 with the installation and 
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program perspectives, and of 1.17 with the societal perspective. Only single-family detached homes 
(which account for 64% of weatherized homes) had b/c ratios above 1.00 with the program 
perspective. All dwelling types had b/c ratios of 1.23 or higher with the other Lwo perspectives. 
Large and medium-sized agencies had cost-effective results with all three perspectives, while small 
agencies fell below 1.00 with the program perspcctive. 

Because electricity prices are higher than gas prices, energy savings in electrically heated 
dwellings are worth more. Therefore, cost-effectiveness resulls were consistently more favorable. 
The national benefitkost ratio was 1.13 with the paograni perspective, and higher with the other two 
perspectives. All climate regions had b/c ratios of 1.57 or higher with the societal perspective. With 
the program and installation perspectives, the Program was cost el'fcctive in the cold and moderate 
regions, but not in the hot region. Comparisons by dwelling type, with the program and installation 
perspectives, indicate that weatherizations of singlc-fmily detached and small multifamily dweliings 
were cost-effcctive, while those of mobile homes were not. Froin the societal perspective, the 
weatherization of electrically heatcd dwellings was highly cost effective, with a national benefitjcost 
ratio of 2.33. All of the subgroups showed cost-ef€ective results with the societal perspective. 

8.7.2 Program-wide Cost Effectiveness 

Both the gas and electric results compare favorably to those of previous evaluations. 
The CCE for our study was less than the CCE's reported in previous studies of gas-heated 
dwellings in cold climate regions, The CCE for electricity also was well below prevailing prices. 
When all fuel types were combined, the national program benefit/cost ratio was estimated at 1.09, 

b/c ratio at 1>61, and the societal at 1.72. Thus, our analyses show that the 
Program is cost effective nationally, and for nearly all subgroups. When utility co-funding and the 
cost of structural measures are excluded, the bottom h e  is even more favardbk. 





Previous studies suggest that many factors influence the energy savings and cost effectiveness 
of weatherization, including: 

occupant characteristics, e&, household income arid dcmographics; 

dwelling unit characteristics, e.&., energy consumption prior to weatherization, age and 
size of dwelling; 

weatherization measures installed, e.g., type of insulation, air leakage control, space 
heating system retrofits; 

service delivery differences, e.g., method of client selection, use of diagnostic and audit 
proccdurcs, client educalion; 

wcatherization costs, e.g., total materials costs; and 

agency characteristics, e.g., use of contractors vs. in-house crews. 

Section 9.1 exanlines the r e ~ ~ t i o n s h i ~  of energy savings to each of these I'actors, using a 
dwelling-level analysis. Two approaches are taken. First, we present the average energy savings of 
dwellings that are associated with a particular Factor (for instance, dwellings that are owner-occupied 
or  dwellings that received high-density wall insulation). Because of the important role of climate, 
average energy savings is presented by region and for the naliond program.' Second, we identify the 
characteristics that distinguish high energy savers Iron1 low cnergy savers2 

The dwelling-level analysis described in Section 9.1 is hindered by the wide variability in 
energy savings, which reflects the anmy factors that influence residential energy consumption. This 
variation is less troublesome when the results for individual dwellings are aggregated: hence the value 
of an agcncy-level analysis. 

Section 9.2 examines factors that inilucnce cncrgy savings on an agency-by-agency basis. 
Because of the small sample of ~Icctricallly heated dwellings with consumption data, the agency-level 
analysis is limited to gas-hcaled dwellings. Our sample contains 97 agencies for which dwelling 
speciflc data and gas savings estimates arc available for at lcast 10 dwellings they weatherized in 
PY 1989. Three measures of agency pcrforrrrance are examined: absolute gas savings, percent gas 

The regional analysis is limited to gas-heated dwcilhgs bccalmse the sample of eleclricdly heated homes is too 
small to enable a region-by-region analysis. A two-way analysis of variance (ANOVA) is used lo test the 
significance of each factor, after the influence of clirnate region i s  conlrdled. The interaction between climate 
region and each factor also is tested. * For gas-heated dwellings, this analysis is conductcd individradly for each of the three climate regions. High gas 
savers are those dwellings with savings in the upper quwtile of gas-heated dwellings in the respective region. 
Low gas savers are dwellings wilh savings in the lowest quartile. For electrically heated dweliings, the small 

can only support a program-wide analysis. Thus, high electricity savers are those dwellings with 
e upper qunrtilc of all electrically healed dwellings, and low electricily Snvers are those in the lowest. 
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savings, and bcnefitjcost  ratio^.^ Mean values of the full  range of predictors also are cakulatcd for 
each agency. Multivariate regression amaly~is thcn is used to fdeiitify correlates and models of 
agency performance. 

The chapter ends with a summary of its findings (Section 9.3). It underscs~zs that mort 

analysis is needed to understand the findings reported in this rhapkr  and to employ them as a basis 
for policy and program recomniendations. 'I%e results reported in this chapter are "correlational" in 
nature and. cannot identify "causes" of high energy savings. A more thorough and detailed analysis 
of factors influencing energy savings and cost effectiveness will result from thc field work portion 
(Phase 2) of the Single-Family Study. 

All of thc occupant characteristics discussed in Chapter 3 were examined as possible 
correlates of energy savings, including family inconnc, household size, the presence of elderly or 
handicapped occupants, change of occupancy, and household tenure (i ,es9 owners or renters). None 
of these characteristics correlates with energy savings when examined across the entire national 
sample of dwellings, based on a 0.05 level of significance, Further, the two-way ANOVA indicates 
that none of these characteristics is significant after controlling for climate region, nor are any 
interactions with climate region significant. The only characterisiic that i s  riearly significant (at the 

6.1 I level) is change of occupancy. Dwellings with a change of occupancy after weatherization saved 
more than any other dwellings. after 
weatherization is associated with the least gas savings, and dwellings with one or more ceccup 
changes beforc weatherization saved less than average. Since household turnover i s  often associated 
with pemieds of vacancy, the relationship described above may sinsply reflect the Isw level of gas 
consumption that occurs when dwellings are unoccupied. 'I'hc low levcl of savings experienced by 
dwellings that had turnover in occupants both before and after wvcdiherization suggests that dwellings 
with greater transiency offer less opportunity for savings, (ki-tainly, client education efforts will not 
reduce a dwelling's consumption if the clients who are educatcrt move out. Instead, some of these 
howelmolds will apply their new knowledge about energy efficiency to their new dwelling. 
Unfortunately, any such effects cannot be traced with the evaluation's existing data. 

'T'urnover in occupants during the year before 

When high and low gas savers are compared on a regitin-by-region basis, owner occupancy in 
the cold region and the presence of one or more handicappcd persons in the hot region are 
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characteristic of low savers. Recall that in the hot region, a higher than average proportion of 
weatherized dwellings are occupied by handicapped clients, compared with the Program nationwide 
(Table 3.1). Thus, wealherizing dwellings with this targeted population may reduce the savings that 
local agencies in the hot region are able to generate. On the other hand, the of the Weatherization 
Assistance Program in PY 1989 calls for special attention to the needs of this group. The extension 
of this mandate in 1991 to include families with children may direct agencies to households that offer 
greater energy-savings potential. Sitnilarly, the DOE allocation formula directs more resources 
towards States with more owner-occupied low-income dwellings. Our findings do not provide any 
evidence that this preference enhances program performance. 

Table 9.1 Factors Distinguishing High from Low Energy Savers: 
Occupant and Dwelling Characteristics 

Heating degree days 

Area of condi timed 

(-) Indicates a negative relationship between high saves and presence of the characteristic. 

.1.2 Dwelling Characteristics 

All of the dwelling characteristics shown in Fig. 9.1 are associated with energy savings, both 
nationwide and within the three cliniate  region^.^ Recall that dwelling type also is a significant 
conelate, as discussed in Chapter 5 .  

4 Statistics associated with Figures 9.1 through 9.12 are presented in Appendix I. 
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Fig. 9.1 Gas Savings of Dwelllings 
With DiffereDt Dwelling Characteristics 

Supplemental Heating Fuels, Centra! MeaSinag SysEonns, and Air Ccinditianing. Dwelliiigs 
with supplemental heating fuels saved 64 ccf/dwclling less ga.; than dwellings that had only a primary 
heating fuel (Table 1.2 in Appendix I). 'This has significant implications for our estimate of the 
energy saved by gas-heated homes. Supplemental heating fuds  characterize 25.9% of the gas-heated 
dwellings weatherized in PY 1989 for which gas data are available. It is reasonable to assume that 
dwellings with gas and one or more supplemental heating luck saved as ~ I J C ~  energy as dwellings 
with only gas heat, except that they saved an equivalcnt of 64 ccf by reducing thc consumption of 
their supplemental fuels. Thus, our estimated energy savings of gas-heated homes simould be 
increased by 16.6 ccf/dwelNng (Le., 0.259 x 64). This woiild result in a net savings of 190 ccf/year. 

Gas-heated dwellings with central heating systems saved more gas than homes with other 
types of gas-heating equipment such as space heatcrs. IIowever, this pattern is due entirely to the 
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greater incidence of central healing systems in the cold arid moderate climate regions, which produce 
greater energy savings (F ig  9.1). The two-way ANQVA indicates that lhexe is no significant 
corrclation between central heating systems and gas savings, once the climate region effect is taken 
into account. The analysis of high and low gas savers, by region, conroborates the lack 01 correlation. 

The presence of air conditioning equipment is characteristic of low gas savers within both the 
cold and modcrate climate regions (Table 9.1). This i s  probably due, at least in part, to the 
prevalence of air conditioning in the wanner parts of these climate regions where gas savings are 
Bower. When climate region is incorporated into Ihe two-way ANOVA, the prcsence of air 
conditioning does not correlate significantly with gas savings. 

Size and Age of Dwelling. Larger and older dwellings have sigriificantly highcr-than- 
average gas savings. Older homes also have higher electricity savings. Dwellings wiLh 2,000 or more 
square feet of conditioned living space saved nearly twice as much gas as dwellings with less than 

1,000 square footagc, and dwellings huill beforc 1940 saved nearly twice as much gas as dwellings 
built in 1980 or niorx recently, Older and bigger dwellings are morc COIIIIXI~II  in the cold and 
moderate regions, which partly explains this phenornenon. However, there also is evidence of the 
importance of these two factors in the region-specific analysis 01' high and low gas savers located in 
the cold and moderate regions (Table 9. l),  and in the two-way analysis of variance (Fig. 9-11, 

Pre-Weatherization Energy Consumption. By far, the most inl'luential predictor of a 
dwelling's potential for energy savings is its level of prc-wcatherizaiiun energy consumption: 
dwellings that consume more energy before weatherization, save more energy after weatherization. 
Figure 9.2 vividly illustrates the relationship between pre-NAC energy ILCX and savings -- for both 
gas- and electrically heated dwellings. Pre-wearherimtion energy consumption reflects occupant 
characteristics (e.g., the appliances purchased by a liiousehold atid the household's management of its 
thermostat), dwelling characfcristies ( e g ,  s ix  of dwelling, the leakiness of a house and the efficiency 
of its heating system), climate {harsher conditions leading to greater consumption), and a host of 
other influences. The correspondence betwecn high energy use and high potential savings has been 
recognized by many local weatherization agencies (far instance, i t  is a feature of Ncw Ysrk's TIPS 
audit). It is also built inlo many utility DSM programs, which frequently give priority to weatherizing 
this subset of potential clients. More widespread use of pre-weatherization energy use to prioritize 
clients would increase the Program's energy savings. 

9.1.3 Weatherization Measures 

All of the weatherization measures discussed in Chapter 4 were examined as possible 
correlates of energy savings. The results of the analysis of high vcrsus low energy savers are 
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Gas savings 
Cold 

Moderat8 
4001 

Electricity Savings 
......Y--O -̂̂ I--..- 

Cold 

10,402 

Moderate 

Fig* 9.2 Gross Energy Savings of High Versus Low Energy IJsers 

summadzed in Table 9.2. In addition, Figures 9.3 through 9.8 illustrate the energy swed  by 

dwellings that received each of the individual weatherization measures, both. nationwide, and by 
region. Since dwelling$ usually received other measures; besides the one in CplCStiO1I, Et is not posstble 
to estimate precisely how much energy is saved by a single vcasure, based on the ainalysis presented 
here" Rather, the mean savings associated with installation of a particular measure reflect the: savings 
achieved by weztheriLation jobs :hat include the measure. 
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Attic first time 
Floor 

(-1 Indicates a negative relationship between high savers and Pactar, 

.4ir Leakage Control. Of all of the air leakage cmtrol  mcasurees, sealing the ~ ~ ~ ~ ~ ~ ~ t ~ @ ~  
system of gas heating systems is associated with the highest savings, The two-way ANQVA ~~~~~~~~c~ 

that this nieasure has a nearly-significant effect on gas savings nationwide (p = 0.069), and withita the 
moderate region, the measure is highly significant at d i s t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  high froin low savers. 

Air sealing without the aid of a blowcr door is associated with slightly above-average gas 
savings that are statistically significant. Fig. 9.3 indicates that air sealing without blower doors i s  

correlated with high savings in the cold and modcrate regions, and ihat the ‘association with savings is 
quite significant. Air sealing without blower doors also charaelcrizes high savcrs in the moderate 
region (Table 9.2) In contrwt, sealing with blowcr doors is not correlated with s ~ ~ ~ ~ ~ ~ c ~ ~ ~ ~ ~  greater- 
than-average savings.5 

. . . . . . . . 

5 In addition, ai atialysis of weatherization ccrsls indicates ihat they are not h w c r  for b h ~ , ~ e r  door-assisted air 
sealing than for unaided air sealing. Thus, there ;ure no discernible energy savings a cost reductiorss, 
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.4wage Gross Gas Savings in bvell 'rrgs Receiving Specified Measinies 
0 Coid 0 Moderais .......... Average 

Pragraiiiwide Gross Gas Savitigs ?: 135 ccf/year 

Fig. 9.3 Gas Savings (2 Dwellings that Received 
his  Lcakage Coirtl-01 Measur PS 

'1111s finding is so:?:cwiW sarprising. Air sealing with thc assistance of a blower door is 

gcnerally vicweol a$  a cost-effective PlleZWiC (Cohcs, Coldlman, and Harris, 1990). €-Powever, it must 
2n-G l i ldl  blobsler doors FGX just $cia3 introdaccd into local agency procedures in 1989- 

90. Crcw mcmbers '1 kiiig iraincd and an iiiiiial haw of experience was being established. There 
is solfie indication f l w i  reccai DOE moniioring that blower door testing has sometimes been used to 
exhaustively detect and plug w-y cxfilti-at ion point rathcr than to coricentratc upon the major leaks 
that can bc cos! effectively scaled (US. Deparlnicn: of Energy. 1992, page 6-31). While blower 
doors aiay havz beeli heffcctively applied or u~unecessarily used during PY 1989, these problems are 
prolrabiy lcss chainctciisiic of today's R ~ g l  am. 

l'illally, grncral caulkirsg and weatherstrippilig is no! corrdaled with gas or electricity savings 
liniion\vldc, nor is it sig:riiicant in thc two-way ANOVA. Howevcr, in the cold region, geneiml 
caulking dint? wt::itin~rst~ ippiiig is charteristic of low gac savers (Table 9.3). 'I'his is consistent with a 
grotviqq crmsensiic m w i g  building scientists that gcileral caulking and weatherstripping saves little 
t: iicrgy. 
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nioderate regions. In the hot region, fioor and first-time attic insulation are pai-ticulaily common 
airinng high gas savers. Normal wall insulation and rim and band joint insulation also are 
ciiai-acieiiistic of high eleclajcity savers. 

Water Heater Measures. Each of the water-heater measures shown in Fig. 9.5, except water 
heater system replacement, is associated with higher-than-average gas savings. However, when the 
climate region effect is isolated by the two-way ANOVA, only three of these measures 
significantly correlate with gas savings: pipe insulation, other water hcater measures, and water- 
heater temperature reduction. Most studies indicate that these measures produce relatively 
low (but cost-effective) savings (Brown, Purucher, and White, 1989). The results shown in Fig. 9.5 
may simply reflect the fact that water-heating measures are included in h e  reperloire of high- 
performing agencies, which extends beyond building envelope measures. 

Low-flow Temperature Pka insulation Tank Insulation Wstw hslat0r 
8 howerhead reduction (n-1,332) (n-1.634) system replamrnent 

(n-ss) (11-243) (nqy71 
*' indicales that tk savings associated wPh the mawiies are si(lniticant at the 0.01 bwl. 

. 9.5 Gas Savings of Dwellings that Received 
Water Heater Measures 

Water heaters are replaced infrequently by local weatherization agencies, which makes it 
difficult to detect any associated differences between pre- and post-weatherization consumption. The 
mx1.9 values shown in Fig. 9.5, however, indicate an oveiall increase in gas use following the 
seplscement of water heaters. This may reflect the installation of gas waier heaters in p3xe of faulty 
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fficissPt e~eciiik rn 
co1rsumpti 

The region-by-regioal a~~~~~~~ indicates a ~ ~ e ~ ~ ~ ~ 6 ~ ~ ~ a ~ ~ ~  of waier-heater mea sur^^ w m c c  
high gas savers, both in thc co'c~ and niodcrate regions (Table 9.2)- Within the hot climate rt 
wafer-Later measurcs arc not characteristic of high gas savings, perhaps because in PY 1989 wakr  
heater i,'easuFes were rarely installed by local weatherization agencies in that region (Table 4.1). 

' 

Wstcr-heater measures do not characterize high electricity savers (Table 9,2), even though 
more than half of the electrically heated dwellings weatherized in PY 1989 received at least one such 
measure (Table 4.2). 

Windows and Doors, None of the window or door trealments shown in Pig. 9-6 are 
associated with significantly higher-than-average gas or electricity savings. The most co 
measure in this category is stornn windows, which were installed in more than one-third o f  all 
dwellings weatherized in BY 1989 (Table 4.1). Nationwide, gas-heakcd dwellings IhaT receive 
windows averaged savings of only 131 ccf during their first year after weatherization, conmparcd wid 
143 ccf/year savings for dwellings that did receive storm windows. Indced, in the cold region, khe 

differential is even gre r: 109 ccf/year for the 616 dwellings that received stomas, arid 172 ccTigrc~- 

for the 305 dwellings t did not. As Table 9.2 indicates, stonn windi-iws are ~~~~~~c~~~~~~~ of lov- 
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savers in the cold region. The overall pattern of savings associated with storni doors is similar, 
although the sample sizes are much smaller. 

The average savings of dwellings that received window film or shades is even less - only 
95 ccf during their initial post-weatherization year. Window film and shades are installed most 
frequently in the hot climate region primarily to save on electricity costs; thus, reduced gas use i s  rwt 
to be expected. Unfortunately, the sample sizes are too small to test for any significant association 
with electricity savings in the hot climate region. 

Space-Heating System Measures. Many of the space-heating system measures examined in 

this evaluation are associated with higher-than- average gas savings (Fig. 9.7). In particular, dwellings 
that received system replacemetits, heating system repairs, or "other space-heating measures" had 
savings in excess of 190 ccf/year. The region-by-region analysis corroborates the importance of 
space-heating measures: heating system replaceuiients are associatcd with high gas savings in the cold 
region; and heating system replacements, system component retrofits, and "other heating system 
modifications" are characteristic of high gas savers in the moderate region. 
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Fig. 9.7 Gas Savirry,s of Dwellings that Received 
Space-Heating System Measures 
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None of these measures emerge as significant in the analysis of the hot region, in part because 
only 2% of the dwellings weatherized in lhat region receivcd a heating-systcm measure oh any type 

from local. weatherization agencies in PY 1989. The most common space-heating system measure in 
the hot region is the "clean and tune." While the sample size is too small to indicate s ~ g ~ ~ ~ c ~ c ~ ~  i t  i s  

nonetheless interesting that the 36 systems in the hot region that were cleaned and tuned are associated 
with savings that are 77% higher than the 399 dwellings in  the same region that did not receive this 
measure. 

Heating-system measures are seldom installed in electiically heated dwellings, arid as a result 
they do not correlate with high savings in these homes. 

Mobile Home Measures. Nonc of the mobile-homc measures shown in Fig. 9.8 are  as^^^^^^^^^ 
with significantly greater-than-average savings. This is consistent with the minimal gas aid  electricity 
savings achieved by mobile hornes, in gencral. It must also be noted, howevcr, that ihc ~~b~~~~~~~~~~~ 
measures examined here are used infrequently. As a result, our sample sizes are limited, and statistic 
significance is difficult to achieve. Recall that the lwo most common measures applied by local 

weatherization agencies to mobile homes during PY 2989 are general caulking and w e ~ ~ l ~ e r s ~ ~ ~ ~ ~ ~ ~ ~ ~  
and storm windows (Table 4.1). These measures are associated with average, or below average, 
savings . 

Average Gross Gas Savings in hellings Receiving Specified Measures 
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Fig. 9.8 Gas Savings of Dwellings that Received 
Mobile Home Measures 
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A larger sample and more refined data collection might have identified a positive savings 
impact from adding underbclly insulation to mobile homes. Of the 44 mobile homes that received 
undcipinning or skirling, the average gas savings was 185 ccf/dwelling. Intcrviews with program 
managers of the agencies that weatherized these dwellings indicate that underbelly insulation (which 
was checked on the survey form as a type of "undcnpinning") was added to a majority of these 
dwellings. Indeed, the agency-level analysis (discussed in Section 9.2) suggests that mobillc home 
uiderpiming/skir&ing i s  correlated significantly with agency savings. 

Jusr as the use of particular weatherization measures corresponds with high gas savings, so do 
m m y  service delivery procedures. None of the service delivery procedures studied here, however, 
con-elate significantly with electricity savings (Table 9.3). As a result, the following discussion focuses 
entirely on gas-heated dwellings. 

Client Selection, Investment Criteria, and Me;isure Sekction. None of the methods of 

selccting clients or determining investment levels is associated with higher-than-average gas savings 
nationwide (Fig. 9.9). However, determining investment lcvcls based on energy u w  or estimated 
s*ivings i s  almost a significant characteriytic of high savers i n  !he moderate region (p=O.O8). This 
method of directing resources takes advantage o f  tine fact that high energy usefs offcr the greatest 
ptentiai for saving energy. 

Among the different audit approaches, dwclliiigs that rcceived an integrated envelopeheatkg 
system aixdit saved significantly nmre gas - averaging l'/cs cLf'r!wcllirig. Thus, even though less than 
10% of the dwellings employed this method of szlectir-ng v,ca,thc5iration measures in PY 1989, the 
integrated audit was: associated with a significantJay high lcvd of savings. This finding supports the 
value of DOE'S dpcision to develop a national weatherization audit, which fealures an integrated 
apy:oach to selecting envelope atid space-heating system measures, and DOE'S new weaherizabim 
rsiics, which allow the 60-40 rule to bc relaxed if an integrated audit is used. It is also consisterit with 
field studies that have documented high savings when an integrated audit is employed (Sharp, 1933; 
Temes, 1990). 

Diagnostic Procedures. Thc use of several diagnostic procedures is consistcntly associated 
with high gas savings. In contrast, m e  of these diagnostics has no discernible relationship to electricity 
savings, in part because inany of the diagnostic procedures arc not relevant to electric heating systems 
(sez Table 9.3 and Fig. 9.10). 
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Fig. 9.9 Cas Savings of Dwellings Based on 
CIient Selection, Investment Criteria, and Measure Selection 

Distribulion system diagnostics for system balancing and to find leaks for sealing are 

conducted in dwellings with significantly high gas savings of I90 C C ~ / Y C ~ K .  Heating systcrn efliciemcy 
tests also are associated with signiiicantly higher-than-average gas savings d 152 ccl7year). Since aese 
diagnostics are most conimon in the cold and niodcrate climate reginns, mic would expcct the savirmgs 
of dwcllinigs that receive them to be high. The two-way ANOVA indicates that above m d  bcyond 
any climate region effect, these three measures are significantly correlated with Inigh savings, In  
addition, two of thcse diagnostic procedures are characteristic of  high gas savers in thc se 

analyses of the moderate and cold regions (Tablc 9.3). (Distribution system diagnostics for syskern 
balancing i s  not significant in the analysis o f  highhow savers, perhaps because only 129 dwellings 
received this measures, in total.) Obviously, the application of these diagnostic tools, by themselves, 
does riot save energy. Rather, their use is indicative of agencies that eniploy advanced proce 
determining the best weatherization measures for individual dwellings. 

As occurred in the analysis of blower door-assisted air sealing, the use of blower doors for 

envelope diagnostics is generally associated with average savings. Since blower doors arc rarely use 
as diagnostic tools in the hot region, ceteris paribus, the national analysis of gas savings should have 
uncovered a correspondence between blower door diagnostics and higher savings, but this i s  not the 

case. Further, the two-way ANQVA does not dclccl any sigriificant correlation with savings after 
accounting for climatc region differentials (Table 9.3). 



TahPe 9.3 Factors Associated with High Gas and Electricity Savings: 
Service Dellivery Procedures 

Small agency 
Medium agency 
Large agency (-) 
Contractowonly (-) 
Mixed in-house crews 

,md con&ractors 

Distribution system 
diagnostics to find 
leaks for scaling 

efficiency tests 
Heating system 

Clicnt education using 
litcrnt urc 

Client cducation 
using literature (-) 

Total direct costs 
Total mnterirrls costs 

l'otal direct costs Total direct costs 
Total materials costs 

1 I 

(-) Indicates a negative relationship bcaween high savers and service delivery proccdurc. 

Client Education. Approximately two-thirds of the weatherization jobs during PY 1989 
included thc provision of cnergy-conservation literature to the low-income client (Table 4.5). Clients 
who received literature saved an equivalent amount of gas as client$ who did not (Fig. 9.1 1). 'I'he 

significance of the intcraction tern in thc two-way ANOYA, however, suggcsts that there are different 
relationships across climate regions. Indeed, high gas savers in thc moderate region are distinguished 
by their more frequent use of energy-conservation literature to help educate clients (Table 93). In 
contrast, t ic  526 cold climate clients that received litcrature saved only 108 ccf/ycar, while the 247 

cold climate clients that did not receive literature savcd much more (186 ccf/year). Similarly, the 
dcliveiy of client education using literature is characteristic of low electricity savings (Table 9.3). 
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Fig. 9.10a Gas Savings of Dwellings that Used Particular Diagnostic Procedures 
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Fig. 9.11 Gas Savings of Dwellings that Used 
Client Educaiioii Procedures 

More than i'nree-quarter$; of the, dwellings that were weatheri7ed during PY 1989 received in- 
_-.,.- ptlson client education (76%). The 2,W5 households that rccelvcd in-person client education saved 
126 ccf/year, while the 567 hoaasehslds tilai did not, savcd significantly more (169 ccf/year). The 
:w:-way ANBYA indicates that the negative correllalion rcmaifis aftel contiolling for any climate 

,ezioi I  differcntiials. This finding suggests that local agencies may  not be fully exp'loitiug the 
1 of client education, or that I S  too ccnfounrfed with othcr f x t o i s  to sce . 

Westheriaahion Costs. 'rhcrc is a strong rclationsliip between savings and wcatherizatinv 
( m i s  I C , L , I ~  direct c m t s  of $1,5s)O 01 

I t ,  diCr are associated with savings that exceed 250 ccf/ycar, mil thc s;inle irvel cC s6~virigs is associateJ 
F.  5ik1 total matcrials costs of $1,000 or  glcaier Ir.icrcstirigly, IC.: t I  t l i i ~ ~ t  cohts Lerwccn $i,OOI) arid 
*RI.SV!? are asccrciated with appio.rinratcly the s a w  savings ( 1  > U  to 130 ccf/year) as dwellings wi:kh 
ccrilsidcrably lower costs. In coritrdast. the four increasing catcqoricz (if matcrial costs shown in Fig. 
9.12 are cach associated with increasing gas savings. 

both total direct costs and total nialcriais costs (Fig. 9.j3). 

rile close nssociation bci~.\.ccn wa!kl i r , i : io r  cosl- 

cn,~;pmson of high and low enert: savers (Table 9.3). Migh 
. s  \L -iY>bor3ed by thc 

S ' J ~  ers are charactcrimd by high 
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weatherization expenditures within each of the three climate regions. High expenditures are also 
characteristic of high electricity saves. 
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Fig. 9.12 Gas Savings of Dwellings with Different Levels of 
Weatherization Costs 

9.2 AGENCY-LEVEL ANALYSIS 

The agency-level analysis is based on 97 agencies for which gross gas savings are available 
for at least 10 dwellings they weatherized in PY 1989. These 97 agcncies include 32 local agencies 
Erom the cold region, 49 from the moderate rcgion, and 16 from the hot region. Consistent with the 
dwelling-level analysis, agencies from the hot region are disproportionately represented by the Iocrser 
end of the savings scale (Fig. 9.13). The total number of dwellings involved in this analysis is 2,921 

The average gross savings of these agencies rmgcs from - I  18 ccf/year to 530 ecf/year, with .a 

mean value of 141 ccf/year (Fig. 9.13). The median is somewhat smaller (125 ccf/year) reflecting the 

distribution's positive skewness - 3 agencies have exlreinely high average savings, rangiarg fmm 303 

to 530 ccf/year, while 12 agencies have m ~ d e ~ l l y  negative avcragc savings, ranging from 4 to -1.18 

ccf/year. 
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regression. The results are presented in Table 9.5 (for gas savings), Table 9.6 (for percent gas 
savings), and Table 9.7 (for cost effectiveness). 

Table 9 5  Regressisaz ArnaBysis of Average Agency Gas Savings 
Per Weatherized Dwrlking 

36.9 
0.024 

33.6 

42.0 
54.9 

135.7 
66.4 
42.8 
21.4 

3 7.4 

26.2 
1,917 
38.9 
48.5 

-4.8 1 * " * 
6.42*** 
4.61""" 

5.60""" 
4.16***  

2.74** 

4.34*** 
3.35** 
-2.22" 

-3.89*** 

2.97" 
-3.01' 
2.69** 
3.42""" 

0.000 
0.176 
0.303 

0.342 
0.25 1 

0.160 
0.245 
0.19'7 

-0.145 

-0.284 

0.234 
-0.184 
0.176 
0.228 

*, **, and '** indicate significance at a 0.05, 0.01, or 0.001 level, rcspcctively. 
a Includes only air leakage control. 
ti Includes the following: air leakage co~ilrul, watcr hcatcr Iiieasures, and windows and doors. 
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Each of the regpessicsrm analyses is able to explain bctwmn one-half and three- 
variance in i ts  depcndenb variable, and is therefore very powesCul. The modcls are also highly 
s ~ ~ ~ ~ $ ~ c ~ ~ t  (at 0.00l) and include between 7 and 14 significant predictors. 

egression Analysis of Average Agency Percent Gas Savings 

2.22 

2.54 
5.05 

3.70 
6.77 
12.70 
11.45 
2.15 

7.07 

2.73 

3.37 
2.31 

-131  
5 .. 34*"* 

3.42 * **  

2*50* 
2,21* 
4.97 * **  
3.43*** 

-2. A0 

-2.94** 

3.76**" 
2.70**" 

0.00 
0.388 
0.277 
0.266 
0.184 
0. IS9 
0,357 
0.263 

-0.170 

-0.228 

0.269 
0.200 

*, **, and :*** indicate sigriificance at a 0.05, 0.01, or 0.001 levcl, respecLively. 

The first predictor elial eailercd into the slcpwise rcgrcssio~a analysis of average agency gas 
savings is pre-NAC, emphasizing orice again the ovcrwlriclniing iiitportaiicc of this factor. Its 
regression coelfi'ficicnt suggests that for cvery incscasc o f  1 ccf/ycar in pre-weatherimtion gas use, gas 
savings iascseascs hy 8.156 ccf/y,.ear. Pre-NAC i s  also a significanl predictor of cost effectiveness 
(Tablc 9.7). 

- -  
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Table 9.7 Regression. Analysis of Avemge Agency Percent Cast Effeativeness 

0.28 
0.3 1 

0.28 

0.88 
0.49 

0.2 1 

0.00020 

0.25 

0.0003 1 

-5*48"*" 

4.79*** 
4.02 * * -* 
2.59" 
2.82" 
2.73'" 
3.52*** 

4.59*'" 

3.25** 

0.000 

0.318 

0.279 
0.190 
0.185 

0.177 

0.249 

0.336 
0.2 10 

I 

Î ........ ~ - -  
* , ,  ** and *** indicate significance at a 0.05, 0.01, or 0.001 lcvcl, rcspectivcly. 

a This i s  a misccllancous package of relatively uncoiiiinon combinations of nneassires that did no? 
receive insulation. Eighty-five percent of the households receiving this package had some 
conibii~a~iun of the following installzd: air leakage control, insulation, water heater measure, 
windows and doors, and space-heating system measure. 

Once the impact of pre-NAC on savings is taken inlo account in the niodc9 rlcseribed in 
Table 9.5, large agencies tend to savc less, and agencies that serve hizh percentagcs of mobile homes 
achievc higher-than-average gas savings. Agencies that serve dwellings with low rates of household 
turnover also save more. 

The rcgression models include maiiy of the wcatherization measures that have been 
highlighted already as contributing to high gas savings, in particular: 

attic insulation (first time) and wall i.nsulation 
low-flsw shoV/erheads 
mobile home undcrpiming/skir-ling 
distribution systenrl diagnoslics for system balanciiig 
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integrated audits. 

In contrast, blower door testing to deterniine cost effcctiveness and the use of priority or 
prescribed lists to select clients enter the regression model with negative coefficients, indicating that 
agencies that use either of these measures in a high proportion of their weatherized dwellings 
consistently experiencc lower-than-average savings. 

9.3 SUMMARY 

This chapter's analysis of factors influcncing encrgy savings was multiDceled: (1) it 
examined thc savings of individual dwcllings and the average savings of different agencies; (2) it 
examined absolute savings as wcll as percent savings and bcncfit/cost ratios; (3) i t  employed both 
bivariate and multivariate analytic tecluiiques; and (4) it cxamined lhc predictors of performance in 
each of three climate rcgions and nationwide. Thc dil'l'ercnt approaches produced a consistent 
portrayal of the major predictors of energy savings. 

The analysis indicatcs that energy savings per dwelling arc largest in the Program's dominant 
submarkets, where wcathcrization activity is concentrated. These include: 

0 

0 single-family detached homes. 
cold and modcrate climate regions; and 

Partly because of small sample sizes, few additional predictors of clcctricity savings were identified. 
These include pre-NAC and first-time attic insulation. In contrast, our analysis identified numerous 

predictors of gas savings. 
Certain service delivery procedures correspond wilh higher-than-average gas savings, 

including: 

weatherization of high energy users; 
integrated envelope/heating systcm audit; 

9 distribution sysleni diagnostics; and 
heating system efficiency tests. 

In contrast, the encrgy-savings benefits of blower-door assistcd air sealing and clien 
not discernible. 

education were 

Certain weatherization nieasures correspond with highcr-than-average gas savings, including: 

heating system replacement; 
attic insulation (particularly first-time); 

distribution system air leakage control; 
air sealing without blower doors; 
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floor insulation; 

furnace replacements; and 

wall insulation (particularly high density); 

water heater tank insulation, pipe insulation and temperature reduction; 

rnobilc home underpinning or skirting. 

In contrast, the energy-savings benefits of storm windows could not be detected. 
Many of these findings are consistent with the results of previous research. The two findings 

that are least substantiated by other research are the apparent key role of distribution system 
diagnostics and air leakage control, and the questionable energy-savings benefits of blower-door 
assisted air sealing, 

Clearly, more analysis is needed to understand these findings and to employ them as a basis 
for policy and program recommendations. This will bc the subject of the Single-Family Study's on- 
site field work. 
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This chapter summarizes the nlridinlrs of the S ~ n ~ ~ ~ - ~ a ~ ~ ~ l ~  R~pnrg (Sections 10.1 through 
10.7) and offers several r e c ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ I ~ s  for future operation of the W e a t h ~ ~ ~ a t ~ ~ ~ ~  Assistsrxce 
Program (Section 10.8). 

. l  DESCRlPTIO D ACTE 

Similarly, dwelling and occupant traits vary markcdly across primary hcatismg fcacls 

9 -. 13wcllings Heated by Electricity: 
conditioning equipment, newcr Lhan average. 

rclatively kw central hcating systems, inore air 
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SinaLe.:faniilv Aleached-._Uwellinasr high incidence of cenfral hcatiaag, linniied use of 
supplemental fuels, oldest dwellings, highest inconre accupanls. 

Mobile HOB=: smallcst and newest dwellings. greatest home ownership, limited gas heat. 

. Small Multifamily Dwellings: heat primarily wiL3 natural gas, largest dwellings, lowest 
level of home ownership, fewest elderly. 

Thesc differences are key to understanding the performance, challenges, and oppomnities of the 
Program. 

Definitions of income cligibility for thc Program v a g  amone the States, hut gcilerdly raiigc 
i ligibie poiri~lzliosli 

tkcause the 
r e n ~ ~ s  are more 

from 125% to 150% of the federal poverty level.' Program p 

have somewhat different profiles when eligibility is detlned a$ 125% of poverty. 
Program tends to serve the needier part of the low-incorne sector. ?Iicse d 
pronounced when eligibility is defined as 150% of pvc r tp .  

Participants in fY 1989 typically liad a lower averagi: iiwiile t i m  c)gram-eligibie 
population (Fig. 10.1) They also resided in smallcr and older h o z x  In weatherized 
dwellings had fewer electric heating systems and rclied more on non-utility fu'ucls, w c h  as fuel oil, 
propane, kerosene, wood, and coal, thari the ziiyihle population. These findings characterize a 
program that directs its resources towards the rim r: econolnically disadvantaged poi"lio11 of the low- 
income population. 

Participants in PY 1989 werc more concentrated in the cold and moderate clirnaie regions 

than the eligible population, reflecting the higher fiinding levels of States with colder climates. The 
weatherized dwellings also included higher proporliunr a f  mobile lmuincs ?rad lower proportions of 
single-family attached and small multifamily dwellings than the el igiblc population. This is the case 
even though (1) mobile homes are most prevalent i n  the hot region (which receives 
disproportionately less faindhg relative to its low-inconnc population), and (2) singlc-family attached 
and siuall multifamily dwellings are most prevalent in the moderate and cold climate regions (which 
receive disproportionately more funding). Thus, there appears to be a proyeamwide tcndcncy to 
serve mobile homes at higher rates, and small multifamily and attachctl single-family dwellings at 
lower rates than their proportions in the eligible population. 

Some States use 125% of the federal povcrpy level as thc Frogam eligibiliiy ttprcshnld, whilc others usc 150% of 
the poverty level. Other definitions, such as 60% of the State's mediari income. also may be uued. Because of 
the varying State dcfinitions, the Program-eligible population actually has a mean income that i s  ssrncwheie 
betwwn 125% and 150% of the povefiy level. 
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Percent of 
Owaliings 

Participants in Households with Households with 
Weatherization incomes below incomes below 

Program 125X of poverty 1 5OoA of poverty 

Fig. 10.1 Income Distribution of Program Participants and Eligible Households. 

In general, the average proportion of dwellings with an elderly occupant is about the same in 
the two populations. Wealherization agencies located in the hot climate region, however, served a 
disproportionately large number of elderly clients. 

10.2 DESCRIPTION OF WEATHERIZATION ACTIVITIES 

10.2.1 National Program Trends over Time 

The cost effectiveness of the Program depends upon selecting the most appropriate measures 
for each participating house and installing them properly so that each dollar spent on weatherization 
generates the maximum energy savings. In the early years of the Program, emergency and 

temporary measures wcre emphasizcd, including caulking, weatherstripping, and low-cost/no-cost 
measures such as plastic window sheets. By the time of the Energy Information Administration's 

evaluation of the 1981 weatherization program, the emphasis had changed to more permanent and 
effective building envelope measures, such as storm windows and attic insulation. By 1989, space- 
heating system measures (such as tune-ups and component retrofits, which were not part of the 1981 
Program) were installed in 30% of the weatherized dwellings (Fig. 10.2). In PY 1989, another new 
measure - blower door-assisted air sealing - was used in 18% of weatherization jobs. Storm 

windows, on the orUier hand, were installed in a majority of weatherized dwellings in 1981, but were 
installed in only 36% of the dwellings weatherized in PY 1989. Insulation was installed in 62% of the 
dwellings weatherized in PY 1989 (down slightly from 81% in 1981), but in P Y  1989 it included 



much more sidewall, floor, and duct insulation as opposed to just attic insulation. Th-se trends are 
consistent with a growing body slr research emphasizing the cost cffectiveness of lurraace rctmfits, 
blower door diagnostics, and insulation; and questionirig the ability of storm windows to save energy 
cost effectively. 

81 ”/. 

53% 

- 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

3 0% 

1981 

1989 
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Wearkstripping Winduws System Measures Assisted Alr Sealing 

Fig. 10.2 Installation Rates for Selected Weatherization Measures: 
1984 and 1989. 

The diversity arid complexity of weatherization procedures has increased dramatically over 
the past decade, While many agencies still selecE their clients on a tlrst come-first szrved basis, others 
target clients with greater-than-average potential for cost-effective energy savings. Similarly, 
investment criteria have been developed thaE deviate from uniform expenditures per house to allow 
larger investments in dwellings thai offer greater energy-savings opportunities. Program 
implernenters now have a large menu of diagnostic tools to help guide their weatherization. In 
addition, the Program permits the use of a varicty of methods for selccting weatherization measures, 
which allow measures to be better targetcd to the specific needs of  individual dwellings than occurs 
when priority or prescribed lists are used. Recognizing the impact of occupanmt behavior upon energy 
consumption, client education has become an integral part of many State and local westhendzatiorl 
programs. Finally, quality conerol has gone beyond visual inspections during monitoring visits, lo 

include sophisticated measurement and diagnostic procedures. 
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Despite the increased use of more sophisticated measures and diagnostic techniques, many 
advmced measures and service delivery techiqucs asc still not practiced very widely. For example, 
in 1989, few weatherized dwcllings received high-density wall insulation (2%), an integrated 
e n ~ e ~ o ~ ~ e ~ ~ ~ n ~  system audit (8%), or distribution systeni diagnostics to find leakage areas for air 
sealing (8%). 

10.2.2 Differences Across Regions, Heating Fuels, and Housing Types 

There was great diversity in the weatherization measures inslalled and the procedures used 
during the 1989 Program. Differences across climate regions are particularly pronounced. 

0 Cold climate region: high installation rates for insulation, water healing, and space 
heating measures; low installation rates for storm and replacement windows and doors; 
most frequent use of integrated audits and blower door testing; niore space heating 
diagnostics. 

Moderate climate region: high installation rates for storni windows, space-heating 
measures, and air leakage control; most heating system diagnostics and dissemination of 
energy literature. 

a 

e Hot climate rep im: low installation rates for wail insulation and space- and water-heating 
measures; high installation rates for replacement windows and doors; least frequent use of 
integrated audits, blower door testing, and space treating diagnostics. 

Local weathe~zat~on agencies in the C O ~  climate region emphasize many of the measures 
anhi procedures that recent literature suggests will produce the best results (such as integrated audits, 
~ ~ s ~ ~ a t ~ o ~ ~  space heating and water-heating measures). Tn contrast, housing rehabilitation measures, 
which cannot be expected to significantly lower energy usage, are emphasized most by agencies in 
the hot region, reflecting the 

Diffcrences in measures installed and procedures used by fuel type were less dramatic, but 
ore d ~ ~ a p ~ d a ~ ~ ~  condition of  the South's housing stock. 

still significant. 

0 Gas-heated dwellings: high installalion rates for insulation, space- and water-heating 
measures; low installation rates for mobile home measures; and most frequent use of 
distribution system diagnostics and air sealing, heating system efficiency tests, and 
integrated audits. 

Electricallv heated dwellineg: high installation rates for storm windows; low installation 
rates for other types of weatherization measures; inlrequent use of space-beating 
diagnostics and integrated audits; and greatest emphasis on client education. 

0 

: high installation rates for mobile home measures; 
low installation rate for water-heater measures; and most frequent use of blower door 
testing for envelope diagnostics and as a cost-effectiveness guide. 

In part, these differences reflect the fact that measures and procedures ary: in some cases appropriate 
for certain fuel types but not for others. For example, the most common heating system measures 
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and diagnostics are not applicable to electric heating systems. Profiles of weatherization nieasurcs 
and procedures also differ across primary hcating fuels because reliance oil these fuels differs 
geographically (e.g., the hot region relies more on “other fuels”) and by housing type (e.g.. mobik 
homes are rarely heated by iiatuial gas). 

Finally, differences across dwelling types are also apparent. 

9 Single-familv dctached homes: high installation rates for insulation, storm windows and 
doors, and air leakage control; low installation rates for space-heating measures; and most 
blower door testing. 

Mobile homes: high installation rates €or storm windows, snndepinninghkirting, and cool 
seals on roofs; arid low installation rates for insulation. 

Sinple-familv attac hed dwellings: high installation rates for space-heating system 
improvemeiits, storm windows, arid attic insulation; and low installation rates for wall 
insulation. 

Small multifamily dwellinw high installation rates for water-heater measures and stom 
windows and doors; greater use of heating system diagnostics, distribution system 
diagnostics, and integrated audits; and less blower door testing. 

Like the cold climate region and gas-heated dwellings, two dwelling typcs had a high conccntration 
of advanced diagnostic procedures: single-family dctachcd lromes m d  small miiltifarnily dwellings. 

The above profiles indicate that there are systematic variations in the diagnostics arid 
measures used to weatherize differcnt types of dwellings. These differences are key to understanding 
the performance of the Program in its various suhmarkets. 

10.3 ENERGY SAVINGS 

For both gas- and electrically heated dwellings, the estimatiori of heating and cooling energy 
savings involved several steps. First, normalized annual consulription (NAC), which is the amount of 
energy that would have been corisumed in a year with typical weather, was estimated €or a pre- 
weatherization year (pre-NAC), and a post-weatherization year (post-NAC), for cach dwelling with 
complete consumption data.* Gross savings were estimated by subtracting the average post-NAC 
from the average pre-NAC for weatherized homes. Net savings were estimated by subtracting the 
average gross savings for control homes from the average gross savings for weatherized hosnes. The 
gross or nct percentage savings were calculated by dividing the average gross or net savings by the 

average pre-NAC. 
Thc energy saved by weatheinning fue l41  heated homes was based on the results of the Fucl- 

Oil Study. The energy saved in homes hcated by other fuels was based on the analysis of gas-heated 
homes, with a correction for their different geographic distributions. 

* The Princeton Scorekeeping Method (PRISM) was used to calculate Nortnulized Annual Consumption. 
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Estinaates of ~ r o ~ ~ d ~ ~ ~ ~ d ~  energy savings are summatized in Table 10.1. On average, each 
dwelling weatherized in PY 1989 saved an estimated 17.6 MBtu's during its first year after 
weath~rization,~ resulting in a 13.5% reduction in tolal energy use, an 18.2% reduction in the energy 
used for space heating, and an annual decrease of $116 in the low-income parlicipant's energy 
burden. 

Table 10.1 1st and 20-Year Energy Savings of Housing Units 
Weatherized in PY ~ 9 S 9  

Firsl-Year 
Energy Savings 

per Dwelling 

17.3 

6.2 
18.9 

17.7 

16.4 
17.6 

I 

1,733,000 

117,000 
356,000 

1,398,000 

3,24 8,000 
3,457,000 

34,670,000 

2,340,000 
7,120,000 

27,960,000 

64,960,000 
69,740,000 

~ a t ~ ~ n ~ ~ d ~ ~  the 1989 Program resulted in annual encrgy savings of 3,487, 
equivalence of 5.8 MBids per banel of oii, this reeprcscnls ~ ~ 1 , ~ ~  barrels of oil during 1990-91, or 
1,650 barads of oil per day. Over thc 20-year lifetime of the wealherhation measures installed in 
PY 1959,4 it is estimakd that the savings from this one year of weatherization will amount to 

Btu's, or 12 million barrels of oil. This is approximately equal to the amount of oil that 
was added to the emergency Strategic Petroleum Reserve in 1992. 

3 iL.l&Lu refers to one million British thermal units. 
.a The assumption of an averilgc lifetime of 20 years for d l  weatherization mcasures installed in PY 1989 was 

based on an analysis of: (1)  the frequency of inslalIatiori of various packages of measures, (2) the average 
lifetime of the energy conservation measures included in each package. a d  (3) the measured gas savings of each 
package. 
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Gas-heated dwellings account for 90% of tibe ,292 i amed dwellir-g-.; bt;i which fuel. 
coit:,uiiiption records were available, aid rcpresciit half or rile dwelLilgs watlrcrilzcd by the Progr*anz 
in PY 1989. Thus, their perfoiiriancc dominates the ~sutc~nit:  of this ev7;lwtioi-i 

This study's weighted estimate of nee savings iri gas-heated homes is 173 ccfs or 17.3 MBtu's. 
This represents 13.0% of pre-weatlrerization gas eonsumption (Table 10.2). The savings are higher 
when calculated as a percentage of thc gas used for space-he, ~g purpose9 during the year preceding 
weathcrization. Using this as the denominator for estimating percent irct savings, the Program savcd 
ali average of 18.3% of the gas used for space heating. 

Table 10.2 Gas Savings in Gas-IIIeated Dwellings 

Net gas savings are highest in the cold reglori (235 ecf's). somewhat lowe: in h e  inoderate 
rcgion (182 ccfs), and niuch lowcr in the hot region (91 ccfs). Bccause pre-weatherization gas use i s  

higlrcst in the moderate climate region, mi savings as a pcrccnt of total gas use for this region 
(12.4%) is much less than in the cold regici-n ( 1  7.7%). Due to rlie low level of gas use in the hot 
region, percznt nct savings for this region (10.9%: is only slightiy less than irr the moderate region. 
Variations in savings by dwelling type are large and significaimi for gas-heated dwellings: single- 
far-tlily detached dwcllings (the dominant dwelling type served by the Progrm) saved over 50% more 
than mobile homes. 
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The weighted net savings estimate for the Program nationwide is 1,830 kWh/year or 
6.2 MBtu's/year (at the site) (Table 10.3).s This represents a 12.2% reduction in total electricity, a 
29.7% reduction in electricity used for space heating and air conditioning, and a 35,9% reduction in 
electricity used for space heating. 

le 103 Electricity Savings in Electrically Heated Dwellings 

The encrgy saved by electrically heated homes varies markedly across key subgroups. 
Percent net savings range from 5.4% in the hot region to 14.9% in the moderate region. As with gas- 
heated homes, single-famil y detached and small multifamily dwellings saved more electricity after 
weatherization than mobile homes. 

10.3.4 Dwellings Heated by Other Fuels 

An indirect estimation approach was used to estimate the energy saved by dwellings heated by 
fuels other than natural gas and electricity. The approach emphasized the similarity between gas- 
heated homes and dwellings heated primarily by these other fuels, but recognized that the two types 
of dwellings have different regional distributions. It also incorporatcd the results of the National 
Weatherization Evaluation's Fuel-Oil Sludy. The result is an estimate of 17.7 MBtu's saved per 
weathcrized dwelling healed with other fuels. This value is slightly more than the estimated energy 
savings for gas-heated homes (17.3 MBtu's per year), because of the high savings of the fuel-oil 
heated homcs located in the nine northeastern stales (22.4 MBtu's per  year). 

The estimated energy saved by different types of "other" fuels suggests that fuel oil has 
contributed more lhan any of the others. It is the most common "other" fuel among homes 
weatherized in PY 1989, and it is uscd primarily in the cold and moderale regions. Liquid propane 

A~~~~~~~~ energy savings occur at the source of electricity generatiori, because energy (e.g., coal or gas) is 
typically consumed to produce electricity. 



gas is the next most common "other" fuel, but because it  is U S C ~  primarily in the hot region, it 
contributes much less to the Program's total energy savings. 

10.3.5 Trends and Comparisons 

The estimated Program savings in PY 1989 are higher than the estimate of 13.8 MBtu's per 
dwelling resulting from ETA'S evaluation of the I981 Program (Peabody, 1984). In addition to the 
general increase in savings over time, our findings differ in other ways from the earlier evaluation. 
Peabody (1984) found very little variation in energy savings by climate region, reporting only 
slightly lower savings in warmer climates. The Single-Family Study documents much higher savings 
in the moderate and cold regions compared with the hot region. Peabody (1984) found Bower 
savings for electrically heated dwellings than for dwellings heated by natural gas, bent our results show 
comparability, particularly when considering percent savings. Finally, our estimate of energy savings 
for homes heating priniarily with fuel oil is the highest of any fuel typc, while fuel-oil energy savings 
were more like the average in the assessment of the earlier program. 

Thc estimated savings of the 1989 Program compare favorably witdl the results of evaluations 
of utility-operated low-income weatherization programs and evaluations of individual State 
weatherization programs. 

18.4 NQNENERGY IMPA 

The various nonenergy impacts of low-income weatherization pisgrarlls are i-iumerous. 
However, much of the research addressing these benefits has becn qualitative in naturc, prescnting 
only anecdotal evidence. A consensus on how to quantify the valuc of many nencraergy benefits has 
not been reached. 

Table 10.4 lists the nonenergy benefits that were monetized in this study. Additional benefits 
that have not been assigned a dollar valuc include: thcmal comfort improvements, indoor air quality, 
benefits of  increased nonenergy expenditures, and savings associatcd with fewer residential moves. 
Thus, the dollar value used here for noncnergy benefits ($976) is conscrvativc. 

The methods used here lo estimate the value of nonenergy impacts varied. Estimates of 
environmental benefits relied on a literature review and on informatioin tram this study about the 
proportions of weatherized dwellings using various fuel types and about the averagc savings by fuel 
type. The analysis of environmental impacts was limited to thc costs associated with SO,, NOx, and 
CO,. Estimates of employment benefits combined a literatim review with data from this study on the 

number of employees directly supported by DOE'S weatherization program, the skill level of workers, 
and managers' judgments concerning the stnicture of the job market for weathcrization workers. 
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Table 10.4 Net Present Value of N ~ ? ~ e n e ~ g y  Im 
Weatherization Assistance Program 

a The net prescnt vdue of the environmental benefits was calculated assuming a 4.7% discourit 
rate and a 20-year lifetime. The other nonenergy benefits occur only in the year (1989) in 
which weatheriation occurred and thcrefm, do not require discounting. 

Direct and indirect, but not induced, eniployxnent bcnefits are included in the estimate. Data from 
this study on weatherization expenditures for homc repairs are used to quantify the benefits 
associated with maintaining or enhancing property values and extending the lifetime o f  dwellings. 
Our estimate of reductions in arrewages i s  based on a literalure review and data on payment histories 

that were collected on lhe dwellings included in this study. 

18.5 COSTS 

In PY 1989, the prograinwide average total installation cost (Le., materials and on-site labor) 
per dwelling was $1,050. Expenditures for individual dwellings, however, often varied substantially 
from this average. In particular: 

e Eighty-five percent of dwellings had total installation expenditures of less than $1,500, 
with 45% of dwellings in the $600 to $1,2 range. About 8% had expenditures of less 
than $300 and about 9% had expenditures of more than $1.800. 

a There werc no significant dilferences by chnatc region in total materials costs, but 
differences in labor costs and total insldlcd coats were sigriificanl. Tlhe largest installation 
expenditures were in thc nioderate and cold climate rcgioras, while thc hot region spent 
about 10% less. 
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Total installation costs, total materials costs, and labor cost5 differed significaritly i i>: f ~ ~ d  
type with the highest expenditures for dwellings that heat with othcr fuels. 

‘l’otal installation costs, total materials costs, and labor costs differed significantly by 
dwelling type with the highest total installation expenditures for single-family attached 
and single-family detached dwellings, and the highcst materials costs for multifaiiiily. 

Although total materials costs did not vary significantly by climate region, the proprtloi? of 
the expenditures invested in various types of measures did differ significantly (Fig. 10.3). in thc 
cold region, invesments were highest for insulation. In the ma emte regioii, the highest expenditures 
were for windows and doors. Im tlic hot region, structural repairs had the highest investment level, 
and windows and doors consumed nearly as high an amount. Thus, the cold region psis more 
resources into the measures most likcly to save energy. Differerices in maicrials costs hy fuel type 
also were significant with the most being spent on homes heated with other fuels. 

n ” 
Average CQld M0derEite Hot 

11,s. Region Region Regbn 

5 
3 

IJ 

Other 
Water {eating 

Aia Leakage 
§tiucil.iial Measures 
Insulation 
Vblaindows and Doors 

Spaco Healing System 

Fig. 10.3 Average Material Costs (in 1989 dollars), by Climate Region. 

Labor cost data were collected and calculated with different methods for crew-mly, 
contractor-only, and mixed (crew and contractor) weathesizatioii jobs. This was necessary bc;suse 
the way agencies track costs for crew and contractor labor differs. Among the repiesenlntivc 
dwellings that could be classified by labor type, approximately one-third fell into each of the threc 
types: crew- only, 33%; contractor-only, 38%; and mixed Crew and contractor, 29%. Gm::iily. 
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Lo use one labor typc on all, or at lcast most, of their weatherization jobs. Nationally, 
labor costs averaged about $433 per dwelling out of a total installation cost of $1,050. 

Previous studies suggest that management and overhead costs (all costs other than materials 
and ~ n - s ~ ~ e - i ~ s ~ a 1 ~ a t i o ~  labor) range from $300 to $400 per house. In spite of the magnitude of 
m a n a ~ e ~ ~ e n t  and overhead costs, most previous evaluations of weatherization program have not 
reported them and have not included them in their cost-effectiveness calculations. In part, this 
reflccts the difficulty of obtaining accurate information on management and overhead costs. An 
estimate of management and overhead costs ($500), consistent with findings of previous studies, was 
developed and used in this evaluation. 

COST EFFECTIVENESS 

The cost effectiveness o€ the Program was examined from many perspectives, but only three 
are presented in detail, by subgroup. With the installation perspective, which follows the usual 
procedure in previous low-income weathcrizatioii program evaluations, the only benefit valued is 
energy savings and the only costs included are installation expenditures (Le., on-site-installation labor 
and materials costs). With the program perspective, the only benefit valued is energy savings, while 
costs include installation and management and overhead costs (Le., the "worst" case). With the 

erspective, benefits include both energy and nonenergy benefits, and costs include 
installalion and management and overhead costs. Net energy savings (rather than gross energy 
savings) are used in all the cost-effectiveness calculations, because we consider this a better indicator 
of program impacts. In addition, the same baseline assumptions are used (4.7% discount rate and 20 
year lifetime of measures), although sensitivity analyses are conducted using alternatives. 

9 Program Results 

All of the perspectives that were examined show the 1989 national program to be cost 
effective. Benefialcost (b/c) ratios range from 1.09 (for the program perspective) to 1.72 (for the 
societal pcrspective). With the installation perspective, the b/c ratio is 1.61. Thus, the value of the 
energy saved by the Program slightly exceeds the cost of operating the Program. Whcn nonenergy 
benefits arc also includcd, the Program rcturns $1.72 for every $1.00 invested. 

10.6.2 Gas-Heated Dwellings 

For gas-heated dwellings, the national Program was cost effective from all three perspectives, 
with b/c ratios ranging from 1.06 to 1.61. Fig. 10.4 presents the results for the societal perspective. 
The cold and modcratc regions had higher b/c ratios than the national average, while thc hot region 
had b/c ratios of less than 1 . 0  with the installation and program perspectives, and of 1.17 with the 
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societal perspective. Only single-family detached homes (which account for 63% of weatherized 
hones) had b/c ratios above 1.00 with Lhc program perspective. All dwelling types had b/c ratios of 
1.23 or higher with the other two perspectives. Large and naedium-sized agencies had cost-effective 
results with all three perspectives, while small agencies fell below 1.00 with the program perspective. 

Total (Installation, Overhead, and Management) Costs per 
Dwelling (in 1989 $1 

Fig- 10.4 Societal perspective: Erne 

18.6.3 Electric liy Heated Dwellings 

Because electricity prices are higher than gas prices, cncrgy savings in electrica!ly headed 
dwellings are wortti more. Therefore, cost-effectiveness results were consistently more favorable. 
The national benefit/cost ratio was 1.13 with the program perspective, and higher with the other two 
perspectives. The results by climatc region show that thc Program was cost effective in the cold and 
moderate regions, but not in the hoe region. All climate regions had b/c ratios of 1.17 or higher with 
the societal pcrspctive. Comparisons by dwelling type indicate that weatherizations of single-family 
detached and small multifamily dwellings were cost-effective, while those of mobile homes were not. 
From the societal pcrspeective, the weatherimion of electrically heated dwellings was highly cost 
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effective, with a national bcnefil/cost ratio oC 2.33. All of the ~ u ~ g r o ~ ~ ~  showcd cost-effective results 
with this perspective. 

10.6.4 Trends and Comparisons 
The results of cost-effectiveness analyses in previous evalualions suggest that for gas-heated 

dwellings the 1989 Program improved upon the average p e ~ o ~ ~ ~ ~ ~ c c  of  si 

and Pigg (1990), in their review of nine evaluations of cold clirnate programs scrving gas-heated 
dwellings, reported costs of conserved energy (CCE) that, when recalculated with our baseline 
assumptions (4.7% discount rate, 20-year lifetime, only on-site installation labor and materials costs), 
averaged $6.08/MBtu, with a range of $2.69 to $17.33. Gohen, et al. (1990), in their review of 12 
evaluations of cold climate programs serving gas-heated dwellings, reported a me 
recalculated with our assumptions, of $5.07/MBlu. Thus, our cold climate region results for gas- 
heated dwellings ($3.50 per MBtu) coinpare favorably to the results of previous studies, as do h e  
national results ($4.60 per MBtu). Comparisons with utility ?ow-incam.ne ~ ? r o ~ ~ ~ ~ ~ s  (for gas-heated 
dwellings) also show the 1984, Program to be more cost cffective. The results for ~ l c ~ ~ r ~ ~ ~ ~ l y  heated 
dwellings indicated a national CCE ($0.04 per kWh) that was lowcr than the average ~~~~~~~~~~~ price of 
$0.07 pcr kWh. 

18.7 FACTORS ASS 

The analysis of Pactors associated with energy savings was ~~~~~~~~~~c~~~~~ (1) it examined lhe 
savings of individual dwellings and the average savings of different agencies; (2) it ex 
savings as well as percent savings and bemefitt/cost ratios; ( 3 )  it employed bot11 bivariate and 
multivariate analytic techniques; and (4) i t  examined the predickors of ~~~~~~~~~~~ in each of three 
climate regions and nationwide. The different approaches produccd a consistent paraya l  01 the 
major predictors of energy savings. 

The analysis indicates that energy savings per dwelling are largest in the Progrm's d Q ~ ~ ~ ~ ~ ~ t  
submarkcts, where weatherizakion activity i s  conccntrated. These includc: 

cold and moderate climate regions; and 
9 single-family detached homes. 

Partly because of small sample sizes, few addilional predictors of clcctricity savi gs were identified. 
These include high electricity consumption prior to ~ c ~ t ~ e r ~ ~ a ~ ~ O ~  and the ~ ~ ~ t ~ l ~ a ~ ~ o ~  of first-Lime 
attic insulation. In contrast, numerous factors wcrc sigraificmaely associated with gas savings. 

Certain service delivery procedures c ~ r r c s p o ~ ~ d  with h ~ ~ ~ e ~ - ~ ~ ~ ~ - ~ ~ c r ~ ~ ~  gas saviiigs, 
including: 

integrated envelopeheating system audit; 
wcatherization of households with high gas ~ o ~ ~ s ~ ~ ~ ~ ~ ~ ~ o ~  (Fig. 10.5); 



distribution system diagnostics; and 
heating syslem efficiency tests. 

Gas Savings 
-.-- 

Cold 

350 

e 250 
,.. 2 300 
s_ 200 

381 
400- 
350 

e 250 
,.. 2 300 
s_ 200 
P ;;; 
i 50 

0 

Electricity Savings 
Cold 

12000 

i 90(?0 
P 6ooa 
p o  
‘*3ooo 

8 -3000 

High EleCWiCiry LOW EI$clrld(Y 
users Users 

Fig. 105 Energy Saved by High vs. Law Energy ZJsers 
in the Three Climate Reg,’ ’Ions, 

In contrast, the energy-savings benefits of blower- door assisted air sealing and client education were 
not discernible. 

Certain weatherizatiori measures cones~mnd wi 
distribution system air leakage control; - air sealing without blower doors; 
attic. insulation (particularly first-timc); 

floor insulation; 

furnace replacemcnts; and 

higher-than-average gas savings, including: 

wall insulation (particularly high density); 

water heater tank insulation, p i p  insulation and temperature redi~tion; 
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mobile home underpinning/skirting. 

Many of these findings are consistent with the results of previous research. The two findings 
that are least substantiated by other research are the apparent kcy role of distribution system 
diagnostics and air leakage control, and the questionable energy-savings benefits of 
assisted air sealing. 

Clearly, more analysis is needed to test these findings before employing them as a basis for 
policy and program recommendations. The resulls reported here are "correlational" in nature and 
cannot identify "causes" of high energy savings. More defini live information on [actors influencing 
savings will result from the Single-Family Study's on-sile field work (Le., phase two). 

10.8 CONCLUSIONS AND RECOMMENDATIONS 

During PY 1989, the Weatherization Assistance Program weatherized 19 ,W singlc-family 
or small multifamily homes. Qn average, each weatherized dwelling saved an estimated 17.7 MBtu's 
during its first year after weatherization, resulting in an annual decrease, in 1989 dollars, of $116 in 
the low-income participant's energy burden. Nationwide, the 1989 Program resulted in annual 
energy savings of 3,487,000 MBtu's. At an equivalence of 5.8 MBtu's per baml of oil, th is represents 
(401,000 barrels of oil during 1990-91, or 1,650 barrels of oil pr day. Over the 28-year lifetime of 
the weatherization measures installed in PY 1989, i t  is estimated that the savings from this one year of 
weatherization will amount to 69,740,000 MBtu's, or 12 million barrels of oil. This i s  approximately 
equal to the amount of oil that was added to the emergmcy Strategic Petroleum Reservc in 1992. 

Total costs (including materials, installation-related labor, installation-related overhead, and 

program management) averaged $1,550 per weatherized dwelling in PY 1989. From the societal 
perspective, which includes both energy and nonenergy benefits and total costs for all single-family 
and small multifamily dwellings, the Program in PY 1989 was cost effective, with a benefillcosl ratio 
of 1.72. Table 10.5 presents some of these key statistics. 

The Program proved most cost effective in the submarkets (including cold and moderate 
climate regions and single-family detached homes) wherc weatherization activity is concentrated. 
The hot climate region and mobile homes, on the othcr hand, represent submarkets where progrant 
improvements arc needed. Service delivery procedures that correspond with higher-thaw average 
energy savings include high priority for high energy users and intcgrated envelopeheating system 
audits. Weatherization measures associated with higher-than-average savings include heating system 
replaccxnents and attic, wall, and floor insulation. More widespread adoption of these rncasures and 
procedures represent some of the inany promising opportunities for the future. 
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Table 10.5 Energy Savings and Cost Effectiveness of the 
Weatherization Assistance ?PO 

Based on energy consumption one year after weatlnerization in 1989-90. 
Estimated at an average east of $6.89 per MBtu's. 
Based on energy-savings benefits and total weatherization costs. 
Based on cnci-gy -savings benefits and ixistallation-relatedl costs. 
Based on energy-savings, eniployment, environmental and other noneriergy bene€its and total 
weatherization costs. 
The wcighted avcragi: retail price for taaturaP gas is $5.90 per MTBtla. 
The weighted average retail pdce for electricity is $0.07 per kWh. 

Perhaps the moot striking result of this Single-Family Study i s  ehc tremendous diversity 
among local agencics. Some agencies weatherize 15 homes in a year, while others wcathcrize 
thousands. Some achieve savings of more than 400 ccf/year, as iiiucli as 40% of pre-weatherization 
consumption, while others produce nu savings. Somc employ state-of-the-art grocedurey, leverage a 
wide variety of financial and technical. resources, and perfomi sophisticated self-evaluations designed 

to constantly improve their performance. Olhers follow the same procedures year after year, do not 
evaluate their impacts, arid rely only on DOE funding. Phase 2 of the Single-Family Study, which is 
now underway, will describe and analyze Llae practices used by ten high-performing agencies selected 
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from each major geographical region on the basis of measured e cfgy savings. Phase 2 also will 
involve cornparing and contrasting the ~ ~ ~ ~ ~ c ~ e ~ s t ~ ~ s  of high and low saving agencics and dwellings. 

ere i s  no single 
formula for success, Each of the ten successf'~ agencies employs a variety of usehl  approaches. 
Some target high energy consumers, who have a grcatcr ~~~~~~~~~ for savings, an 
energy burden, Some use more advanced audit prsce ures, such as the Targeted Investn1ent 
Program (TIPS) audit. rstand how to use them 
effectivcly. Some use very effective client edaaesiio o m  leverage funds fmnn other 

State progrms, and from utilities so tha 

Although the Phase 2 study is still in mgress, it i s  already clear that 

Most ernploy advanced 

insulation or ~ ~ g h - e ~ ~ ~ ~ ~ ~ ~ c y  furnaces at substantial discountss, so that mo 
accompli shed wi in budget constraints. T re that most c l ~ a  
performers is a ~ ~ a n a g ~ ~ ~ c ~ t  skylc that strives fess im rcovement in energy savings and cost 
effectiveness. Some ~ ~ g h - ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~  agencies, for exxexnple, c ~ ~ ~ ~ ~ u ~ ~ ~ ~ ~ ~  evaluate their programs by 

tlkrcrs ~ ~ ~ ~ ~ e i ~ ~ ~ t  pilot e energy saved by samples 01 the Biomes they ~ y ~ a ~ ~ ~ ~ ~ ~ ~ , ~ ~  

program to test ncw ideas and apprcm 6s. A11 are eager to learn ahout an 
impmvements in &heir program. 

Agencies that are less succcssPul, in contrast, i ~ ~ ~ ~ ~ ~ ~ c ~ ~  few changes in proarc 
r r  of cni-napleled units. They continue to use priority lists 

leverage funds, and do not seek out or i re of khcir ; ~ ~ ~ ~ ~ e r i ~ a ~ ~ o n  
dollars are invested in replacemmt and stnm windows. They do slat target client subgroups wilh the 

tential for energy savings. TFacy offer services on a d-~~~~-comc-Brst-serrved basis, and make 
no efforts to mcasure or improvrs energy savings an cost effectiwncss. 

The challenge: for federal, regional and State ~ ~ ~ ~ ~ ~ ~ ~ e ~ s  of the Program is BO ~ ~ ~ ~ u ~ a ~ e  and 
assist the less innovativc agencies in the ad pSi43n of the proccduxcs used by the most efleective 

agencies. This process should take placc 8t cach ~~~~~~~e~~~~~ icvel. State pilot programs such as a 

recent one in Virginia (Creely, ~ a n d ~ ~ l ~ ~ ~ ~  and 
demonstrate how to improve savings and cost ~ ~ ~ ~ c ~ ~ ~ ~ ~ ~ ~ s ~  The e ~ ~ ~ ~ ~ ~ ~ e ~ e ~ ~ ~  of  State peer 
networking and mentoring ~ c ~ a t ~ ~ ~ s ~ ~ ~ ~ ~ s  could also bl: an eIfective ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~ ~ .  Regioaial 
support for technology transfcr cluds: supporting the ~ e ~ e l o ~ ~ e ~ ~  of the State 
d ~ ~ ~ o ~ s t ~ ~ t ~ o n s  and n ~ t w ~ r k ~ ~ ~ ,  as well as suppo 
hands-on training sessions that could be offered in a n u m k r  of States. 

ill, 1992; could be inn 



arch and Technolo 

This Single-Family Study identified scvcral submarkets and technologies that need 
management attention. The hot climate region and mobile homes arc submarkets where program 
improvements are clearly needed. Savings in both of thcsc submarkets could probably increase 
substantially and be made cost e€fectivc with the implementation of state-of-the-art procedures. 

Hot Climate Weatherization. Grcely, Randolph and Hill (1992) dernomtrated that low- 
income homes in Virginia offer as great a potential for savings as homes in colder climates. 
Although Virginia is classified as a moderate climate Statc in the National Evaluation, i t  borders the 
hot region and, therefore, provides some indication of the potential there, especially in States such as 
Tennessee, Arkansas, Oklahoma and the northern parts ~f Georgia, Alabama and Mississippi, where 
heating loads are substantial. Demonslration studies of this typc should be conducted in States with 
predominantly cooling climates (such as Florida; California, Texaq, and Arizona) to determine the 
potential for savings there. Currently thcrc are few published demonstration studies of 
weatherization's potential for savings in such cooling dominated cliinalcs. 

The Virginia study concluded that realizing higher savings requircs: 
a strong emphasis on the installation of high-density cellulose sidewall insulation 
and on the use of advanced air scaling techniques, 
a dccreased emphasis on conventional caulking, and 

less investment in replacement and slomi windows. 
'The Single-Family Study's findings si~pport all of the Virginia study's recommendations 

except the one about the use of advanced air sealing tcchrriques. However, since most experimental 
studies of these techniques have shown them tn hc of significant value, as did the Fuel-Oil Study, we 
believe that thc potential of blower doors as a weaihcrization tool should continue to be explored. 
Clearly results from correlational studies arc not as conclusive as experimental results in determining 
the value of spccific techniques. In addition, we believe that the small percentage of agencies using 
these techniques in PY 1989 may have been at the beginning of die learning curve at that time. DOE 
might consider supporting the dcvelopment of a guidebook on advanced air scaling by a committee 
of experls, to promote the effective use of blower doors. In addition, research on the current use of 
blower doon by local weatherization agencies is nccdcd to determine whether or not blower doors are 
being employed efkctively today. 

The Single-Family Study's resslts also suggcst sonie related recommendations: 
an increased emphasis on attic, wall and floor insulation, 
extensive use of integrated heating systcm/envelope ai~dits, 
an increased emphasis on heating system reeplacerments, and 
targeting of the highest energy users. 
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The last recommendation, targeting of the highest energy users, deserves strong emphasis because 
pre-weatherization energy use was by far the besl prediclor of savings in the Single-Family Study. 

Mobile Home W e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o n .  Demonstration studies on mobile homes have shown the 
potcntial for much higher savings in this subgroup as well. Because DOE recognized this potential 
for higher savings, it initiated a testing program at the Solar Energy Research Institute (now the 
National Rencwable Energy Laboratory) in 1988 to investigate cost-effective ways to weatherize 
mobile homes. The research showed that the most cost-effective rncasures for rnobilc homes located 

climates are: blower-door-directed air sealing and duct repair, furnace tune-up, blown-in 
belly and roof insulation, and interior stomi panels (Judkoff, 1991). Research still needs to be 
conducted to determine cost-efkctive mobile hornc weatherization strategies in hot climates. 

10.8.3 Recordkeeping and Future ~ w a ~ ~ ~ ~ i Q ~ ~  

A final set of recommendations concerns rccordkecping aid future prograni evaluation. Cost 
records were extrerncly difficult to use in this evaluation. The current DOE categories for collecting 
cost data are too aggregate to answer questions about the cost-effectiveness of various weatherization 
activities. Data on total materials costs were maintaincd by dl of lhe local agencies in our sample. In 
contrast, data on costs for specific types of matcrials and labor were often unavailable and used 
different breakdowns across agencies. The consistent estimation of management and overhead costs 
was nearly impossible. Because of variations in terminology and accounting systems, the frequent 
integration of functions among various programs offercd by the same Community Action Agency, 
and the diversity of funding sources, we concludcd that a rigorous study of costs would require 
sending audit teams to work directly on-sile with program staff. Because there i s  little understanding 
of how agencies control their costs, this issue may offer important levers for improving program 
performance. Implementation of a managcmenl information system to collect consistent and more 
detailed cost data, supported by user-friendly software, would facilitate future evaluation work. 

Obtaining fuel consumption records for the Single-Famil y Sludy also was extremely difficult, 
expensive, and timc consuming. Many utilities refused to cooperatc. If local agencies would 
routinely collect consumption records from utilities for the year before weatherization, at the time of 
weatherization, much of the difficulty in collecting fuel records could bc avoided. Utilities typically 
keep about one year of records in easily accessible computer files. Obtaining fuel consumption 
records that are more than a year old, however, usuallly requires special programming, labor intensive 
searches for microfiche or hard copies, or may cven be impossible to accomplish. 

All local agencies should be required to havc applicants authorize the release of one year of 
prc- and post-weatherization fuel records. The application forms used in many States already require 
signed authorizations. However, this is not done universally, and sonie existing authorization 
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$&atcaplent§ are inadequate (e&, only authoiking the collection of consumption data for the main 
laeating fuel). If local agencies would crkta;iri atnihhoi-izatioiis lor the release of the previous year’s fuel 
consumptim records whca clicrris apply for weatherizaiion, it worrid greatly factlitate both i r~house 
and external. cvaluatioims of their program$. 117 adiiiiisn, local agcncies could lase consumption data to 
target clients with ihc highest Ixitenkial for savirrgs, arid to ghaidc weatkrizatiora investmemil Icvels. 
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APPENDIX B-1 

DEVELOPMENT OF THE REPRESENTATIVE SAMPLE 

Five major steps were involved in developing this study’s representative sample of local 
agencies and dwellings: 1) designing the overall sampling process and defining the required sample 
sizes, 2) constructing a sampling frame that was stratified by subgrantee size and geographic region, 
3) drawing a random sample of local weatherization agencies from the sampling frame stratified by 
size and geographic region, 4) randomly selecting a sample of dwellings from lists of dwellings 
weatherized in PY 1989 entirely, or in part, with DOE funds or funds used according to DOE 
regulations (dwellings meeting these criteria will be called program dwellings in the sections that 
follow), and 5 )  obtaining a control group from the waiting lists of the same local weatherization 
agencies selected in step three. Each of these five major steps is discussed in more detail below. 

Designing the Sampling Process. Designing the sampling process and determining required sample 
sizes involved substantial data gathering and extensive statistical calculations. The details of the 
statistical calculations are given in Berry, et al. (1991). Initial calculations were completed early in 
the sample design process primarily to develop estimates of required sample sizes that could guide 
decision making about budgets and staffing. These early calculations were based on estimates of 
local weatherization agency size (measured in annual weatherization completions) provided by State 
weatherization agencies. These were the only data on agency size available at the time. These 
calculations also did not consider fuel type because data on fuel type distributions among the 
population of program dwellings were not yet available. As data gathering progressed, and more up- 
to-date and complete information on local agency size and distributions by fuel type became 
available, more refined sample size calculations were completed (Berry et al., 1991). 

As information on fuel type distributions became available, it indicated that about 40% of the 
program dwellings did not heat with gas or electricity. In some rural locations, very small 
percentages of dwellings use these fuels. Overall, we expected that a majority of the dwellings in the 
Weatherization Assistance Program population of 198,000 would heat with gas or electricity. Since 
our ability to estimate energy savings with thc desired precision depended upon obtaining fuel 
consumption records from utilities on at least 6500 electrically and gas-heated program dwellings, a 
decision was made to stratify the dwellings by fuel type in the second stage of sample selection and to 
use a larger sampling fraction for electrically and gas-heated homes than for homes using other fuel 
types. 

Constructing the Sampling Frame. In order to construct sampling frames stratified by local agency 
size and geographic region several steps were required. Correctly defining a local agency’s size was 
difficult because adjustments had to be made for difrering definitions of the 1989 Program Year and 
for various sources of funding. Although most States and local weatherization agencies define the 
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1989PY as March 1989 to April 1990, many USF other time periods such as September 1989 to 
October 1990 or June 1989 to July 1990. Adjustments were made to the second stage sampling 
procedures to correct for these differences. Adjustments also were made to reflect each local 
agency’s distribution of funding sources. Estimates of the number of homes weahxized entirely, or 
in part, with DOE funds in PY 1989, that had been obtained p r e ~ i ~ ~ s l y  froin State weatlierization 
program managers now were checked against ehe lists of program dwellings supplied by the local 
weatherization agencies. The numbers of homes weatherized reported by State and local agency 
program managers were not always in agreement. Efforts wcrc made to reconcile the numbers 
whenever possible, by discussing the funding sources and program year definitions with program 
managers. 

To ensure that the sample represented all major geographic regions within the continental 
Ihited States, the sampling frame was stratified both by threc major climate zones (See Fig. 2.1 in 
Chapter2) and by smaller geographic areas that were contained wilhin the three climate zones. The 
subregional areas shown in Table B- 1.1 have no particular analytical significance. They were used 
simply to ensure that the sample of local weatherization agencies was distributed across the whole 
United States. 

ndom Sample of Local Wewtlaerization Agencies. After constructing a sampling 
frame that was stratified by local agency size and by geographic region, a random sample of local 
weatherization agencies was selected in November of 1990. The results of our calculations of 
required sample sizes, as shown in in Table R-1.2. (See Appendix E in Berry et al. 1991 for the 
detailed calculalions from which these tables were developed), indicated that, with a sampling rate of 
10% of the weatherized dwellings, 365 local weatherization agencies (with 89 from climate zone one, 
136 from climate zone two, and 140 from climate zone three) were required to produce energy 
savings estimates with the desired precision. To allow for attrition, an initial sample of 400 local 
weatherization agencies was selected randomly from the stratified sampling frame of 1 103 agencies 
(with 99 selected from climate zone one, 151 from climate zone two, and 150 from climate zone 
three). 

Local weatherization agencies were selected from each of the ten geographic subregions with 
equal probablities. They also were selected from all of the size strata, except the largest, with equal 
probabilites. In the largest size strata (i.e., local agencies that weatherized more than 900 dwellings in 
PY 1989), all of the local WAY agencies were included in the sample (Le., the local weathcrization 
agencies in the largest size strata had a selection probability of one). 
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The desired distribution of the target sample of 365 local wcathe~ixation agencies is shown in 
Table B- 1.3. The local weatherization agencies that were randomly selected from the sampling frame 
were contacted by mail i n  December of 1990 and asked to supply lists of the dwellings they 
weatherized entircly. or in part, with DOE funds in PY 1989, along with infomation on each 
dwelling’s fuel type. building type (single-famiiy, small aaiuBtifamily. large multifamily), and on the 

gas and electric utility companies serving thc dwellings (See the copy of the December 17, 1990 
lemr in Appendix R2). Extensive follow-up letters and telephonc calls WCPC used to recover missing 
or incomplete responses from the 400 local agencies in the initial sample. Most of the selected local 
weatherization agencies responded (373 out of 400, which provided slightly more responding 
agencies than the desired larger of 365). Reasons for nunresponse included: no dwellings were 
weatherized in PY 1989, no DOE funds were used in PY 1989, the local agency was no longer 
oprating i n  1991, insufficient manpower was available to complete the forms. records had been 
destroyed by a fire, and the agency was unwilling to cooperate. 

Table B - 1 3  Final Sample Distributiorts of‘ Local Weatherization 
Agencies to be SeBecbed at Stage One 

5 4 12 7 1 0 
5 3 23 I 1  8 4.. 

10 7 40 - 18 12 2 89 

7 4 5 ? 0 0 
I 2  .. 4 3 z 0 

9 20 6 2 3 
2 12 6 ‘1 4 

1 2  

3 

0 -  0 .”” 4 3 0 

7 

a This corresponds to the chmate zones in  Fig. 2.1 in Chapter 2. 

SOURCE: Berry et al., 1991. I 111 

Drawing a Random Sample of Weatherized Dwellings. In the second stage of sampling. which took 
place in March through June of 1990. 18,748 weatherized dwellings were randomly selected from &he 

lists of dwellings thar were supplied by the local agencies in step two. The process of first obtaining 
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lists of dwcllings Irom the local agencies and then selecting a random sample of these dwcllings was 
implemented for several reasons. First, this procedurc ensured that the program dwellings selected 
were a truly random sample. If Ihc local agencies had been asked to select a sample of dwellings 
Zmm their records, lhe researchers could not have guaranteed the consistency and rmdorxmess of the 
selection process. Secondly, we wished to vary the probabilities of selection in accordance with 
several criteria (e.g., size of agency, fuel type, dwelling type, and funding type). By maintaining 
control of the dwelling selection process we could ensure that these criteria wcre applied correctly. 

It was not always possible to construct the sampling franie for the dwellings the way we 
wished because soinetimcs the necessary infomiation could not be obtained from the local agency. 
Some agencies, for example, did not have informalion on fuel type. Some agency lists also contained 
dwellings that were wealherized in the wrong time period or that werc weatherized with nun-DOE 
funds. Adjustments wcre made on a case by case basis with the infornution the agency could supply. 
In addition, dwellings that were subsequently identified as not meting the criteria (e.g., not program 
dwellings, or not singlc-family and small multifamily (2-4 unit) dwellings), were excludcd from the 
sample at a later date. 

When infomiation about fuel type was available, dwellings that uscd gas or electricity as their 
main heating fuel were sampled at a rate of 33% among all except the largest local weathcrization 
agencies. For the largest local agencies (those wealhc~zing more than 908 dwellings in PY 1989), a 
sampling rate of 20% was used for the dwellings that heat with gas or clectricity. Dwellings that heat 

with fuels other than gas or elcctricity (such as fuel oil, propane, wood or coal), wcrc sanipled at a rate 
of 20% from all except the largest local agency lists. For the largest local weatherization agcncies, a 
rate of 18% was uscd for the dwcllings that heat with fuels other than gas electricity. Lower 
sampling rates were used for the largest agcncics to rcduce thcir data gathering burden and because a 
smaller proportion of dwellings was acceptable since all agencies of this size were included in the 

sample. When h e l  type was unknown, dwellings were sampled at thc higher rates appropriate for 
dwellings with gas or electric heal (Table B-1.4). 

Table B-2.4 Dwelling Sample Rates by Agency Size and Fuel Type 
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l’he sampling rates shown i1-1 Tablc R - 1 . 4  were chosm to allow for an expectcd sample 
attrition of about SO% arnoiig the gas arid electiically h c m d  dwellings during the colilectim of utility 
billing data, ami for lower attrition a m m ~  Lite dwcblings using other €WAS. Fucl consunspeion data on 
a sample of ab least 6,500 wralhcrited dwellings .hat heat with gas or clec’rfcify were needed in order 
to estimate energy savings with the desired precision. By sampling gas and c1ecErically lneated 
dwellings at a higher late, we cxpeeied to be able to meet %his target sarripk si7e. We did not need as 
large an initial sample of dwe!!ingi uqing oihti fuels to yield descriptive data from the Dwellling- 
Specific Fein becaus? arru~h less attrition was expected. Modit age~cies  had and were willing to 
supply tiaese descriptive data. ihcicfore, attrition of only a b u t  20% of the dwellings was a , s s z r n ~ ~ t  

for ikese dsta 

Se3esPing w Conti-oi G r o ~ p ,  A control gicbjl of iT ,388 dwellings was selected from among the 
49,509 eligible househoitls on agency ing lists that had twl yet received serv/lces as of April 1991. 
Four options wcrc considered 1:cfoic chnosiiig the agency waiting list as the source of the control 
group dwe!lings “ne three additional options considered were ,;sing dwelling$ weatherieed in the 
pmgrarn year either befare or afic: PY 1989, and using B,IMEAP prticiprants wl-nose homes had noi 
yet beear wezlk*ieed.  ‘lhc two option\ of wing weatlnecized dwellings that received scrviccs in t h ~  

program year either befoie or d k r  PY 1989 wcrc rcj ed becauw they would not provide any 
CSwiiO: dwellings for the second (on-site mcaw-emcills) or third (persistcnce study) phascb uf the 

study. The LiIfEA? pai-iiripani option vat, rejeclec! becauw the selection biases would not be 
comparable to t h o v  for dwzllings that were wcatherized by the DOE weathen ir;ation progt mi 
Additional pros and coi~s for e x 3  of the four cptIons concidcrcd are prescaaied in Appendix A of the 
Experimental Plan ( R e v J  ct d., 1991). 

Yhc p c z s s  of scler;;ag ihc coritrul group consisted of two steps. First, wc ~bia ined  lists of 
dwellings svaiting for services frcsrn the local ag :ics, We asked the agencies to identify the main 
heating fuel for ezch rlwNcXEng o ~ i  iiicir waitirig list because we w i s h 4  l o  inclisde only gas or 
electtkaily heated dwellings in rhr cnniiol 3:;urup- P.f!er constiucting a sampling frame of gas and 
e!ec&;icaily heated d v d i n g s  from the agtxrcy waiting lists. the sccond step was to sclcct approximately 
thc S a m  number o f  t h c x  dlweliings waq i i l  the kideatherizsd sample. p.’ollowilzg ihis two-seep 
procedure (which W E S  sirnilar thc m e  u w d  to sclcct the program dwellings) ensured that the 

~eccarchers could conti-c-r; the cc’lcctioii process. 
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Department of Energy 
Washington, DC 20585 

September 23, 1990 

Dear State WAP Program Manager: 

Implementation of the National Evaluation of the Weatherization Assistance Program 
(WAF’) has begun, and DOE is now in need of some assistance from you. In particular, I 
have three requests. 

First, I would like you to review the most recent draft of the subgrantee questionnaire for 
the Characterization of the WAP Network study. The evaluation project’s Working Croups 
have helped to develop the questionnaire to this stage, and it is now being finalized. 
Should you have significant comments, we would appreciate receiving them by October 1, 
1990. Please send your commenrs to Marilyn Brown who will be compiling them for 
DOE’S review: 

Marilyn A. Brown 
Oak Ridge National hboratory 
P.O. Box 2008 
Oak Ridge, Tennessee 3783 1-6206 
Telephone: 615-576-8 152 
FAX 615-576-2912 

Second, please transmit a letter to your WAP subgrantees announcing the forthcoming 
questionnaire for the Characterization of the WAP Network study. I have enclosed a draft 
letter to serve as a model. Please feel fkx to modify it as appropriate. The letter alerts 
subgrantees that a questionnaire is coming and encourages their prompt response. We plan 
to mail this questionnaire directly to subgrantees in early October, 1990. Thus, you should 
mail your letter by October 1 .  

Finally, we need some information on the subgrantees in your state. In particular, we need 
a list of your subgrantees, including a contact name, agency name, address, and telephone 
nurnber, and the approximate number of homes weatherized by each subgrantee during 
Program Year 1989 (April 1,1989 through March 31,1990). Please rem this 
information directly to Marilyn Brown by October 12,1990. The information on homes 
weatherized in 1989 will be used to develop a representative sample of the weatherized 
homes for the Single-Family and High-Density Multifamily studies. 

Should you have any comments or questions concerning these requests, please feel free to 
call Darrell Beschen at DOE (202-5861732) or Marilyn. 

8-2.1 
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State WAP h , m m  Manager Page 2 September 24, 1990 

On behalf of the Depanrnent of Energy, I would like to thank you for your cooperation. 
The results of the national weatherkaticbrm evaluadon will provide valuable insights into the 
current capabilities and future potentid of the WAP. 

Sincerely, 

Mary E. Fowler, Director 
Weatherimlfdon Assistance 
Program Division 

Enclosures (3) 
1) Model Letter to Subgrantees with Enclosures 
2) Draft Subgrantee Questionnaire 

3) Iist  of Subgrmtees 
for Chmcte~zadon  of the WAP Network study 

cc/enc: Governor Designated Grantees 

DOE WAP Program Managers 
support Office Directors 
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December 19,1990 

As you know, the U.S. Department of Ene 
of the Weatherization Assistance Program 
Laboratory. You should have already rece 
Evaluation (in September) and a questionnaire to fill QUE that provides information for 
characterizing the WAP network of sewiee providers (in -October). 

a National Evaluation 
Ridge National 
ge about the: National 

Study. Yow agency 
representing the Wea 
will provide all of us 
effective decision &i 
critical to its succcss. It can’t k done w i  
us with five items by January 14, 1992. 

First, we need a list of n 

state monies, that were 
solely from funding sources 
that was not combined with 
to select a nationally fx: 
PY89. From your list 
detailed analysis. 

Second, we would like you 
your weatherization service 
of contacts at these utilities 
wiU be contacting these uti 
data for the 5% to 20% s 

Third., if your agency obtains written 
please send us a sample of one of the 
billing data for the 5% to 20% sample 
hoping that the utilities i 
sampied household, but 
us know if you did nor; collect 

Fourth, if it is rcaddy available, we would like to know two things about each dwelling unit 
on the PY89 list: (1) type of pnmary heating fuel md (2) whether QT not the dwelling unit 
is in a building with 5 or more units. ( 
evaluation’s Multifamily Study 

ese Iarger buildings will be the: subject of the 
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March 28, 1991 

Dear WAP Director: 

Recently, your agency sent a package of information to Oak Ridge National 
Laboratory (QRNL) to support the Single-Family Study which is part of the U.S. 
Department of Energy’s National Evaluation of the Weatherization Assistance Program. 
Thank you. Your assistance and cooperation are greatly appreciated. The primary goal of 
the Single-Family Study is to estimate the national energy savings, nonenergy impacts, andl 
cost-effectiveness of the WAP in the 1989 Program Year. The Single-Family Study also 
will identify factors influencing savings and C Q S ~  effectiveness, and will assess the 
persistence of energy savings over time. The information you are providing makes it 
possible to achieve these goals. 

We now need your help in compiling data for the Single-Family Study on: 

a sample of dwellings weatherized in PY 1989, 

your agency’s average installation-related overhead and program 
management costs. 

8 a control group, and 
e 

Compiling data on each of these topics will take some time, but this is the last request for 
data you will receive this year. Information on these topics should be sent to QRN 
May 3,1991. The details of what is needed on each of the topics are discussed below. 

1. 

The first step in compiling a national database on dwellings weatherized in 
the 1989 Program Year (PY), is t~ select a random sample of homes weatherized in 
PY 1989. Using  YOU^ agency’s list of PY 1989 completions, ORNL selected a 
random sample of weatherized dwellings. A list of the dwellings selected is 
enclosed, along with a dwelling-specific data collection form for compiling 
information on each dwelling in the sample. The requested information needed for 
each dwelling covers: 

Q dwelling characteristics and equipment, 
occupant characteristics, 

* weatherization measures installed, 
Q service delivery procedures, and 

costs. 

The dwelling-specific form was developed by examining the examples of 
forms and records that many agencies sent to ORNL along with their lists of 
weatherized homes. This form was reviewed by weatherization experts and 
pretested by six local agencies. We realize that different agencies keep records in 
different ways. Please just use your best judgement in completing the forms. We 
will contact you if we have questions about your responses. The items on the 
enclosed form were selected to reflect the content of typical recordkeeping systems. 
Most agencies will have most of this information in their records. Please provide as 
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WAP Dimtor Page 3 March 28,1991 

n fuel consumption data without bill waivers, 
t this. if a utility in your area insists n bill waivers, it may be 

necessary to contact some of your clients directly and ask them to sign a waiver. We may 
need your help in settling on the hest way to handle the process of collecting gas and 
electric utility fuel ~ ~ ~ s ~ ~ p t i o ~ ~  records in your service area. BRNL will ask the utilities 
for the fuel records first and ask for your assistance only if problems occur. 

The information you are providing is vital to the success of the Single-Farnily Study 
being conducted by 8 E  with assistance from ORNL. A successful evaluation will 
provide all of us with e up-to-date, credible, and reliable i n f o m a t h  needed for effective 
decision making and operations. Your assistance and cooperation are important and greatly 
appreciated. 

three items from YQU by May 3, 1991: 

I% each weatherized dwelling in &he ran 

for the ~ o n t ~ ~ ~  groupp an 
racy ~ ~ f o ~ ~ ~ ~ ~ o ~  form on 

Please send the comple 

mped envelope for your use. 
esdons, please feel hee to c 
2) or ~~~~ B ~ Q w ~ ,  the QRNL project manager, 

U 

r, D h t o r  
Assisrnce F?o Division 



Washington, DC 20585 

September 13. 1991 

Several months ago, DOE requested information on a sample of homes your agency 
weatherized in Program Year 1989 and information on homes waiting to be weatherized. me data 
request was part of the National WAP Evaluation’s Single-Family Study. This study is the 
principal means by which the cost effectiveness of DOE’S Weatherization Assistance Pmgram will 
be assessed. To be accurate, data must be collected from a nationwide sample of local 
weatherization providers. For this reawn your participation is essential, 

Over the past few months. Oak Ridge National Laboratory has telephoned you on 
behalf. to encowage you to provide the data we need. DOE has also contacted State WA? Pm 
Managers to notify them of the burden we have placed on their local agencies, and tD ask for their 
assistance in helping you respond. We understand that in most cases State agencies took this 
action 

Our records indicate that we still have not received the requested data. Thus, we are 

Mari1y-m A. B 
Oak Ridge National 

If you cannot locate the forms or if you have already rem 
forward another set to you 

If you have any questions a b u t  ehe Single-Family Study or any other aspect of bke 
National WA? Evaluation, please feel free to call Damll Beschen at DOE (202-586-223 

wn at ORNL (615-576-8152). We appreciate your assistance, which is so cPirical 
infarnative evaluation. 

them, please call Marilyn and she 

E SbteWAPManager 

Fde - RC 

€3-2.8 



B-2.9 



Page 2 April 26,1991 

As you may dready h o w ,  most hou~laalolds weatlmerixd by the DOE progarn sign 
application far ~~~~t~~~~~~~ services, allowing the federal 
energy bills. Further, d l  data on €uel consumption thanat ycu 

tisdeal sumMes,  md iszf0rr;latiOn 
%9 111 accorhce  with the Privacy Act of 
studies of this type in the past and are 

bill waive 
govePmP;1%: 
provide to 
about specific households will 'be kept 
1974. DOE and O W  have csnduc 
familiar with the xespnsibib 

Please note that we will be c011ecting energy billing data from natural gas and 
electric utilities sdy. If your organization does not distribute natural gas or clwsicity, 
please indicate this on the enclo 

obiems or C Q B I C ~ P " ~ S  a h u t  this data request, please contact the 
r OWL, who are: project managers 

Marilyn A. Brown 

Telephone (202) 5 8 6  1732 FAX: 615-576-2912 

E. 
Maay E. Fowler, Dkctor  
we 



Department of Energy 
Washington, DC 20585 

July 1 6  1991 

Dear Utility Manager 

In April of 1991 your utility received a letter from the the U.S. Department of Energy 
(DOE) concerning the National Evaluation of its Weatherization Assistance Program. A 
copy of this letter, which explains the purposes and national importance of this evaluation, 
is enclosed (Attachment 1). In response to this letter, many utilities return& a reply foam 
to us describing the availability of their data. We greatly appreciate the high level of 
cooperation we have experienced thus far. 

As explained in the letter of April 26, we need your help to determine program energy 
savings. Specifically, we need monthly residential customer utility billing recc:-cis from 
January 1988 to the present for a sample of dwellings in your service area that are in the 
DOE weatherization program. The name, address, and telephone number af your State's 
weatherization program manager is in Attachment 2. 

Data requirements for the study of energy savings are explained in Attachment 3 which is 
printed on blue paper. The entire biue attachment should be forwarded to your data 
processing staff. For each address printed in Attachment 3 we need billing records 
covering the time period of January 1988 through the most recent billing period 
June 1991). At a minimtun, we need the following for each record: 

* 
* 

a unique customer account number, 
the consumption for each billing period (e.g., 2150 kWR, or 12 
or, 200 therms), 
the amount billed for consumption during each billing peri 
the meter reading date for each billing period, 
an indication of whether a reading is actual or estimated, and 
an explanation of billing codes. 

In this study, we need to track consumption for a given address or dwelling even if the 
occupants change. Please include the dwelling's billing records for the entire time 
(January 1988 through the present) even if the wcupants of the d w e h g  have ch 
Since the account also may have changed, please include a i l  applicable account numbers 
too. 

If at all possible, we also would like to collect information on the effects of w e ~ ~ ~ ~ ~ ~ ~ o ~  
on arrearages and fuel cutoffs. To analyze such impacts, we need the t 
discussed in Attachment 3. These data include information on: 

customer payment X E C O ~ S ,  
fuel assistance payments, 
fuel cutoffs, and 
participation in forgiveness programs. 

We realize that you may not have all of the data discussed in Attachment 3. If you ~ ~ u l d  
provide as much of it as you can, some analysis of impacts on arrearages will 
possible. The data essential for the analysis of energy savings is, of course, 
critical information for our study. 
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L‘tllity Manager Page 2 July 16, 1991 

Although we can accept the transfer of these records on my medium, it would be TISOS& 
convenient d you can transfer the records by computer tape or diskette. If convenient, we 
would prefer that the data be sent in P,SCI[I or EBCDIC format. If the data are on tape or 
c h d g c ,  please provide a! labeled mcdiurn. A file transfer media f o m  is crac~osed as part 
of At~ichnnesat 3; be s u e  to use this form when transfenkg electronic records. In addition. 
please provide the record format for your data. To meet our project’s deadlines, we need to 
receive the requested infomation by August 26, 1991. The data should be sent to 
Marilyn Brown of Oak Ridge National Labomtory at the address in the $ox below. 

Please include as much of the infomation shown in Attachment 3 as possible for the 
enclosed fist of dwellings. We will analyze the data you provide md send you reports that 
document the results. These reports should be useful to you in plannhng programs for y o u  
low-incarne customers. They also will provide guidance for the DOE’S energy 
policymakers and Weatherization Assistance Program staff. 

The National Weatherization Evaluation includes a study of the persistence of energy 
savings for up to three years after a dwelling is weatherized. We will, therefore, make a 
second request for billing records for the enclosed list of residenrial accounts in 1993 for 
the period. of May 1991 to April 1993. 

If you have my questions, or foresee my D ~ S G ~ G ~ ~ S  to meedrag OUT August 26, 19 
deadline- please contact either the DOE OF the Oak Ridge National Laboratory Project 
Manager. Please: send the data to Oak Edge at the address below. 

D m l l  A. Besclien 
U.S. ~ e ~ ~ ~ ~ n ~  of Energy 

ependence Ave., SW 
Washington, DC 20585 Telqfnonc: (615) 576-8152 
Telephone (202) 586- 1732 FAX: 615-574-4947 

We greatly appreciate your assistance with this impon.int project, 

Endosure: 1. Attac ent One: hntrQductary Letter of April 25 
ent Two: State RQ~EUII Manager Infomatic 

3. Attachment Thee: Data Requiirements @A), Consumption Record S 
Format (3B), List of Dwellings (3C), Reply Form (3D) md File Trarnsf~~ 
Media Form (3E) 

File - RC 



Department of Energy 
Washington. DC 20585 

November 28, 1991 

FLOOlQ 
Vice President, Customer Relations 
Florida Power Corporation 

~ ~ w ~ ~ ~ d v ~ l l e ~  FE 32327 

Dear Vice President, Customer Relations: 

RE: Your Help Obtaining Data for the DOE National Weatherization E v a ~ ~ a ~ ~ ~ m  

Your help is needed to obtain fuel consumption data for the most comprehensive national 
study ever conducted of the effectiveness of the U.S. Department of Energy's Weatherimtion 
Assistance Program (WAP). The national evaluation of the WAP is being conducted by DOE 
with the assistance of Oak Ridge National Laboratory (ON). An executive overview 
National Weatherization Evaluation is enclosed (Attachment 1) along with a list of s e v d  of the 
agencies, utility associations, and regulatory associations that support the evaluation and advised 
us to solicit your help (Attachment 2). The evaluation is being conducted to provide utilitks 
government agencies with information that they need to plan and implement effective energy- 
efficiency programs for low-income residential markets. We believe the evaluation will be useful 

y groups, including the utility industry. 

The evaluation is being implemented with the assistance of many key nafional associations 
serving the utility industry. The Working Group members (listed in Attachment 2) have provided 
advice to us over the past 18 months to ensure that the evaluation meets the needs of their 
constituencies. Successful completion of the project now depends greatly upon your assis 
and we hope that you, like your colleagues in the national associations, will. provi 
this effort. 

In July, DOE wrote to at your utility requesting fuel consurngtion ~ ~ Q ~ a t i o n  on 
a sample of about 18 homes weatherized between April 1, 1989 and March 31, 19 
time we have not received a response to our data request. Would YOU please look into this matter 
for me? Lf the data already have been sent, please: convey our thanks to --- . . If the data 
have not yet been sent ta ORNL., would you please expedite a response. Xn the event that the 
data request package sent in July has been misplaced, please have someone contact the ORNL 
Project Manager, Dr. Marilyn Brown, at (615) 576-8152 (FAX: 615-574-4747) for a replacement. 
We need to have the requested data by December 6 to avoid a major delay in the thee-year 

. -  

StUdY. 

The data your utility provides us will be kept in strictest confidence. Access Os the "raw" 
data which identifies the resident will be limited to staff working on the evaluation for the DOE 
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Vice President Page 2 Novemkr  20, 1991 

and O W L .  Both facilities have restricted public access. Data shared with those conducting 
further analysis will be snipped of all identifiers of individuals ;and specific homes to ensure their 
anonynnity. No infomation regapding specific utilities, irzdividuals, or dwelling units will be 
published i n  any of the evaluation’s reports. The only data we will pubfish ill be aggregate 
statistics that do not allow utilities, individuals, or dwelling units to be singled out. While the 
payment history infomtion would nadce the study’s conclusions mure useful to policpakers. 
it is not vital to the study md need not k provided if the utility feels it is privileged i rdoma~sn  
(Sex Amehment 3)“ 

if YOU have Wiy ¶UeS~ioL’lS. I[ Ca$p b2 E X h  at 202-586-2238. Since we had 
ha@ to meive the d m  from y o u  utility i 
provide the infomation to ORNL, by Dece ? Your utility’s ips i s  viral to the 
succcss of thk hgor tan t  national study. Your support will make i t  possible to provide 
and the utility C 8  
energy-efficiency services to low-income residential markets. Ilf you Rave any que 
foresee any obstacles to meetimg o w  Dece 
or M a d y n  Brown at O N  (at 615-576-8 

o k r ,  would you ple e your staff to 

unity with infomation about the most cost-effective ~ ~ ~ ~ a c ~ ~ s  to 

Sincerely, 

D m d l  A. Beschen 
Evaluation Roject Manager 

,4tuchrnents 
1: 
2: 
3:  

Overview of the National Weatherizatiom E v a l u a t h  
Key Organizations Supporting the Evaluation 
Example of  Fuel Consumption Sample: Format 
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JOHN T. COUGMUN, GOMMlSSIONER 
CHERYL t PARRIM, COMMISSIONER 

6802 Sheboygan Avenue 
P. 0. Box 7854 

Madison, Wisconsin 53707-7854 

Subject: Your Urgent Assistance to Obtain 
Study 

Dear Commission Chair: 

Your help is urgently needed to obtain missing data for the most comprehensive 
national study ever conducted of the effectiveness of low-income weatherization programs. 
Your agency is represented in this study by the participation of two NARUC delegates. 
The study's managers have requested crucial data from utilities in your state, but some of 
this information has not been received. 'This data must be ~btiiined by December 3 
avoid a major delay in the three-year study. 

In May of this year you received a copy of the correspondence that was sent to gas 
and elecsic utilities in your State describing the U.S. Departnnent of Energy's national 
evaluation of the Weatherization Assis 
conducted by DOE with the assistance 
description of the National Weatherization E 
a list of some of the many agencies, utdity 
support the evaluation (Attachment 2). 

government agencies with information rn to plan and implement effective 
energy-efficiency programs for low-in markets. It is the largest (48 states, 
4.00 local agencies, 500 utilities, and 1 
evaluation of this nationwide residential energy ~ ~ ~ ~ ~ t i ~ n  program ever conducted, and 
we believe that it wiU be very useful to many of its constituents, including the regulatory 
community. As your NARUC representatives for this study, we strongly urge YOU to 
support this important study by encouraging the utilities in your State to supply the missing 
energy consumption data The data the utilities provide will make it possible to develop 
information about cost-effective and innovative poaches to pmv g energy-efficiency 
services to low-income residential markets. 

This nationally significant ev utilities, replators, and 

d most comprehensive 

In July, DOWORNL contacted some of the utilities in your State to request fuel 

ta h r n  S Q ~ R  of these 
consumption information on a sample of homes weatherized with WAP funding between 
April 1,1989 and March 31,1990. DQWOR16L has receiv 
utilities, but others have not yet responded or have provided hncrrmplete data (See Attach- 
ment 3). 

The assistance of these utilities is vital to the success of this important national 
study. Would you please encourage the nonresponding utilities Un your State to provide the 
data that were requested? A suggested letter to the Pres wt, CEO, or General Manager of 
nonresponding utdities is enclosed as Attachment 4. We hope yau will send a letter like 
this to the utilities that have not yet responded to the /ORNL, data request. The 
appropriate label from Attachment 3 should be placed on before sending it to each 

B-2.15 Fax No: (608) 266-3957 
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1 

A. DWELLING CHARACTERISTICS AND EQUIPMENT 

A I .  When was the weatherization completed on this dwelling? 

Month (CLR(:I,E YEAR) 1989 1990" 

*Tf this house was not weatherized between April 1, 1989 and March 3 I, 1990, i t  
should not be in the sample and no further information is needed. Plea,- return this 
€om along with the others. 

A2. Is this dwelling a. . . ?** (MANCONE) 

[ ] Mobile/manufactured home 
[ J Single-family detached 
[ 1 Single-family attached (townhouse or rowhouse) 
[ ] Small multifamily (2-4 units) 
[ ] Large multifamily (5  or more units)*** 

**Our definitions of single-family and sinal1 (2-4 unit) multifamily dwelling units are 
the same as those used by DOE'S Residential Energy Consumption Survey (RECS). 
The RECS definitions are given on the accompanying agency infomation form. 

***If this dwelling is part of a large multifamily building, it shoiild not be in the sample 
and no further infomation is needed. Please return this farm along with the others. 

A3. At the time of weatherization, what was the conditioned (heated or cooled) square 
footage of this dwelling? (include the basement only if it is conditioned) 

conditioned square feet 

A$. At the time of weatherization, did members of this household own this home or did 
they rent'! (MARK ONE) 

[ ] Own (buying) 
r 1 Rent 
[ j Occupied without payment 
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A5. At the time of weatherization, what was the one main heating fuel used for 
heating this home? (MAEX ONLY ONE FUEL iN COLUMN A5) 

A6. What supplemental fuels were used to heat the home - -  including those used to 
provide heat just occasionally? Include fuels that ran portable heaters if they were 
used. MAKK ALL THAT APPLY (If none, mark "No supplemental fuels used" in 
Column "Ab" below.) 

A5 A6 
Main Fuel Supplemental Fuels 

[MARK ONLY ONE) [MARK ALL THAT APPLY1 
Gas from underground pipes 
serving the neighborhood. [ I  [ I  
Bottled gas (LPG or Propane). [ I  [ I  
Fuel oil. [ I  [ I  
Kerosene or coal oil. [ I  [ I  
Electricity. [ I  [ I  
Coal or coke. [ I  [ I  
Wood. ,  [ I  [ I  
Solar collectors. [ I  [ I  
Other (specify) 

[ I  [ I  
No supplemental fuels used. [ I  
Don't know. 11 [ I  

. . . . . . . . . .  
. . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  

. . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  

A7. If this household's main fuel is gas or electricity, please provide the name of the gas 
(if any) and electric utility companies that provide service to this dwelling and the 
household's utility account numbers. 

Electric Utility Account Number 

_1__1_ 

Gas [Jtility Account Number 

A8. Which heating system types were used in this home? (MARK ALL THAT APPLY) 

[ ] Ccntsal systems (e.g,, forced air furnace, central gravity furnace, steam boiler, 
hot water boiler, heat pump) 

[ ] Fossil fueled in-space heaters (e.g., wall furnaces, floor funaces, wood, coal, 
kerosene or gas stoves) 

[ ] Electric in-space heaters (e.g.? wall, floor, baseboard, imbedded cable, portable 
[cord coriected]) 

[ ] Both central and in-space 
[ ] Other (specify) 
[ ] Don't know 
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A9. About when was this dwelling originally built? (MNUK ONE) 

[ ] Before 1900 
[ J 1900-1909 
[ 1 1910-1919 
[ I  1920-1929 
[ ] 1930- 1939 

1940- 1949 
1950- 1959 
1960- 1969 
1970- 1979 
1980-1984 
1985 or later 

A1 0. Does this dwelling have central air conditioning equipment ? (MAKK ONE) 

A1 I. How many wall or window unit air conditioners does it have? (MARK ONE) 

[ 1 None 
[ I  1 
r 1 2  

[ 3 4 or more 
[ 1 Don’t know 

r 1 3  

B. OCCUPANT CHARACTERISTICS 

B 1. Please indicate the total number of persons living in this house at the time of 
weatherization and the number who were elderly or handicapped. 

Total number: 

Number of elderly: 

Number of handicapped: 

B2. What was the household’s income on the application form at the time when its 
eligibility was verified for the services it received in the 1989 program year? 

B-3.5 
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C. WEATHERIZATION MEASURES INSTALLED 

Please check any of the measures listed that were installed in this dwelling. Indicate 
whether they were installed by in-house crew or contractor. If measures that are not listed 
were installed, please describe them in the appropriate “Other” category. 

Installed by: 
In- house Contractor 

crew 
C 1. Insulation 

Attic Insulation (installed for the first time). . . . . . . . .  [ I  [ I  
Attic Insulation (added to existing insulation). . . . . . .  [ I  [ I  
*Wall Insulation (normal technique). [ I  [ I  
*Wall Insulation (high-density technique). . . . . . . . . .  [ I  I 1  
Floor Insulation, [ I  [ I  
Rim or Band Joist Insulation. [ I  [ I  
Other Envelope Insulation. [ I  [ I  

. . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  
(Specify: ......... 

*The “normal technique” for installing wall insulation is characterized by blowing 
cellulose or fiberglas insulation into exterior wall cavitites to average densities using a 
two-hole, gravity-blow installation method. The “high-density technique” is 
characterized by blowing cellulose insulation into extcrior wall cavities to high densities 
using a one-hole, tube-fill installation method, Under the “high-density technique,” 
special attention is focused on sealing air leakage sites while insulating the walls; air 
bypasses are identified during the installation process and sealed by plugging the air- 
leakage pathways with cellulose. 

C2. Air Leakage Control 
. . . . . . . . . .  General Caulking and Weathersrripping. [ I  [ I  

Air Sealing, emphasizing bypasses with [ I  [ I  
Air Sealing, emphasizing bypasses without [ I  [ I  
Distribution S ys tern. [ I  [ I  
Other Infiltration Reduction. [ I  [ I  

(door and window) 
. . . . . . . . . .  

blower door testing 

blower door testing 
. . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  

(Specify: I - 
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Installed by: 
In-house Contractor 

crew 
C3. Water Heating System 

Water Heater Tank Insulation. . . . . . . . . . . . . . . . . .  [ 1 [ I  
Entire Water Heating System Replacement. . . . . . . . .  [ ] c1 
Pipe Insulation. . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ ] [ I  
Low Flow Shower Heads. . . . . . . . . . . . . . . . . . . .  [ 3 c1 
Temperature Reduction. . . . . . . . . . . . . . . . . . . . . .  [ ] [ I  
Other Water Heater Measures. . . . . . . . . . . . . . . . . .  [ I [ I  
(Specify : 

C4. Structural Repairs (full or partial) 
Attic Ventilation. . . . . . . . . . . . . . . . . . . . . . . . . . .  [ ] 
Roo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Doors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 3 
Replacement of Doors. . . . . . . . . . . . . . . . . . . . . . .  [ ] 
Windows/Gliazing . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Rephcement of Windows. . . . . . . . . . . . . . . . . . . .  [ 3 
Walls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Floor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Other Structural Repairs. . . . . . . . . . . . . . . . . . . . .  [ ] 

(Specify: 

C5. Windows and Doors 
Storm Windows (How many? ) . . . . . . . . .  [ I  
Storm Doors. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 3 
Window Films or Shades. . . . . . . . . . . . . . . . . . . .  [ I  
Other Window or Door Treatments. . . . . . . . . . . . . .  [ I 
(Specify: 

C6. Mobile Home Measures 
Vapor Barrier. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Underpinning/Skirting. . . . . . . . . . . . . . . . . . . . . . .  [ I  
Cool Seal (on roof). ........................ [ I  
Other [ I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(Specify: 

c 1  
[ I  

................. 



Installed by: 
In-house Contractor 

crew 
C7. Space Heating System 

Clean and Tune-up.. . . . . . . . . . . . . . . . . . . . . . . .  [ I  [ I  
Entire Heating System Replacement. . . . . . . . . . . . . .  [ ] [ I  
Set-back Thermostat. . . . . . . . . . . . . . . . . . . . . . . .  [ I  [ I  
Heating System Component Retrofits. . . . . . . . . . . .  [ I  [ I  
(Specify: ... ) 

Safety Problem Fixed, . . . . . . . . . . . . . . . . . . . . . .  [ I  [ I  
(Specify: 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  Repairs. [ I  
(Specify: 1 
Other Heating System Modifications. . . . . . . . . . . . .  [ I  [ I  
(Specify: 

CS. Space Cooling System 
Tune-up. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Entire Air-conditioning System Replacement. . . . . . .  [ I  
Fans Installed or Replaced. . . . . . . . . . . . . . . . . . . .  [ I  
Set-back Thermostat. [ I  
Other Cooling System Modifications. . . . . . . . . . . . .  I 1  

(e.g, cleaning, controls adjustment, filter replaced) 

. . . . . . . . . . . . . . . . . . . . . . .  

(Specify: 

C9. Other Health and Safety Repairs or Improvenients 
. . . . . . . . . . . . . . . . . . . . . . . . .  Smoke Detectors. [ I  

Radon Testing. [ I  
Caxbon Monoxide Testi.ng. [ I  
Other [ I  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(Specify: 

[ I  
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Selection of Measures 
D I .  Please check the type of procedure that was used to select the measures that were installed 

in this dwelling in the 1989 program year. (CHECK N.1, TIL4T APPLY) 

[ 3 Envelope measures were selected using a priority or prescribed list of measures 
[ ] Envelope measures were selected using a decision approach or scoring (calculation) 

[ ] Envclope measures were selected based on an analysis of energy savings per $ invested 
[ ] Space-heating systcm measures were selected based on physical characteristics or a 

[ ] Spacc-heating system measures were selected using a decision approach or scoring 

[ ] Space-heating system measures were selected based on an analysis of energy savings 

[ ] Selection of envclope and space-heating system measures was made simultaneously 

[ ] Other measure selection procedures. Specify: 

developed for each house 

standard approach 

( c ~ ~ u 1 a t ~ ( ~ n s )  based on operating performance 

per $ invested 

under one approach rather than separately using two distinct procedures. 

Use of Diagnostics 
D2. Please check the type of diagnostic procedures that were used in this dwelling in the 

1989 program year. (CI-IECK ALL, TI~AT @pt,y) 

[ ] Blower door testing was used to find leakage areas for sealing 
[ 3 Blower door testing to measure air leakage rates 

[ ] Distribution system diagnostics were used to find leakage areas for sealing 
[ 1 Distribution system diagnostics were used to determine system balancing 
[ ] Infrxed scanning was used 
[ ] Indoor air quality testing was used 
[ J Heating system efficiency testing was used 
[ ] A heating sys tm safety inspection was conducted 
[ ] Other diagnostic procedures. Specify: 

lower door testing was used to determine when to stop work using cost-effective- 
ness guidelines (not minimum ventilation guidelines) 

Quditv Control 
D3. Please indicate thc type of quality control inspection this house received in the 1989 

program year. (CHECK ALL THAI APPLY) 

[ ] A visud quality control inspection after weatherization for envelope measures 
] A quality control inspection after weatherization for cnvelope measures that used 

[ ] A quality control inspection aiter weatherization for envelope measures that used 

[ ] A visual quality control inspection after weatherization for heating system measures 
[ ] A quality control inspection after weatherization for heating system measures that 

[ ] Other quality control procedures. Specify: 

blower door testing as a diagnostic tool 

infrared scanning as a diagnostic tool 

used diagnostic tools such as combustion efficiency testing 
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E.  COSTS: MATERIALS, LABOR, 1NSFAELL4TION OVERHEAD AN 
PROGRAM MANAGEMENT 

Definitions and Instructions 

If a job is crew-based, supply the materials costs (Question E l )  and calculate the 
direct labor costs (Question E2). If a job is contractor-based, supply the materials costs 
(Question E l )  and the total installed costs (Question E3). If both crews and contractors 
worked on a house, complete all three questions (Questions El ,  E2, and E3). If you need 
further insmctions, please see the instructions in the agency infoonnation form. 

Figure 1. Program Cost Categories 

I Total Program Cost I 

L 

................ 
................. 

.................. 

Costs 

-- Direct Labor 

-- Direct Materials 

\ -- Vehicles 

-- Field Supervision ) 1 
c -- Insurance 0 

23 - 
- ...................................... 

-- Contractor Profit / 
........................................................................................................... 

-- Intake and Eligibility 

-- Audits and Assessment 

-- Firial Inspections 

-- Contractor or Crew Management 

-- Program Admixlnstration 

-- Program Evaluation 
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El: BREAKDOWN OF MATERIALS COSTS 

In the chart below please fill in the crew-based and/or contractor-based materials cost of the 
measures that were installed in this dwelling in tRe 1989 program year. Do not include 
labor, administrative or orcxram suomrt costs herc. Do include costs covered by all 
sources of funding (i.e., PVE, LIMEAP, or utilities). If you cannot provide the costs by 
mcasurc, just enter the materials cost in the box at the bottom. 

lnsu lation 

attic 

Crew-Based 
Materials 

Casts 

wall $ 

other $ 

Air Leakage Control $ 

Water Heating System Measures $ 

Structural Repairs $ 

Windows and Doors $ 

Space Heating System 

retrofit 

replacement 

Space Cooling System 

retrofit 

replacement 

Other 

Cont ractor-Based 
Materials 

costs 

$ 

Crew-Based Contractor-Based 
Total Materials Total Materials 

Costs Costs 

B-331 
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E2, CREW-BASED INSTALLATION COSTS 

Directions: Please fill in the number of crew hours for this housc from information in your files. 
Provide your best estimate of the average hourly rate for your crew and multiply this 
by the number of hours to produce an estimate of the direct labor costs. 

Direct Labor x -..--. "L 
u m k r  of crew Average Izo-urly 

rate 
Direct Matei-ials 

0 

Vehicles 

Travel Time 

Equipment 

Field Supervision 

Insurance 

Training 

E3: CONTRACTOR-BASED 1NSTALLATION COSTS 

Directions: Please fill in the total installation cos&* billed by contractors for thish-. This 
should include dl the cost categories listed above plus the contractor's profit. 

Total histalled Cost $ .- 

F. FUNDING SOURCES 

F1. What percentagc of the funds spent on this house were funds from DOE'S WAP? 

F2. i€ funds from non-DOE sources were used, were they all used according to DOE guidelines? 

B-3.12 



Agency id #, contact, address, and telephone number: 

NATIONAL 
WEATHERIZATION 

EVALUATION 

AGENCY INFORMATION FORM 

When you finish filling out this form, the dwelling-specific forms, 
and the waiting list forms, ptease estimate the amount of staff 

time it took to complete them. 

hours 
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AGENCY INFORMATION FORM 

A. Please provide the name(s) and telephone numbers of staff niember(s) completing these 
forms, jus t  in case we have any questions about the answers. 

Phone #: 

B. COST DEFINITIONS AND INSTRUCTIONS 

There are two types of forms included in this package: this form (the Agency 

Figure 1 on page 2 provides background information far completing questions E l  

Information Form) and a Dwelling-Specific Form for each dwelling in the random sample, 

to E3 of the Dwelling-Specific Form and for completing the information on installation- 
related overhead and program management costs on pages 3 and 4 of this form. 

The total cost of a program can be divided into installation costs and program 
management costs (Fig. 1). Total installation costs include the costs of materials, direct 
labor and overhead expenses that are directly related to the installation process, such as the 
costs of vehicles, travel, equipment, insurance, field supervision, and training. When 
contractors deliver services, these installation overhead expenses are included, along with a 
profit, in the charges made for ajob. When agency crews do the work, some of the 
installation overhead expenses may not be tracked directly on a per-house basis. As a 
result, there are separate questions for crew vs. contractor installation costs on both of the 
forms. 

If a job is crew-based, supply the materials costs (Question E l  of the Dwelling- 
Specific Form) and calculate the direct labor costs (Question E2 of the Dwelling-Specific 
Form). If a job is contractor-based, supply the materials costs (Question El)  and the total 
installed costs (Question E3). If both crews and contractors worked on a house, complete 
all three questions (Questions El ,  E2, and E3 of the Dwelling-Specific Form). 

Both crew-based and contractor-based programs should estimate an average 
program management cost per house weatherized (Question C1 on this Agency Information 
Form). The program management cost should be calculated by subtracting the total 
installation costs (labor + materials + installation-related overhead) for all houses 
weatherized in PY 1989 from the total agency budget (in PY 1989). The total program 
management cost should then be divided by the number of houses weatherized (in PY 
1989) to produce an average per-house program management cost (Question Cl). This 
estimate only needs to be recorded on the Agency Lnformation Form because it will be the 
same for all houses. % 

If your agency has any crew-based jobs, the average per-house cost of installation- 
related overhead expenses should be estimated (Question C3 on this Agency Information 
Form). To do this estimate, your agency's costs for vehicles, equipment, liability 
insurance, training, travel time, field supervision and any other installation-related expenses 
in the 1989 program year (PY) shouid be summed and then divided by the number of 
homes weatherized in the 1989 program year. You only need to record your estimate of the 
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average per-house cost of installation-related overhead expenses once on the Agency 
Information Form because it will be the same for all houses. 

We realize that different agencies track costs in different ways. Please just use your 
best judgement in estimating the average installation-related overhead and the average 
program management expenses. The dwelling-specific records of materials costs, crew- 
based labor hours, and contractor's total installed costs that are in your files should be 
coded onto a Dwelling-Specific Form for each house in the sample. 

I Total Program Cost I 

...... 

....... 

*UT-- ~,--.,--,-~~-~~~.-~~. . .." 
...................................................................................... 

-- Direct Labor 

-- Direct Materials 

-- Vehicles \ 
-- Travel Time 

-- Equipment 

-- Field Supervision 

C 
0 

.... * ................. ~ ............................ Y .................. 

-- Insurance 

-- Training 

-- Contractor Profit / 

0 
a" 
3 
3 

Ffs 
3 

8 

............... 

Figure 1. Cost Categories 

-- Inntake and Eligibility 

-- Audits m d  Assessment 

-- Find Inspections 

-- Contractor or Crew Management 

-- P ~ 9 g m  Adnlinistsation 

-- Program Evaluation 
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'Total Program 

Costs 
Management 

C. AVERAGE AGENCY PROGRAM MANAGEMENT COSTS AND 
INSTALLATION-RELATED OVERHEAD 

C1. AVERAGE PROGRAM MANAGEMENT COSTS 

*$ 

Total Program Costs for PY 1989 $ 

r**Divide the total program management costs €or PY 1989 
by the number of houses weatherized in PY 1989. 

- Total Installation Costs* for All 
Houses Weatherized in PY 1989 s i ,  

*Add all direct materials costs, labor costs, and installation- 
related overhead together to obtain this cost figure. 

Average per house** $- 
program management cost 

C2. Some program management costs (such as client intake and eligibility checks, OT 
office space and expenses) may be absorbed by other programs or agencies (e.g., 
LPHEAP, Councils on Aging). What percentage of your program management costs 
would you estimate are absorbed by other programs or agencies? 

% 

- 

B-3.27 



4 

Installation L I cost 

-- Direct I-abr 

-- Direct Materials 

Field Supervision 

Vehicles 

Travel Time 

Equipment 

XnsuTarlce 

-- Training / 

---* =L 
Average per house 
instdlatim-relatd 

overi1ead 

D. HOUSING TYPE DEFINITIONS 

[A] single-family housing unit [is] a structure that provides living space for one 
e structure may be detached, attached on one side (semidetached), 
Attached houses are considered single-family houses as long as or attached on tw 

the house itself is not divided into more than one housing unit and has an indepcndcnt 
outside entrance. A single-family house is contained within walls &hiat go from the 
basement (or grou~ld floor, if there is no basement) to the roof. 

[A] house or building with two to four housing units is a structure that is divided 
into living quarters for two, three, or four families or households. This category also 
includes hauses originally htended for occupancy by one family (or for some other use) 
that have since k e n  conv to separate dwellings for two to four families, Typical 
arrangements in th living quarters are separate aparttnents downstairs and 
upstairs, or one ap t on each of three or four floors. 
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APPENDIX B-5 

SAMPLE WEIGHTING PROCEDURES 





ORS OF TOT s 

This note gives a brief description of details for construction of s a m p ~ i ~ ~  weights (or ion 
factors) and estimators of totab and means for the WAP Single-Family  sa^^^^ data. 

There are 60 (=IS Subregions X 6 CAP Categories) strata. What follows is a brief  ti^^ 
of the ~ ~ ~ ~ u t ~ t i ~ n  of sampling weights (or expansion factors) for stratum 11 (kV ~ ~ b ~ e ~ ~ ~ ~  = 1 and 

Category = 1) sample data. 

The number of CAPS in stratum 11 is N,,=10- 

The number of responding CAPS in stratum 11 selected F Q , ~  
the random sample of CAPS is nll=5. 

Now, each of the responding n11=5 CAYS selected for the sample has three types of 
interest: 

E for electric, 
G for gas, and 
0 far other. 

selected for the sample where i=1, 2, 3, 4, 5 (= n,,), let 

M,,, = the total number of "electric' homes in the sample C 

= the total number oE "gas" houses in the r* sample CAP fronts sbr 

MI,,, =; the total number of "other" howa in the r* sample CA 

each sample CAP has three types of homes and inde 
selected horn each type. Let 

rJliE = the number of sample "electric" houses in the ih sample C for stratum 11 far 
have reported data, 

rlliG = the number of sample "gasn houses in the i* sample CAP for stratu 
have remrted data, and 

rllja = the number of sample "other" hauses in the i' sample 
ave reported data. 

The following sample weights are suggested for the houses in stratum 11. 



Type of House Heating System 
Stratum 11 
Sample CAP 

1 

2 

3 

E1CGtL-k Gas Other 

The above steps leading to the sampling weights in. the table for stratum 11 are to be repeated 
for each of the remaining 59 strata. 

NOTE!!: ( i )  The weights reflect the way in which the sample of houses was selected and lead 
to unbiased estimators of totals and means, assu 
houses are similar to the respa 
CAPS, t h m  a simple random s 
sample CAP5 is selected. In general, the fo 

houses. First a simple rand 
of houses from each type of 

of the sampling weight is 

where !! raises the reported house data to the sample C 

the data from the sample CAP level to the stratu 

level and raises 
9 n 

(ii) Ttne sampling weights are adjusted for monrapme, and they also reflect different 
s ~ ~ ~ ~ ~ n g  rata .  

(iii) Qwe set of weights is n 
of weights is needed for the data supplied by the utilities. 

d for the data supplied by the CAPS, and amcather set 

Estimates of totals and means can be easily obtained, Lt3t Y be a variable for which we want 
fss the estimates of the total of the Ys, denoted by Yr,, and/or the mean of the Ys, denoted by 

houses in the entire universe with a certain characteristic, say C. 

2 
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1. To estimate the number of houses in the entire universe with characteristic C, we sum the 
sampling weights of all the sample houses with the characteristic C. 

i.e. Mc = C - M . M =  w 
rLlcIkpa ?l r dlcBoorm 

2. To estimate the total value of Y TC for the houses in the entire universe with characteristic C, we 
use 

3. To estimate the mean value Fc for the units in the entire population with characterktic C, we. 
use 

Examples of C include: 

(i> C all gas houses 
(ii) 
(iii) 
(iv) 

C - all electric houses in Subregion 1. 
C - ail houses in Region 2. 
C = all gas houses in CAP Category 3. 

T. Wight (6-2523) 
Mathematical Sciences Sation 
Oak Ridge National Laboratory 

January 20, 199'2 

3 
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APPENDIX C 

SUPPLEMENTAL TABLES FOR CHAPTER 3 





Table C.1 Definition of Terms for Developing Weights 
for the Dwelling-Specific Data 

............... Number of local weatherization agencies in Universe 

............... Number of local weatherization agencies in Sample (n=361) 

............... Number of local weatherization agencies responded 

............... Number of gas heated dwellings in universe 

............... Number of gas heated dwellings in sample 

............... Number of gas heated dwellings responded 

............... Number of electric heated dwellings in universe 

............... Number of electric heated dwellings in sample 

............... Number of electric heated dwellings responded 

............... Number of other fuel heated dwellings in universe 

............... Number of other fuel heated dwellings in sample 

............... Number of other fuel heated dwellings responded 

............... Number of dwellings with missing main heating fuel data 

............... Gas heated dwellings weight 

............... Electrically heated dwellings weight 

............... Other fuel heated dwellings weight 

c. 1 
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Table C.2 Weights for the Dwelling-Specific Data, By Agency (cont'd) 
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Table C.2 Weights for the Dwelling-Specific Data, By Agency (ront'd) 
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Table C.2 Weights for the Dwelling-Specific Data, By Agency (cont'd) 
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Table C.2 Weights for the Dwelling-Specific Data, By Agency (cont'd) 
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Table C.3 ~ ~ i s ~ ~ ~ b ~ ~ ~ ~ ~  of‘ W A ~ ~ ~ ~ r t i c i p ~ ~ ~  Homes and WAP-Eligible 
Homes by Climate Region 

1 These figures were provided by Response Analysis from the 1990 Residential Energy 
Consumption Survey (RECS). Eligibility for WAP was defined as 125% of the federal 
poverty income guidelines. 

e C.4 Age of Dwelling and Square Footage of WAP-Participant Homes 
and WAP-Eligible Homes in the U.S. 

1 These figures were provided by Response Analysis from the 1990 Residential Energy 
Consumption Survey (RECS). Eligibility for WAP was defined as 125% of the federal 
poverty income guidelines. Square footage is defined by RECS to include “heated” square 
feet of  living space, while the Single-Family Study defined it as “conditioned” square feet of 
living space. ‘The former wodd not include cooled space, while the latter would. 

c. 17 



Table C.5 Income Distribution of WAP-Participant and WAP-Eiigible 
Households in the U.S. 

These figures were provided by Response Analysis from tlre 1990 Residential Energy 
Consumption Survey (RECS). Eligibility for WAP was defined as 125% of the federal 
poverty income guidelines. 

C.18 



APPENDIX E 

SUPPLEMENTAL TABLES FOR CHAPTER 5 







Tabk E.2 Weights for the Energy Consramption Data, 
by Agency 
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Table E 2  Weights for the Energy Coi-nsulnlption Data, 
by Agency 
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Table E.2 Weights tion idata, 



Attrition bias was analyzed by comparing the characteristics of dwellings for which ei 

saviilgs estiiuates were available with dwellings for which there were no savings estimates. 

Clharactcristics were chosen which tend to be conelated with eoncrgy savings. These pertain eo 
dwelling features and rates of installation of weatherization measures. 

Gas- and electrically heated dwellings were examined separately, and the dwelling-specific, 
data weights for each fuel type werc used, The results are provided in Table $2.3. Several significant 
differences between dwellings with and without consumption data are identified, indicating the 
existencc of systematic differences in response rates. While iriany differences are statistically 
significant, they are generally small in magnitude. In addition, consumption weights were created to 
correct for differential response rates across climate regions and agcncy size; thus, some of tire 
differences identified in Table E.3 may not lead to bias in the final energy savings estimates. 

Table E.3 S ~ Q W S  that gas-heated dwellings with savings estimates tend to be newer, with more 
central heating, and more srapplcmental heating fiicls. There i s  also a higher proportion of small 
muPLifdnrily dwellings among this group, and a slightly smalkt proportion of mobile homes. Overall, 
the gas-heated dwellings with savings estimates tcndcd to receive fewer weatherization measures 
(including air leakage measures, insulation, and water-heater measures) than the other dwellings. On 
the elhcr hand, they received more windows and doors. 

Elcctrically heated dwellings with savings estimates tend to be older, with fewer central heating 
systcmy, and lens air conditioning. As with ilne gas-heated dwellings, there is a higher proportion of 
small multifamily dwellings amoaag this group, and a smaller proportion of mobilc homes. Unlike 
thc gas-heatcd dwellings, clectricaily Inaakd dwellings with savings estimates tended to receive more 
weatheiizatisn measures than the other dwellings. The only exception is mobile home measures and 
spice-hcating system measure's, which were installed at a l o w ~ s  ratc among the electrically heatcd 
dwellinp wilh coiisumyliora data. 



Table E.3 Attrition Analysis' 

55.6*** 61.3 
l.S*** 1.8 

33.5""" 18.6 
9.2*** 18.0 

1 Chi-square statistics were used to test the significance of differences between dwellings with energy c ~ ~ ~ u ~ ~ ~ ~ ~ ~  
data and dwellings without consumption data. The numbers in each column represent the pewratage of dwdlings 
with the characteristic, using the dwelling-specific weights shown in Table E.2. 

* arid *** indicate that the two groups of dwellings an: significant difteretent, at the 0.05 and 0.001 level, 
respcctivel y. 
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.......... 

0.93 
(0.68) 

0.86 
(0.57) 

0.75 
(0.53) 

0.74 
(0.54) 

E-Ieatimg 

(ecf/””F Day) 
Slope 

0.2.0 
(0.04) 

0.17 
(0.03) 

0.16 
(0.03) 

PIT - 
Weatherimtion 

-. ............. 

Yost- 
Weatherization 

....... ..- .I-.____-<-_I_- 

a Nambcrs in parentheses are standard errors. 

8.16 
(0.03) 

1032 
(27 5 )  

$124- 
(247) 

87 I 
(202 j 

R2 

0.83 
(0.003) 

0.84 
(0.003) 

0.84 
(O.OS4j 

0.85 
(0.004) 

63.2 
(9.4) 

63.3 
(30.8) 

63.4 
(8.2) 

63.2 
(8.6) 
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Table E.5 Mean Values fur Weating- eters 
for ~ ~ ~ ~ ~ r ~ c ~ ~ ~ y  

I 
Weatherbed Group 

(N=385) 

Pre- 
Weatherization 

Post- 
Weatherization 

Weatherization 

Post- 
Weatherization 

4.9 
(3.5) 

4.9 
(3.3) 

5.2 
(3.5) 

4.9 
(3.4) 

Heating Slope 

1.9 
(0.5) 

1.7 
(0.5) 

1.9 
(0.6) 

1.7 
(0.5) 

4538 
(3 806) 

4683 
(2893) 

4295 
(4136) 

433 1 
(44 87) 

0.67 
( 3 2 )  

0,53 
(0.32) 

0.64 
(0.32) 

62.7 
(12.9) 

62"O 
(4 1.6) 

62.8 
(323) 

63.8 
(27.1) 

a Numbers in parentheses are standard errors, except in the column cfC '?'s where the nannabers in 
parentheses are standard deviations. 
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Table 113.6 Mean Values for Coolin 
for Electrically Cooled Dwellings" 

I'rc- 
Weatheri mtion 

Coiitm! Group 
(N:;:4 1) 

......... " .__I..............._.....I 

Pre- 
W eaeheri ziti 011 

Post- 
Weatherization 

5.1 
(1.8) 

5.8  
(2.1) 

4.7 
(1.9) 

4.9 
(2. I )  

Cooling Slope 
(kWh/"F Day) 

2.8 
(1.5) 

2.4 
(1.7) 

2.7 
(2.1) 

Elwwicity 1Jse 
For Space 
CssXing 

2933 
(467) 

3134 
(523) 

2460 
(623) 

R* 

0.69 
(0.35) 

0.7 1 
(.27) 

43.8 
(3.0) 

75.2 
(4.0) 

74.0 
(6.2) 

76.4 
(4.5) 

a Numbers an parentheses are standard cnors, excepE in the column of R2's where the numbers in 
pareniheses are standard deviations. 



Table E.7 Mean Values for ea ting-an d-Coolli 
ted and Cooled for Electrically H 

Intercept 

L 

7.5 
(9.1) 

6.5 
(15.4) 

18.5 
(14.3) 

Y 

23.0 
(26.3) 

19.5 
(39.4) 

6.5 
(2.6) 

4.5 
(26.3) 

2.7 
(3.5) 

kWh Use 
For Space 
Heating 
( k W  

4732 
(5199) 

4888 
(3282) 

3234 
(5283) 

3952 
(9273) 

kWh use 
For Space 
Cooling 
WW 
YW) 

2159 
(1835) 

3078 
(1978) 

Y " '  ' ' ' ' ' I  

2303 
(225 I )  

3939 
(5037) 

62.1 
(4 1.4) 

Coding 

7 1.3 
(8.2) 

67.8 
(8.8) 

70.9 
(9. .I> 

78.8 
(8.6) 

a Numbers in parentheses are standard errors, except in the column of 
parentheses we st;mdard deviations. 
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Table F.l  Incidental Repairs, Structural, Health, and Safety Measures, 
by Climate Region (weighted)l 

13.0 
7.2 
4.8 
3.4 

86.8 
48.1 
34.4 
37.0 
38.0 
21.6 
16.2 

36.3 
32.4 
5.5 
3.2 

27.2 
15.0 
10.9 
8.9 

87.8 
49.8 
57.8 
46.3 
22.7 
31.1 
15.1 

5.9 
1.8 
0.0 
4.6 

9.4 
7.5 
3.0 

0.5 
0*3 
0.2 

1 Values in the table are the percent of dwellings in which a measure was installed. All of the 
measures differ significantly across climate regions at the 0.881 level, based on Chi-square 
tests. The table is limited to measures that were installed in at least 2% of the homes 
weatherized during PY 1989. 

F-2.1 



Table F.2 Incidental Repairs, SCs CtUirfP1, Plealth, d §afety Measures, 
by Primary I-Icating Fuel (weight 

1 Values in the table are the percent of dwellings in which a measure was installed. All of the 
measures differ significantly across fuel types at the 0,001 level, based on Chi-square tests. 
The table is limited to measures that were installed in at least 2% of the homes weatherized 
during PY 1989. There are 37% missing observations. 
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Table F.3 Incidental Repairs, Structural, Health, and Safety Measures, 
by Dwelling Type (weighted)l 

1 Values in the table are the percent of dwellings in which a measure was installed. All of the 
measures differ significantly across dwelling types at the 0.001 level, based on Chi-square tests. 
The table is limited to measures that were installed in at least 2% of the homes weatherized 
during PY 1989. There are 122 missing observations. 



Table FA Incidental Repairs, Strustural, Health, and Safety Measures, 
by Agency Size (weighted)’ 

10.2 
5.5 
4.2 
1 .s 

83.7 
45.1 
27.4 
32.0 
35.9 
14.1 
18.8 

25.19 
23 “7 
7.3 
0.4 

9.6 
8.4 
2.2 

1 Values in the table arc: the percent of dwellings in which a measure was installed. All of the 
measures differ significantly across fuel types at the 0,001 level, based on Chi-square tests. 
The table i s  limited to measures that were installed in at least 2% of the homes weatherized 
during PY 1989. 
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APPENDIX F’-2 

WEIGHTED ANNUAL DOLLAR VALUE OF ENERGY SAVINGS 
FOR ALL FUEL TYPES 

17.3 5.90 102.07 51.65 
-~ 

15 1.42 

~ 

13.63 22.4 6.76 

8.99 6.76 

10.29 

128.44 

158.47 

19.0 

15.4 21.08 

22.4 1 13.20 6.2 138.94 

43.25 16.2 2.5 1 

3.68 

0.63 

2.67 

7.24 115.12 15.3 

16.9 

15.3 

2.67 45.12 

5.92 90.58 0.18 

6.89 115.55 

* Source of fuel prices: EXA (1001a). 

F-2.5 





APPENDIX G 

SUPPLEMENTAL TABLES FOR CHAPTER 7 





Table G.1 Average Materials Costsa of Weatherization Measures, 
by Climate Region (weighted) 

585 600 585 
7 

25 22 148 155 26 82 14 

185 32 

94 16 

98 17 

89 15 

87 23 15 

161 21 28 

128 20 22 

3 1 7 

2 
- 

5 

5 1 

46 8 

a Includes costs of zero when the measure is not installed. 

b Includes space-heating replacements and retrofits. 
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Table G.2 Average Materials Costsa of  Weatherization Measures 
Installed, by Primary Heating Fuel (weighted) 

147 I 25 

168 I 28 

81 I 14 

23 I 4 

1 9 1  

a Includes costs of zero when the measure was not installed. 

Includes space-heating replacements and retrofits. 

G.2 



Table G.3 Average Materials Costsa of Weatherization Measures Installed, 
by Type of Dwelling (weighted) 

457 594 

19 123 23 

30 36 23 

18 20 95 173 29 

20 94 I 16 22 53 

6 31 I 68 11 141 30 5 

2 6 2 1 11 

1 10 4 62 I 10 2 2 

a Includes costs of zero when the measure was not installed. 
Dwellings in two- to four-unit buildings. 

C Includes space-heating replacements and retrofits. 

(3.3 



'X'able G.4 Average Materials Cost9 of Weatherization M~asures 
Installed, by SiM of A g e n c y ~  (wt2ighted)l 

586 

138 

134 

129 

116 

36 

9 

24 

24 

23 

22 

20 

6 

1 

4 

.,..-..- 

a Iraelrad~s costs of zero when the measure was not installed. 

Large agencies weatherked 400 or more dwellings in PY 1989, mediilim 101-399, and s r i~dl  
less than 100. 

C Includes space-heating replacements and retrofits. 



Table G.5 Indicators sf Substandard Housing, 
by Census Region 

Source: American Housing Siiwey for the United St~ztm in 1989 (US. Department of 
Commerce), H150/89, July 1991. 

1 Table 3-4. 
2 Table 3-7. 

Table 2-1. 
4 Numbers are percentages based on the entire sample of dwellings surveyed by the 1989 

American Housing Survey. Similar statistics are not available for the subset of ~ w ~ ~ ~ ~ ~ ~ s  
occupied by low-income persons. 



l'abk G.6 Average Total Pnsta!!ation and L4abor Costs pcr Dwelling, 
by Type of Labor and Climate Regioii (weighted) 

(n = 1,565) 

832 
10 

292 
____I 

(n = 1,142) 

1,303 

584 

(m = 862) 

1,235 

503 

(n = 1,016) 

766 
9 

287 

(n = 1,280) 

1,075 

438 

(n = 201) 

945 

23 1 

ilic'ludes indteerials lalxw, contractor 13lrofit, and installation-related overhead 
ifidrides l a h i ,  contractor profit, and installatiori-related ovelhead 

d This is calculated as the difference between the average total installed cost for mixed labor jobs 
anti thc wcmgc matcrinls cost (Table 7.1). It includes installation-related overhead costs m e  
contracts! profit. 
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Electricity 

(n -- 506) 

674 

10 

243 

(n = 379) 

1,102 

499 

(n = 132) 

1,509 

636 

(81 = 1,510) 

$90 

10 

337 

(n = 1,529) 

541 

(n = 565) 

1,303 

554 
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Tnbk G.8 Average Total PPrs%allatinn and &ail.sor Costs per Dwelling, 
by Dwelling Type 

817 

10 

266 

(n = 677) 

1,036 

45 1 

(n = 3'76) 

1,169 

442 

(n = 71) 

760 

10 

194 

(n = 85) 

1,486 

638 

(R = 19) 

1,105 

349 

(il = 445) 

7777 

12 

335 

(fl =. 518) 

1,186 

528 

(n = 209) 

1,133 

5 17 

inchdes rnatsrids, labor, eonZactor profit, and installation-re-tated overhead 

includes l a h ,  contractor prufit, and installation-related overhead 
d this  i s  calculated as the differmice between rhe average total iristallled cost for mixed l a h r  jobs 

and the average materials cost (Table 7 .  I). It includes installation-r~l3eed overhead costs anc 
CZ.%Pt'aC&(Pr profit. 



(n = 2,886) 

813 

11 

323 

(n = 3,085) 

1,172 

518 

(n = 2,319) 

1,208 

527 

_ . ~ - _  _.....,.......... 

SnaX 

(n = 723) 

80 1 

9 

319 

(n = 651) 

1,147 





APPENDIX H-1 

BENEFITEOST ANALYSIS BASED ON WEIGHTED ESTI 
OF THE LIFETIMES OF MEASURES 





ENEFITKOST ANALYSIS jey 
OF THE LlFET 

Some energy conservation mcasurcs (EC s) produce savings for only a few years 
(e.g., caulking around window kames, or furnace cleaning and tune- ups), whilc other5 
(e.g.., insulation or furnace replacements) may save cnergy [or 20 or more years. For convcnicnce, 
~ e ~ e ~ ~ t ~ c o ~ ~  ratios are typically calculated by assuming an average lifctimc: lhar 1 ~~~~~~~~~~~~~~~ 

measures installed by a program. The question of what average lifcti e to assum in a ~~~~~~~~~~t 

calculation for tlic measures installed by the WAP in PY 1989 was resolved by taking into account thc 

following infomiation: 

* the frequency of installation of various packages of measLms, 

the avcragc lifetimc of the ECMs includcd in each package, and 

the measured gas savings of each packagc. 

The development of a rcalislic assurnc average lifetime (which was weighted 00th by Ohc 
frequency of installation of packages of ECMs and by their rneasurcd savings) for %he PY 1989 
program mpired several steps: 

1) Available literature was consulted about the expected lifctinies of the ECMs included in thc 
WAP. For Uic most part, thc sources corasulted closely agreed on thc expctcd lifetimes of 
specific measures. Wlren the sourccs did not agree, a simple avcragc wapc; ca1cn"aated for 61w? 
mcasures (Table H. I). 

A weightcd average lifetime estimate was developed for each of the five major catcgorks of 
measures on the Dwelling-Specific Form (Cl -C3, and C15-@7, Appmdix 8-3 ) .  Tfacw 
estimates were developed by combining the expected lifetimes for ECMs sanpplicd by %he 
literaturc with the proportions of the s ~ b c a ~ ~ g o ~ ~ e s  of  measures inslaNed in this rtwlgi'e; s a v p l c  
of dwellings. For example, water heater tank insulation (Table H. 1 uces savings for 13 

ings for about tkre'ce 
years. Since 44% of the homes in our sample received wafcr lacater ~ s ~ ~ ~ f ~ ~ ~ ~  wlailc 83% 
received water hcater temperature reduction, the 13-year lifetisric for tank i ~ ~ u ~ ~ ~ ~ ~ ~ ~ ~  was 
weighted about threc times morc heavily than the three-year lifetime for water hcatcr 
temperature reduction in calculating a weighted average l i f c h e  csfimaie of 11 ycass for 
category C3, 

years, while water hcatcr temperature reduction is cxpeeted to produ 

3) Assumptions concerning thc proportions of total savings due to caeh subca:cgory of 
weathcrization measures were developed within each of the five major catcgorjes of 
These assumptions wcre based on an inspection of the patterns of savings in Lhe Icn most 
coninion packages of ineasurcs installed in the dwdlings in our data sct (Fig. 17.1 and Talale 
M.2),  and on the reported ranges of  savings Trom the IRECA data set (Clohen, et al., 1991). 

The assumptions uscd wcre thar air leakage, and water hcater m a s u m  cacli: account for 
bckwecn 4 and 25 ccf of the total savings within a package, that spacc heating 111casures account for 



I - +  U L L \ ~ Y ~  32 avd 41 ccf of thc total savings, that insulation measures account for between 79 and 
131 ccf of the tctal savings within a package, and %hat windows and doors account for between 13 and 
43 ccf. I'W a w m c d  savings for a subcategory of measures vary across packages because the saving$ 
for all included subcategories were required to sum to the measured totd saviirgs for the package. In 
addition, the asqumed savings per subcategory was required to stay as close as pssiblc to the ranges 
shown in Table 8.3. 

'I he savings weighted lifetimes (calculated by weighting each of the subcategories average 
lifetime by its assumed savings) for the tcn most common packages of measures varied from 10 to 24 

years. Wheri all of the packages' lifetimes (any dwelling not included in the ten most corninon 
packages was placed in either package 11, which included all other combinations of ECMs that 
inc!uded insulation, or in package 12, which included all other combinations of ECMs that did not 
include insulation) werc weighled by the savings per package, the savings weighted lifetime for the 
ndtiorrd pmgranr was 20 years (Table H.4). Therefore, this figure was used for the assumed lifetirne 
of measrrres in thc bcncfit/cost calculations in Chapter 8. 



I. 

- __ - 

A i s  Leakage Control 
er ~~~~~~~~ System 

Tank Insulation 

Pipe Insulation 
Low Flow Shower Heads 
Temperature Reduction 

ws and Iboars 
Space Heating System 
Clean and Tune-up 
Entire Heating System Replacement 

Heating System Component 
Set-b~ck Themostat 

WeROfits 

N/A4 
MIA4 
44% 

1% 
3.5% 
9% 

13% 
.- N/A4 

1 G% 
3% 
4% 

8% 

k"1.1.3 
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1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

Csntrel- 

12.3% 

47% 

4.7% ! 

I 
6 3 %  



Table H.2 

Rank Order of Savings for the Ten Most 
Common Packages of Measures 

Table H.3 

Ranges of Savings Suggested by S i ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ y  Study 
and by BECA Findings 

1 Excludes tune-ups. 

13.1.5 





COST ESS 
ELEC %ATE 





0 

1. 

1728 

Average 
U.S. 

Present Yalrle d 
Energy Savings 



I_ 
--- 
BENEFSTICOBT {sic) WJsapBs3S 

0 023 050 O K  102 1 2 5  150 1 %  2M 225 258 275 3M 

Program-Wide Average 

Cald Region 

Maderaale Region 

2 47 

Hot Region 

1 82 
Single-Family Detached 

SinglsFamily Attached 

Mobile Home 

2.05 Large 

Medium 

Smell 

Climate Region 

B'raelling Type 

I Agency Size 



- __  Benefitl Cost 
1.13 

3000 

2500 \ 
- 
8 2000 

1500 

1000 

500 

0 

Average 
us. 

Ratios 

Present Value of 
Energy Savings 

Installation, 
Management, and 
Overhead Costs 

Fig. H-2.3 Program Benefits and Costs by Climate Region 
for Electrically Heated Dwellings 
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Fig. H-2.4 Program lBenefit/Cost Ratios by Climate Region, Dwelling 
Type, and Agency Size for Electrically Heated Dwellings 
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Fig. H-2.5 Societal Benefits and Costs by Climate Region, Dwelling Type, 
and Agency Size for Elet.trically Heated Dwellings. 
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Table 1.1 Energy Savings by Occupant Characteristics1 

1 Significant tests for gas-heated dwellings were based on an F-test from a two-way analysis of 
variance, controlling far climate region. Significant tests for electrically heated dwellings used a 
T-test for bi-level. factors and a F-test for multi-level factors. 

*, **, and *** indicate that energy savings are significantly greater than zero at the 0.05,0.01, or 
1 level, respectively. 

I. 1 



Table 1.2 Energy Savings by Dwelling Characteristics1 

Significant tests for gas-heated dwellings were based on an F-test from a two-way analysis of 
variance, controlling for climate region. Significant tests far electrically heated dwellings used a 
T-test for bi-level factors and a F-test for multi-level factors. 

*, **, and *** indicate that energy savings are significantly greater than zcm at the 8.05,0.01, or 
0.001 level, respectively. 

1.2 



S@ificanc tests for gas-lieated dwellings were based on an F-test from a two-way analysis of 
vi**%m,ce, ~~~~~1~~~~ for climate region. Significant tests for ellectrically heated dwellings used a 
'i -vs; for bi-level factors arid a W e s t  for multi-level f~t~tCt~f;~. 
1 '  , *'<, iad *** in icate that energy savings are significantly greater than zero at the 0.05,0.01, or 

U.GO i fevel, respectively. 
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le 1.4 Energy Savings by Service Delivery Pro~edures~ 

1,507 

620 

526 

1,504 
699 

247 

222 

1,938 
334 

2,035 
1,823 

1,370 
1,079 

270 

638 

430 

1,327 

184 
1,836 

748 

1,835 

7 14 
161 

256 
-89 

344 
96 

1,663 

106 

58 

61 

52 
59 

22 

15 

284 
13 

161 
142 

57 
43 
29 

1 Significant tests for gas-heated dwellings were based on a n  F-test from a two-way analysis of 
variance, controlling for climate region. Significant tests for c'lecbically hea&ed dwellings used a 
T-test for bi-level factors and a F-test for rnulti-l,ev,vel factors. 

*, %+, and *** indicate that energy savings are significantly greaier than zero at the 0.05. 0 , c r  i ,  e ,  
0.001 level, respectively, 

1.4 



Table 1.5 Energy Savings by Weatherization Costs and Agency Characteristics' 

57 
234 
36 

153 
43 

131 

79 
a4 
57 
59 

73 
87 

106 
51 

1 Significant tests for gas-heated dwellings were based on an F-test from a two-way analysis of 
variance, controlling for climate region. Significant tests for electrically heated dwellings used a 
T-test for bi-level factors and a F-test for multi-level factors. 

*, **, and *** indicate that energy savings are significantly greater than zero at the 0.05,0.01, or 
0.00 1 level, respectively. 

1.5 
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