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National Impacts of the Weatherization Assistance Program in Single-Family
and Small Multifamily Dwellings: Program Year 1989

At a Glance
REPRESENTATIVE NATIONAL SAMPLE
Number of Agencies 368 (of 400 in original sample)
Number of Weatherized Dwellings with Agency Data? 14,971 (of 18,748 in original sample)
Number of Utilides Providing Data 543 (of 926 contacted)
Number of Weatherized Dwellings with Utility Data? 4,796 (of 13,162 gas or clectrically heated dwellings)
ENERGY SAVINGS
First- Savi Savi Per_ Dwelli P { of Total P (s Heat
" Gas (50.6% of weatherized homes) 17.3 MBw 13.0% 18.3%
Electricity (9.5% of weatherized homes) 6.2 MBlu (site) 12.2% 35.9%
18.9 MBtu (source)
All fuels (100% of weatherized homes) 17.6 MBtu (source) 13.5% 18.2%
High Gas Savi \
Cold climate region 235 MBu 17.7% 24 9%
Single-family detached
dwellings 18.4 MBtu 14.1% 19.9%
10 exemplary agencies® 347 MBwu 237% 334%
Low Gas Savings
Hot climate region 9.1 MBt 10.9% ‘ 15.4%
Mobile homes 12.0 MBtu 12.0% 16.9%
20-year Savings
All fuels : 69.7 million MBtu's or 12 million barrels of oil
YALUE OF BENEFITS Eirst_year 20 years
Gas Savings ) $101/dwelling $1,605/dwelling
Electricity Savings $128/dwelling $1,728/dwelling
Savings of All Fuels $116/dwelling $1,690/dwelling
Nonenergy Benefits _ $816/dweliing $976/dwelling
COST EFFECTIVENESS Gas Heated Electrically Heated All_Fuels
Program B/C Ratiod 1.06 1.13 1.09
Installation B/C Ratio® 1.58 1.69 1.61
Societal B/C Ratiof 1.61 2.33 1.72
Cost per MBtu of conserved gas $4.60 (vs average weighted retail price of $5.90)8
Cost per kWh of conserved ¢lectricity $0.04 (vs average weighted retail price of $0.069)8

Agency data included information on houschold demographics, weathetization 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 ulility data had gas heat. Complete data also were available on 3,226
gas-heated control dwellings and 429 electrically heated control dwellings.

A geographically dispersed set of 10 exemplary agencies was sampled for analysis in the second phase of the Single-Family Study.
The program benefit/cost ratic compares the discounted value of energy savings to total program costs with an assumed lifetime of
20 years and a discount rate of 4.7%.

The installation benefit/cost ratio compares the discounted value of energy savings to installation-related costs with an assumed
lifetime of 20 years and a discount rate of 4.7%.

The societal benefit/cost ratio compares the discounted value of both energy and nonenergy benefits (such as employment and
environmental impacts) to total program costs with an assumed lifetime of 20 years and a discount rate of 4.7%.

Fuel prices were developed by weighting average State prices according to the proportions of PY 1989 weatherized dwellings
focated in each State.







TABLE OF CONTENTS

LIST OF FIGURES. ....ccotctertturtccrnaasisessssesarsermmresnettssssssssensstsnsassestastsatssstss essmtasssssmmmtistinrssssistonsrioeriinassss ix
LIST OF TABLES ......cotiiitireeetiosseesserresssteassssassssssessassssases ssanssnssssass sasnmntsessses st bes ias sassasssasssnssssnsansses xiii
LIST OF APPENDICES.....coocitieieetitiisssirenecniasssssisssssassessssteismssnnssasnnans sassasssssssssiisnmasansssssessnrssasassassissssses XV
LIST OF ACRONYMS....ooieoiiiiiesrrersersssesasissmenssessatesssassssesssosssesasassasssstisasasssasssssssssnsassesssssssnnsassnsnasastass xvii
GLOSSARY ... veeveeesemesessesessssbssasesssses e sassessassssesssssssmesssasos s e bR o4 RTS8 xix
EXECUTIVE SUMMARY ....ovuieitriirsrrrsrasmncemesararessstsssssnnrissssesssmnntiststtinessresssssssssossassisteinnerrsssssssssnnss xxiii
AB ST RACT .o oeevtteesreesersasemeeasessssstssassesssassessssnsasstssssassesnstsenssis sosnes sassasssnasanssssresansos bt sssssassssssssanssninssss xlv
ACKNOWLEDGMENTS ...oociiiiteeiiiseerrsseesrsintsssssraesssscosssesssstaosssrsnasstsssssssarssssssts tesssnaassssasassassassessaees xlvii
1. INTRODUGCTION ... occtisserreisiereiersssesssssassssresasmssssssnnmssontsssssnsnsssssassassas sassat st sesssntssisssnnnnanssanasssssss 1.1
1.1 BACKGROUND TO THE EVALUATION.......cococvnmmrmnnmmmincessienissisennmsssnesssessisiosisnrssassases 1.1

1.2 OVERVIEW OF THE WEATHERIZATION ASSISTANCE PROGRAM......cciciiniinnsnnnns 1.2
1.2.1  Legislative HiStOTY .....ccooceeiiircrsisineninnsmsscse s micsssssssssisesssnsssssnsnssisssarssasaesssnsssssissens 1.2

1.2,2  Roles and Responsibilities.........ccmieriinnnconi e, 1.3

1.2.3 Evolution of the Delivery SYSIem....ccccnuminmmmisnssreiinniniinsnsssrsseessemissiisinanroines 1.4

1.2.4  Funding HiSIOTY......cccoenvusriniennranrmnrieserennensssinissssssssiinsesinsstarasssemnnsonsssssasansascnssns 1.5

1.3 GOALS OF THE SINGLE-FAMILY STUDY ....coniieiiiarmiscnasmmmnerresssssssnsnniainnnessatssans 1.5

1.4 LITERATURE REVIEW .....ccoiiiiiiresiiceserasisssitossnnsssssssessisiatsassstsiismsnsiesisesssssisesssonnnesssssses 1.7
1.4.1  Estimates of Energy SaVINZS.....ccciriiiiiimniimmnsmnsniisiiiinmsn et 1.8

1.4.2  Assessments of COSt EffeCtVENeSsS...ccuvveerriisimimiisrnemesinenistessnisn s 1.9

1.4.3 Identification of Promising OppOrtunities..........ccovviraerscsmnsisntinineennnemmniei 1.10

1.5 ORGANIZATION OF THE REPORT ......ccccieiivieeiinarisitiniissenmsinssnssssnassis st ssssssnssesssnncssesssas 1.12

2. EVALUATION DESIGN AND DATA COLLECTION......cccccsesimmmmmiinscssssninniesicassnissiasissssnssnssssses 2.1
2.1 SAMPLING ....ooiirreeccireeisisrtiiistesessasrornssessstesssstitsssnsassssnssassest e siessssesssnassisssssssensnsisssressossas 2.1

2.2 DATA COLLECTION...cccoticiiimrriirmrea s ressesaranesttssssessasssmsssnrsisnnnasssssasens reeerrrasssssanersesnasnn 2.5
2.2.1 Dwelling-Specific Data from Agency ReCOMUS ....commiviiviniiininnentiniinnnnenisnnisninneees 2.5

2.2.2  Agency INformation FOML.....mirneniss ettt s seessssisasases 2.8

2.2.3  UHLEY DA .cc.cieireiveriesimsiiinsarssssssrssastasssscsssan s srsashsbasnnssesasssasanasnsnssasasssssacaress 2.8

2.2.4  WeEAther DAlA...cccovveeeinirreererivettiosssicsstasssnrsns daanssssrnnassssssssasassesssissttsssastssasssestanns 2.10

2.3 DATA ANALYSIS ..o cciinieerisrmeiesassssstissianesssansesassannsrassetsaset s inss s nsssnssissasbanasssnsasansas 2.11
2.3.1 Weatherization Activities angd COSIS .....coovririiiirersnrrsissiisnnescre s s niintitisninsssannssaniisn 2.11

2.3.2  Energy Savings Analysis .......ccvrierrisrnincsnsenisnnnnnnann, feeetuseisirsir s rasa e saaebbes 2.12

2.3.3  COSt EffECtVENESS....ovvrereerrcsreereeerssitsssssssnssesssesssstussssssannrsssssssssanns st rsssessssasrasaase 2.14

2.4 CONCLUSIONS. ... .coittimreererrremesrsessernossasstesssrmssssmessssssssasstassstsssssssesontnsessansssssssnnssssansssnss 2.14




DWELLING AND OCCUPANT CHARACTERISTICS OF WEATHERIZED

HOMES AND THE ELIGIBLE POPULATION ........coomimommmeoomooooeoooooooo 31
3.1 CHARAC RISTICS OF THE SAMPLE OF WEATHERIZED DWELLINGS.............. . 3.1
3.1.1  Sample of Dwellings with Dwelling-Specific Data ..........cocveiviiniiuioeeeeeeeee e 3.2
3.1.2  Sample of Dwellings with Energy-Consumption Data.............coooveeveeeeeeorerinnn 3.6
3.1.3  Sample with Agency Cost INfOrmation..........o.oovvveeevereeeo 3.9
3.2 DWELLING AND OCCUPANT CHARACTERISTICS OF
WEATHERIZED HOMES .........ccccituirimmtreeteeetes e e eeee e eeoees e e eeeeseeeeseeeeeeese e 3.10
3.2.1 Differences Across Climate Regions.............ooovvoooovvomooooooooo 3.10
3.2.2  Differences by Primary Heating Fuel........coooovvveeveeee 3.12
3.2.3  Differences by Type of DWELNG........o.oveoveeeeeeeeee oo 3.14
3.3 Program PARTICIPANTS VERSUS THE ELIGIBLE POPULATION ..o 3.16
3.4 SUMMARY ..ottt eee e e 3.21
341 RESPONSE RALES..........ooocereeeeieeee oo et se e s ee oo 3.21
3.4.2  Variations by Key SUbgroups...........ocoeeeeveemovoveoecereeoooo 3.22
3.43 Comparisons of Weatherized and Eligible Populations...........ccoovvvueevieeirve . 3.23
DESCRIPTION OF WEATHERIZATION ACTIVITIES .......ooouooooeeoeooeoeoo oo 4.1
4.1 WEATHERIZATION MEASURES INSTALLED.........co.cocoommmooooo 4.1
4.1.1  Frequency of Installation of Different Measures ...............oooooooooooooooooooo 4.1
4.1.2  Differences across Key SUDEIOUDS.........ovoooreveomomrommeeeesresssesoooossooesesonsesseoeo 4.6
4.2 SERVICE DELIVERY PROCEDURES............. Le et e eeen et e e ey e s e reaeeeva s baasarne e s otaannn 4.13
4.2.1  Frequency of Use of Different Service Delivery Procedures...........oooouveveeeeeeennen. 4.14
4.2.2  Differences across Key Subgroups...........cooovoooercerovovoooosos 4.16
4.3 SUMMARY .ottt s e ee e s 4.22
4.3.1  Differences Across Clmate REGIONS.........oovmveveeeeeoseveesoeeoooeeeooeooeoeoeooeoeooooe 4.22
4.3.2  Differences ACross FUEl TYPES.......ooovoveeoeeeeemreersoeroooooooooooooo 4.23
4.3.3  Differences Across DWelling TYPES. ....o.ovoveeeeeeeeemoeeooeeeooeoooooooo 4.24
4.3.4  Differences ACTOSS AZENCY SIZES.......ovvoueereeereoorooeeees oo 4.25
4.3.5  Trends OVEr TiME...o.ouoviioiuieeeeeceeeeeeeeeee oo eeoeoeeeosseeoeeeeeoo 4.25
ENERGY SAVINGS.......coocvevee v, ettt s et e e e s bt s e e s beses e eenneesennnnas 5.1
5.1 GAS-HEATED DWELLINGS ..ottt oo oo 5.2
5.1.1  Nationwide Gas SAVINES ........c.c.viuiveeeeeeieeeecsee oo 5.4
3.1.2  Gas Savings, by ClHMate REFION...........o.ovmeememeeeeeeieneooe oo 5.7
3.1.3  Gas Savings, by DWelling TYDE......c..o.ovovoeeeeeee oo 5.10
5.1.4  Gas Savings, by Size of Local AZENCY ......ooovuereereeemeeereeiooi 5.11
5.2 ELECTRICALLY HEATED DWELLINGS.............oooeummmmmmemeeeooeeeeoooeeoeoeeoeoeeoeoeooo 5.12
5.2.1  Nationwide EIECtriCity SAVINES..........voveeeemeeerrernereeeeeseesese oo 5.15
3.2.2  Electricity Savings, by Climate REgiON ... ......ooeeeeeeeeorreeooeooesooooooo 5.18
3.2.3  Electricity Savings, by DWelling TYPE......oovoveeeeeoeeeeeeooeoooooo 5.21
5.2.4  Electricity Savings, by Size of Local Weatherization
ASSIStANCE PrOZIAM AZENICY.cuvuuieieeeeieerieitiieeee et eeeeees s et 3.22
v

- -



5.3 DWELLINGS HEATED BY OTHER FUELS...........ccccoiimnminninniseisnnssereesnnaennes 5.23
5.4 PROGRAM-WIDE ENERGY SAVINGS ... ...ttt s s srma rn e ssnnrssenna se e ens 5.26
5.4.1 Programwide Energy Savings......cccccciriieiiiicneiiiinimrisinn e e e vsennene e e 5.26
5.5 COMPARISONS WITH OTHER WEATHERIZATION EVALUATIONS .......ccoooviiiiinennne 5.27
5.5.1 Comparison with the 1981 Program..........cccevvviriiiiiimmmisirensiseessssme cesanescsssessssns 5.27
5.5.2 Comparison with Utility PIOZIamS ......cciivieevimncmiiemiiinienteenisinieseenecsnniiensnnannns 5.29
5.5.3 Comparison with Statc Weatherization PrOgrams.........cccccveerriinssisnsssssvesiissnsenssnnene 5.30
5.0 QUMM AR Y ...ttt tre ettt r s s s s e rEaarEE AR e e e RN b SRR E e R ere RO R e NSRS e s et haaeae b rran 5.31
5.6.1 Gas-Heated DWeLlINES.......ccceeiiiniiiirisinnimnetimmmsreesestie s iiserssssssssssssssssassasnsssses 5.31
5.6.2 Electrically Heated DWellings........covveimrcnmnisnnsinscneniinisencsnis masrsnessssninnissnns 5.31
5.6.3 Dwellings Heated by Other FUEIS .....ccocomuieeirimniimminiincieeminice s nisveseenn s seasens 5.33
5.6.4 Programwide Energy Savings......cccccoorviiceviccnnnmeenienstesinnnnsener s ensaass e 5.33
5.6.5 Opportunities for the FUIUTE ........ccoci ittt sntessssniesssesersnieses 5.34
NONENERGY PROGRAM IMPACTS.......oetmrieeeeeeernersessssnssessssanssssassss sessesesnsessesans sssnsesnns 6.1
6.1 AFFORDABLE HOUSING........cocoiiiitieitieerenteceasrssssesaeeseneses saseanssmmttnsesnsesosssnnesnnsssssssbesn 6.2
6.1.1 Property Values and the Longevity of SIrucCtures ..........ococvevicviimmmucinniccniinieicens 6.2
6.1.2 Homelessness and MObility.........cccociiniimmimnimmmi e, 6.5
6.2 COMFORT, HEALTH, AND SAFETY ...t cnsisssssssssesessmsssssassesssans 6.7
6.2.1  ComIOTt e rsis et s er s et e s as s e anas s s e s e s s e s e e R e aar v ana 6.7
6.2.2  Health and Safety .......cccccmiiiiiimimmi i isesesestesess s sssesssssssssrsessassearseneees 6.8
6.3 IMPACTS ON HOUSEHOLD BUDGETS .........ooiiierenrererrnsemsaerssssssasesssssssessesessssnenes 6.13
6.3.1 Energy Affordability and Increased Nonenergy Expenditures........cccoevuvevveeeannnn. 6.13
6.3.2 Reduced Utility Amrearages and Terminations............oovmieiimsrinsninniisinineeiensenes 6.14
6.4 EMPLOYMENT AND ECONOMIC IMPACTS. ...ttt ssiaise s ssssieansssssssns 6.15
6.5 ENVIRONMENTAL EXTERNALITY IMPACTS ........o oot sssnnnrecsnsssnne 6.19
6.5.1 Environmental Impacts of Energy Production and Consumption............. e 6.19
6.5.2 Environmental Impacts of Weatherization Materials Production.............cecccvvviinnns 6.21
6.6 SUMMARY AND CONCLUSIONS..... .ot riirtirtencnrnrtrsssssssssssns s s s assessassaseas s sesonssessnssssnes 6.22
PROGRAM COSTS...viviieerireriiassrssteeesssaenasesssasssnesssssessssssasssssasas s ssesssstasesssonssasss sesssssess sasasssnsssens 7.1
7.1 TOTAL INSTALLATION COSTS ...vtiiirnenmmimnrisnerciiseeissisinesissnessasissssssssssssessssse sssness 7.6
7.1.1 Programwide Total InStallation COSIS ..........cociiviiiiinniiiinnmisisiniisismss e 7.6
7.1.2  Differences by Climate Region, Fuel Type, Dwelling Type,
AN AZENCY SZE..o.iiiiiieiiiiirinriirinnt s ecssist s se s ssses e ase s s e s e s s ban s s nn o 7.6
7.2 MATERIALS COSTS.....o ittt tnissnnt s s e veboss s bs see b s b essans s ssssvabassassnenss shnasess 7.8
7.2.1 Programwide Materials COSIS .....ccccccvrimriericeiinieitiertiti st en s s 7.9
7.2.2  Measure-Specific Materials Costs for All Weatherized Homes.........cccooveeeiriinnnnnnne. 7.9
7.2.3  Measure-Specific Materials Costs Only for Homes with the
Measure INStalled.........c.coerreirmccrrerciienscininisisrsnnscsssnrisssressssssrnsssssssaresessssssesss 7.13




7.3 INSTALLATION LABOR COSTS .....ocorrritireeenreeeiee e ceeeee e eeseee s ssseesesesseee e seseeseenso 7.15
7.4 OVERHEAD AND MANAGEMENT COSTS.....oooteeeeeeeeseeeeeeeeeeresevesssesssssesesstesesse e 7.17
7.5 SOURCES OF FUNDING........ocisiiimtttentererereesissresesesossseseessmssssesssessssssssssssosessessree e 7.19
Ti6  SUMMARY .....ooieiniritsvssion s seresss s e sess s s srs e sans e see s e se st se e e sen e se s s s e seesestssese o 7.21
7.6.1  Total INStAllAtion COSLS......cccccceerrerrererricsriieeaeseseseerssessssseessasesesessesseresesssssseas oo 7.21
7.6.2,  Materials COSIS.......oueeeriemrriniersnieeereeetsesetnsesssses s seereeeosesesesenaseresssesetsmsseessnsens 7.21
7.6.3  Installation LabOT COSLS ...eeceeeeeiisrisaeeesiesereseeeeesseorsossesseessesessessessssssnssressosenn. 7.22
7.6.4  Overhead and Management COSES ............ccoeeeeerererererrresseeeseeresseseessesssssesses oo, 7.23
8. COST EFFECTIVENESS. .......cotcteivenmenerniemsteaesenssssssoeseseeseseesseesesessesesemsssmssesssesssssmssesssesoees s saos 8.1
8.1 COST-EFFECTIVENESS PERSPECTIVES.......c.coioiiireereeeieeeeseseeeseseeeresereesseesssesos oo 8.1
8.2 COST EFFECTIVENESS IN GAS-HEATED DWELLINGS .......oeoooveveeeeeeeeeeeeeeeeeeeeo 8.4
8.2.1  INStallation PerSPECHIVE. .....ccocovvemrureeerureeeeseneaesersaesesesesese e cesseessesessessenssssssersseesssnns 8.4
8.2.2  Program PErSPECHVE ......c.cecieeeerenuiriinereeansrerteesesectesressebteeece st essemseeeeseessssssessesssnnnnns 8.6
8.2.3  S0CIEtAl PETSPECHVE...eciveriieereretcirrereeecere vt secer e emreeeesssesaesensseaseseessesses s seeas 8.8
8.2.4  Excluding Utility Funding and Structural Measures COSIS.........oeveeeevssvsessonnnne 8.10
8.2.5  SenSiivILy ANAIYSIS...iuicceeieeeeeieicisiirteer et et eeee e et se e s ereees s ses e see st eas 8.11
8.3 COST EFFECTIVENESS IN ELECTRICALLY HEATED DWELLINGS......oooooeoeeeo. 8.14
8.3.1  InStallation PerSPECHIVE. ....o.eeiuieeeieeieictin et eeteeeeeeeeten s eeeeeseme s e 8.14
8.3.2  Program PerSPECHIVE .......coccvuieveteeeeiieieetiee ettt cstte e oo e eeemeessteensseesssenesnresreees B.17
8.3.3  S0CIELaAl PEISPECHIVE. ....cecoecereererieritsnsreeseereseesescsssesssssssssnesssessrsssnssasessssssesesessases 8.17
8.4 OTHER FUELS.........cotteneurrntetrentseste st seescasesses e soseeseesessesesssaseesssssmsss s s seesseesees s e 8.17
8.5 PROGRAM-WIBE COST EFFECTIVENESS..........ccouoereeeeeeereeeeresasessessesssssssssssssesssssssens 8.17
8.6 COMPARISONS WITH PREVIQOUS COST EFFECTIVENESS RESULTS......coooevomveeennn 8.18
8.7 SUMMARY ....................... 8.20
8.7.1  Gas and Electric COSt EffeCtiVENess...............cvervreeveveereeoeeeseenessesseessereseseessesessssssons 8.20
8.7.2  Program-Wide CoSt EffeCtiVENESS. .....cueucervvevrerervereseersersoreessessssesssssesssessssssssssens 8.21
9. FACTORS ASSOCIATED WITH PROGRAM PERFORMANCE ........coooomoeeeeeeerereseseoee e 9.1
9.1 DWELLING-LEVEL ANALYSIS......cooiiterteeeet et semsesee s st esesesesns s ss e seese ens 9.2
9.1.1  Occupant CharaCteriSHCS.........eveeveeeierietiisteneceeieeeeeeeeeeeeeessessesssenssssssss sssnssseeens 9.2
9.1.2  Dwelling CharaCteriStiCs. ... .ccocsrvrersrerrerrereeesereseierinssseseenseonsenesesnsssssssesassssssssosssrans 9.3
9.1.3  Weathenzation MEAaSUIES. .........ccceereeervaerereseriecarsiseersesessenessessssesensesssessssssssessssssns 9.5
9.1.4  Service DelivEry PIOCEAUTES...........ccoveveveteceirarisiseeeeeecssesesssnssssessssssssssasesssssens 9.14
9.2 AGENCY-LEVEL ANALYSIS......ociitieiriieeiecstesecsesesesssssssseereessssasasesasensssaseesesssasas 9.19
9.3 SUMMARY ...ttt trtreeesmssstsreasssssssssssssssnsstssesssesesen e sessnsssessmesessesesssessssesssmmseseses 9.25
10. SUMMARY AND CONCLUSIONS........coceeueeererersrirrainenississsssssossassssenssessessssssssnsssssssssssssssssonns 10.1
10.1 DESCRIPTION AND CHARACTERIZATION OF THE SAMPLE ... 10.1
10.1.1  Characteristics of Weatherized Dwellings and Key Subgroups...............c.eorvrenn..... 10.1
10.1.2 Comparison of Weatherized and Eligible Populations ............c.eveeeueeeeeveereveeenns, 10.2

vi



10.2 DESCRIPTION OF WEATHERIZATION ACTIVITIES ..ot 10.3
10.2.1 National Program Trends Over TiMe ......ccvireveircrmnsiiinieiinmimmnisisnesesesnsissins 10.3
10.2.2 Differences Across Regions, Heating Fuels, and Housing TYpes......cccoecovvevnaeninans 10.5

10.3 ENERGY SAVINGS.....coeoieterrenerresessisseesisstsassmasssssssssastssssrssssessissses siassne assns sas san soenassasass 10.6
10.3.1 The 1989 Program ReSUILS........ceciuiimrmanenisctissssnsinninemsmsssnen st sosmssssssrnaes 10.7
10.3.2 Gas-Heated DWELLNES........cooireccerimnemririoiteemmmanrscnssscssisstssnassmss e st ssisasas st ssnans 10.8
10.3.3 Electrically Heated DWELlINES......ccovvrvriicsiinneissiisimtesiins s stssssssssesesaees 10.8
10.3.4 Dwellings Heated by Other FUELS ...coueiiceciciiiiiinicntctinssne st 10.9
10.3.5 Trends and COMPATISOMS ......ccecvreserarrisersnrassensessasessnsrasssnessssssmssmnnssssssassssssassoses 10.10

10.4 NONENERGY IMPACTS......ccorieireeeeerssstnssisstirsnssssasssssastotssssssrnissssosasssinissssesssssassssssiase 10.10

10.5 COSTS ...ooccrvsrnrrerinnenne e T 10.11

10.6 COST EFFECTIVENESS .....ooiocrieerieeesssissssmecssessisasnssssssssssssssnesiaisstssasasnsasensassasssesass s 10.13
10.6.1 The 1989 Program ReSUIS........cocuuerreemimmisssenmsnsssisnrien st snee s ssss e s sasssssnasssas 10.13
10.6.2 Gas-Heated DWEINES.........coivvciiimiiiintiiessrnsasnensonnis s tssssssssssnsssssnaassssisnnssnanes 10.13
10.6.3 Electrically Heated DWeLLNES.....c.oviveeirmeiinnnrsensinisincennrnrsss s s 10.14
10.6.4 Trends and COMPATISONS ......cccovirvrirresrsrnrersranmnenarcisssiniasisnsasssinns s nsassssssssseanas 10.15

10.7 FACTORS ASSOCIATED WITH PERFORMANCE.........ccccomnicissnnsisnsnsnens 10.15

10.8 CONCLUSIONS AND RECOMMENDATIONS ......cociiimeriennssnninsiiensstisssinissssniannens 10.17
10.8.1 Diversity and the Need for Technology Transfer ............coermeniiiinneninnnes 10.18
10.8.2 Targeted Research and Technology Transfer........ciniinesmminenenen: 10.20
10.8.3 Recordkeeping and Future Evaluations...........coocviimmmmmminnianniniisssnienine, 10.21

11. REFERENUCES ..o cevveeeeetssssssesasessssrensaseessssstaassssssansinessssstsassenssssstsssssssstissssesnsnsnssosessntatassessssses 11.1

vii






Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

1.1
1.2
2.1
2.2
2.3
24
3.1
3.2

3.3

34
3.5
3.6
3.7

38

39

3.10

3.11

3.12

4.1
42
4.3
44
5.1a

5.1b

52
53
54
5.5

LIST OF FIGURES

Full-Scale Weatherization: Funding Sources, PY 1978-PY 1989 1.6
Single-Family Study Goals, by Phase.......ccooviiriimminini s 1.6
Climate Regions for the Single-Family Study ..o 2.3
Distribution of the Original Sample of Agencies and Dwellings, by Climate Region...........2.3
Distribution of the Original Sample of Agencies and Dwellings, by Agency Size............... 2.4
Timing of Data Collection in the Single-Family Study......ccommmiiiiinninniiinnne 2.6
Comparison of SAMPIE SIZES ........ccerermiirrrenmenrcieiss st 3.2
Distribution of Agencies and Weatherized Dwellings with Dwelling-Specific

Data, by Climate Region (UnWeighted)......coviiiiniiiiiiniiniin et 33
Distribution of Agencies and Weatherized Dwellings with Dwelling-Specific

Data, by Agency Size (UnWEIZRLEd)....creeeiicnr ittt 3.3
Distribution of Weatherized Dwellings, by Climate Region.........cooviiccimiinninniniiiicennn 34
Distribution of Weatherized Dwellings, by Primary Heating Fuel .......ccccooverniiiinninanns 35
Distribution of Weatherized Dwellings, by Dwelling Type........cccnvvveiinnnnns S N
Distribution of Agencies and Weatherized Dwellings with Energy-Consumption

Data, by Climate Region (UnWeighted)......cvuiivmimiiiiimmeiccvssasisasie 3.7
Distribution of Agencies and Weatherized Dwellings with Energy-Consumption

Data, by Agency Size (UnWeIghted)........ccoieiinnirii s 3.8
Distribution of Program-Participant Homes and Program-Eligible Homes,

by ClmALe REGION....ciiiirinrirraenrrrnneresseerianess st sts b s bbbt s s 3.17
Age of Dwelling of Program-Participant Homes and Program-Eligibie

Homes inthe U.S. ... esnianesssstisnsaseanne retesssssammeesresesbsssasRstaTeEsaTsSTTEOSeOY 3.20
Square Footage of Program-Participant Homes and Program-Eligible

HOMES i The ULS. ..iivreeeereieeereeienirersarsseaserasierssisssrssvancensrnassasssssssnsssssssssssnsssssssesssnrarrassnses 3.20
Income Distribution of Program-Participant and Program-Eligible

Households in the TS ... ceririerecrrersren ettt isessses s asssra e st s s na s sm s e sb b s st s s n e s 3.22
Types of Weatherization Measures Installed in PY 1989 ..o 4.2
Frequency of Installation of Weatherization Measures .....c...cocoveneeciiiscinmammscismnensssanns, 4.3
Installation Rates for Selected Weatherization Measures: 1981 and 1989 .........cveivennene 4.6
Frequency of Use of Selected Service Delivery Procedures........ocvvorniiniccinciniiiinnn 4.15
Distribution of Gross Gas Savings for Gas-Heated Weatherized and

Control Dwellings (UNWeIghted) .......coiieiiiieiniinin s 5.6
Distribution of Percent Gross Gas Savings for Gas-Heated Weatherized and

Control Dwellings (UNWEIZhLEE) ....cccouerriieremeirerecrrniesssiin s st 5.6
Gas Savings by Climate REZION .....cuceeueiennierienicnnseniii st s s 5.9
Gas Savings by DWEIlINE TYPE ...corverurerernsesmsirssirissiimessnst s nsassssnpsstsssssssnsonsssasnss sonse 5.10
Gas Savings by Size of Local Weatherization Assistance Program Agency......oc.cccueuseass 5.11
Model Electricity Consumption Profiles for the Three Versions of PRISM:

Heating Only, Heating-and-Cooling, and Cooling (6] 11 OOV PR RO 5.13




Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

3.6

57
58
59
5.10

5.11
6.1
6.2

6.3
6.4
6.5
6.6
7.1
7.2
7.3
7.4
1.5
7.6
1.7
7.8
7.9
7.10
7.11
8.1
8.2
8.3
8.4

85

8.6

Distribution of Electricity Savings for Electrically Heated Weatherized and

Control Dwellings (UnWEIigRted) .........vvvveevvveeeereeee s 5.19
Distribution of Percent Electricity Savings for Electrically Heated Weatherized and

Control Dwellings (UnWeighted) -.........owvvvuerveoeoeeeeoeososoesossooooo 5.21
Electricity Savings by Climate REZION ...t 5.21
Electricity Savings by Dwelling TYPE ....ovvvererecreveeereeeiren v s 5.22
Electricity Savings by Size of Local Weatherization Assistance Program Agency............. 5.23
Weatherization Assistance Program Gas Savings Vs Utility

Low-Income Weatherization Program SAVINGS oot 5.30
Weatherization Assistance Program Gas Savings Vs

State Weatherization Program SAVINES oottt s e e et 5.31
Frequency of Incidental Repairs and Other Weatherization Work

(Percent Of DWEIlINGS)........ouv..uuuumrrveceemmsnssnessssssseoseeeeseesessseseessessessseeeesseees e 6.3
Improving Substandard Housing Through Weatherization: An Example from

the Blue Mountain Community Action AZENCY ..ottt et 6.4
Annualized Rates of Occupancy Change: Pre- Versus Post-Weatherization...................... 6.6
Frequency of Health and Safety Measures (Percent of Dwellings)..........coerveveriveeenennnnn, 6.8
Value of Deaths Due o Fires Prevented by Weatherization ...............ccocovveervroeoe 6.11
Value of Property Loss Due to Fires Prevented by Weatherization .................ccoooovooii . 6.12
Local Program Agency Direct Financial Support for Weatherization and

OthET ENCIZY PIOGTAMS. ..............cceeeeeeeeessesemsenmsssmnaeesemeeeesssssomsossosssssooseos oo 7.1
National Distribution of Total Installation Costs (weighted) .......coveeveeeeieeeeeeeeeeees . 7.6
Total Installation Costs (in 1989 AOLALSY 1.ttt e et 7.7
Average Material Costs (in 1989 dollars), by Climate RegiON...........ooovecvrvcereereernnea. 7.11
Average Material Costs (in 1989 dollars), by Type of Heating Fuel .............cooovovevvon.. 7.11
Average Material Costs (in 1989 dollars), by Dwelling Type.......oceeveuvreecvveereeeeeeeennnn. 7.12
Average Material Costs (in 1989 dollars), by Size of Local Weatherization Agency ......... 7.12
Average Cost of Materials in Dwellings Receiving the Measure, by Climate Region.......... 7.14

Average Cost of Materials in Dwellings Receiving the Measure, by Fuel Type..................7.14
Average Cost of Materials in Dwellings Receiving the Measure, by Dwelling Type...........7.15

Average Cost of Materials in Dwellings Receiving the Measure, by Agency Size.............. 7.16
Assumptions, Evaluation Inputs, and Indicators for Cost-Effectiveness Analysis.................8.1
Three Approaches Used to Calculate Cost Effectiveness........covvivuveeeeeeeeeeeee e 8.2
Installation Benefits and Costs by Climate Region for Gas-Heated Dwellings .................... 8.4
Installation Benefit/Cost Ratios by Climate Region, Dwelling Type,

and Agency Size for Gas-Heated DWellings ... e 8.5
Installation Perspective: Energy Benefits vs. Installation Costs for

Gas-HEted DWELIINES. .....c.vvreuusereecceremmmssssessseeesseeseses oo eosssss st sessees oo eoseeeeeeesseeseeoeseee 8.6
Program Benefits and Costs by Climate Region for Gas-Heated Dwellings......................... 8.7




Fig.
Fig.

Fig.
Fig.

Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

8.9
8.10

8.11

8.12

8.13

8.14
8.15

8.16

8.17

8.18

91
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9

9.10a
9.10b
9.11
9.12
9.13
9.14
9.15

Program Benefit/Cost Ratios by Climate Region, Dwelling Type, and Agency

Size for Gas-heated DWEILINES ....c.ceeviviiiiiiieiiiiiinraeiesranesemssessiesniir sttt er e s smaas s ssssasassnncas 8.7
Program Perspective: Energy Benefits Only vs. Installation Costs

for Gas-Heated DWEILINES........cocvicrriiiiiinenininnes e nsssnisansss s sssstnssssssssnsssssanssenssssones 8.8
Societal Benefits and Costs by Climate Region for Gas-Heated Dwellings .......c..cccevvanuerenee. 8.9
Societal Benefit/Cost Ratios by Climate Region, Dwelling Type,

and Agency Size for Gas-Heated DWELINGS........cccoiviiimimmmininii vt 8.9
Societal Perspective: Energy, Employment, and Environmental Benefits

vs. Total Costs for Gas-Heated Dwellings...........ccccvieesrearescssmmanceniiinesins rresereseebonsesnsssnssnne 8.10
Distribution of Program Benefit/Cost Ratios with Input

Distributions for ASSUIMPLIONS .......cccoirmrvisrressnsmneessssssirsssrassinsasissasisarsrarasessnsassssssnsssss 8.13
Distribution of Societal Benefit/Cost Ratios with Input

Distributions for ASSUIMPHOTS ........ccovveraerresseessrisnssesrnisssisstessscssmnssssstressassssssssasatissanese 8.13
Sensitivity of Program Perspective Results to Choice of Discount Rates......cecrnersiivavrarereans 8.15
Sensitivity of Benefit/Cost Ratios to Assumed Discount Rates and

MEASUTE LIfELIMES . ... cvvieeeveveirnreeeeesreeerserisssssssssnsnmiessasassesrusssssanasasansssesssnastasssnsssnsanaasanas 8.16
Societal Benefit/Cost Ratios by Climate Region, Dwelling Type, and

Agency Size for Electrically Heated DWELINGS .c..coovvvnmnierinennimmmmtinnsssisnssnnianneninans 8.18
Cost of Conserved Energy for the Weatherization Assistance Program and

Low-Income Utility Programs in Gas-Heated DWellings.......ccocoiiiiimeriinniinicccsninsiinsiins 8.19
Cost of Conserved Energy for the PY 1989 Weatherization Assistance Program

vs. Low-Income Utility Programs in Gas Heated DWeIlINES ....cooviiiiioniicniinisiescnnniiiiinne 8.20
Gas Savings of Dwellings With Different Dwelling CharaCteristics.......oivveuerscrecinsvrscusnneans 9.4
Gross Energy Savings of High Versus Low Energy USers......ccoiiimenenmeiiiin.. 9.6
Gas Savings of Dwellings that Received Air Leakage Control Measures ......cccemrimeasnneeanes 9.8
Gas Savings of Dwellings that Received INSUlation..........ccoeviiviiiisniimismesennicissssisnisincnens 9.9
Gas Savings of Dwellings that Received Water Heater MEasures ..o veeicnsssescsnniesnianss 9.10
Gas Savings of Dwellings that Received Window and Door MEasures.......cc.ooeuevecsiissensane 9.11
Gas Savings of Dwellings that Received Space-Heating System Measures........coveuseeeen: 9.12
Gas Savings of Dwellings that Received Mobile Home Measures........ccsvmeceseeness 9.13
Gas Savings of Dwellings that Based on Client Selection, Investment

Criteria, and Measure SlECHON.......cciiiiiririiiiisseesinrariasrareassesssssssntessvtevarassnsassns onass sosas srns 9.15
Gas Savings of Dwellings that Used Particular Diagnostic Procedures ..........ooveeseecsnnnser 9.17
Gas Savings of Dwellings that Used Particular Diagnostic Procedures ........o.ceevveveenecnees 9.17
Gas Savings of Dwellings that Used Client Education Procedures..........ccveeescesnsesssseensse 9.18
Gas Savings of Dwellings with Different Levels of Weatherization COstS.....ocvecreisscaseunes 9.19
Average Energy Savings of 97 Local Weatherization AZencCies.......ooevireecnrecisensiinenes 9.20
Average Percent Gas Savings of 97 Local Weatherization AEnCies ........oeeeeeerersscsceserenes 9.20
Average Benefit/Cost Ratio of 97 Local Weatherization AZENCICS.........evmvmseasenecrarcmsias 9.21




Fig.
Fig.
Fig.
Fig.

Fig.

10.1
10.2

103

104

10.5

Income Distribution of Program Participants and Eligible Households............................ 10.3
Installation Rates for Selected Weatherization Measures: 1981 and 1989 .................... 10.4
Average Material Costs (in 1989 dollars), by Climate Region........cocvvivirecreieeeeenenn. i0.12
Societal Perspective: Energy and Nonenergy Benefits vs. Total Costs

for Gas-Heated DWEHLINES ........ccvcevueerieeeeiiiiieeeeeeeeeeesseseeeeeeesee s s et oo 10.14
Energy Saved by High vs. Low Energy Users in the Three Climate Regions.................. 10.16




Table 2.1
Table 3.1

Table 3.2
Table 3.3
Table 3.4

Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5
Table 4.6
Table 4.7
Table 4.8
Tabie 5.1

Table 5.2
Table 5.3
Table 5.4

Table 5.5
Table 5.6
Table 5.7
Tabie 5.8

Table 5.9
Table 5.10
Table 6.1
Table 6.2
Table 6.3
Table 6.4
Table 6.5

LIST OF TABLES

Nonequivalent Comparison Group DeSigM.......corrimmisiicnmnniininsssisssn s 2.1
Dwelling and Occupant Characteristics of Weatherized Homes,

by Climate Region (WEIZIEd) ..vcewrcucimnruimnieiiniiim st s 3.11
Dwelling and Occupant Characteristics of Weatherized Homes,

by Primary Heating Fuel (Weighted) ........cooremimmmmiiiiicrcicsnnis s 3.13
Dwelling and Occupant Characteristics of Weatherized Homes,

by Dwelling Type (WEIZIEA) c.ceuuvivrmiriinmsistisnst et 3.15
Dwelling and Occupant Characteristics of RECS Sample of Program-Eligible

Homes , by CHMALe REGION ....oveieiiirneiessisrtiatriemamstsrs st st s ss s e 3.18
Installation of Weatherization Measures, by Climate Region (weighted) ....covveveericcciiniranies 4.7
Installation of Weatherization Measures, by Primary Heating Fuel (weighted)........ccccc..... 4.9
Installation of Weatherization Measures, by Dwelling Type (weighted) .....oocveveerccnnnnss 4.11
Installation of Weatherization Measures by Size of Local Agency (weighted) ................. 4.12
Selected Service Delivery Procedures, by Climate Region (weighted).......ccocoecvienrivnncnnne. 4.17
Selected Service Delivery Procedures, by Primary Heating Fuel (weighted).....ccocerreeneena 4,18
Selected Service Delivery Procedures, by Dwelling Type (weighted).....ooeennnnecnininnnens 4.19
Selected Service Delivery Procedures by Size of Local Agency (weighted).......coovereneneen. 4.20
Average First-Year Gas Savings for Gas-Heated Weatherized and

Control Dwellings (in CCf/YEAr) ....c.ccrviiearerceneinisisn s s s e 5.4
Average First-Year Gas Savings for Gas-Heated Weatherized and

Control Dwellings (in ccf/year), by Climate RegiON.....ovomiivnmiceiimmecnsrisrinssissenisisnnes 5.8
Average First-Year Electricity Savings for Electrically Heated Weatherized ‘

and Control Dwellings (in KWh/YEar).....coeeceveeresimremienmmiinmsss s nssassnee 5.15
Average First-Year Electricity Savings for Electrically Heated Weatherized

and Control Dwellings (in kWh/year), by Climate REgION.......cocereceririiennisisnmmaniinicsnnaes 5.20
Conversion Factors.........cccccceieeee Ceeererurueetta b gL e eSS 5.24
Energy Saved by Dwellings Heated by Other FUElS......c.oovvvrirmmeminsmnsiissinsicrnscemcarne: 5.25
First and 20-Years Energy Savings of Housing Units Weatherized in PY 1989................. 5.27
Energy Savings by Primary Heating Fuel: An Earlier Evaluation (1981) and

the Current Evaluation (1989)......cciermreiriiiesmmmmasnsessnsinssinsnennnmnsss s sssnnrtsasrasansanes 5.28
Gas Savings in Gas-Heated DWeLliNgS ..o e eeeeee s on e erasaeaeneaene 5.32
Electricity Savings in Electrically Heated DWeELlINGS.....cocovrireneceriamnnssiimammnnimnisicnssseeres 5.33
Taxes Generated from Employment in the Weatherization Assistance Program.........ce..... 6.17
Indirect Employment Impacts of the Weatherization Assistance Program.......ccccooceivinenees 6.i8
Avoided Costs of Unemployment Benefits for Direct and Indirect Employment.............. 6.19
Environmental Benefits of the Weatherization Assistance PrOgram......cormiiinnsenene 6.20
Net Present Value of Nonenergy Impacts of the Weatherization

ASSISEANCE PTOETAN ...vourverriiiresesstessresss st s s s s s e nr b Be St e 6.23




Table 7.1
Table 7.2
Table 7.3

Table 7.4
Table 7.5
Table 8.1

Table 8.2

Table 8.3
Table 9.1

Table 9.2

Table 9.3

Tabie 9.5
Table 9.6
Table 9.7
Table 10.1
Table 10.2
Table 10.3
Table 10.4
Table 10.5

Cost Categories Used in Typical Local Agency Expenditure Reports to the State...............7.2

Cost Categories Used in THiS SWAY .........c.ceeeisivecee e eee e seeseesessessesesesesss sesssens 7.4
Contractor Labor Costs Higher Because Include Profit, Overhead,

and More Space-Heating WOrK............ccouvievrvirrerieicsincemssssesssessseneeressssensssssesasessssssssesessns 7.17
Costs by SoUrce of FUNAING ...........coooievieriiereieteeieceee ettt e e o reessssssemsesssesseesessseseesaes 7.20
Costs for Dwellings with Mixed Funding by Coverage of DOE Guidelines................... 7.20
Benefit/Cost Ratios Using Installation Costs Only for Gas-Heated Dwellings

Weatherized in 1989 Program Year..........c.cocericeiecevserersmsiemsensseessssesssssssssssssesssssesssessee §.11
Benefit/Cost Ratios Using Total Costs for Gas-Heated Dwellings

Weatherized in 1989 PrOram YEar. ........c.cecuecuviveereoieeeereeeeseeeesesssssssssssmsesessessosssssessseson 8.12
Sensitivity of Benefit/Cost Ratios of Discount Rates and Lifetimes..........c.o.ovovvvvvovonennnn 8.16
Factors Distinguishing High from Low Energy Savers:

Occupant and Dwelling CharaCteriStiCs .......ove.cvvuvereerirecesesseesssmessssersnessssssossessosssssmssssssees 9.3
Factors Distinguishing High from Low Energy Savers:

WeatheriZation MEASUTES .........ccoueueueeueeeteeceereis e stiorereresseseseeeseossassssssssessrssseessessessssssessssoss 9.7
Factors Associated with High Gas and Electricity Savings:

Service DElIVEY PIOCEAUTES ......ccccovvueeieeireeeeencecssetssesecmsmseseseesesensssssesssesessssssossssmnssans 9.16
Regression Analysis of Average Agency Gas Savings Per Weatherized Dwelling.............. 9.22
Regression Analysis of Average Agency Percent Gas Savings ..oceceeeeiere e 9.23
Regression Analysis of Average Agency Percent Cost EffectivVeness...........oovveromoennns 9.24
1st and 20-Year Energy Savings of Housing Units Weatherized in PY 1989....................10.7
Gas Savings in Gas-Heated DWELHNES ...........c.oueeereeeiresireerneeeeeseeeeceresrsseresssesoesssessssssns 10.8
Electricity Savings in Electrically Heated DWEITINES...........cvemeeeereeeereemeeressseesnsesseesnsenns 10.9
Net Present Value of Nonenergy Impacts of the Weatherization Assistance Program......10.11
Energy Savings and Cost Effectiveness of the Weatherization Assistance Program ......... 10.18

Xiv



APPENDIX B-1
APPENDIX B-2
APPENDIX B-3

APPENDIX B-4

APPENDIX B-5
APPENDIX C
APPENDIX C-1
APPENDIX E
APPENDIX F-1

APPENDIX F-2

APPENDIX G
APPENDIX H-1

APPENDIX H-2

APPENDIX I

LIST OF APPENDICES*

DEVELOPMENT OF THE REPRESENTATIVE SAMPLE
EXAMPLES OF LETTERS USED FOR DATA COLLECTION
EXAMPLES OF DATA COLLECTION FORMS

PROCEDURES FOR MATCHING WEATHER STATIONS TC HOUSING
UNITS

SAMPLE WEIGHTING PROCEDURES
SUPPLEMENTAL TABLES FOR CHAPTER 3
WEIGHTING FACTORS

SUPPLEMENTAL TABLES FOR CHAPTER 5
SUPPLEMENTAL TABLES FOR CHAPTER 6

WEIGHTED ANNUAL DOLLAR VALUE OF ENERGY SAVINGS FOR
ALL FUEL TYPES

SUPPLEMENTAL TABLES FOR CHAPTER 7

BENEFIT/COST ANALYSIS BASED ON WEIGHTED ESTIMATES OF THE

LIFETIMES OF MEASURES

COST-EFFECTIVENESS RESULTS FOR ELECTRICALLY HEATED
DWELLINGS

SUPPLEMENTAL TABLES FOR CHAPTER 9

* Appendices are keyed to the chapter numbers; that is, Appendix B is associated with Chapter 2, Appendix C with

Chapter 3, etc. There is no Appendix A or D because Chapters 1 and 4 do not have appendices.

XV






AC
APMC
CAA
CAP
CCE
CCF
CDD
CSA
CMFERT
DOE
DSM
ECM
EIA
FTE
HDD
HUD
kWh
LIHEAP
MBtu
NAC
NCDC
NOy
ORNL
Post-NAC
PMC
Pre-NAC
PRISM
PVE
PY
RECS
802
TIC
TPC
T&TA
WAP

LIST OF ACRONYMS

Air conditioning

Average Program Management Costs

Community Action Agency

Community Action Program

Cost of Conserved Energy

One hundred cubic feet of natural gas

Cooling Degree Day

Community Services Agency

Collaborative Manufactured Building Facility for Encrgy Research and Training
U.S. Depantment of Energy

Demand Side Management

Energy Conservation Measure

Energy Information Administration

Full-Time Equivalent

Heating Degree Day
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Air Leakage:

- Air Leakage Control
Measures:

Air Sealing:

Attic Insulation:

Blower Door:

Clean and Tune:

Cold Region:
Community Action Agency:

Community Services
Administration:

Component Retrofit:
Contractor:

Control Dwelling:

‘GLOSSARY

The loss of conditioned air through air paths in the dwelling's
structure,

Techniques which aim to reduce the escape of conditioned air to
areas not intended to be conditioned. Common measures include
caulking/weatherstripping, air sealing, and distribution system work.

A systematic process of tightening a dwelling's structure to reduce
heat loss through warm air leakage sites. Uses a variety of materials
such as insulation, caulk, foam, vapor barriers, and weatherstripping.
Air leakage site identification is aided by the use of blower doors
and infrared scanning because not all leakage siles are obvious to
the unaided eye.

The use of an insulator in the attic to reduce transference of heated
or cooled air from the conditioned rooms to the attic. Usually,
involves installing fiberglass batts or blown cellulose insulation.
Attic insulation may be added for the first time to a structure or may
be applied on top of existing attic insulation,

A door- or window-mounted calibrated and variable speed fan that
blows air into (pressurizes) or sucks air out of (depressurizes) a
house. It has an adjustable frame, usually plastic or fabric, around
the fan so that it can fit snugly into most doorways. Gauges that
measure air flow and pressure are connected to the blower door,
which is used to locate air leakage sites as well as to quantify the
level of air leakage.

A procedure performed on a heating system (usually natural gas or
fuel oil), which is generally preceded by a combustion efficiency
test. The clean and tune can involve a variety of activities to
upgrade the efficiency and safe operation of the heating system,
including pilot or burner adjustment; adjustment of ventilation or
combustion: checking and resetting controls; and check relief
valves, safety valves, or thermocoupies.

For the purposes of this study, includes the States of Idaho,
Montana, Wyoming, North Dakota, South Dakota, Minnesota,
Michigan, Wisconsin, Maine, Vermont, and New Hampshire.

The most prominent type of subgrantee or local weatherization
agency.

The government agency with the original charge of low-income
weatherization.

Updating components of the heating system, cooling system, or
water heating system for energy efficiency and health and safety
reasons.

A private firm hired by a local agency to deliver Weatherization
Program services. Contractors tend to be used for heating system,
cooling system, and water heating system work.

A dwelling which was qualified for the DOE Program but was
waiting to receive weatherization in the spring of 1991.
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Cool Seal:

Crew:

Dwelling-specific Data:

Elderly Person:
Eligible Dwelling-Unit;

Fuel-0Qil Study:

Grantee:

Gross Energy Savings:

High-density Multifamily
Study:

Hot Region:

Incidental Repairs:

Installation-Related Overhead:

Large Agency:

Low-Income Home Energy
Assistance Program:

Primarily a mobile home measure which seeks to reduce cooling
load by reducing heat transference through the roof of the
structure.

In-house workers for local agencies who install weatherization
measures.

Refers to the database which contains data on dwelling and occupant
characteristics, measures installed, costs, and service delivery
procedures for each dwelling in the representative 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 whose income is
less than the 125% of poverty guideline set by the Director of the
Office of Management and Budget; (2) by a family member who
has received cash assistance payments under title IV 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 Weatherization Evaluation which
focuses on dwellings that are heated primarily with fuel oil and that
are located in the Northeast.

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

Calculated by subtracting the post-NAC from the pre-NAC for each
dwelling and summing across dwellings to obtain an average. Gross
savings are calculated for both weatherized and control dwellings.

Component study of the National Weatherization Evaluation which
focuses on high-density multifamily dwellings (five or more units).

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

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

Common expenses associated with weatherization field work, such as
vehicles, travel time, equipment, field supervision, insurance,
training, and contractor profit.

A local agency which weatherized 400 or more homes in PY 1989,
(LIHEAP) The federal program administered by the U.S. Depart-

ment of Health and Human Services, which assists low-income
houscholds with their home encrgy costs.




Medium Agency:

Moderate: Region:

Net Energy Savings:

Nommalized Annual
Consumption (NAC):

Petroleum Violation Escrow:

Post-NAC:
Pre-NAC:
Prograni Management Cost:

Program Year:
Rim/Band Joint Insulation:

Single-Family Study:

Small Agency:
Weatherized Dwelling:

Window Film:

A local agency which weatherized more than 100 and less than 400
homes in PY 1989.

For the purposes of this study, includes the states of Washington,
Oregon, Nevada, Northern California, Utah, Colorado, Nebraska,
Kansas, Ilinois, Indiana, lowa, Ohio, Kentucky, Missouri, West
Virginia, Virginia, Delaware, Maryland, Pennsylvania, New Jersey,

New York, Massachusetts, Connecticut, and Rhode 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 31, 1991,

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; contractor/crew management;
program administration; and program evaluation.

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

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

Component study 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 PY 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

INTRODUCTION

Background

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 the 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,
and 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 1981. 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 for 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-0il Study) and two
~ “policy™ studies.! Altogether, these five studies will provide a comprehensive national assessment of
the Weatherization Assistance Program as it existed in the 1989 Program Year (PY 1989).

This report presents the results of the first phase of the Single-Family Study. It evaluates the
energy savings and cost effectiveness of the Program as it has been applied to 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
covers the full range of conditions under which the program was implemented in PY 1989,

Goals of the Study

Phase one of the 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:

« acharactesization of the WAP network's capabilities, technologies, procedures, staff, and innovations; and

. a profile of low-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 population 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 (Energy Information Administration, 1989). In the 1990 RECS,
the proportion was very similar, 84% (Response Analysis Corporation, 1993).




» estimate the energy saved nationwide by the Program during the first year after
participation in PY 1989; and

*  assess program cost effectiveness.

In addition, it has three secondary goals:

*  assess nonenergy impacts, such as employmeni and environmental extemnalities;
+ 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.

EVALUATION DESIGN

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.? '

Sampling Design

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 stage. 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),* 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 other sources that were used
according to DOE weatherization regulations.

Data Collection

3 See the Acknowledgments for a list of working group members.

4 Gas- and electrically heated dwellings were oversampled in order to ensure reliable energy-savings 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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Data Collection

Four types of data were collected for the sampled dwellings:

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

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

« weather data.

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 were received on 14,971 weatherized dwellings, or 80% of the original
sample of 18,748 homes.

Fuel-consumption data were requested from the 926 utilities which prov'ided 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. Despite extensive follow-up activities,
attrition was significant; utilities provided complete data for only 4,796 (or 36%) of the 13,162
weatherized dwellings that heated primarily witﬁ 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
weatherization agencies were obtained from the National Climatic Data Center.

Data Analysis

The representative national sample was designed to be large enough to 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:

« climate region (cold, moderate, and hot — see Figure A.6);

' » primary heating fuel (gas, electric, and other);
« housing type (single-family, small multifamily, mobile homes); and
+ agency size (small, medium, and large).’

These same subgroups are used to examine dwelling and occupant characteristics, weatherization

activities and costs, and cost effectiveness.

5 Small agencies weatherized 100 or fewer dwellings in PY 1989, medium-sized agencies weatherized more than
100 and less than 400 dwellings, and large agencies weatherized 400 or more dwellings during that year.
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Altogether, the evaluation design provides for:

+ the most comprehensive evaluation of the Weatherization Assistant Program ever
conducted (involving thousands of dwellings and hundreds of local weatherization
agencies and utilities);

+ understanding of the program across key subgroups (climate regions, primary heating
fuels, dwelling types, and agency size);

« implementation of innovative approaches to weatherization program evaluation (e.g.,
retention of dwellings with occupancy changes and use of a new weather normalization
model for electrically heated and cooled dwellings);

* adetailed description of the Program's weatherization activities;

* apnmary data analysis of energy savings and cost effectiveness of the Program as applied
to gas- and electrically heated homes;

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

* the involvement of representatives of all the Program's major stakeholders in the
evaluation's design and implementation.

DESCRIPTION AND CHARACTERIZATION OF THE SAMPLE

Description of the Sample

Figure A.1 shows a comparison of the original sample sizes and the data received from local
agencies and utilities. With the high response rate from local weatherization agencies, the database of
dwelling-specific information provides a robust basis for generating highly accurate statistics about
the activities of the Program. The low response rates from gas and electric utilities, however, prevent
reliable energy-savings and cost effectiveness estimates for a few key' subgroups and introduce
possible response biases. Nevertheless, the data are sufficient 10 generate reliable savings and cost

effectiveness estimates for the Program as a whole and for cach of the climate regions.

Characteristics of Weatherized Dwellings

The analysis of weatherized dwellings underscores the existence of great diversity in the types
of occupants and single-family and small multifamily buildings that received DOE weatherization
services during PY 1989. Thc dominant markets are clear: most weatherized dwellings are single-
family detached (64%), owner-occupied (66%), are located in the moderate climate region (59%),
have central heating systems (68%), and heat with natural gas (51%). On the other hand, the PY 1989
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# of agencies/dwellings in original sample

# of agencies/dwellings with dwelling-specific data

/] # of agencies/dwellings with energy-consumption data (weatherized dwellings)
\V # of agencies/dwellings with energy-consumption data {control dwellings)
N=1,103 agencies N=198,000 dwellings N=49,500 dwellings
400
11,795
3,77
Local Agencies Weatherized Dwellings Control Group Dwellings

Fig. A.1 Comparison of Sample Sizes.

weatherized dwellings also include mobile homes (20%), dwellings that heat primarily with non-utility
fuels such as liquid propane gas (13%) and wood (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 clients. Key differences by climate region are:

Cold Climate: highest household incomes, highest incidence of central heating and
OWner-oCCupancy.

Moderate Climate: 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.

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

. vast majority have central heating systems, older
homes than average, many small multifamily dwellings, few mobile homes.
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» Dwellings Heated by Electricity: relatively few central heating systems, more air
conditioning equipment, newer than average.

. Hings H “Other” Fuels: about half have central heating systems, high
percentage use supplemental heating fuels, many mobile homes.

Dwelling and occupant traits also vary by type of dwelling.

« Single-family Detached Dwellings: largest household sizes, highest incidence of elderly
and handicapped occupants, more reliance on supplemental fuels.

- wellings:  high incidence of central heating, limited use of
supplemental fuels, oldest dwellings, highest income occupants.

« Mobile Homes: smallest and newest dwellings, greatest home ownership, limited gas heat.

» Small Multifamily Dwellings: heat primarily with natural gas, largest dwellings, lowest
level of home ownership, fewest elderly.
These differences are key to understanding the performance, challenges, and opportunities of the
Program.

Comparison of Weatherized and Eligible Populations

Definitions of income eligibility for the Program vary among the States, but generally range
from 125% to 150% of the federal povery level.® Program participants and the eligible population
have somewhat different profiles when eligibility is defined as 125% of poverty. Because the
Program tends to serve the needier part of the low-income sector, these differences are more
pronounced when eligibility is defined as 150% of poverty.

Participants in PY 1989 typically had a lower average income than the Program-eligible
population (Fig. A.2) They aiso resided in smaller and older homes. In addition, weatherized
dwellings had fewer electric heating systems and relied more on non-utility fuels, such as fuel oil,
propane, kerosene, wood, and coal, than the eligible population. These findings characterize a
program that directs its resources towards the more economically disadvantaged portion of the low-
income population.

Participants in PY 1989 were more concentrated in the cold and moderate climate regions
than the eligible population, reflecting the higher funding levels of States with colder climates. The
weatherized dwellings also included higher proportions of mobile homes and lower proportions of

single-family attached and small multifamily dwellings than the eligible population. This is the case

¢ Some States use 125% of the federal poverty level as the Program eligibility threshold, while others use 150% of
the poverty level, Other definitions, such as 60% of the State's median income, also may be used. Because of
the varying State definitions, the Program-eligible population actually has a mean income that is somewhere
between 125% and 150% of the poverty level. ‘
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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 ate most prevalent in the moderate and cold climate regions (which
receive disproportionately more funding). Thus, there appears to be a programwide tendency to
serve mobile homes at higher rates, and small multifamily and attached single-family dweilings at
lower rates than their proportidns in the eligible popuiation.

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.

DESCRIPTION OF WEATHERIZATION ACTIVITIES
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 retrofits, which were not par of the 1981
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Program) were installed in 30% of the weatherized dweliings (Fig. A.3). In PY 1989, another new
measure — blower door-assisted air sealing — was used in 18% of weatherization jobs. Storm
windows. on the other hand, were instali: ' 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 PY 1989 it included
much more sidewall, floor, and duct insulation as opposed to Jjust attic insulation. These trends are
consistent with a growing body of research emphasizing the cost effectiveness of fumace retrofits,
blower door diagnostics, and insulation; and questioning the ability of storm windows to save energy
cost effectively. '

100 -
1981
90 |-
81%

8o 1989
[7.]
[=]
£ 70
2
(] 60 [~
'8 53%
i)
= -
1]
=
«
é -
° sl 30%
1=
-]
2 20 - 18%
7]
a

10|

0% 0%
0 ]
Caulking and Space Heating Blower Door-
Weatherstripping Windows Systen Measures Assisted Alr Sealing

Fig. A.3 Installation Rates for Selected Weatherization Measures:
1981 and 1989.

The diversity and complexity of weatherization procedures has increased dramatically over
the past decade. While many agencies still select their clients on a first come-first served basis, others
target clients with greater-than-average potential for cost-effective energy savings., Similarly,
investment criteria have been developed that deviate from uniform expenditures per house to allow
larger investments in dwellings that offer greater .nergy-savings opportunities. Program
implementers now have a large menu of diagnostic tools to help guide their weatherization. In

addition, the Program permits the use of a variety of methods for selecting weatherization measures,
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which allow measures to be better targeted to the specific needs of individual dwellings than occurs
when priority or prescribed lists are used. Recognizing the impact of occupant behavior upon energy
consumption, client education has become an integral part of many State and local weatherization
programs. Finally, quality control has gone beyond visual inspections during monitoring visits, to
include sophisticated 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 integrated
envelope/heating system audit (8%), or distribution 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 used

during the 1989 Program. Differences across climate regions are particularly pronounced.
» Cold climate region: high installation rates for insulation, water heating, and space
“heating measures; low installation rates for storm and replacement windows and doors;

most frequent use of integrated audits and blower door testing; more space heating
diagnostics.

= Moderate climate region: high instaltation rates for storm windows, space-heating
measures, and air leakage control; most heating system diagnostics and dissemination of
energy literature,

« Hot climate region: low installation rates for wall 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 heating diagnostics.

Local weatherization agencies in the cold climate region emphasize many of the measures
and procedures that recent literature suggests will produce the best results (such as integrated audits,
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 hot 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 dwellings: high installation 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.

» Electrically heated 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.
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« Dwellings heated by “other" fuels: 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 are in some cases appropriaie
for certain fuel types but not for others. For example, the most common heating system measures
and diagnostics are not applicable to electric healing systems. Profiles of weatherization measures
and procedures also differ across primary heating fuels because reliance on these fuels differs
geographically (e.g., the hot region relies more on “other fuels™) and by housing type (e.g., mobile
homes are rarely heated by natural gas).

Finally, differences across dwelling types are also apparent.

« Single-family detached 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 for storm windows, underpinning/skirting, and cool
seals on roofs; and low installation rates for insulation.

» Single-family_attached dwellings: high installation rates for space-heating system
improvements, storm windows, and attic insulation; and low installation rates for wall
insulation.

»  Small multifamily dwellings: high installation rates for water-heater measures and storm

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 types had a high concentration
of advanced diagnostic procedures: single-family detached homes and smail multifamily dwellings.

The above profiles indicate that there are systematic variations in the diagnostics and
measures used to weatherize different types of dwellings. These differences are key to understanding
the performance of the Program in its various submarkets.

ENERGY SAVINGS

For both gas- and electrically heated dwellings, the estimation of heating and cooling energy
savings involved several steps. First, nonﬁajized annual consumption (NAC), which is the amount of
encrgy that would have been consumed in a year with rypical weather, was estimated for a pre-
weatherization year (pre-NAC), and a post-weatherization year (post-NAC), for each 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 homes. The

¢ The Princeton Scorekeeping Method (PRISM) was used to calculate Normalized Annual Consumption.
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gross or net percentage savings were calculated by dividing the average gross or net savings by the
average pre-NAC,

Thie 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 fuels 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 summarized in Table A.1. On average, each
dwelling weatherized in PY 1989 saved an estimated 17.6 MBtu's during its first year after
weatherization,” 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.1 1st and 20-Year Energy Savings of Housing Units
Weatherized in PY 1989

1,733,000 34,670,000

18,810 6.2 117,000 2,340,000
18,810 18.9 356,000 7,120,000
79,002 - 17.7 1,398,000 27,960,000
198,000 16.4 3,248,000 64,960,000
198,000 17.6 3,487,000 69,740,000

Nationwide, the 1989 Program resulted in annual energy savings of 3,487,000 MBuu's. At an
equivalence of 5.8 MBtu's per barrel of oil, this represents 601,000 barrels of oil during 1990-91, or
1,650 barrels of oil per day. Over the 20-year lifetime of the weatherization measures instalied in
PY 1989.% it is estimated that the savings from this one year of weatherization will amount to

7 MBtu refers to one million British thermal units.
8 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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69,740,600 MBtu's, or 12 million barrels of oil. This is approximately equal to the amount of nil that
was added to the emergency Strategic Petroleum Reserve in 1992,

Gas-Heated Dwellings

Gas-heated dwellings account for 90% of the 4,299 weatherized dwellings for which fuel
consumption records were available, and represent half of the dwellings weatherized by the Program
in PY 1989. Thus, their performance dominates the outcome of this evaluation.

This study's weighted estimate of net savings in gas-heated homes is 173 ccf's or 17, .JBiu's.
This represents 13.0% of pre-weatherization gas consumption (Table A.2). The savings are higher
when calculated as a percentage of the gas used for space-heating purposes durmng the year preceding
weatherization. Using this as the denominator for estimating percent net savings. the Program saved

an average of 18.3% of the gas used for space heating.

Table A.2 Gas Savings in Gas-Heated Dwellings

SRR A Modezrate _:;E: Program-wide
: o 17Cold Region (- Region Hot Region' || Average
Nunibér&f“b@éiliﬁ’gs’ i 1040 | 27243 | 590 3,873
First- ycaerss Savmgs (‘n 166 137 102 135
ccf/dwelling): S
First:year Net Savmgs oo 235 ) 91 173
' ccﬁdwcllmg) S R
Net Savmgs"as:-Percent of Total 17.7% 12,47 10.9% 13.0%
Gas Use _ ,
Net Sawngs asPercentof Gas |  24.9% 175% | 15.4% 18.3%
Used ‘for Space Heaung £ !

Net gas savings are highest in the cold region (235 ccfs), somewhat lower in the moderate
region (182 ccf's), and much lower in the hot region (91 ccf's). Because pre-weatherization gas use is
highest in the moderate climate region, net savings as a percent of total gas use for this region
(12.4%) is much less than in the cold region (17.7%). Due to the low level of gas use in the hot
region, percent net savings for this region (10.9%) is onty slighily less than in the moderate region.
Variations in savings by dwelling type are large and significant for gas-heated dwellings: single-
family detached dwellings (the dominant dwelling type served by the Program) saved over 50% more
than mobile homes.

lifetime of the energy conservation measures included in each package, and (3) the measured gas savings of each
package,
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Electrically Heated Dwellings

Electrically heated dwellings represent 10% of the dwellings weatherized by the Program
during 1989. Thus, they account for a small, but significant fraction of the Program's clients.

The weighted net savings estimate for the Program nationwide is 1,830 kWh/year or 6.2
MBtu's/year (at the site) (Table A.3).° 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.

Table A3 Electricity Savings in Electrically Heated Dwellings

131

307 867

595 1,830

5.4% 12.2%

42.4% 43.8% 15.9% 35.9%

g

The energy 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-family detached and small multifamily dwellings saved more electricity after
weatherization than mobile homes.

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 incorporated the results of the National
Weatherization Evaluation's Fuel-Oil Study. The result is an estimate of 17.7 MBtu's saved per
weatherized dwelling heated 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 homes located in the nine northeastemn states (22.4 MBiu's per year).

9 Additional energy savings occur at the source of electricity generation, because energy (e.g., coal or gas) is
typically consumed to produce electricity.
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The estimated encrgy saved by different types of "other” fuels suggests that fuel oil has
contributed more than any of the others. It is the most common "other" fuel among homes
weatherized in PY 1989, and it is used primarily in the cold and moderate regions, Liquid propane
gas is the next most common “other” fuel, but because it is used primarily in the hot region, it

contributes much less to the Program's total energy savings.

Trends and Comparisons

The estimated Program savings in PY 1989 are higher than the estimate of 13.8 MBu's per
dwelling resulting from EIA's evaluation of the 1981 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 lower
savings for electrically heated dwellings than for dwellings heated by natural 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 more like the average in the assessment of the earlier program.,

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

NONENERGY IMPACTS

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

Table A.4 lists the nonenergy benefits that were monetized in this study. Additional benefits
that have not been assigned a dollar value include: thermal comfort improvements, indoor air quality,
benefits of increased nonenergy expenditures, and savings associated with fewer residential moves.

Thus, the dollar value used here for nonenergy benefits ($976) is conservative.
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Table A.4 Net Present Value of Nonenergy Impacts of the
Weatherization Assistance Program

:'-'ﬁ' % :N_et P_resent Value 6’f_‘the
-} Impact per Dwelling -

$126

$3
$32

$55

$506

$82

$1728

$976

2 The net present value of the environmental benefits was calculated assuming a 4.7% discount
rate and a 20-year lifetime. The other nonenergy benefits occur only in the year (1989) in
which weatherization occurred and, therefore, do not require discounting.

The methods used here to estimate the value of nonenergy impacts varied. Estimates of
environmental benefits relied 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 SO,, NOy, and
CO,. Estimates of empioyment benefits combined a literature 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 conceming the structure of the job market for weatherization workers.
Direct and indirect, but not induced, employment benefits are included in the estimate. Déta from
this study on weatherization expenditures for home repairs are used to quantify the benefits
associated with maintaining or enhancing property values and extending the lifetime of dwellings.
Our estimate of reductions in arrearages is based on a literature review and data on payment histories

that were collected on the dwellings included in this study.
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COSTS

In PY 1989, the programwide average total instaliation cost (i.e., materials and on-site labor)

per dwelling was $1,050. Expenditures for individual dwellings, however, often varied substantially
from this average. In particular:

+ Eighty-five percent of dwellings had total installation expenditures of less than $1,500,
with 45% of dwellings in the $600 to $1,200 range. About 8% had expenditures of less
than $300 and about 9% had expenditures of more than $1,800.

* There were no significant differences by climate region in total materials costs, but
differences in labor costs and total installed costs were significant. The largest installation

expenditures were in the moderate and cold climate regions, while the hot region spent
about 10% less.

» Total installation costs, total materials costs, and labor costs differed significantly by fuel
type with the highest expenditures for dwellings that heat 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 singie-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 types of measures did differ significantly (Fig. A4). In the

cold region, investments were highest for insulation, In the moderate region, the highest expenditures
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Fig. A.4 Average Material Costs (in 1989 dollars), by Climate Region.
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were for windows and doors. In the hot region, structural repairs had the highest investment level,
and windows and doors consumed nearly as high an amount. Thus, the cold region puts more
resources into the measures most likely to save energy. Differences in materials costs by fuei type
also were significant with the most being spent on homes heated with other fuels.

Labor cost data were collected and calculated with different methods for crew-only,
contractor-only, and mixed (crew and contractor) weatherization jobs. This was necessary because
the way agencies track costs for crew and contractor labor differs. Among the representative
dwellings that could be classified by labor type, approximately one-third fell into each of the three
types: crew-only, 33%; contractor-only, 38%; and mixed crew and contractor, 29%. Generally,
agencies tend to use one labor type on all, or at least 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 on-site-installation labor) range from $300 to $600 per housc. In spite of the magnitude of
management and overhead costs, most previous evaluations of weatherization programs have not
reported them and have not included them in their cost-effectiveness calculations. In part, this
reflects 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

developéd and used in this evaluation,

COST EFFECTIVENESS

The cost effectiveness of the Program was examined from many perspectives, but only three
are presented in detail, by subgroup. With the installation perspectivé. which follows the usual
procedure in previous low-income wea_therization program evaluations, the only benefit valued is
energy savings and the only costs included are instaliation expenditures (i.e., on-site-installation labor
and materials costs). With the program perspective, the only benefit valued is encrgy savings, while
costs include installation and management and overhead costs (i.., the "worst" case). With the
societal perspective, benefits include both energy and nonenergy benefits, and costs include
installation 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 aliernatives.
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T:ie 1989 Program Results

All of the perspectives that were examined show the 1989 national program 10 be cost
effective. Benefit/cost (b/c) ratios range from 1.09 (for the program perspective) to 1.72 (for the
societal perspective). 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. When nonenergy
benefits are also included, the Program returns $1.72 for every $1.00 invested.

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. A.5 presents the results for the societal perspective.
The cold and moderate regions had higher b/c ratios than the national average, while the hot region
had b/c ratios of less than 1.00 with the installation and program perspectives, and of 1.17 with the
societal perspective. Only single-family detached homes (which account for 63% 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 two perspectives. Large and medium-sized agencies had cost-effective
results with all three perspectives, while small agencies fell below 1.00 with the program perspective.
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Electrically Heated Dwellings

Because electricity prices are higher than gas prices, energy savings in electrically heated
dwellings are worth 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 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 perspective.

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 performance of similar programs. Schlegel
and Pigg (1990), 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 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. Cohen, et 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.

EACTORS ASSOCIATED WITH PERFORMANCE

The analysis of factors associated with energy savings was multifaceted: (1) it examined the
savings of individual dwellings and the average savings of different agencies; (2) it examined absolute
savings as well as percent savings and benefit/cost ratios; (3) it employed both bivariate and
multivariate analytic techniques; and (4) it examined the predictors of performance in each of three
climate regions and nationwide. The different approaches produced a consistent portrayal of the
major predictors of energy savings.

The analysis indicates that encrgy savings per dwelling are largest in the Program's dominant

submarkets, where weatherization activity is concentrated. These include:
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* cold and moderate climate regions; and
+ single-family detached homes.

Partly because of small sample sizes, few additional prediciors of electricity savings were identified.

These include high electricity consumption prior to weatherization and the instailation of first-time
..tic insulation. In contrast, numerous factors were significantly associated with gas savings.
Certain service delivery procedures correspond with higher-than-average gas savings,

including:

* weatherization of households with high gas consumption (Fig. A.6);
* integrated envelope/heating system audit;

* distribution system diagnostics: and
* heating system efficiency tests.
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In contrast, the energy-savings benefits of blower-door assisted air sealing and client education were
not discernible.

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

« distribution system air leakage control;

« gir sealing without blower doors;

« attic insulation (particularly first-time);

« wall insulation (particularly high density);

» floor insulation;

« water heater tank insulation, pipe insulation and temperature reduction;

» furnace replacements; and

« 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 key role of distribution system
diagnostics and air leakage control, and the questionable energy-savings bencfits of blower-door
assisted air sealing.

Clearly, more analysis is needed to test these findings before employing them as a basis for
policy and program recommendations. The results reported here are "correlational” in nature and
cannot identify "causes" of high energy savings. More definitive information on factors influencing
savings will result from the Single-Family Stﬁdy's on-site field work (i.e., phase two).

CONCLUSIONS

During PY 1989, the Weatherization Assistance Program weatherized 198,000 single-family
or small multifamily homes. On 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 E;rogram resulted in annual
energy savings of 3,487,000 MBtu's. At an equivalence of 5.8 MBtu's per barrel of oil, this represents
601,000 barrels of oil during 1990-91, or 1,650 barrels of oil per day. Over the 20-year lifetime of
the weatherization measures installed in PY 1989, it 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 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 socictal
perspective, which includes both energy and nonenergy bencfits and total costs for all single-family
and small multifamily dwellings, the Program in PY 1989 was cost effective, with a benefit/cost ratio
of 1.72. Table A.5 presents some of these key statistics.




Table AS Energy Savings and Cost Effectiveness of the
Weatherization Assistance Program

S Indieator | Program-Wide Value

16.4 (site)
17.6 (source)

13.5%
18.2%
$116
$1,050
$1,550
1.09
1.61
1.72
$4.60
$0.04

i Year Energy Savings por Doclling
.. GoMillion Bos)

198,000

Based on energy consumption one year after weatherization in 1989-90,

Estimated at an average cost of $6.89 per MBtu's.

Based on energy-savings 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 MBtu,

The weighted average retail price for electricity is $0.07 per kWh,
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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 the 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.




ABSTRACT

Introduction. In 1990, the U. S. Department of Energy (DOE) initiated a national evaluation of its
low-income Weatherization Assistance Program. This report, which is one of five parts of that
evaluation, evaluates the energy savings and cost effectiveness of the Program as it has been applied
to the largest portion of its client base — low-income households occupying single-family dwellings,
mobile homes, and small (2- to 4-unit) multifamily dwellings. The study is based upon a
representative national sample (of 368 agencies, 14,971 weatherized dwellings and 11,795 control
dwellings) that covers the full range of conditions under which the program was implemented in the
1989 Program Year (PY 1989).

Data collection. Dwelling-specific and agency-level data on dwelling characteristics, measures
installed, costs, and service delivery procedures were collected from the sampled agencies. Fuel-
consumption data were requested from the 926 utilities which provided gas and/or electricity to the
sampled dwellings that heated primarily with gas or electricity. Estimates of fuel-oil savings from a
companion Fuel-Oil Study were incorporated into the analysis. No effort was made to gather fuel
consumption records for dwellings that heated primarily with other fuels such as kerosene, liquified
propane gas, wood, or coal.

Energy savings. Energy savings were calculated by applying the Princeton Scorekeeping Method
(PRISM), which is a weather normalization procedure, to gas and electric consumption records for a
year before and a year afier weatherization. For gas-heated dwellings, national net savings averaged
17.3 MBtu, or 13% of total gas usage, and 18% of gas used for space heating. For electrically heated
dwellings, national net savings averaged 1,830 kWh, or 18.9 MBtu's/year. This represenis a 12%
reduction in total electricity, and a 36% reduction in electricity used for space heating. For all fuel
types, the national estimate of annual savings was 17.6 MBtu's per weatherized dwelling 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.

During PY 1989, the Weatherization Assistance Program weatherized 198,000 single-family or small
multifamily homes, resuiting in a total savings of 3,487,000 MBtu's during the first year. At an
equivalence of 5.8 MBtu's per barrel of oil, the Program saved 601,000 barrels of oil during 1990.
Over the 20-year lifetime of the weatherization measures, the anticipated savings amount {0
69,740,000 MBtu's, or 12 million barrels of oil. :

Cost effectiveness. 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 the gas-heated dwellings, the Program in PY 1989 was cost
effective, with a national benefit/cost ratio of 1.61. Because electricity prices are higher than gas
prices, energy savings benefits in electrically heated dwellings are worth more than those in gas-
heated dwellings. Cost-effectiveness resuits, therefore, were generally more favorable for the
electrically heated dwellings, with a national benefit/cost ratio of 2.33. For all fuel types combined,
the benefit/cost ratio was 1.61.

Factors influencing savings and cost effectiveness. The analysis indicates that energy savings and
cost effectiveness are highest in the Program's dominant submarkets (including cold and moderate
climate regions and single-family detached homes), where DOE Weatherization activity is
concentrated. Service delivery procedures that correspond with higher-than-average gas savings
include the weatherization of high energy users and the use of integrated envelope/heating system
audits. Weatherization measures associated with higher-than-average savings include heating system
replacements and attic, wall, and floor insulation.
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1. INTRODUCTION

1.1 BACKGROUND TO THE EVALUATION

This report evaluates the energy savings and cost effectiveness of the U.S. Department of
Energy's (DOE) Weatherization Assistance Program (the Program), as it has becen applied to the
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 performance was
completed in 1984 based on energy consumption data for households weatherized in 1981 (Peabody,
1984). More recently, several States have evaluated their programs to determine their effectiveness.
However, most of these State evaluations have assessed cold-climate programs, resulting in an
incomplete assessment of overall program performance and uneven information about factors
influencing cost effectiveness. As a result, DOE determined that a more timely and comprehensive
national level evaluation of the Program was needed to provide policy makers and Program
implementers with the up-to-date, credible, and reliable information required for effective decision
making.

With assistance from Oak Ridge National Laboratory (ORNL), a National Evaluation of the
Program was designed. The evaluation is comprised of three “impact” studies and two “policy”
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 multifamily dwellings using gas or electricity for heating — the
Single-Family Study (Berry, Brown, Wright, and White, 1991);

» high-density multifamily buildings using gas, electricity, or fuel-oil for heating —— the
Multifamily Study (MacDonald, Brown, Temes, and Sharp, 1991); and

. fuel-oil heated single-family homes in nine northeastern States — the Fuel-Oil Study
(Ternes, Levins, and Brown, 1992).

Two supporting 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 DOE Weatherization network'’s capabilities, technologies,
procedures, staff, and innovations (Mihlmester, Koehler, Beyer, Brown, and Beschen,
1992); and

» a profile of low-income weatherization resources, the weatherized population, and the
Program-eligible population that remains to be served (Power, Eisenberg, Michels,
Witherspoon, and Brown, 1992).

Altogether, these five studies will provide a comprehensive evaluation of the Weatherization
Assistance Program. The Single-Family Study, the subject of this report, is a critical part of this
coordinated evaluation effort. Its focus on single-family dwellings, mobile homes, and dwellings in
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small (2 to 4-unit) multifamily buildings covers 83% of the income-eligible population.! As a result,
it is the largest of the national evaluation's five studies. It is based upon a representative national
sample that covers the full range of conditions under which the Program was implemented in the
1989 Program Year (PY).?

This chapter begins wilh an overview of the Program, to provide the reader with the
background necessary for understanding the evaluation's results. It then provides a brief review of
the literature, again for background purposes. Nexl the goals of the evaluation are presented. The
chapter ends with an overview of the remaining chapters that comprise this report.

1.2 OVERVIEW OF THE WEATHERIZATION ASSISTANCE PROGRAM
1.2.1 Legislative History

Federal efforts to weatherize the homes The Weatherization Assistance Program is

of low-income persons began on an ad hoc, autherized by the Energy Conservation in

) . Existing Buildings Act of 1976, as amended, 42
emergency basis after the 1973 oil embargo. A U.S.C. 6851 ¢f seq. The following quotation
formal program was established, under the from 42 U.S.C. 6861(c) describes the

Congressional intent of the Program:
Community Services Administration (CSA), in
1975. DOE became involved in 1976, with ‘0 increase the encrgy efficiency of dwellings

owned or occupied by low-income persons,

passage of Public Law 94-385. In 1977 and reduce their total residential energy
. expenditures, and improve their health and
1978, DOE administered a grant program safety, especially low-income persons who are

particularly vulnerable such as the elderly, the

which paralleled and supplemented the CSA handicapped, and children.”

program; DOE monies provided for purchase .
The intent of the program is also noted in Federal

of materials and CSA was responsible for regulations, which are in 10 CFR Part 440,
labor. In 1979, DOE became the sole Federal P‘;vr:‘;lg‘f’,"zam" Assistance for Low-Income

agency responsible for operating a low-income

weatherization assistance program. In 1982 Low-Income Home Energy Assistance Program
(LIHEAP) funds became available for weatherization, and in 1986 Petroleum Violation Escrow
(PVE) funds were first applied to weatherization. However, the majority of funds from both of these
sources have been spent under the rules and regulations of the DOE Weatherization Assistance
Program (Power, et al., 1992).

The goals of the Weatherization Assistance Program are to decrease national energy
consumption and to reduce the impact of high fuel costs on low-income households, particularly

1 Using households below 125% of the poverty line as the eligible population 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 muliifamily dwellings. In the 1990 RECS, the proportion was nearly the same, 84%.

2 The 1989 Program Year typically covered the period from April 1, 1989 through March 31, 1990. In a few
states, however, the 1989 Program Year started on July 1, 1989 and ended on June 30, 1990,
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those of the elderly and the handicapped. The energy burden on low-income households is
significant: the average low-income family spends 25% of its income on home cnergy compared to
7% for the average family (Vine and Reyes, 1987). Homes occupied by low-income households
have less insulation, fewer storm windows, and older and less efficient heating and cooling equipment,
incica’ing a greater than average need for energy-efficiency improvements. This need is
corrobo. ated by their higher than average levels of energy consumption per square foot of occupied
space (Coen and Goldman, 1991). At the same time, low-income households have limited financial

resources to .nvest 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 1,103 local

" weatherization agencies (or subgrantees). Each local agency -veatherizes the dwellings of income-
qualified households in its service territory, which typically is composed of several rural counties, a
medium to large city, or part of a metropolitan area.

The Headquarters office of DOE has responsibility for overall management and nationwide
coordination of the Program including such functions as establishing policy, promulgating
regulations and guidance, collecting data, monitoring field offices, evaluating progress, providing
national level training and technical assistance, and allocating appropriated funds.

Ten field offices of DOE exercise day-to-day oversight and coordination among the States in
their respective regions. They review and approve State plans and applications and ‘make grant
awards. Field offices monitor States for progress against goals established in State plans and for
compliance with statutory and regulatory requirements. They provide training and technical
assistance and facilitate the flow of information on new technologies and innovations among States
and between States and the Federal government.

State Grantees are responsible for developing plans and implementing programs that reflect
their particular needs and circumstances (climate, housing stock, etc.). Each State is entitled to its
formula share of the annual Program appropriation, based on~»OE review and approval of its State
application and plan.> States select local agencies to serve areas within the State and enter into grant
or contract .greements with the subgrantee~. States are responsible for monitoring and oversight of
subgr. «eas, for training and providing technical assistance to them, for maintaining records, and for
reporting to DOE un progress in meeting the goals established in their DOE approved plans. The
plurality of State Weatherization agencies are located within human services departments of State

3 The formula takes into account the number of low-income households, the percentage of total residential energy
used for space heating and cooling, and the number of heating and cooling degree days in the State.
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government; State community and economic development departments house most of the remaining
agencies (Mihimester, et al., 1992),

Subgrantees, or local agencies, are selected by the State grantees. They are responsible for
receiving and prioritizing applications and installing the energy conscrvation measures appropriate to
each dwelling unit, for maintaining required records, and for reporting progress to the State. During
1989, 81% of the Program's local agencies were Community Action Agencies (CAA) and the
remainder were local government agencies, community-based organizations, or other nonprofit
entities (Mihlmester, et al., 1992).

1.2.3 Evolution of the Delivery System

The DOE program began as a hybrid effort which supplemented and paralleled the CSA
program by providing grants for the purchase of materials to be installed by veluntary labor with
minimal training. The emphasis was on temporary, quick fix, and/or low-cost measures. Installation
standards varied widely.

Subsequent to the early, quick fix/voluntary labor stage. the delivery mechanism evolved
through several stages. At first there was a mixture of voluntary and hired labor, with an emphasis on
general heat waste and infiltration measures, stormm windows and doors, and increasingly on
insulation. There was insufficient emphasis on installation standards and on the use of iabor saving
and/or diagnostic tools and techniques. The development of permanent, trained and experienced
staff was just beginning.

As the shift toward professional labor accelerated, more attention was paid at all levels to
selection of the right measures, 10 labor saving and diagnostic techniques, and to proper installation.
Today the emphasis is on permanent, cost-effective measures installed by a trained, professional staff
and augmented by client education.

Through the ecarly 1980's, there has also been a steady increase in the amount of
weatherization work which has been subcontracted to professional coniractors by local agencies.
Subcontracted work may involve total substitution of contract labor for local agency crews: in other
instances it applies only to certain specialized work, such as furmace replacement or retrofits.

In recognition of improved State and local capabilities, several changes were inttoduced into
the Program through amendments to the statute and rcgulation, beginning in 1984, Tnese changes
had the effect of allowing the States more fiexibility to design and implement programs tc meet their
individual needs. The changes include: provisions which allow States to devciop alternative _nergy
audits (in place of the single nationwide audit procedure previously prescrithed); the addition of
heating and cooling system measures; an increase in the expenditure level per home; and a shift (with
respect 10 both the $1600 maximum expenditure per home and to the 60/40 ratio of labor to

materials costs) from a dollar limit per home to a statewide average.
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Phase one of the Single-Family Study has two principal goals:

+ estimate the energy saved nationwide by the Program during the first year after
participation in PY 1989; and

« assess Program cost effectiveness.

In particular, the first phase estimates the energy saved during the first postretrofit year for housing
units weatherized in PY 1989. Phase one also analyzes Program cost effectiveness for PY 1989.

The first phase of the Single-Family Study has three secondary goals:
. assess nonencrgy impacts, such as comfort, safety, and housing affordability;

. analyze factors that influence energy savings, nonencrgy impacts, and cost effectiveness;
and

« identify promising Program opportunities for the future.

These secondary goals are also a major focus of the second phase of the Single-Family
Study. In particular, the second phase of the study will involve a process evaluation of a set of high-
performing local weatherization agencies and the collection and analysis of on-site field data on
dwelling unit, occupant, and weatherization characteristics. Energy-savings results from phase one
will be used to guide the selection of high-performing local agencies and a subsample of weatherized
and control group housing units. The on-site data will help identify factors that account for
variations in energy savings and benefit/cost results, particularly for housing units with especially high
or low savings. This information will be used to interpret the energy savings and benefit/cost results,
to quantify the nonenergy impacts of the Program, and to identify promising oppbrtunitics.

The third phase of the Single-Family Study will look at the persistence of energy savings over
time. Three years of postretrofit energy consumption (Program Years 1990-1992) will be analyzed
to assess long-term savings and the influence of household mobility.

In sum, the Single-Family Study covers significant issues and focuses on producing useful
and practical information for program planning, implementation and management that can be
obtained for reasonable costs. Understanding how the Program is operating establishes the

groundwork for planning future efforts.

1.4 LITERATURE REVIEW

Previous evaluations of low-income weatherization programs offer an important context
within which the results of this evaluation should be interpreted. While there has been only one
previous nationwide evaluation of the energy savings and cost effectiveness of the Weatherization
Assistance Program (Peabody, 1984), there have been numerous evaluations of weatherization

programs implemented by individual States and utilities. In addition, several publications review
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these State and utility evaluations and summarize their findings (CSR, Inc. and Meridian Corporation,
1989; Schiegel and Pigg, 1990; Cohen, Goldman, and Harris, 1990). These reviews and the prior
nationwide evaluation are the focus of the following literature review. Our review is organized into
three sections: estimates of energy savings, assessments of cost effectiveness, and identification of
promising opportunities.

1.4.1 Estimates of Energy Savings

The national Weatherization Assistance Program evaluation conducted by the Energy
. «ormation Administration examined z random sample of 965 single-family homes weatherized in
1981 (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.
The study presented three types of energy savings estimates for the Program {p. 20):

* 13.1t0 13.7% of a home's heating energy;
* 104 to 10.9% of the home's main heating fuel, and

* 9.1 10 9.7% of the home's total energy consumption (including electricity, natural gas,
fuel oil, kerosene, and liquid propane gas).

The study 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
the homes used more energy for space heating the year after weatherization compared with the year
- before. This wide range of energy savings is typical of weatherization programs (Brown and White,
1991).

The applicability of these findings to today's Program is questionable, given the number of
changes that have occurred over the past decade in DOE Weatherization procedures and the “state-
of-the-ar.” In addition, the validity of the 1984 study is compromised by the lack of a control
group and the use of unconventional and unclear weather normalization 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 fusl.

Each of the three reviews of State and utility weatherization evaluations presents estimates of
the energy savings of low-income weatherization programs. The study by CSR, Inc. and Meridian
Corporation (1989) analyzed 14 State program and reported average gross savings of 14.9%. The
generalizability of these 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
comprehensive weatherization programs reported higher average gross savings of 17.7%. The non-
Program evaluations include four studies of weatherization programs that involve more intensive and
costly weatherization measures than is typical of the Program.
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Cohen, Goldman, and Harris (1990) reviewed twelve evaluations of State low-income
weatherization programs, mostly involving gas-heated homes located in colder climates. The median
savings of the space heat fuel (after normalizing for long-term heating degree-days) for these studies
is 12%, with a range of 7-14%. Many of these twelve studies evaluate weatherization activities in the
early to mid 1980's. Results from several recent demonstration projects produce more encouraging
results. For example, demonstration programs conducted in the late 1980's in Michigan, Minnesota,
and Virginia generated savings of 17 to 18%.

Schlegel and Pigg (1990) reviewed nine evaluations of DOE-funded low-income
weatherization programs operating in the States of Michigan, Minnesota, Ohio, and Wisconsin. Most
of the buildings evaluated in each of the studies were heated by natural gas, and the majority of the
studies focused on single-family residences with no occupancy changes over the study period. The
period of weatherization varied from 1982 to 1988. The average energy savings of these programs
(based on total fuel consumption) was 16.9%, ranging from 6.4 10 23.4%.

In sum, evaluations to date indicate that DOE low-income weatherization programs operating
" in cold climates have reduced energy consumption by 12 to 17% during the first year after
weatherization and that energy savings have increased slightly over time. In addition, a number of
recent demonstration projects indicate that the Program has the potential to offer much greater
savings (25% to 40%).

These conclusions, however, are based on a small number of program evaluations that have
focused on single-family homes located in moderate or cold climates. Few of the studies reviewed
above have addressed weatherization savings in mild or hot climates, and none include estimates of air
conditioning savings. All of the studies focus on weatherization activities prior to 1989 and exclude
dwellings where there was a change of occupant. Few of the studies employed control groups, and
none examined the persistence of energy savings beyond the initial post-weatherization year.

1.4.2 Assessments of Cost Effectiveness

The nationwide weatherization evalvation conducted in 1984 did not estimate the cost
effectiveness of the Weatherization Assistance Program, Only the materials costs of weatherization
were analyzed, and these were simply compared with the average savings. It was found that greater
expenditures on weatherization materials were associated with higher energy savings (Peabody, 1984,
p. 28). If the average materials cost of $400 (1981-$) is doubled to approximate the total labor and
materials costs, the simple payback of the 1981 program is approximately 5.6 years (CSR, Inc. and
Meridian Corporation, 1989, p. 18). This measure (the period of time it takes for the energy savings
resulting from weatherization to pay for the cost of weatherization) can then be compared with the

results of other studies.
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The 14 State weatherization program evaluations reviewed by CSR, Inc. and Meridian
Corporation (1989) tended to limit the estimate of costs t¢ the sum of installation labor and materials,
excluding any associated management or overhead costs. Using this definition, the average cost of
these programs (in current dollars) was $1,209 per household. and the average simple payback was
10.3 years.

The review of 12 State evaluations by Cohen, Goldman, and Harris (1990) found the median
retrofit costs 1o be $1,080 (in 1989 dollars), which includes installation labor and materials, but not
administrative costs. Cost effectiveness is evaluated in terms of the cost of conserved 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 $5.90/MBtu.

In comparing the results of nine low-income weatherization program evaluations, Schiegel
and Pigg (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 (1990) study ($2,119, with a range of $1,450 10 $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 energy (calculated using a real discount rate of 5%
and a measure lifetime of 15 years). The result is an average CCE of $9.55, with a range of $4.22 w0
$27.44.

In sum, weatherization program evaluations do not always analyze cost effectiveness; those
that do assess cost effectiveness use a variety of different indicators, making it difficult to compare
results across studies. Based on the studies reviewed above, it would appear that State low-income
weatherization programs have a simple payback period of approximately 10 years and a cost of
conserved energy of approximately $6/MBtu to $10/MBtu. The treatment of costs also varies widely,
particularly the treatment of management and overhead costs, which are frequently excluded.
Benefits tend to be limited to energy savings; none of the studies reviewed above included nonenergy
benefits in analyzing the cost effectiveness of low-income weatherization. In addition, the same
caveats about the measurement of energy savings noted in the previous section apply to the

estimation of cost effectiveness.

1.4.3 ldentification of Promising Opportunities

The national evaluation of the 1981 Weatherization Assistance Program offered a few

conclusions that suggested promising opportunities. For instance, it concluded that insulation, storm
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windows, and storm doors are important measures for producing energy savings. However, the cost

effectiveness of these measures was not examined. Becausc of the dated and limited nature of the

evaluation, no promising opportunities emerge from it that are relevant for today's low-income

weatherization programs. In contrast, the more recent reviews do recommend future opportunities

and directions for the Program.
CSR, Inc. and Meridian Corporation (1989) conclude the following:

Water heater measures are the most cost effective. Furnace repairs, tune-ups, and retrofits
also yield cost-effective results. The least cost-effective measures are storm windows and
attic insulation.

Weatherization applied to gas-heated homes tends to be more cost effective than
weatherization applied to homes heated with electricity.

Weatherization of both single-family and multifamily homes is approximately twice as
cost effective as weatherization of mobile homes.

Directed approaches to prioritizing weatherization measures help to maximize the energy

- savings derived from given expenditure levels.

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

Retrofit savings and cost effectiveness of the low-income weatherization program could
be improved nationally if techniques from the more advanced State programs and
demonstration projects are adopted by weatherization agencies in other States. Examples
of recommended techniques include blower door guided infiltration reduction and high-
density blown cellulose wall insulation.

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

programs they reviewed range from 22 to 39% of initial energy consumption. They recommend

four strategies for increasing cost effectiveness, three of which also can lead to increased energy

savings:

Programs can address a wider range of energy conservation measures, including such
“soft” measures as client education.

Programs can target the most cost-effective measures by using advanced diagnostic and
audit techniques.

Programs can reduce the cost of installing measures, by increasing the cfficiency of
program delivery systems.

Programs can target high energy users, reflecting the strong correlation betwecn pre-
weatherization energy consumption and energy savings.

Despite the valuable background information provided by prior weatherization evaluations,

many questions remain unanswered. This report seeks (0 add substantially to the base of knowledge

established to date by providing recent and reliable estimates of the Program's average energy savings

and cost effectiveness and by analyzing variations across climate regions, types of heating fuels and
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dwellings, and other key subgroups. Several methodological tnnovations are implemented in the
Single-Family Study that enable a fuller analysis of Program impacts than has been conducted to
date. These include the use of waiting lists of Program-eligible households to provide a control
ghup, the inclusion of dwellings regardless of whether or not there has been an occupancy change,
the estimation of air conditioning savings in hot and modcrate climate regions, the inclusion of some
nonenergy benefits, and the inclusion of both program management and installation-related overhead
in the estimation of program cost.

1.5 ORGANIZATION OF THE REPORT

This report begins by describing the research design (Chapter 2) and the dwelling and
occupant characteristics of weatherized dwellings (Chapter 3). Chapter 4 describes the nature of the
weatherization activities undertaken in PY 1989, and Chapter 5 estimates the energy savings that have
resulted. Attention then turns to a discussion of nonerergy program impacts (Chapter 6), program
costs (Chapter 7), and program cost effectiveness (Chapter 8). The next chapter identifies factors that
have influenced energy savings (Chapter 9). The report ends with a discussion of its conclusions
(Chapter 10) and a list of references (Chapter 11).
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2. EVALUATION DESIGN AND DATA COLLECTION

As explained in Chapter 1, the primary goals of the Single-Family Study are to estimate DOE
Weatherization Assistance Program energy savings and cost effectiveness based on a nationally
representative sample of single-family and small multifamily homes weatherized in the 1989 program
year, and to analyze the factors influencing these outcomes.

The basic evaluation design for obtaining energy savings estimates is, according to the classic
typology of research designs written by Campbell and Stanley (1971), a type of quasi-experimental
design — the nonequivalent comparison group design (Table 2.1).! The evaluation design consists
of a treatment group of dwellings weatherized in PY 1989 and a control group of applicants for
weatherization services (whose dwellings had not yet been weatherized by the end of March 1991).
Although this design lacks the random assignment of dwellings to treatment and control groups that
characterizes a true experimental design, there is little reason to expect that the comparison group of
later participants differs from the earlier participants in ways that would significantly affect their

energy use.

Table 2.1 Nonequivalent Comparison Group Design

Observation
Participation
No data

| %O
nanu

Implementing this study required careful sampling, extensive data collection, and the
application of a variety of data analysis techniques. In this chapter, overviews of sample design and
selection procedures, data collection instruments and procedures, and data analysis techniques are

presented.

2.1 SAMPLING

The major goal of our sampling process was to obtain a representative national sample of
single-family and small (2- to 4-unit) multifamily housing units weatherized by local agencies in PY

! In Campbell and Stanley’s (1971) terminology, “nonequivalent” simply means that statistical equivalence cannot
be assumed because random assignment to treatment and control groups was not implemented.
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1989. This national sample was drawn from the mainstream of the Program. Because the Program
implementors and weatherization installers could not have been aware that the houses they
weatherized in PY 1989 eventually would be in this study's sample, this evaluation covers the gamut
of conditions under which the Program was implemented. Unlike many studies of weatherization, it
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 entire Program's
operations, including homes weatherized under a full range of conditions and with a large variety of
techniques.

Because this study is designed to estimate the impacts of the DOE weatherization program
(and not the impact of other programs that fund weatherization), the sample was restricted to
dwellings weatherized entirely, or in part, with DOE funds or with funds from other sources (such as
Oil Overcharge or Stripper-Well) that were used according to DOE Program regulations. Thus,
dwellings weatherized entirely with Low-Income Home Energy Assistance Program (LIHEAP) 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 PY 1989 that were within 10% of the mean at the 90% confidence level.
In addition, estimates of energy savings for the three climate regions shown in Fig. 2.1, were to be
obtained at the same precision. Estimates for smaller geographic regions, and for specific fue types
and dwelling types, within the three regions, were expected to have less precision. The sample also
was designed 1o yield descriptive data on the Program’s installation of weatherization measures; on
- weatherization materials, labor, administrative and overhead costs: and on dwelling and occupant
characteristics. Energy savings were estimated with primary data only for dwellings that heat
primarily with gas or electricity. Data on weatherizaiion measures, costs, occupant and dwelling
characteristics were, however, collected and analyzed for all fuel types.

Because of the difficulty and expense of obtaining data from large numbers of utilities and
local agencies, a cluster sampling technique was the most practical approach. Thus, a two-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 they weatherized and of 11,795 control homes awaiting services
selected in the second stage. The 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 developing our samples of local agencies and dwellings.
The first step was designing the overall 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 weatherized in
PY 1989, an understanding of the typical variation in energy savings among weatherized homes and
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among local agencies, and the detailed statistical calculations presented in the Appendices of the
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 agencies from the sampling frame stratified by size and geographic
region. The fourth step was to randomly 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 meeting these criteria will be called “weatherized dwellings” in the rest of the
report). These lists of weatherized dwellings were 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 B-1. Additional details about the selection
and weighting of the national sample are given in Appendices B-2 through B-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 activities.

The next step in the data collection 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 B-2). All of the agencies also received a mail survey in October 1990 as part of the
Network Characterization Study (Mihlmester, et al., 1992). The 400 agencies selected (from the
populatioh of 1,103) for our national sample were 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 1991 (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 material 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 coltection efforts is summarized in Fig. 2.4.

2.2.1 Dwelling-Specific Data from Agency Records

Most local agencies keep extensive records on the dwellings that they weatherize, but these
records differ from agency to 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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account numbers, were included on the form even though we knew that many agencies did not have
this information. This was done because the value of having the utility information, even for a
mmonty of dwellings, was high.

After selecting the data items on dwellings that were most useful for the study's purposes and
most available in agency records, a test version of the Dwelling-Specific Form was developed. This
test version was pre-tested with six agencies. Feedback from these agencies was used to refine the
instrument. The final version of the Dwelling-Specific Form (Appendix B-3 ) asks for information
on dwelling and occupant characteristics, weatherization measures, and material and labor costs for
dwellings weatherized in PY 1989.

For each of the 400 agencies, a data request package was mailed in March through June of
1991. Each data request package contained one Dwelling-Specific Form for each dwelling in the
sample served by that agency. The package also contained onc Agency Information Form
(Appendix B-3), a cover letter from the DOE director of the Program (Appendix B-2), and a set of
instructions. Small agencies were asked to complete data forms for only a few dwellings, while the
largest agencies were asked to complete several hundred forms.

The data request packages were sent out in successive waves of mallmgs that were spaced
about one to two weeks apart. Mailings were conducted in these successive waves both because of the
sheer- volume of the effort, and because it was desirable to spread out the retum of data and the
accompanying workload over several months. Mailings requesting agency cost data and utility data
(Sections 2.2.2 and 2.2.3) also were implemented in successive waves in a similar pattem.

Extensive follow-up ‘activities were conducted to minimize sample attrition. These actions
included several reminder letters and numerous telephone calls. In cases of persistent nonresponse,
the State manager of the program was contacted and asked to encouragé a response (Appendix B-2).
By November 1991, the collection of Dwelling-Specific Forms ended. At that time, 368 out of the
original sample of 400 agencies had responded. Data entry was completed in December, and analysis
began in January 1992,

The 32 agencies that did not respond were dropped from the sample because of lack of
cooperation, insufficient funding or manpower, or other such reasons. Dwelling-Specific Form
information was requested for 18,748 dwellings and data were returned for 14,971 dwellings.

Attrition occurred for the following reasons:

« local agency did not return any forms (3% of dwellings),
« local agency did not return some of the forms (3% of dwellings),
» dwelling did not meet study criteria3 (10% of dwellings).

3 Some dwellings that were initially classified as single-family or small multifamily were later identified by the
local agency as a large multifamily unit. When this occurred the dwelling was dropped from the sample. In
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2.2.2 Agency Information Form

The Agency Information Form (App~ndix B-3) asked for information on overhead and
program management costs. Because overhcad and program maznagement costs are not tracked on a
house-by-house basis, they must be collected for the agency as a whole, and then used to calculate an
average per house cost.  Separate agency cost-related questions were developed for crew-based vs.
contractor-based jobs, because these two types of jobs use different methods of reporting overhead
and program management costs. The Agency Information Form was mailed out to each agency at
the same time as their set of Dwelling-Specific Forms. This mailing (Appendix B-2) also asked for a
list of dwellings awaiting weatherization services that could be used as a control group. Typically,
agency waiting lists average about one-fourth of annual production. Thus, the population of control
homes on waiting lists was estimated to be about 49,500,

2.2.3 Utility Data

Primary data on fuel consumption were collected only for dwellings that heat primarily with
gas or electricity. No effort was made to gather fuel consumption records for dwellings that heat
primhﬁly with other fuels (such as wood, coal, fuel oil, kerosene, and propane). These fuel
consumption records are often nonexistent, the cost of trying to collect whatever records might be
available would be extremely high, and the usefulness and reliability of the information would be
low. Because of these problems, a separate metering effort was undertaken for homes heated
primarily with fuel oil (i.c., the Fuel-Oil Study). Fuel oil is second only to natural gas in its
frequency of use among homes participating in DOE's 1989 Weatherization Program,

The first step in collecting electric and gas consurnption data was to identify the utilities that

4 the sample dwellings, and to locate the appropriate contact person within the utility. Utility
duwctories were consulted and extensive lelephone work was conducted. Telephone contacts
included State Public Utility Commissions, State energy offices, utilities, utility associations, and local
governments. In addition, the local agencies were asked to provide utility contacts in the mailings
they received beginning in December 1990. Information about the utilities serving 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 dwellings.

Beginning in April 1991, a preliminary mailing was sent to 1,500 utilities that had been
tentatively identified as serving the dwellings in the study. The purpose of this preliminary mailing
was 1o introduce the study to the utility, to ascertain any problems the utility would have in providing

the data, and to continue the process of identifying the best contact person. A reply form

addition, some dwellings that were initially identified as having been weatherized in PY 1989 were actually
weatherized in a different program year. These dwellings also were 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 return the form 1o ORNL. After the
utility responses to the preliminary mailing were received and the list of contacts and addresses
updated, the first wave of data request packages was sent 10 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 that the utility served for which fuel consumption data were
needed and a detailed explanation of preferred formats for machine readable data.

During July through September 1991, utility data request packages were mailed out to 926
utilities. 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 requested for gas-heated dwellings
and electric consumption 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
leiter from DOE was mailed to the utility’s Vice President, or CEO/General Manager and a letter,
cosigned by two Working Group members representing utility regulators, was sent to the Chair of the
Public Utilities Commission in their State (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 agency's bill waiver
provided sufficient authorization 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 customer in the sample. If a utility required such waivers,
mailings were sent to local agencies that had these bill waivers on their application forms (io obtain
xeroxes for the utilities). If an agency did not have bill waivers in their files, a biil waiver request was
sent to individual householders. The bill waivers that were returned 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 incomplete.* The information received is much

4 Because most utilities keep between one and two years of billing histories on-line in their computer systems,
obtaining recent information is relatively easy. Earlier data could often be obtained only from microfiche or from
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more complete for the post-weatherization years (1990-1991) than for the pre-weatherization years
(1988-1989).

For the initial sample of 926 utilities consumption records were requested on 24,957
dwellings. Of the total dwellings, 13,162 were weatherized homes and 11,795 were control homes.
Among the 689 utililies 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, out 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 records, and

« records were too incomplete to be useful.

2.2.4 Weather Data

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

Although many analysts limit their studies to primary weather stations (of which there are
267), our analysis used data from 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 equation
(Appendix B-4). The weighted distance equation gave greater weight to north-south differences than
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. Procedures

for missing data also were developed and applied (Appendix B-4).

paper records. Utilities were often unable, or unwilling, to do the very labor intensive job of retrieving earlier
data. The expense of paying workers to assemble the data was frequently raised as an issue by the nonresponding
utilities. This study did not include a provision for paying for the data. Future studies may need to consider
paying utilities for the data requested, to reduce nonresponse rates. A few utilities informed us that they require
payment, as a standard policy, before providing any records.
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2.3 DATA ANALYSIS

Data obtained from each of the four major components of the data collection effort
- (Dwelling-Specific Forms, Agency Information Forms, utility fuel consumption records, and weather
data) were developed into clean data sets. Standard agency and dwelling identification numbers were
assigned so that information from the various data sets could be merged as needed. In Chapter 3,
sample attrition for the data from the Dwelling-Specific Forms, Agency Information Forms, and
utility fuel consumption records is analyzed. Sample attrition was not a significant 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 weatherization activities, energy savings, costs, and

cost effectiveness are consistently tabulated by the same key subgroups:

« climate region (cold, moderate, and hot});
 primary heating fuel (gas, electric, and other);
« dwelling type (single-family, small multifamily, and mobile homes); and

« size of local agency (small, medium, and large).’

These key subgroups were emphasized because they significantly correlate with program
performance measures. A

In reporting variations by key subgroups, weighted results are used in every chapter except
Chapter 3 (which describes the sample in both unweighted and weighted terms). The weighting
procedure 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 below.

2 3.1 Weatherization Activities and Costs

The initial analysis of the data obtained from the Dwelling-Specific and the Agency
Information Forms, which is presented in Chapters 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, fuel type, eic. also are
presented.

Weatherization activities are reported in the six broad categories used in the Dwelling-Specific
Form (Appendix B-3): air leakage control, insulation, water heater measures, windows and doors,
space heating measures, and mobile home measuses. The percentages 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 fess than 400 dwellings, and large agencies weatherized 400 or more dwellings during that

year.
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For specific dwellings, efforts were made to collect the materials costs for each of these six
categories as well. However, the materials costs data for these six categories is often missing, with
only the total materials costs reported. This led to some complications in the analysis of costs, with
respect to the treatment of zeroes and missing values, which are discussed in Chapter 7.

Analysis of the agency cost data obtained from the Agency Information Form was difficult
because much of the information was missing or obviously incorrect. A subset of 137 agencies that
provided complete and logically consistent data was assembled and analyzed for this part of the
study.

23.2 Energy 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, and
energy-related behavior of the occupants. Weatherization is only one of many factors that may cause
changes in energy consumption. For individual dwellings, it is difficult (and beyond the scope of this
study) to identify the 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 Scorekeeping Method (PRISM) (Fels, 1986). Other factors
which cause variations in energy consumption, such as cﬁanges in occupant behavior and appliance
stocks, were assumed to cancel out because large enough groups were being examined to produce
similar effects in both the treatment 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 weather station for the same 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. The Eross energy savings are
then derived from the differences in the NAC for pre- and post-weatherization periods. An energy
conservation effect is thus neither masked by a cold winter nor exaggerated by a warm one.

To estimate the savings attributable to the Program from changes in consumption that would
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 are based on
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. RBecause control group consumption
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may increase or decrease during the study period. net savings may be either higher or lower than
Bross savings.

Some data (Dwelling-Specific Forms) were collected on all weatherized dwellings in the
sample regardless of the fuel used for heating. For example, information on the dwelling and
occupant characteristics, weatherization measures installed, and the costs of the measures was obtained
from agency records for all weatherized dwellings in the sample. This approach made it possible to
characterize the entire population of single-family and small multifamily dwellings weatherized in PY
1989 on several important variables. This information was analyzed to produce indirect estimates of
energy savings. The indirect estimates were inferred from existing studies (where available) and
developed from a comparison of dwellings using other fuels to gas and electrically heated dwellings.
Thus, the single-family and small multifamily housing units, for which Dwelling-Specific Forms were
returned, were included in the national estimate of energy savings regardless of the fuel type used.
Their estimated savings were weighted according to the proportions of weatherized dwellings using
each fuel type.

A somewhat atypical and methodologically interesting feature of this study is that housing
units were not dropped from the analysis because of occupancy changes. Most evaluations of
weatherization impacts remove housing units with occupancy changes from the sample because of the
large fluctuations in energy consumption that may result. If a new family moves into a housing unit,
consumption may double or be cut in half even with no change in the unit's energy-efficiency

characteristics. There are, however, several reasons to retain units with occupancy changes:

» a primary purpose of the Program is to increase the energy efficiency of the low-income
housing stock, and this occurs with or without occupancy changes;

« low-income housing units have especially high occupant tumover rates, and an extremely
high attrition might result if ‘all housing units with occupancy changes were eliminated
(high attrition could be especially damaging to the phase three persistence analysis);

« housing units with occupancy changes and housing units without occupancy changes may
have different energy-related characteristics, because movers tend to differ from stayers
(e.g., they belong to different age groups or neighborhoods); and

« there is some evidence that examining only stayers may misrepresent energy savings
because of attrition bias (Blasnick, 1989).
In this study, housing units with and without occupancy changes are included; in addition, we
examine the impact of household tumover on savings.

Although utility billing data are the best source of information on gas and electricity
consumption, there are some important complicating factors that must be considered in their use.
First, the time periods separating meter readings are of variable length (e.g., some may be monthly
and some bimonthly); thus, different houscholds will have different beginning and ending dates for a

meter-reading (billing) cycle. Because calendar months rarely correspond to the cycle months, no
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monthly summary data can be used. Instead, daily weather data must be matched to the days for
which consumption data are obtainec¢ nd each household's weather-adjusted estimates of
consumption must be computed scparately.

A second complication is that different utilities keep records in different formats (some hard-
copy and some computerized); therefore, records must be reformatted into a standard system.
Inaccurate or missing billing data may result from meters' not being read when scheduled, from
estimated readings, or from changes in utility accounting procedures. Errors like these were handled
by eliminating housing units with inadequate billing histories from the data base. Chapter 3 contains

an analysis of patterns of attrition in the utility consumption data.

2.3.3 Cost Effectiveness

Analysis of cost effectiveness requires using the estimates of program-induced energy savings
(Chapter 5), data on fuel prices, and data on other program benefits and costs. To the extent that
nonenergy impacts can be estimated in monetary terms, these also can be incorporated into the cost-
eff. ~‘veness analysis. The monetization of nonenergy impacts is discussed in Chapter 6, costs in
Chapier 7, and cost-effectiveness results in Chapter 8.

The cost effectiveness of a retrofit investment can be determined with a variety of approaches.
Although a basic comparison between measured energy savings and the costs of achieving them is
always involved, a number of other inputs are usually needed as well. Key assumptions include the
expected lifetime of the housing unit and of the retrofit measures, a discount rate that reflects the time
value of money, and estimated fuel price escalation rates. Because there is significant uncertainty in
these key assumptions, sensitivity analysis was used to estimate a range of cost effectiveness under
varying conditions (Chapter 8). The baseline 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, 1991a and 1991b); weighted fuel price values were calculated
based on the distribution of weatherized dwellings by State.

In Chapter 8, cost-effectiveness indicators are calculated with standard formulas. In
particular, estimates of benefit/cost ratios and of the cost of conserved energy are presented. These
cost-effectiveness indicators are reported by climate region. housing type, fuel type, and size of local

agency.

2.4 CONCLUSIONS

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

+ the most comprehensive evaluation of the Weatherization Assistance Program ever
conducted (involving thousands of dwellings and hundreds of local agencies);
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understanding of the Program across key subgroups (climate, primary heating fuels,
dwelling types, and agency size);

implementation of innovative approaches to weatherization program evaluation (e.g.,
retention of dwellings with occupancy changes and use of 2 new weather normalization
model for electrically heated and cooled dwellings);

a detailed description of the Program's weatherization activities;

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

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

the involvement of representatives of all the Program's major stakeholders in the
evaluation's design and implementation.
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3. DWELLING AND OCCUPANT CHARACTERISTICS OF
WEATHERIZED HOMES AND THE ELIGIBLE POPULATION

This chapter describes the dwelling and occupant characteristics of homes weatherized by the
Weatherization Assistance Program during PY 1989. It begins by analyzing the respondents in the
sample by climate region, agency size, type of primary heating fuel, and dwelling type. This
characterization is used in an assessment of nonresponse bias and in the development of sample
weights. These 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 characteristics of 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 Consumption Survey (RECS). The chapter ends with a summary
of its key findings (Section 3.4).

3.1 CHARACTERISTICS OF THE SAMPLE OF WEATHERIZED
DWELLINGS

The original sample contained 400 local weatherization agencies, 18,748 weatherized
dwellings, and 11,795 control group homes. Dwelling-specific data were solicited from local agency
records for the entire sample of weatherized dwellings. Dwelling-specific data were not requested for
the control group, since such data would not be available in agency files. Energy-consumption data
were solicited from utilities for those sampled dwellings that heated primarily with gas or electricity.
Gas and electric utilities were asked to provide energy-consumption data for the entire original
sample of control group dwellings, since all of them were presumed to have gas or electric heat.

Dwelling-specific data were received from 368 (92%) of the original sample of agencies, on
14,971 (80%) of the sample of dwellings they weatherized in PY 1989 (Fig. 3.1). Complete energy-
consumption data! 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 dwellings (drawn from the
clients waiting to be served by 230 different agencies). Dwelling-specific data are available for 85%
of the weatherized dwellings for which complete energy-consumption data were provided. These

samples are described in more detail in the sections below.

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

# of agencies/dwellings with dwelling-specitic data

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

r.

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

N=1,103 agencies N=198,000 dweliings N=49,500 dwellings
11,795
N
N
Local Agencies Weatherized Dwellings Control Group Dwellings

Fig. 3.1 Comparison of Sample Sizes

3.1.1 Sample of Dwellings with Dwelling-Specific Data

There is little difference between the geographic distributions 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 only notable difference between the samples of dwellings is the slightly lower response
rate in the hot climate region, which provided 20% of the sample with dwelling-specific data
compared with 23% of the original sample.

The original sample (see Fig. 2.3 on page 2.4) and the sample with dwelling-specific data also
are distributed similarly by agency size (Fig. 3.3). The only notable difference is the slightly lower
response rate of smaller agencies. However, those smaller agencies that did respond provided
information on a higher percentage of the sampled dwellings, 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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Local weatherization agencies (Total=368)

[[] pwelings weatherized in PY 1988 (Total = 14,971)
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Fig. 3.2 Distribution of Agencies and Weatherized Dwellings with
Dwelling-Specific Data, by Climate Region {unweighted)

@ Local weatherization agencies (Total = 368)
D Dwellings weatherized in PY 1989 (Total = 14,971)
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10 |
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Fig. 3.3 Distribution of Agencies and Weatherized Dwellings with
Dwelling-Specific Data, by Agency Size (unweighted)
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The distributions summarized in Figs. 3.2 and 3.3 are the basis for the development of
weights that are used throughout the rest of the report to correct for nonresponse biases.
Appendix C-1 presents the actual weights that are used in the analysis of dwelling-specific data. Both
of the minor nonresponse biascs noled above are correctable with these weights.

Figure 3.4 presents the distribution of the sample of weatherized dwellings (with dwelling-
specific data) by climate region. Both unweighted and weighted percentages are shown. The
weighted percentages are unbiased estimates of the distribution of PY 1989 weatherized dwellings
across the three climate regions. They document the dominance of the moderate climate region, in
terms of weatherized homes (with 58.5% of the total in PY 1989). The cold region is a larger
percentage of the unweighted sample compared to the weighted sample because it had the highest
response rate of the three climate regions. Identical sampling fractions were used across the three

regions.

Climate Regions

[ Moderate:

Hot

Unweighted Weightega

Fig. 3.4 Distribution of Weatherized Dwellings, by Climate Region

Figure 3.5 presents the distribution of the sample of weatherized dwellings (with dwelling-
specific data) by primary heating fuel. Both unweighted and weighted percentages are shown. The
unweighted percentages show the dominance of gas heat in the saxﬁple of weatherized dwellings for
which dwelling-specific data are available. Both gas and electrically heated homes were sampled at
higher rates than homes heated by other fuels to ensure adequale sample sizes for the analysis of
energy savings. The weighted percentages are unbiased estimates of the types of primary heating

fuel used by homes weatherized in PY 1989. Based on these numbers, gas and electricity represent

.3



just 60% of the population of weathcrized homes. Thus, 40% of the homes weatherized in PY 1989
were heated with other fuels. Fuel oil (16%) and liquid propane gas (13%) arc the most prominent
among these, but wood (6%). kerosene (3%) and coal (1.4%) were also used.

Primary Heating Fuel:
[ Natural Gas

Fuel Oii

X Liquid Propane Gas
Il Electricity
Wood
E=3 Kerosene
Coal
73 Other

Unweighted Weightad

Fig. 3.5 Distribution of Weatherized Dwellings, by Primary Heating Fuel

A similar analysis of the sample of weatherized dwellings by type of dwelling is presented in
Fig. 3.6.2 The unweighted percentages illustrate the dominance of single-family detached dwellings
in the sample. The weighted percentages shown on the right side of the figure indicate that among
the population of homes weatherized by the Program during PY 1989,. 64% arc single-family
detached, 3% arc single-family attached, 20% are mobile homes, and 13% are small multifamily
dwellings. These percentages do not vary markedly from the unweighted values, since the sampling
fractions did not differ by housing type. Tﬁe slightly higher weighted percentage for mobile homes
(20% compared with an unweighted value of 19%) is due to the fact that mobile homes were under-

represented in the original sample because they have a lower than average incidence of gas and
electric heating.

2 Our definitions of single-family and small (2- to 4-unit) multifamily dwelling units follow those used by the
Residential Energy Consumption Survey (RECS) (Energy Information Administration, 1989): "[A] single-
family housing unit [is] a structure that provides living space for one household or family. The structure may be

" detached, attached on one side (semidetached), or attached on two sides. Attached houses are considered single-
family houses as long as the house itself is not divided into more than one housing unit and has an independent
outside entrance. A single-family house is contained within walls that go from the basement (or ground floor, if
there is no basement) to the roof.”
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Fig. 3.6 Distribution of Weatherized Dwellings, by Dwelling Type

In Section 3.3, the fuel-type and housing-type characteristics of weatherized homes are
compared with the eligible population. Significant differences exist.

3.1.2 Sample of Dwellings with Energy-Consumption Data

Energy-consumption data were requested from utility companies for the sample of 13,162
weatherized dwellings that heat primarily with gas or electricity. Information on energy consumption
was also sought for the entire control group sample of 11,795 dwellings.

Utilities provided complete data for only 4,796 (or 36%) of the original sample of
weatherized dwellings and 3,776 (or 32%) of the sample of control dwellings. This sample of 4,796
weatherized homes was served by 264 different local agencies, and the control sample of 3,776
homes by 230 of these agencies. Comparing these sample sizes with the target of 6,500 dwellings
weatherized by a sample of 365 local agencies indicates a significant shortfall. Thus, it will not be
possible to achieve the anticipated levels of confidence and precision when estimating the energy
savings of specific subgroups of dwellings. However, based on our planning assumptions the sample
should be sufficient to estimate the energy saved by the program as a whole with a relative error of
- 10% and a 90% confidence level.

The significant nonresponse rates on the part of gas and electric utilities cause several notable

biases in the composition of the Sample with complete energy consumption data. Because response
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rates were highest in the moderate climate region and lowest in the hot region, there is a geographic
bias. This bias can be assessed by comparing Fig. 3.7 with Fig. 2.2 on page 2.3. While 23% of the
original sample of PY 1989 weauerized dwellings were located in the hot zone, only 14% of the
representative sample of weatherized dwellings with energy-consumption data reside in that zone.
Siamileely, while 23% of the original sample of control dwellings were located in the hot zone, only
13% o. the representative sample of control dwellings with energy-consumption data are located
there.

m Local weatherization agencies {Total = 264 agencies for the
representative sample and 230 for the control group}

Dwellings weatherized in PY 1989 (Tota! = 4,796}

Control group dwellings (Total = 3,776)

60
52%
50
45%
: 43%
Percent *° 37%
of

Cold Moderate Hot

Fig. 3.7 Distribution of Agencies and Weatherized Dwellings with
Energy-Consumption Data, by Climate Region (unweighted).

There is also a bias in the size of the local agencies that weatherized the sample of dwellings
for which ~omplete energy consumption 4sta are available. This bias can be seen by comparing
Fig. 3.3 with Fig. 2.3 on page 2.4. While 31% of the original sample of PY 1989 weatherized
dwellings were w.atiierized by large agencies, 34% of the representative sample of weatherized
dwellings with energy-consumption data were weatherized by agencies of this size. In contrast, both
the small and medium-sized agencies are under-represented. A similar pattern holds for the control
dwellings.

3.7



Local weatherization sgencies (Total = 264 agencies for the
representative sample and 230 for the control group)

[C] Dwellings westherized in PY 1988 (Totat == 4,796)

Control group dwellings (Total = 3,776)
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Fig. 3.8 Distribution of Agencies and Weatherized Dwellings with
Energy-Consumption Data, by Agency Size {unweighted) _

Thus, the lower than anticipated utility response rates has resulted in samples of dwellings that
do not proportionately represent the populations from which they were drawn. However, the same
biases that afflict the representative sample of weatherized dwellings also impact the control dwellings,
facilitating comparisons between the weatherized and control dwellings. Further, a set of weights was
developed to adjust for biases in climate region distributions. These weights (described m: further
detail in Chapter 5) are used to reduce the bias associated with estimates of energy savings and other
weatherization statistics.

The vast majority of both the weatherized and control dwellings with energy consumption
data are gas-heated (90% and 84%, respectively). Because of the relatively smali number of
representative weatherized dwellings with electric heat for which consumption data are available
(N=497), the precision of the énergy-savings estimates for this fuel type is considerably less thsn that
for natural gas.
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3.1.3 Sample with Agency Cost information

Three-quarters of the sampled agencies (298 out of 400) retumed an Agency Information
Form; however, many of these forms were too incomplete to be usable or contained obviously
inaccurate and inconsistent information, The first three questions on the form (Appendix B-3), for
example, ask for: (1) total program costs (TPC) in PY 1989, (2) total installation costs (TIC, whiich is
~ the sum of all materials, labor and installation overhead costs), and (3) total program management
costs (PMC, which includes any costs that are not installation costs). Logically, the sum of installation
costs and program management costs should equal the total program costs (TIC + PMC = TPC). On
many of the data forms, however, the values reported for installation costs and management COsLS did
not sum to the total program costs.

In addition, there were frequent errors in calculating an average per house program
management cost (APMC). To obtain an APMC, the total program management cost in PY 1989
should be divided by the number of houses weatherized in PY 1989. In this case too, the values
reported on the Agency Information Form often did not have the correct numerical relationships. In
particular, the values that appeared to have been used within the Agency Information Form for the
number of houses weatherized often did not agree with data on the number of houses weatherized
obtained from other sources (i.e., the Network Characterization Survey and the lists of dwellings
provided by the agency).

Because of the frequency and pervasiveness of the reporting and computaticnal errors on the
" Agency Information Form, 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. Previous
studies (Kushler and Witte, 1985; Kushler, Witte, and Stanley, 1987; McKenzie and Pheneger, 1983;
Randolph and Greeley, 1990; Schiegel, 1991) suggest that average values of between $300 and $500
per house are typical. The values of less than $300 that appear in the Agency Information Form data
probably do not include some significant management cost categories, and the values above $500
probabty include some installation costs.

For the reasons discussed above, much of the cost information reported on the 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 forms retumned with what appeared to be credible and consistent
data was 137.

The 137 agencies that returned credible and consistent data were not distributed across the
climate regions in the same proportions as the total sample. While the proportions of the agencics
with good data to the total sample were similar in the 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 of
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150). The agencies with good data also were not distributed evenly by agency size. Larger agencies
were more likely 1o return consistent data, as shown by the fact that agencies with good dala
weatherized an average of 287 dwellings while the average for the total sample was 172, The larger
agencies probably were able 10 report more consistent cost data because they were more likely to
have computerized recordkeeping, and staff with accounting skills.

Although the subset of 137 agencies that reported reliable data on the Agency Information
Form is not representative of the total sample of local agencies, the APMC estimated from the
agencies with good data 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 accurate
values and their unrepresentative distribution could not support much analysis of this type.
Therefore, only average values for the agencies with good data are reported and used for the cost-
effectiveness analysis (Chapter 8). The absence of Agency Information Form data on overhead and
management costs does not, however, result in the removal of any agencies or dwellings from any

other part of the analysis.

3.2 DWELLING AND OCCUPANT CHARACTERISTICS OF
WEATHERIZED HOMES

This section characterizes the populat.ion of dwellings that the Program weatherized in
PY 1989 and compares dwelling and occupant characteristics across key subgroups. Only weighted
values are reported, because the goal is to describe the population of weatherized dwellings and key
subgroups. The analysis of different subgroups lays the foundation for explaining variations in

energy savings, weatherization costs, and cost effectiveness (Chupters 5, 7, and 8).

3.2.1 Ditferences Across Climate Regions

Table 3.1 presents the dwelling and occupant characteristics of the population of weatherized
dwellings, and compares these characteristics across the three climate regions. Each of these
characteristics differs significantly by climate region, underscoring the importance of conducting a
region-by-region analysis of the performance of the Program.

Based on the weighted statistics shown in Fig. 3.1, 64% of the dwellings weatherized by the
Program in 1989 were single-family detached, and 66% were owner-occupied. Both of these
characteristics are most prevalent in the hot region (74% and 83%, respectively). Mobile homes are
estimated to be 20% of the weatherized dwellings; they are also most prevalent in the hot region
(22%). Small multifamily dwellings make up 13% of weatherized homes and are most common in
the moderate climate region (17%), where only 58% cf the weatherized dwellings are owner-

occupied.




Table 3.1 Dwelling and Occupant Characteristics of Weatherized Homes,
by Climate Region (weighted)

 Towl | Cold | Moderate [ Hot

" Sample ' | Climate Region | Climate Region | Climate Region

(N=14971) | (N=4,690) = CU(N=T7,238) ) (N=3,043)
63.6 66.5 58.7 74.5
3.3 0.5 5.2 0.5
20.0 20.9 18.7 22.9
13.0 12.1 17.4 2l
100.0 100.1 100.0 100.1
50.6 46.4 56.1 *39.7
9.5 1.5 8.5 14.0
39.9 46.0 334 46.3
100.0 100.0 100.0 100.0
30.3 23.7 30.3 38.4
67.9 82.8 77.4 24.0
27.9 15.7 20.6 54.5
1,083 1,181 1,083 987
41.7 44.9 44.0 32.9
65.8 67.3 58.7 83.2
2.81 3.00 2.80 2.67
35.8 28.0 28.5 57.3
24.3 20.1 21.1 36.2
7,343 ~ 1.864 7,578 6.388

** and *** indicate that differences across climate regions are significant at the 0.01 or 0.001 level,
respectively. Chi-square tests are used for all variables designated with a *“1”, and F-tesis based on
analysis of variance are used for the remaining variables.

i Measured as the percent of dwellings with the characteristic.

Half (51%) of the dwellings weatherized in 1989 were heated primarily by natural gas; this
fuel heats a significantly higher percentage of the homes weatherized in the moderate region. Electric
heat, on the other hand, is used as a primary heating fuel by only 10% of the weatherized
dwellings. It is most prevalent in the hot region where it accounts for 14% of weatherized homes.
Other fuels represent nearly 40% of the homes weatherized by the DOE Program nationwide; they
account for higher percentages in the cold and hot regions than in the moderate region. In the cold

3.11



region, fuel oil is the dominant other fuel. In the hot region, liquid propane gas, kerosene, and wood
are commonly used.

Supplemental heating fuels are used in about 30% of the homes weatherized by the Program.
The incidence of supplemental heat is lowest in the cold climate region. This can be explained, in
part, by the high percentage of central heating systems in that region (83%). Despite the prevalence
of central heating systems in the total population of weatherized dwellings, only 24% of the dwellings
weatherized in the hot region have central heating systems.

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

Weatherized homes average 1,083 square feet, nationwide. They are smallest in the hot
region. The average weatherized house was built in 1947, but again this varies by climate region.
Weatherized dwellings are newest in the hot region and oldest in the cold and moderate regions.

The average number of occupants in a weatherized dwelling is 2.8. Thirty-six percent of the
time, weatherized dwellings are occupied by at least one elderly person, and 24% of the time, there is
a handicapped occupant. Weatherized dwellings in the hot region have the smallest households and
the highest percentages of elderly (57%) and handicapped (36%) occupanté. Thus, this region
performed most effectively in meeting the Program’s legislated goal of targeting its services to the
elderly and handicapped.

The average income of households who participated in the PY 1989 Program, was $7,343.
This average is significantly lower in the hot region ($6.388) compared with the 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 profile of the eligible
population and identify several dissimilarities with the weatherized population.

3.2.2 Differences by Primary Heating Fuel

Table 3.2 profiles the dwelling and occupant characteristics of weatherized dwellings by
primary heating fuel — natural gas, electricity, and other, As with the climate region distinctions
discussed above, the statistics indicate marked and significant differences.
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Table 3.2 Dwelling and Occupant Characteristics of Weatherized Homes,

by Primary Heating Fuel (weighted)

1,136 1016 1,037
44.9 28.9 40.5
60.0 65.4 73.4
2.81 2.87 2.80
30.0 34.1 40.9
22.0 26.1 26.7

7,324 7,304 7.378

** and *** indicate that differences across climate regions are significant at the 0.01 or 0.001 level,
respectively. Chi-square tests are used for all variables designated with a “I”, and F-tests based on
analysis of variance are used for the remaining variables.

| Measured as the percent of dwellings with the characteristic.

* Missing Observations = 372 dweilings.

Recall that mwmmwumm are most prevalent in the cold and

moderate climate regions. This accounts for some of their unique dwelling and occupant
characteristics. For instance, the vast majority of weatherized homes with gas heat have central
heating systems (80%), and they tend to be older than other homes (44 years old); both traits are

consistent with their geographic distribution. Gas heat is common among small multifamily

3.13



dwellings weatherized by the Program, but it is uncommon among weatherized mobile homes.
Only 60% of weatherized homes with gas heat are owner-occupied, and a smaller than average
percentage have elderly or handicapped occupants.

Electrically heated homes weatherized by the Program tend to be located in the hot region,
which explains many of their characteristics. For instance, they have relatively few central heating
systems, more air-conditioning equipment, and are newer than weatherized homes heated by other
fuels. A high proportion of electrically heated weatherized dwellings are mobile homes (29%), and
fewer than average are single-family (57%). Their households are slightly larger (averaging 2.9
occupants) and have higher incomes than homes heated with natural gas or other fuels,

Weatherized homes heated by fuels other than natural gas and electricjty (primarily fuel oil,
liquid 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 homes have central AC Systems or a wall or window air
conditioner). Only half (58%) of these dwellings have central heating systems. A relatively high
percentage of these dwellings are mobile homes (29%), and a relatively low percentage are small
multifamily dwellings. This distribution of housing types is consistent with their 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
PY 1989 vary markedly by type of heating fuel. These differences suggest that the potential for
encrgy savings also differs by fuel type. In particular, the cldster 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.

3.2.3 Differences by Type of Dwelling

Table 3.3 profiles the dwelling and occupant characteristics of weatherized homes by
dwelling type — single-family detached, mobile homes, single-family attached, and small
multifamily. As with the climate region and fuel distinctions discussed above, the statistics indicate
substantial differences.
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Table 3.3 Dwelling and Occupant Characteristics of Weatherized Homes,

by Dwelling Type (weighted)

20.3 20.3 3.2 18.0
54.1 54.8 93.5 8.5
255 24.9 33 35
100.0 100.0 100.0 100.0
53.2 27.0 62.7 72.7
8.6 14.0 47 8.6
38.2 59.0 336 18.7
100.0 100.0 100.0 100.0
31.3 30.1 14.1 27.2
62.8 12.9 92.9 77.4
28.6 32.7 27.6 17.2
1.149 804 1,078 1,210
46.1 16.9 55.5 54.3

72.5 77.9 50.6 18.1
2.8 2.8 2.8 2.7
40.2 26.8 29.6 21.2
26.3 24.7 20.0 14.4
7.420 7.134 7,386 7,265

** and *** indicate that differences across climate regions are significant at ti

he 0.01 or 0.001 level,

respectively. Chi-square tests are used for all variables designated with a *“1”, and F-tests based on
analysis of variance are used for the remaining variables. :

1 Measured as the percent of dwellings with the characteristic.

* Missing Observations = 122 dwellings
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Single-family detached dwellings are most similar to the "average" weatherized home, because
they dominate the popuiation. They have the largest household sizes and the highest incidence of
elderly and handicapped occupants. Only 63% of thern have central heating systems, and they rely
on supplemental heating fuels more than any other dwelling type.

Mobile homes have the least square footage, the greatest home ownership, and are the newest
of the four types of weatherized dwellings. Slightly more than a quarter of them heat with natural
gas, while 59% heat with fuels other than gas or electricity.

Only 3% of weatherized homes are single-family attached dwellings. Almost all of these
homes have central heating systems (92%), and few have supplemental heating fuels. Single-family
attached dwellings are the oldest of the dwelling types, and their occupants have among the highest
incomes.

Small_multifamily dwellings heat primarily with natural gas (72%). They have the largest
square footage and the lowest incidence of air conditioning equipment of any type of dwelling; the
lack of air conditioning equipment is related to their almost exclusive location in the moderate and
cold regions. Small multifamily dwellings also have the lowest level of home ownership (18%), which
is consistent with the fact that only 21% of them have an elderly occupant.

In sum, different dwelling types have markedly different dwelling and occupant
characteristics. The distinct constellation of characleristics associated with each type must be

considered in explaining the performance of the Program,

3.3 PROGRAM PARTICIPANTS VERSUS THE ELIGIBLE POPULATION

The population of Program participants (i.e., PY 1989 weatherized dwellings) was described
in Section 3.2. In this section, the characteristics of these participants are compared to those of the
population of income-eligible dwellings. Characteristics of the population of income-eligibie
dwellings (Figures 3.9 through 3.12, Table 3.4 and Tables C.3 through C.5) were provided by
Response Analysis Corporation, based on the DOE Energy Information Administration's 1990
Residential Energy Consumption Survey (RECS) data tapes.

In analyzing the RECS data, the eligible population could be defined as all households below
125% or below 150% of the federal poverty guidelines. Definitions of income eligibility vary among
the States. Some States use 125% of the poverty level, while others use 150% of the poverty level.
Other definitions, such as 60% of the State's median income also may be used. Because of the
varying State definitions, the Program-eligible population actually has a mean income that is
somewhere between 125% and 150% of the poverty level. Most of the comparisons in this section
are between the participants and households at 125% of poventy. (This is the definition being used
unless it is otherwise noted.) The differences shown by these comparisons would be :nore

pronounced if the eligible population were defined as houscholds at 150% of poverty. Although
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Alaska and Hawaii are included in the RECS, they were excluded from this analysis to make the
geographic coverage the same as for this study (which covers only the continental U.S.). Similarly.
high-density multifamily dwellings were excluded from the RECS data to be consistent with this
study.

As Figure 3.9 shows, the Program-participant population is more concentrated in the cold and
moderate climate regions than is the eligible population. In the hot climate region, the Program-
participant population is a much smaller percentage than the eligible population. These regional
differences reflect the Program funding formula, mentioned in Chapter 1, which gives more funds to

areas with colder weather.

Climate Regions

B Cold
[C—] Moderate

= Hot

Participant Dwellings (weighted) Eligible Dwellings

Fig. 3.9 Distribution of Program-Participant Homes and
Program-Eligible Homes, by Climate Region

By comparing the results in Table 3.1 to those in Table 3.4, one can see that the population
of weatherized dwellings differs in other ways from the population of eligibles. First, the Program-
participant population includes a higher percentage (20%) of mobile homes and a lower percentage
of single-family attached (3%) and multifamily dwellings (13%) than the eligible population (12%,
6%. and 18%, respectively). This is the case even though the Program-participant population is
underrepresented in the hot region, where mobile homes are most common, and overrepresented in
the moderate climate regions where small multifamily and single-family attached dwellings (such as
row houses) are most prevalent. Thus, therc appears to be a program-wide tendency to serve mobile
homes at higher rates, and small multifamily and attached single-family dwellings at lower rates than

their proportions in the eligible population. Perhaps this occurs because of associated characteristics,
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Table 3.4 Dwelling and Occupant Characteristics of RECS Sample
of Program-Eligible Homes by Climate Region?

- Total Cold  Moderate [ Hot
S e - Sample Climate Region | Climate Reglon | Climate Region

Type of Housing! =~~~

-“Single-family detached . - 63.4 65.9 51.8 73.8

 Single-family attached 6.4 4.9 10.7 2.8

) 12.1 12.8 10.6 13.3

18.1 i6.4 26,9 10,1

100.0 100.0 100.0 100.0

53.2 52.0 52.6 54.1

16.1 7.6 15.1 19.5

30.5 40.3 3i.8 26.5

02 0.0 0.5 0.0

100.0 99.9 100.0 100.1

33.8 37.4 34.2 325

56.6 72.5 68.3 41.2

51.2 29.3 42.6 65.3

1,234 1,339 1,335 1,110

38.9 44.9 43.2 33.1

56.6 65.8 50.5 60.0

2.9 2.7 2.9 3.0

34.1 31.8 31.8 36.9

7,893 7.344 7,977 7,963

783 109 360 314

! Measured as the percent of dwellings with the characicristic.

* The figures in this table were provided by Response Analysis Corporation from the 1990
Residential Energy Consumption Survey (RECS). Eligibility for the Weatherization Assistance

Program was defined as 125% of the federal poverty income guidelines.
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such as higher proportions of homeowners and lower incomes among mobile home residents or
because there are more renters among small multifamily/attached single-family residents. Such
associated characteristics could produce variations in client receptiveness to outreach and screening
procedures, resulting in differential rates of program participation. Alternatively, program managers
may target mobile homes because they are often clustered in "parks,” which facilitates outreach,
Similarly, the DOE requirement that at least two of the households occupying 3- and 4-unit rental
buildings must be eligible before the entire building can be weatherized may be an outreach barrier.
The reasons for the over-representation of mobile homes and the underrepresentation of smail
multifamily/attached single-family dwellings among the Program-participant population cannot be
discerned conclusively from this statistical analysis.

Secondly, the weatherized population uses lower proportions of electricity (10%) and higher
proportions of other fuels (40%) as the primary heating fuel than the Program-eligible population
(16% and 31% respectively). The differences in primary heating fuel are especially large in the hot
climate region, where 46% of the Program-participant population heats primarily with other fuels as
compared to 27% of the eligible population (Tables 3.1 and 3.4). This underrepresentation of
electricity as a primary heating fuel may relate to its concentration in newer homes, its greater use in
hot climates, and its lower prevalence among mobile homes, which are more likely to heat with other
fuels.

Differences in the average size and age of dwellings are not large, with the Program-
participant population occupying slightly smaller, older homes than the Program-eligible population
(Tables 3.1 and 3.4). Distributions of the age of dwellings and their square footage (Figures 3.10
and 3.11) also show that slightly more of the Program-participant population is concentrated in the
oldest and smallest dwellings. The slightly higher concentration of the Program-participant
population in dwellings built after 1980 may reflect its higher concentration in mobile homes (which
tend to be newer, because their housing market share has increased in recent years, and because they
have shorter expected lifetimes than site-built dwellings).

The number of occupants shows little variation beiween the two populations, except for the
slightly larger households among the Program-eligible population in the hot climate region. The hot
climate region had a much higher percentage of dwellings with elderly occupants (57%) among the
Program-participant population than among the Program-cligible population (37%). Thus, agencies
located in the hot climate region are particularly effective at reaching out to elderly clients, which is a
legislated goal of the Weatherization Assistance Program. For the Program as a whole, the average
percentage of dwellings with an elderly occupant was about the same for the two populations (36%
participant vs. 34% eligible). Thus, elderly houscholds are slightly underrepresented among

weatherization participants in the moderate and cold regions.
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Information on the percentage of dwellings with a handicapped occupant that appears in
Table 3.1 could not be included in Table 1.4 because RECS does not collect information on this
variable. Differences in definitions and data quality may cause comparisons of results on the central
heating system, supplemental heating fuel, and air-conditioning equipment variables to be
misleading. RECS definitions for central heating system categories differ from those used on the
Dwelling-Specific Form in ways that could not be clearly reconciled. The RECs data showed higher
usage of supplemental heating fuels and higher penetrations of air conditioning equipment than
results from the Dwelling-Specific Form (Tables 3.1 and 3.4). These differences, however, may be
largely due to differences in the data collection procedures. Agency files sometimes lacked
information on the use of supplemental fuels and on the presence/absence of air conditioning
equipment. Since the RECS was conducted on-site, it certainly has a more complete accounting of
the penetration of supplemental fuels and air conditioning equipment. Although the greater
frequency of missing values in the Dwelling-Specific data may lead to biased estimates of the total
penetrations for these variables, this does not affect this study's ability to identify correlations between
the presence of supplemental fuels or air-conditioning equipment and other variables, such as
electricity savings and cost effecliveness.

The Program-participant population generally (with the exception of the cold climate region)
has a lower average income than the Program-cligible population (Tables 3.1 and 3.4). This
difference is especially marked in the hot climate region. Figure 3.12 shows that higher proportions
of the Program-participant population (33%) eam less than $5,000 annually than is true for the
Program-eligible population (25%) (when eligibility is defined as 125% of poverty). When eligibility
is defined as 150% of poverty, the differences are even greater. These differences suggest that the
Program is targeting the needier part of the low-income sector. This finding is consistent with other
differences discussed above, such as the greater concentration of the Program-participant population

in mobile homes (the least expensive housing option), and in older, smaller dwellings.

3.4 SUMMARY

3.4.1 Response Rates

Local agencies werc very responsive 1o DOE's requests for dwelling-specific data, resulting in
a response rate of 80%. Response rate bias was minimal and easily correctable through the use of
sample weights. As a result, the database of dwelling-specific information provides a robust basis for
generating highly accurate statistics about the activities and characteristics of the network of local

agencies, and for analyzing factors leading to successful program performance.
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Gas and electric utilities, on the other hand, were less responsive to DOE's request for the
energy-consumption data. Complete information was provided for 36% of the weatherized dwellings
.and 32% of the control group dwellings. Thus, the oversampling of gas and electrically heated
dwellings (that was part of the original experimental plan) was wise. The lower than anticipated
response rate from utilities prevented reliable energy-savings and cost-effectiveness estimates for 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 sach of the climate regions.

3.4.2 Variations by Key Subgroups

The analysis of weatherized dwellings underscores the existence of great diversity in the types
of occupants and single-family and small multifamily buildings that received weatherization services
during PY 1989. The dominant markets are clear: most weatherized dwellings are single-family
detached (64%), owner-occupied (66%), and are located in the moderate climate region (58%); and
the plurality heat with natural gas (51%), and have central heating systems (68%). On the other hand,
the PY 1989 weatherized dwellings also include mobile homes (20%), ¢ wellings that heat primarily
with noncommercial fuels such as wood (6%) and coal (1%), and households with elderly (36%) and
handicapped (24%) occupants,
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There are significant geographic differences in the Program’s clients. Specifically,
weatherized homes in the cold climate region have the highest household incomes and the highest
incidence of central heating and owner-occupancy. Weatherized homes in the moderate climate
region have a preponderance of gas heat and a high percentage of small multifamily homes. In the
hot climate region, weatherized dwellings are dramatically different — they are smaller and newer,
use more supplemental heating fuels, rarely have central heating systems, typically have air
conditioning equipment, and house more elderly and handicapped occupants.

Similarly, dwelling and occupant traits vary markedly by type of primary heating fuel. For
example, weatherized dwellings that heat primarily with natural gas are most prevalent in the cold and
moderate climate régions. The vast majority have central heating systems, and they tend to be older
than other homes. Gas heat is common among small multifamily dwellings weatherized by the
Weatherization Assistance Program, but it is uncommon among weatherized mobile homes. Only
60% of weatherized homes with gas heat are owner-occupied, and a smaller than average percentage
have elderly or handicapped occupants.

Finally, different types of dwellings have different structural and occupant traits. To illustrate,
consider the differences between mobile homes (with only 804 square feet of !heated living space,
78% home ownership, and where 59% heat primarily with fuels other than natural gas or electricity)
and small multifamily dwellings (with 1,210 square feet of heated living space, only 18% home
ownership, and where 73% heat primarily with natural gas).

These differences are key 10 understanding the performance, challenges, and opportunities of

the Program,

3.4.3 Comparisons of Weatherized and Eligible Populations

There are notable differences between the Program participants in PY 1989 and the Program-
eligible population. The Program participants were more concentrated in the cold and moderate
climate regions than the Program-eligible population, reflecting the higher funding levels of colder
climate regions. The weatherized dwellings also included higher proportions of mobile homes and
lower proportions of single-family attached and small multifamily dwellings than the eligible
population. This is the case 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 to be a programwide
tendency to serve mobile homes at higher rates, and small multifamily and attached single-family
dwellings at lower rates than their proportions in the eligible population.

Another significant difference is that weatherized dwellings had fewer electric heating systems

‘and relied more on other primary heating fuels (i.c., fuel oil, propane, kerosene, wood, and coal) than
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the eligible population. In the hot climate region, for instance, nearly half of the weatherized
dwellings heated primarily with other fuels as compared t about a quarter of the eligible population.
The over-representation of other fuels may relate to the 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 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. Program participants in PY 1989 typically had a
lower average income than the eligible population (Fig. 3.12), and resided in smaller, older homes,

This suggests that the DOE Weatherization Assistance Program is serving the needier part of the low-
income sector.
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4. DESCRIPTION OF WEATHERIZATION ACTIVITIES

This chapter characterizes the nature of the weatherization activities that were undertaken by
the Weatherization Assistance Program during PY 1989. It begins by describing the weatherization
measures that were installed in the 198,000 participating homes (Section 4.1). Attention then tums to
the service delivery procedures used during PY 1989, including client selection and investment
criteria, use of diagnostics, selection 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 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 EIA evaluation of the 1981 Program
(Peabody, 1984), the emphasis had changed to more permanent and effective building envelope
measures, such as storm windows and doors and insulation. In 1984, regulations were passed to allow
Program funds to be spent on heat exchangers, thermostat 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 measures to the Program
without a rulemaking procedure. Thus, the Program in 1989 allowed States great flexibility with
respect to the weatherization measures that could be installed with Program funds, particularly in cold
climates. Regulations passed in 1993 amend the Program 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 replacement air-conditioners, evaporative coolers, ventilation
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 commonly
installed types of measures. Less common categories of measures include space cooling system
improvements (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
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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].

188,000 Homes 123,000 Homes 111,000 Homes
- Air Leakage Control (95%) - Insulation (629%) - Water Heater Measures (56%)

26,000 Homes 59,000 Homes 83,000 Homes
- Mobile Home Measures (13%) - Space Heating Measures (%) - Windows and Doors (42%)

Each pie represents the population of 198,000 single-family and small muttitarily dwellings weatherized in PY 1989,

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

Air leakage control was the most common type of weatherization measure installed in
PY 1989. It is estimated that 188,000 (i.c., 95%) of the 198,000 weatherized homes received one or
more measures aimed at reducing air infiltration. General caulking and weatherstripping around
windows and doors is by far the most common of these measures.

Insulation was the next most common 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 weatherized 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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Fig. 4.2 Frequency of Installation of Weatherization Measures.
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Comparing the installation rates for attic and wall insulation to the penetration of these
measures (based on the 1990 Residential Energy Consumption Survey) suggests that very different
proporﬁons of the potential are being captured.! RECS shows that 66% of low-income dwellings
have attic insulation (defined as at least some attic insulation), suggesting that 34% have no insulation.
Therefore, the 27% installation rate of first-time attic insulation by the Program is close to the
potential shown by the RECS. On the other hand, the national Program installation rate for wall
insulation of 19% is far below the potential suggested by RECS (46% of dwellings lack wall
insulation). This shortfall is especially large in the hot climate region where only 1% of dwellings
received wall insulation from the Program.

Energy-efficiency improvements to water-heating systems were made in 111,000 homes
(i.e., 56%). Most of these retrofits involved water heater wraps (40%) or hot water pipe insulation
(34%). In addition, water temperatures were reduced and low-flow showerheads 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 Program 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 storm windows,
which were added to 36% of the weatherized homes (Fig. 4.2). This installation rate is capturing a
significant proportion of the potential for the addition of storm windows. RECS data indicate that
43% of low-income dwellings have storms on all windows, while 57% do not. Storm doors were
added to only 4% of the 198,000 weatherized homes, and window films or shades were added to only
2% of them. The statistics on replacement windows and doors (discussed in Chapter 6 and presented
in Figure 6.1 and Table F.1) indicate mat replacements are at least as common as the addition of
storms. Doors were replaced on 38% of the homes weatherized in PY 1989, and windows were
replaced almost as often (37%). Altogether, storm windows were added or entire windows were
replaced on 61% of the weatherized homes.

Thirty percent (i.e., 59,000) of the 198,000 homes weatherized 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. These retrofits
include a variety of efficiency improvements such as vent dampers, replacement bumers, and
electrical or mechanical 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 much less
often. ‘

I The RECS statistics reported in this chapter were provided by Response Analysis Corporation,
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Finally, mobile home measures were installed by local agencies in 26,000 (i.e., 13%}) of the
198,000 homes in PY 1989. The most common of these measures, underpinning or skirting, was
added to 6% of the weatherized units. Since 20% of the dwelling units weatherized in PY 1989 were
mobile homes, approximately one-third of these received either underpinning or skirting. Skirting
refers to the addition of material 10 border the bottom of a dwelling to prevent air infiltration.
Underpinning refers to work done 1o the underbelly of a mobile home, which somctimes included
repairing the bellyboard to enable foundation insulation to be added. Other mobile home measures
include cool seals on roofs, which were added to 6% of the weatherized homes (Fig. 4.2), and vapor
barriers, which were added to 4% of the weatherized homes.

On average, approximately 55 to 65% of the weatherization measures shown in Fig. 4.2 were
installed by employees of local agencies, called “in-house crews.” The reliance on crews versus
contractors, however, varies by type of measure. Storm windows and general caulking and
weatherstripping, for instance, were most often installed by crews. In contrast, space-heating system
measures were installed by contractors in 71% of the cases. This pattern is consistent with the profile
of local agency staff provided by Mihlmester, et al. (1992, p. 41). Local agencies employ very few
engineers. The Mihlmester, et al. (1992) survey of 920 local agencies identified only 20.3 full-time
equivalent (FTE) engineer employees, or 0.02 per agency. Envelope crew and crew chiefs, in
contrast, account for 34% of total FTEs, or 3.17 FTEs per local agency.

Fig. 4.3 compares the instailation rates
for selected weatherization measures between
1981 (based on Peabody, 1984, p.21) and
PY 1989. The comparisons are made only for
single-family detached dwellings since that was
the focus of the Peabody (1984) study. The
three most dramatic changes were in the
installation rates of space heating system
measures, blower door-assisted air sealing, and
storm windows. The 1981 Program did not use
blower doors or install any space heating system
measures, while by PY 1989 these had become
established features of the Program. In contrast,

Blower Doors

Blower doors are variable-speed fans equipped with
a frame and shroud that permit them to fit inside a
variety of door frames. Instrumentation includes
pressure gauges that enable the operator to
determine the fMow of air through the fan as well
as the pressure the fan induces on a dwelling.
Since leakier houses require higher fan speeds to
induce a given pressure difference, blower doors
can measure the 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 is partially or fully complete, blower doors
also provide technicians with fast feedback on the
effectiveness of their work, a fact that contributes
to increased practical wisdom on the part of the
technicians and the overall professionalization and
efficiency of the weatherization process itself.

the PY 1981 Program installed storm windows in a majority of homes, while by PY 1989 this rate had
declined to 36%. These trends are consistent with a growing body of research emphasizing the cost
effectiveness of blower doors (see sidebar) and fumace tune-ups and retrofits and questioning the
cost effectiveness of storm windows (CSR, Inc. and Meridian Corporaiion, 1989; Cohen, Goldman,
and Harris, 1990). Caulking and weatherstripping were more prominent in 1989 than in 1981,
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although in both years air leakage measures were used in more than 90% of the weatherized homes.
Finally, insulation was installed in 62% of the dwellings weatherized in 1989 (down from §1% in
1981), but the 1989 Program included much more sidewall and duct insulation than the 1981

Program.
*
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Fig. 4.3 Installation Rates for Selected Weatherization 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. 18-23) found that relative to
DOE weatherization, utilities invested less and installed fewer energy-conservation measures in the
dwelling units they weatherized.

4.1.2 Ditferences across Key Subgroups

The package of energy-efficiency measures installed during a particular weatherization job
typically is determined by an audit or some other prioritization procedure (see Section 4.2). Inputs
to these procedures often include factors such as the dwelling's prior level of energy consumption,
type of heating system, and structural characteristics. Most of these factors differ by climate region,
primary heating fuel, and type of dwelling. As a result, we would ¢xpect installation rates for specific
measures to vary significantly across the program's major subgroups. This is shown to be the case in
the following tables and paragraphs.
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Differences Across Climate Regions. Table 4.1 shows dramatic differences across climate
regions. In the cold climate region, insulation, water heater, and space heating sysiem measures are
installed at notably higher rates than for the program as a whole. In addition, air sealing with the

Table 4.1 Installation of Weatherization Measures,
by Climate Region (weighted percentages)’

4 695
95.2 95.3 96.9 90.5
90.1 81.3 93.1 90.1
22.9 24.2 28.7 6.1
18.3 35.5 19.0 1.4

6.8 6.5 8.6 2.2
61.9 74.2 63.6 46.4
28.0 20.3 28.7 32.8
19.9 32.5 19.5 10.2
19.3 24.9 24.3 1.1
13.7 22.1 16.1 0.2
12.3 15.7 13.0 7.2
56.0 65.8 62.9 29.2
40.1 48.7 44.8 20.2
34.1 44.6 39.6 10.5
12.7 11.2 17.2 2.0

8.4 16.9 6.8 5.4
42.3 35.4 453 40.2
36.3 26.9 39.5 36.2
29.8 35.5 37.7 3.7
22.2 21.3 30.4 1.4

8.0 5.3 11.7 0.5
13.0 10.5 10.0 23.2

6.3 2.1 335 17.6

5.6 4.5 4.7 9.0

. 1 Values in the table are the percent of dwellings in which a measure was installed. All of the
weatherization measures differ significantly across climate regions, at the 0.001 level, based on
Chi-square tests. The table is limited to measures that were installed in at least 5% of the homes
weatherized during PY 1989. .
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assistance of blower doors was used to control air leakage in more than one-third of the cold region’s
weatherized homes compared with 18% nationwide. In contrasi, mobile home measures were
installed in only 11% of the weatherized homes located in the cold region (vs 13% nationwide and
23% in the hot climate region). This is despite the fact that 21% of the dwellings weatherized in the
cold region were mobile homes, which is slightly higher than the nationwide average. Storm windows
and doors and replacement windows and doors also were installed infrequently in this region relative
to the nationwide rates,

In the moderate climate region, all of the major types of weatherization measures except for
mobile home measures were installed at higher than average rates, particularly water heater measures,
stomr windows, and space heating system measures. Air leakage control was installed in 97% of the
Jjobs in this region, a slightly higher percentage than in the other two regions. However, the use of air
sealing emphasizing bypasses with blower door lesting is notably less common in the moderate
climate region than in the cold region.

The hot region is the most distinct of the three climate regions in terms of installation rates.
Very few space heating system measures were installed in PY 1989 (i.e., in 2% of the dwellings), and
waler heater measures were installed in only 29% of the weatherized dwellings, compared with nearly
twice that rate (56%) nationwide. Insulation and air leakage control measures also were installed
relatively less often in the hot region. Wall insulation. in particular, was installed in only 1% of the
homes in this region, compared with 25% and 24% in the cold and moderale regions, respectively.
On the other hand, mobile home measurcs were instalied in one quarter of the weatherized homes.
This far exceeds the installation rate of the other regions, even when the hot region's greater than
average proportion of weatherized mobile homes is taken into account. The hot region installed
storm windows and doors at approximately the nationwide average, but it installed many more

replacement doors (58%) and windows (46%) than the other two regions (see Table F.1).

Differences Across Heating Fuels. Table 4.2 documents installation rates for three types of
heating fuels. Differences across fuel types are important because of this study’s need to extrapolate
energy savings from measured fuel use (for natural gas and electricity) to other fuels. To the extent
that the weatherization jobs are different for dwellings heated by “other” fucls, the savings based on
gas and clectric dwellings must be adjusted to reflect the entire program’s energy savings in single-
family and small multifamily dwellings.

Weatherized dwellings heated primarily with natural gas have significantly higher than
average rates of installation for four of the six types of weatherization measures shown in Table 4.2,
Installation rates for insulation, water heater measures, and space heating system measures are
particularly high. Window and door treatments are slightly less common in gas-heated weatherized
homes, and mobile home measures are significantly less common. The latter is consistent with the

fact that few mobile homes heat with natural gas.
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The profile for weatherized dwellings heated primarily by electricity is very different from
the profile provided above. Rates for all but one of the major categories of weatherization measures
shown in Table 4.2 are lower for these dwellings than for the program as a whole. Because many
space heating measures are not applicable 10 electric heating systems, there is less potential for their
use. Thus, electrically heated dwellings cannot use what is commonly believed to be one of the more

Table 4.2 Installation of Weatherization Measures,
by Primary Heating Fuel (weighted percentages)’

67.2 49.4 58.2
32.1 13.7 259
19.8 22.8 19.5
25.3 8.8 14.0
16.1 5.3 12.6
10.3 16.4 13.7
63.3 52.3 49.9
48.1 37.5 30.7
38.0 28.0 30.6
16.2 8.4 9.2

7.6 7.9 9.6
39.6 39.3 46.3
33.8 34.2 40.0
36.0 7.9 27.1
28.4 4.2 18.6
10.4 1.9 6.3

6.4 19.1 19.9

2.6 10.4 10.1

2.6 8.0 8.9

I Values in the table are the percent of dwellings in which a measure was installed. All of the
weatherization 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 5% of the homes
weatherized during PY 1989. There are 372 missing observations.
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cost-effective measures. The one major category of measure that is installed in greater frequency in
electrically heated homes is mobile home measures, which were installed in 19% of the weatherized
dwellings heated by electricity. This is consistent with the fact that a relatively high proportion of
mobile homes are electrically heated. Within the major category of insulation, added attic insulation
and floor insulation also were installed at slightly higher rates in these dwellings. The low installation
rate for first-time attic insulation reflects the relative newness of the electrically heated housing stock,
which has more attic insulation in place when the weatherization crews arrive.

Installation rates for dwellings heated with “other” fuels are generally close to the nationwide
averages, and are more similar to the rates for gas-heated, than for electrically heated dwellings.
Modest differences include: a slightly higher than average rate of installation of mobile home
measures and storm windows and doors, and a slightly lower than average rate of installation of water
heater measures.

Differences Across Dwelling Types. Table 4.3 shows the diversity of weatherization
measures installed in different types of dwellings. Many of these differences reflect the Program's
objective of installing measures that reflect the most caost-effective opportunities available for a
particular dwelling.

- Single-family detached homes have higher than average installation rates for insulation and
air leakage control. Rates of attic insulation are particularly high. Based on the installation rate for
attic insulation/first time, we can deduce that more than one-third of the single-family detached
homes weatherized in PY 1989 were without attic insulation prior to participation in the program. In
contrast, single-family detached homes have the lowest installation rates for space heating measures.

More than half of the mobile homes weatherized in PY 1989 had one or more specific mobile
home measures installed (e.g., skirting .or cool seal 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 one-fifth of the
weatherized mobile homes compared with a programwide average of 62%. When insulation was
installed in mobile homes, it was most often used to insulate the floors.

Single-family attached homes are dislinguished by the high rate of space heating system
improvements (62%) and storm windows (57%) provided by the Program. Wall insulation is
uncommon in these dwellings, but attic insulation is added for the first time to 40% of them
(compared with 28% programwide).

Small multifamily dwellings offer yet one more distinct profile of weatherization activities.
Water-heater measures are installed with greatest frequency in these dwellings, particularly pipe
insulation. Storm windows and doors also z;re installed a1 notably higher than average rates in small

multifamily dwellings.
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Table 4.3 Installation of Weatherization Measures,
by Dwelling Type (weighted percentages}!

Single-famil
Attached
96.8 91.4 97.6 94.5
92.3 86.7 84.7 87.9
23.0 20.9 29.1 24.0
20.0 16.3 10.9 14.5
6.2 8.1 5.7 1.5
75.3 20.1 58.5 61.0
36.0 2.4 39.9 23.3
27.0 3.2 13.2 13.1
244 1.5 1.9 25.9
16.8 1.2 15.8 17.2
13.3 13.4 4.7 7.4
8.5 47.9 53.0 65.1
1.6 32.9 45.7 43.4
6.6 20.5 25.3 45.9
3.0 10.0 3.4 17.2
7.6 11.1 2.8 9.7
38.2 9.8 58.5 47.5
32.2 43.7 56.6 41.0
8.2 29.6 61.6 30.5
0.8 22.3 54.0 21.8
8.4 3.6 18.9 6.5
2.8 55.8 0.3 0.2
1.9 25.6 0.0 0.2
0.3 27.1 0.0 0.0

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

Differences Across Agency Sizes. Small, medium, and large agencies are distinct in terms of
the frequency with which they install different weatherization measures (Table 4.4).
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Table 4.4 Installation of Weatherization Measures,
by Size of Local Agency (weighted percentages)!

Small Medium Large
(N=1,870) (N=8,494) (N=4,607)

Air Leakage Control 934 95.5 95.4
General caulking and weathersmppmg 92.0 90.9 86.3

~ Sealing, no blower door 21.7 239 20.5
Sealing, with blower door ' 10.5 17.6 26.5
Distribution system : 7.0 7.2 5.2
Insulation 59.5 01.2 65.7
Attic insulation, first time 324 26.1 30.1
Attic insulation, added - 18.2 20.6 19.0
Wall insulation, normal 12.0 19.8 22.7
Rim/band joint ins. 4.7 13.8 19.8
Floor insulation 13.3 13.6 7.5
Water Heater Measures 45.1 56.8 65.3
Tank insulation . 32.0 40.5 448
Pipe insulation 20.7 33.3 46.2
Temperature reduction 11.9 12.4 13.8
Low-flow showerhead 3.3 9.9 7.7
Windows and Doors . _ ' _— 423 42.8 40.5
Storm window(s) = o0 374 - 36.2 35.6
Space Heating System - B - 19.5 29.7 37.1
Clean and tune-up ' T 14.4 21.8 28.9
Component retrofit . Lo 4.0 6.7 14.2
Mobile Home Measures’ REAERE 7.6 14.2 6.0
Underpinning or skmmg A g 10.4 7.0 1.4
Cool seal on roof ' : 7.4 6.3 2.1

! Values in the table are the percent of dwellings in which a measure was installed. All of the
weatherization measures differ significantly across agency sizes, at the 0.001 level, based on Chi-
square tests. The table is limited to measures that were installed in at least 5% of the homes
weatherized during PY 1989,

Since the hot climate region has a high proportion of those agencies that weatherized 100 or
fewer dwellings during PY 1989, the installation pattems of these two subgroups (hot climate region
and small agencies) arc similar. Small agencics tend to rely on more traditional measures — general
caulking and weatherstripping, storm windows, and attic insulation. which is added typically for the

first time, The air sealing conducted by small agencies is rarely assisted by blower doors, and space
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heating measures, water heater wraps, and wall and rim/band joint insulation are relatively uncommon.
Mobile home measures were installed in 18% of the dwellings weatherized by small agencies in
PY 1989 — a rate that is three times higher than large agencies. This reflects the more rural territory
served by small agencies, and the greater incidence of mobile homes among the rural poor.

Large agencies (those that weatherized 400 or more dwellings during PY 1989) have many of
the opposite characteristics. Their air sealing is often assisted by blower doors (in 27% of the homes
. they weatherized), and space heating measures, water heater measures, and wall and rim/band joint
insulation are installed at relatively high rates. Mobile home mecasures are rarely instalied. This
profile of measures refiects the more urban northern nature of the housing stock served by large
agencies.

Medium-sized agencies tend to install weatherization measures at rates that are typical of the
Program as a whole, ranging somewhere between the installation rates of small and large agencies.
This is not surprising since medium-sized agencies account for more than half of the dwellings
weatherized in PY 1989.

4.2 SERVICE DELIVERY PROCEDURES

The diversity and complexity of weatherization procedures has increased dramatically over
the past decade. While many agencies still select their clients on a first come-first served basis, others
target those clients with greater:than-avcrage potential for cost-effective energy savings based on
indicators such as pre-weatherization energy use. Similarly, investment criteria have been developed
that deviate from uniform expenditures per house to allow larger investments in dwellings that
offer greater energy-savings opportunities. Program implementers now have a large menu of
diagnostic tools to help guide their weatherization choices. In addition, the Program pemmits the use
of a varicty of home energy audit procedures for selecting weatherization measures and services.
These allow measures to be better targeted to the specific needs of an individual dwelling than occurs
when priority or prescribed lists are used. Because of the impact of occupant behavior upon energy
consumption, client education has become an integral part of many state and local Weatherization
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 many of these service delivery procedures, their impact on
energy savings and cost effectiveness is unclear. Nevertheless, many experts believe that these newer,
more advanced practices can improve program performance (Schlegel and Pigg, 1990; CSR, Inc. and
Meridian Corporation, 1989; Cohen, Goldman, and Harris, 1990; Greeley, Randolph, and Hill, 1992).

'The following sections examine the extent to which various service delivery procedures were

employed by the Program during_PY 1989.

4.13



4.2.1 Frequency of Use of Different Service Delivery Procedures

The Single-Family Study's Dwelling-Specific Form requested detailed information about the
service delivery procedures used for each of the sampled weatherized dwellings (see Appendix B-3).
In addition, the survey of local agencies conducted by Mihlmester, et al. (1992) provides a great deal
of agency-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 in Fig. 4.4.2 These
procedures were judged likely to be able to discriminate between high and low performance. In
particular, it is hypothesized that the use of a priority or 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
effectiveness.

Highly innovative or uncommon procedures such as infrared scanning and smoke sticks are
not discussed in this section because they are not employed with sufficient frequency for the Single-
Family Study to identify a statistical impact upon performance. However, numerous innovative
procedures are described in Mihlmester, et al. (1992, chapter 6), and some of these are revisited in the
second part of this study when we proﬁle the procedures used to weatherize high-performing
dwellings.

During PY 1989, a majority of local agenciesl used at least one method of distributing
weatherization resources across eligible clients to maximize the energy saved per invested dollar
(Mihlmester, et al., 1992, Fig. 6.2, p. 75). Nearly one-quarter (23%) of the dwellings weatherized in
PY 1989 were selected based on estimated savings or energy use (energy use being a typical indicator
of potential energy savings). The level of investment in §1% of the PY 1989 weatherized dwellings
was based on estimated energy savings per dollar spent; for 36% of the weatherized dwellings,
investment level was based on energy use or estimated savings. Such procedures were rarely used by

the Program during the early 1980's.

2 Data for the three client selection and investment criteria and the two client education methods shown in Fig. 4.4
were derived from the Mihlmester et al. (1992) data base. A particular dwelling unit was assigned a value of *1”
for a particular procedure if the local WAP agency indicated that it used the procedure in 50% or more of the
dwellings it weatherized during PY 1989. Otherwise the assigned value was “0.”
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Fig. 4.4 Frequency of Use of Selected Service Delivery Procedures.

A variety of diagnostic proceduw.es were used by the Program in PY 1989 to guide the

weatherization we-k. Heating system efficiency tests were conducted in 39% of the weatherized
dwellings. Blower door testing was done in 18% of the weatherized dwellings to find leakage areas,
and in 7% of the dwellings to estimate when further air leakage control ceased to be cost-effective,
Distribution system diagnostics were conducted in 8% of the dwellings to find leakage areas for
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Priority or prescribed lists were still the dominant method of selecting weatherization
measures in PY 1989, although less so than in 1981. The vast majority of dwellings weatherized in
PY 1989 (81%) had measures installed based on such prescribed recommendations. Of the local
agencies surveyed 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 audit approach to select
envelope 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 integrated
audit.

Client education has become a mainstay of the Program. In 1981, the Program was only
beginning to recognize the critical role of occupant behavior and the potential for client education to
save energy. By PY 1989, the vast majority of participants in the Program were provided with either
in-person education (75%) or literature on how to conserve energy and reduce utility bills (66%).
Some agencies have extensive client education programs involving additional activities such as video
tapes and workshops. Most agencies, however, limit their education to a one-on-one discussion with
the client of energy-saving opportunities, accompanied by a pamphlet, flyer, or other literature.

Some of the same diagnostics that have become important means of directing the installation
of weatherization measures also arc 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 weatherization. In addition, visual inspections of heating

systems were common (33% of dwellings).

4.2.2 Differences Across Key Subgroups

The service delivery procedures used by local agencies during PY 1989 varied markedly
across climate regions (Table 4.5), primary heating fuels (Table 4.6), types of dwellings (Table 4.7),
and agency size (Table 4.8).

Differences Across Climate Regions. The cold climate zone used the most rigorous methods
for selecting clients, determining investment levels, and selecting measures. For instance, 43% of their
clients were selected based on energy use or estimated savings, and more than one-quarter of the
weatherized dwellings underwent an integrated envelope/heating system audit. Homes weatherized in
the cold region also often underwent heating system efficiency tests, reflecting this region's focus on
space heating retrofits. Blower door testing was used more often in this climate than in the other two
climate regions 1o identify leakage areas (37% of the homes), as a cost-effectiveness guide (18%), and
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in monitoring the completed work (17%). In-person education was provided to 78% of this region'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)!

51.3 56.2 49.4 51.8
36.4 37.7 31.4 49.7
23.3 42.6 15.0 28.7
39.3 40.0 53.8 0.6
18.2 37.1 18.4 1.1

7.9 7.4 9.1 5.2

7.7 18.3 7.0 0.0
81.3 67.2 80.7 95.1

8.3 28.2 4.5 0.8
75.0 77.9 71.9 80.8
65.9 53.7 72.5 59.7
33.0 32.8 43.9 4.4
24.3 17.2 35.9 0.0
11.8 17.2 13.4 2.9

! Values in the table are the percent of dwellings in which a measure was installed. All service
delivery procedures differ significantly across climate regions, at the 0.001 level, based on Chi-
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 Delivery Procedures,
by Primary Heating Fuel (weighted percentages)!

o | é.detu’ral Gas 1 'Elcttriéily b Other
CAN=9,161) 1 (N=1325) ] (N=4,113)

52.6 50.6 49.8

i orestimated: savmg' 29.7 42.7 42.9
: Chent selection based on energ use or '

: 3. i i : 20.4 28.9 25.7

47.1 13.0 359

19.4 18.4 16.6

8.7 5.2 1.3

8.4 5.8 7.2

76.8 87.0 85.4

8.5 4.6 8.3

. lu_—pcrson‘educano 69.5 80.5 80.6

leratum fo clie 66.4 66.5 65.1

41.1 16.0 26.7

314 8.5 19.2

12.2 12.1 11.1

! Values in the table are the percent of dwellings in which a measure was installed. All service
delivery procedures differ significantly across fuel types, at the 0.001 level, based on Chi-square
tests. This table is limited to measures that were installed in at least 5% of the homes weatherized
during PY 1989. There are 372 missing observations.




Table 4.7 Selected Service Delivery Procedures,

by Dwelling Type (weighted percentages)!

ity | Smat
“Multifamily -
C(N=2,074)
51.0 45.4 51.9 61.7
33.3 43.5 17.3 45.0
23.0 26.6 30.9 17.3
38.9 34.6 25.2 53.4
20.2 15.5 12.2 13.8
7.3 9.1 3.9 9.6
8.2 5.8 8.0 7.5
82.0 83.6 83.3 74.3
8.9 6.2 2.8 9.4
73.2 79.7 71.2 76.7
66.7 64.7 24.4 75.0
33.3 32.4 24.0 36.2
25.0 21.3 17.5 28.8
13.3 11.7 6.7 5.9

1 Values in the table are the percent of dwellings in which a measure was installed. All service
delivery procedures differ significantly across dwelling types, at the 0.001 level, based on Chi-
square tests. This table is limited to measures that were installed in at least 5% of the homes

weatherized during PY 1989. There are 122 missing observations.
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Table 4.8 Selected Service Delivery Procedures,
by Size of Local Agency (weighted percentages)!

" Large
| (N=4,607)
_Cl;ent Selethéh énd Invcstmem
- -savings per dollar mvested i 42.8 50.3 59.2
Tnvestment level based on
“or estimated: $avings 45.9 34.9 34.8
Chent selcctwn ba
: as: 30.3 22.6 20.9
""" 26.2 38.2 51.8
11.9 18.0 23.3
6.8 6.1 13.8
34 1.3 11,7
86.9 81.9 74.9
| 8.2 74 10.6
79.4 72.7 79.3
47.9 70.9 62.4
1 in 28.3 30.2 443
18.9 19.7 41.4
9.9 10.3 17.3

! Values in the table are the percent of dwellings in which a measure was installed. All service
delivery procedures differ significantly across agency sizes, at the 0.001 level, based on Chi-square
tests. This table is limited to measures that were installed in at least 5% of the homes weatherized
during PY 1989.

In the moderate climate region, only 15% of the PY 1989 weatherized dwellings were selected
according to an estimation of energy use or savings. Similarly, integrated audits were used in 4% of
the dwellings. In contrast, the region's weatherized dwellings often benefited from the use of space
heating efficiency tests both as a diagnostic procedure at the time of weatherization (54%) and later
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as a quality control measure. This reflects the region's emphasis on space heating system measures.
Blower door testing was used less often in this region than in the cold region, despite the moderate
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 literature from their local
weatherization agency.

In the hot region, client selection and investment levels often were based upon energy use
or estimated savings. However, measures were selected aimost exclusively according to priority or
prescribed lists and not individual audits of dwellings. Similarly, few sophisticated diagnostic
procedures were used, either as part of the weatherization or subsequently as part of the quality
control. The relative absence of heating system diagnostics parallels this region's low level of space
heating retrofits. In-person energy education was provided to 81% of the het region's PY 1989
clients, but in-person literature was given to only 60% of the clients.

Differences Across Heating Fuels. The frequency of use of several service delivery
procedures differs markedly by primary heating fuel (Table 4.6). Not surprisingly, heating system
diagnostics were rarely used in electrically heated homes during PY 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 diagnostics and integrated audits.

Differences Across Dwelling Types. Differences across dwelling types are also apparent
(Table 4.7). In particular, heating system diagnostic procedures were used most frequently in
weatherizing small multifamily dwellings: more than half of their heating systems were efficiency
tested during the weatherization job, and nearly one-third underwent some fonﬁ of heating system
diagnostic as a quality control measure. The prevalence of these procedures can be partially
explained by the slightly higher than average installation of heating system measures in 2- to 4-unit
multifamily dwellings. It also reflects the fact that small multifamily dwellings typically have
centralized heating systems that serve all the units in the building. Thus, one furnace efficiency 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. Blower 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 different service delivery procedures (Table 4.8). Medium-sized
agencies, on the other hand, tend to follow the national average in their service delivery practices.
The only notable departure from this typicality is their greater reliance on providing literature to
clients to support their energy education efforts.

Small agencies rarely use blower door testing to find leakage areas, as a cost-effectiveness
guide, or for quality control. The size of their weatherization budgets is probably an important
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obstacle to their purchasing expensive equipment such as blower doors. Perhaps because they
perform space heating system measures with relative infrequency, they also have lower-than-average
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 81%.

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 heating System
diagnostics with great frequency, including distribution system diagnostics (14% of homes), heating
system efficiency tests (52%). heating system diagnostics (41%), and an integrated audit (11%).

4.3 SUMMARY

This chapter underscores the diversity of weatherization procedures used by each of the
Program's major 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
summarized in Section 4.3 4.

4.3.1 Differences Across Climate Regions

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

regions.

. Id climate region

- high installation rates for insulation, water heating, and space heating measures.

- low instaliation rates for mobile home measures, storm windows and doors, and
replacement windows and doors.

- most frequent use of integrated audits and blower door testing.

- more space heating diagnostics.

» Moderate climate region

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

- most space heating diagnostics,

- most frequent dissemination of energy literature.

- low installation rates for wall insulation and space- and 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
procedures that recent literature suggests will produce the best results (such as advanced air sealing
guided by blower door testing, space heating and water heating measures). The cold climate region
used the most rigorous methods for selecting clients, determining investment levels, and selecting
measures. Homes weatherized in the cold region also often underwent heating system efficiency tests,
reflecting this region's focus on space heating retrofits. Blower door testing was used more often in
this climate than in the other two climate 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 less 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 less 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, reflecting the more dilapidated
condition of the South's housing stock. In the hot region, measures were selected almost exclusively
according to priority or prescribed lists and not individual audits of dwellings. Similarly, few
sophisticated diagnostic procedures were used, either as part of the weatherization or subsequently as
part of the quality control. The relative absence of heating system diagnostics parallels this region’s
low level of space heating retrofits.

4.3.2 Differences Across Fuel Types

Differences across fuel types are important because of this study's need to extrapolate energy
savings from measured fuel use (for natural gas and electricity) to other fuels. Differences by fuel
type were less dramatic than those by climate region, but still significant. The following differences

are relative to the nationwide averages.

. -he dwellin

- high installation rates for insulation, space- and water-heating measures.
- low installation rates for mobile home measures.
- most frequent use of space-heating diagnostics and integrated audits.

. Electrically | { dwelli
- high installation rates for mobile home measures.
- low installation rates for other types of weatherization measures.
- infrequent use of space-heating diagnostics and integrated audits.
- greatest emphasis on client education,

a k1)

. welli
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- high installation rate for storm windows.

- low installation rate for water heater measures.

- most frequent use of blower door testing for envelope diagnostics and as a cost-
effectiveness guide.

Weatherized dwellings heated primarily with natural gas have significantly higher than
average installation rates for insulation, water heater, and space heating system measures, heating
system diagnostics, and integrated audits. Some of these differences reflect the predominance of gas
heat in many of the northem States. Window and door treatments are slightly less common in gas-
heated weatherized homes, and mobile home measures are significantly less common. The latter is
consistent with the fact that few mobile homes heat wilh natural gas. Homes heated with electricity
and with other fuels, in contrast, are more likely to have less effective measures, such as storm
windows and mobile home measures, installed. In addition, heating system diagnostics were rarely
used in electrically heated homes because many of these diagnostic procedures are not applicable to
electric heating systems. Installation rates for dwellings heated with "other” fuels are generally close
to the national averages, and are more similar to the rates for gas-heated, than for electrically heated

dwellings.

4.3.3 Differences Across Dwelling Types

Some differences across dwelling types are also apparent. The following differences are
relative to the nationwide averages.
. ingle-famil hed b

- high installation rates for insulation, windows and doors, and air leakage control.
- low installation rates for space-heating measures.

= Mobile Homes

- high installation rates for mobile home measures and storm windows.
- low installation rates for insulation.

= Single-family attached dwellings

- high installation rates for space-heating system improvements and storm windows.
- high installation rates for attic insulation.
- low rates for wall insulation,

=  Small multifamily dwellings
- high installation rates for water-heater measures and storm windows and doors.
- more heating system diagnostics.
- less blower door testing
- frequent dissemination of energy literature.

Unlike the cold climate region and gas-hcated dwellings, no single dwelling type had a

higher concentration of the measures generally believed to be most effective. The only important
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concentration of an advanced technique was in weatherizing small multifamily dwellings where

heating system diagnostic procedures were used most frequently.

4.3.4 Differences Across Agency Sizes

The findings by agency size indicate that small and large agencies are distinct in their reliance
on different service delivery procedures, while medium-sized agencies tend to be more typical in

comparison to national averages. The following differences are relative to the nationwide averages.

« Small agencies

- high installation rates for general caulking and weatherstripping, storm windows, and
first-time attic insulation.

. low installation rates for air sealing assisted by blower doors, space heating measurcs,
water-heater wraps, and wall and rim/band joint insulation.

- frequent installation of mobile home measures, reflecting the rural and southern
location of many small agencies.

. - infrequent use of blower door testing to find leakage areas, as a cost-effectiveness

guide, or for quality control.

- infrequent use of heating system efficiency tests, heating system diagnostics, and

integrated audits.
. reliance on priority or prescribed lists to select weatherization measures.

« Mediym-sized agencies

_  installation rates that are typical of the national Program.
. extensive use of literature to support their energy education efforis.

- Large agencics
- high installation rates for space-heating measures, water-heater measures, and wall and
rim/band joint insulation.
- infrequent installation of mobile home measures, reflecting the typically urban nature
of the clients served by large agencies.

- greater use of blower door testing.
- frequent use of space-heating system diagnostics and integrated audits.

4.3.5 Trends over Time

In the examination of trends over time, the two most dramatic changes were in the installation
rates of space heating system measures, blower door-assisted air sealing, and storm windows. The
1981 Program did not install any space heating system measures, while by PY 1989 these had
become an established feature of the Program. Another new feature, blower door-assisted air sealing,
was used in 16% of the weatherization jobs in PY 1989. In contrast, the PY 1981 Program installed
storm windows in a majority of homes, while by PY 1989 this rate had declined 1o 38%. These three
trends are consistent with a growing body of research emphasizing the cost effectiveness of blower
door diagnostics and fumace tune-ups and retrofits and questioning the cost effectiveness of storm
windows (CSR, Inc. and Meridian Corporation, 1989; Cohen, Goldman, and Harris, 1990; Greeley,
Randolph, and Hill, 1992). Caulking and weatherstripping were slightly more prominent in 1989
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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 greater 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 fewer
encrgy-conservation measures in the dwelling units they weatherized (Power et al., 1992).

The diversity and complexity of weatherization procedures has increased dramatically over
the past decade. While many agencies still select their clients on a first come-first served basis, others
target clients with high savings potential based on pre-weatherization energy use. Investment criteria
have been developed that deviate from uniform expenditures per house to allow larger investments in
dwellings that offer greater energy-savings opportunities. Program implementers now have a large
menu of diagnostic tools to help guide their weatherization. Similarly, the Program permits the use
of a variety of methods for selecting weatherization materials and services. This allows measures to
be better targeted to the specific needs of an individual dwelling than occurs when priority or
prescribed lists are used. Recognizing the impact of occupant behavior upon energy consumption,
client education has become an integral part of many statc and local Weatherization 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 many of these service delivery procedures, their impact on energy
savings and cost effectiveness is unclear. Nevertheless, many experts believe that these newer, more
advanced practices can improve program performance (Schlegel and Pigg, 1990; CSR, Inc. and
* Meridian Corporation, 1989; Cohen, Goldman, and Harris, 1990; Greeley, Randolph, and Hill, 1992).

The Greeley et al. (1992) study of the Virginia programindicates that the incorporation of
advanced practices (including high density blown cellulose wall insulation and advanced air sealing
techniques focusing on attics, basements/crawlspaces, bypasses, ducts and registers, heating system
safety inspections, and fumace cleaning and tuning) significantly improves program energy savings.
This study suggests that the advanced techniques currently used in Northern and Midwestern States
can also be highly effective in milder climates, where we have shown that these techniques were rarely
used in PY 1989.

In the following chapters of this report, energy savings and cost effectiveness for 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

the same relationships investigated in previous research.
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5. ENERGY SAVINGS

This chapter presents the results of the analysis of energy savings for the first year after
weatherization in the 1989 Program Year. The primary goal of this chapter is to provide a reliable
and accurate estimate of the amount of primary heating fuel saved by the Weatherization Assistance
Program during PY 1989. A secondary goal is to characterize the variation of energy savings across
climate regions, heating fuels, types of dwellings, and size of agency. Analysis of these key
subgroups provides insight into factors influencing savings, a subject that is pursued further in
Chapter 9.

For both gas- and electrically heated dwellings, the estimation of energy savings involves
several steps. First, the energy consumption of individual dwellings is weather-normalized, so that the
consumption patterns of a dwelling can be compared across time periods that experienced different
weather conditions. In particular, normalized annual consumption (NAC) is calculated with PRISM
for the pre-weatherization year (pre-NAC) and the post-weatherization year (post-NAC) for each
dwelling with complete consumption data.! The units for NAC are ccf for gas-heated dwellings and
kWh for electrically heated dwellings.

Second, the difference between energy use before and after weatherization is estimated for
both weatherized and control homes. In particular, gross savings are calculated by subtracting the
post-NAC 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
by 100. Because the gross savings are calculated for individual dwellings while gross percentage
savings are based on averages, the former are subjected to statistical tests (e.g., of differences across
subgroups), but the latter are not.

Third, the estimates of gross savings are adjusted to take into account changes in energy
consumption that would have occurred in the absence of the Weatherization Assistance Program. In
particular, the net savings per weatherized dwelling are calculated by subtracting the average gross
savings for control homes from the average gross savings for weatherized homes. The net percentage
savings are calculated by dividing the average net savings by the average pre-NAC and multiplying
by 100.

The first two sections of this chapter (Sections 5.1 and 5.2} present gross and net energy
savings for gas- and electrically heated dwellings. In both of these sections variations in gross energy
savings by key subgroups (climate region, type of dwelling, and size of agency) also are examined.
The third section presents indirect estimates of energy savings for dwellings that heat with other fuels

© 1 Normalized annual consumption (NAC) is the amount of energy that would have occurred in a year with typical

weather, defined as the 10-year average. The pre-NAC period is generally defined as April 1, 1988 through
March 31, 1989 and post-NAC as Apnil 1, 1990 through March 31, 1991.
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(primarily fuel oil, liquid propane gas, wood, and kerosene) (Section 5.3). Section 5.4 develops
estimates of programwide energy savings. Section 5.5 compares the chapter’s results with prior
evaluations of the Program and with utility low-income weatherization programs. The chapter ends
with a summary of its findings (Section 5.6).

Although energy savings are the most easily quantified program benefits, other benefits may
be of comparable importance, including the preservation of affordable housing, health and safety
improvements, employment impacts, and environmental benefits. These nonenergy benefits are
discussed in Chapter 6. Program costs and cost effectiveness are discussed in Chapters 7 and 8.

5.1 GAS-HEATED DWELLINGS

Gas-heated dwellings account for 90% of the 4,295 weatherized dwellings for which complete
fuel consumption records were available. The use of natural gas as a primary heating fuel
characterizes approximately half (51%) of the dwellings weatherized by the Program during PY 1989
(see Fig. 3.4). Thus, the overall performance of the Program is highly dependent upon the
Program’s ability to reduce the energy consumed in gas-heated homes.

Gas utilities across the country also provided complete gas consumption data for 3.226 gas-
heated control dwellings.? Some of these complete records had errors due either to problems with the
submitted data or errors introduced in the data entry process,

Therefore, an elaborate screening process 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 household turnover were also resolved, where
possible. In particular, periods with zero consumption values that occurred as the result of a
temporary vacancy were set t0 missing values. By identifying and correcting such data quality
problems, loss of data was minimized.

Next, the heating-only version of PRISM was applied to the data. A second set of screens
then was used to identify potential data errors based on the PRISM parameters. These data errors
were corrected, where possible, and the corrected data were reanalyzed with PRISM. As a final step,
the following criteria were applied to these results to identify poor-fitting PRISM models:*

1. coefficient of determination (Rz) of NAC less than 0.2 and covariance of NAC greater
than 0.3

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

* Incomplete gas billing records were provided for approximately 6,500 additional weatherized and control
dwellings. In most of these cases, some or all of the pre-weatherization period was missing. In other cases,
most of the winter of either the pre- or post-weatherization period was missing.

' See Reynolds and Fels (1988) for a discussion of R? criteria and other indicators of the reliability of PRISM.
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- cold climate region — less than 400 ccf or greater than 6,000 ccf
. moderate climate region — less than 200 ccf or greater than 6,000 ccf

- hot climate region — less than 100 ccf or greater than 3,000 ccf?

Any dwelling that had one or more of the above characteristics was eliminated from the analysis of
gas savings.*

The application of these indicators of poor-fitting PRISM models caused the sample of
weatherized gas-heated dwellings to decrease by 10%: from 4,299 to 3,882 dwellings. The sample of
control dwellings declined by 18%: from 3,226 to 2,635. These reduced samples have excellent
overall modeling results. The mean PRISM parameters are presented in Table E.3 in Appendix E.
For both the pre- and post-weatherization year and for both the weatherized and control dwellings,
the average coefficient of determination (R2) of NAC for the four different groups ranges from 0.83
to 0.85. These values compare favorably with other evaluations (Fels, 1986). The reference
temperatures for the models average 63.3 degrees Fahrenheit. Finally, the temperature-dependent
gas use (which includes gas use for space heat as well as the temperature-dependent portion of water
heating) is estimated to be 76% of total gas consumption. The credibility of these values supports
our use of the PRISM-generated Normalized Annual Consumption 0 estimate savings.

Once the weather normalization was completed and gross savings were estimated for each
dwelling, weights were applied to the individual results to obtain unbiased estimates of savings for the
nation and its key subgroups. In particular, the weights correct for the slight under-representation of
the hot climate region and small agencies in the sample of homes with gas consumption data. Sample
weights were calculated for the weatherized dwellings based on the sample of 3,882 dwellings with
good-fitting PRISM models. A different set of sample weights were calculated for the control
dwellings based on the sample of 2,635 dwellings with good-fitting PRISM models. As shown in
Table E.1 in Appendix E, weighting factors (N/n) were calculated for 15 strata of local agencies —
five different climate regions and three agency size categories.” Weighting factors (M/r) then were
calculated for each local agency, reflecting the extent that gas consumption data were available for
each agency's weatherized and control dwellings (see Table E.2).

The product of these two weighting factors (N/n x M/r) produces the weight that is assigned to
the weatherized (or control) dwellings for each agency Dwellings associated with agencies that had

3 The abbreviation "ccf™ refers to 100 cubic feet of natural gas.

4 The first screen eliminated dwellings that had significant variability in gas use across meter-reading periods, and
where the variability was unrelated to heating degree days. This situation suggests any of a number of aberrations
that invalidate the weather-normalization procedure, such as extended vacations during winter, extensive use of
supplemental heating fuels, or substantial gas use for purposes other than space heating. The second screen
eliminated dwellings that had too little gas use, suggesting that they did not heat with gas, or too much gas use,
suggesting a multifamily building without individual metering or some other anomaly.

S Recall that 60 strata were used for weighting the dwelling-specific data, because the sample sizes were 50 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 were 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 Nationwide Gas Savings

Whole-House Gas Savings. The weighted results provide an unbiased estimate of
nationwide, whole-house gas savings (Table 5.1). The weighted gross savings of weatherized
dwellings is 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 Weatherized
and Control Dwellings (in ccf/year)?

]36*** 167***

(12) (i1 ¢)) (10)
1,121 1,152 -31 2.8%

(8) (10) &)
1,334 1,199 | 135%*%* 10.1% | 173%*~* 13.0%
(83) (81) (13) (18)
1,127 1,164 | -37%%x -3.3%
(37) (38) (14)

& Numbers in parentheses 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 consumption that would have
occurred in the absence of the Program.) The weighted net savings that results from subtracting the
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 weighted estimate of gross savings is 13 ccf/year. Thus, the relative
error (defined as the standard error divided by the mean) is only 10%, which is the targeted value for
the evaluation (Berry, et al., 1991) and indicates an acceptabie level of precision. The standard error
around the weighted net savings of 173 ccf/year is 18 ccf/year, also resulting in a relative error of
about 10%.

These standard errors enable the calculation of a 90% confidence interval around the
estimates of savings. In particular, the 90% confidence interval around the estimated net savings of

173 ccffyear is 151 to 195 ccf/year.

Gas-Heat Savings. Energy savings from weatherization programs are often described in
terms of the amount of space heat energy consumption that was reduced. Nearly all of the
weatherization measures installed by the Program are aimed at reducing space heating requirements.
Water-heater measures are the only notable exception, and they account for a small fraction of total
weatherization costs.

Based on data collected during the 198‘7 Residential Energy Consumption Survey (Energy
Information Administration, 1989, Tables 15 and 28), low-income households nationwide (defined as
125% of the poverty level) with gas heat consume 71% of their gas for space-heating purposes.®
Applying this average to the results shown in Table 5.1, the average weatherized home with gas heat is
estimated to have consumed 947 ccf of gas (i.c., 71% of 1,334 ccffyear) for space-heating purposes
during the year preceding weatherization. Thus, the average net savings of 173 ccf/year is estimated

to be 18.3% of the gas used for space heating.

Variability of Gas Savings. There is a great deal of variability in the gross gas savings of
weatherized and control dwellings. Nevertheless, there is a discemible difference between the
distributions of energy savings for weatherized and control dwellings. Consider the distribution of
gross gas savings for the two groups (Fig. 5.1a). For 71% of the weatherized dwellings, the
Normalized Annual Consumption of gas was less during the first year after weatherization than
during the preceding year. In contrast, only 48% of the control group had lower Normalized Annual
Consumption of gas during 1990-91, than in 1988-89. :

The distribution of percent savings for weatherized and control dwellings also shows great
variability (Fig. 5.1b). Nevertheless, the percent savings of weatherized dwellings is discemibly

§ The 1990 RECS indicated that low-income households (defined as 125% of the poverty level) with gas heat
consume 70% of their gas for space heating purposes (Response Analysis Corporation, 1993).
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greater than the percent savings of control dwellings. The mean savings of weatherized dwellings is
only 6.1%, which is less than the percent gross savings shown in Tabie 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 (i.e., it is based on aggregate statistics). The mean
percent savings shown in Fig. 5.1b 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 -110%). 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 substantiaily 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 different 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 more gas in the post-
weatherization year (1990-91) than in the pre-weatherization year (1988-89), and this
increase is statistically significant at 0.001. Thus, the net savings in the cold region is
higher than the gross savings — at 235 ccffyear or 17.7%.

- In the moderate region, control dwellings consumed 45 ccffyear 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 be realized.

Table 52 Average First-Year Gas Savings for Gas-Heated Weatherized
and Control Dwellings (in ccf/year), by Climate Region®

166%%+ 235 17.7%
(37) (25) (18) (18)
1,135 1,205 | -69%%%* -6.2%
(13) (11} (2)
1,464 1,327 | 137%%=% 0.4% 182 124%
(96) (%4) (15) (23)
1,218 1,263 -45 -3.7%
39 (40) (17
833 731 102 12.2% 91 10.9%
(53) (50) (24) (33)
810 798 12 1.5%
25) 40) (22)
® Numbers in parentheses are standard errors of the estimates.
b Percent net savings is calculated as the net savings divided by the average pre-NAC, and
multiplied by 100.
*** indicates that gross savings are statistically different from zero at the 0.001 level.
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Reassuringly, the levels of pre-weatherization gas use for weatherized and control dwellings

differ by no more than 20% in any climate region. (Weatherized 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 Dwelling Type

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

150 «

100 4

%

"
55

S t'&‘:gx o

| Single-family Detac

80 4
, Net Savings: Gross Gross NetSavings: Gross ™ Gross Net Savings:  Gross Gross Net Savings: Gross Gross
Weathwrzed Savings. Savings: Weatherized Savings:  Saving Weatherized Savings:  Savings: Weatherized Savings: Savings:

Dwslings Weatherited Cortrol Dwelings Waeathwrized Conwol Dwelingt Weatherzed Control Dwelings Weatherized Control
(N=2,119) (N=2,811) {N=205) (N=2,811) . {N=34B)  [N=2,611) {Nu858) (N=2.611)

Fig. 5.3 Gas Savings by Dwelling Type

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

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

7 The national control group is used as the control for each of the four dwelling types. Thus, in each case the net
savings is 37 ccf/year greater than the gross savings. Individualized control groups could not be created for each
dwelling type, since the dwelling type of the control group homes is unknown.
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dwellings weatherized in PY 1989 and even less (12%) of the eligible population nationwide. Further,
only 27% 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 Agency

Dwellings weatherized by medium-sized local weatherization agéncies experienced the
greatest gross savings (148 ccf/year) and the 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 agencies (176 vs. 159 ccf/year, respectively), because of the greater control group
adjustment. '

Small Agencies B : { Large Agencies
Net Savings:  Gross Gross Net Savings:  Gross Gross Net Savings:  Grass Gross
Weatherized Savings:  Savings: Weatherized Savings: Savings: Weatherized Savings: Savings:
Dwellings Woeatherized Control Dwellings Weatherized Control Dwellings Weatherized  Control
Dwellings  Dwellings Dwallings  Dwellings Dwellings Dweltings
{N=411)  (N=332) (N=1992) (N=1,387) {N=1,470) (N=892)

Fig. 54 Gas Savings by Size of Local Weatherization Assistance Program Agency

Analysis of percent savings suggests that large agencies did not perform as well as small- and
medium-sized agencies. Because large agencies are located primarily in the moderate and cold
climate regions, the dwellings they weatherized in PY 1989 consumed greater than average levels of

5.11



gas before weatherization. As a result, the 176 ccffyear net savings of large agencies translates into a
relatively low percentage reduction (10.6%) 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 they weatherized therefore had low levels of gas use. As a result, their net savings were
1'5.1% 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 more than 100 and less than 400 dwellings during PY 1989) weatherized 54%
of the single-family and small multifamily homes in PY 1989,

5.2 ELECTRICALLY HEATED DWELLINGS

Electrically heated dwellings account for 10% of the sample of weatherized dwellings and
13% of the sample of control dwellings for which complete fuel consumption records were available,
They represent 10% of the dwellings weatherized by the Program during 1989, Thus, they account
for a small, but significant fraction of the Program's clients,

Electric utilities across the country provided complete electricity consumption data for 497
electrically heated dwellings weatherized in PY 1989, and for 550 electrically heated control
dwellings. More than half of these dwellings are located in the moderate climate region; the cold
region has the smallest proportion of them. These proportions are consistent with saturations of
electric heat, by region, for the population of dwellings weatherized in PY 1989.

Electricity supports a diversified array of residential energy end uses, including home heating,
air conditioning, water heating, refrigeration, and numerous other appliance uses. The existence of
these multiple uses complicates the process of weather normalization and the assessment of savings.

Three versions of PRISM are available for normalizing annual electricity consumption: the
Heating-Only, Heating-and-Cooling, and Cooling-Only versions (Fels, Reynolds, and Stram, 1991),
Knowing the weather, appliance use, and supplemental 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 Form (Appendix 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 on 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 dwelling exhibited a cooling peak
and not a heating peak.

» The Heating-and-Cooling version 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.
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Fig. 5.5 Model Electricity Consumption Profiles for the Three Versions of PRISM:
Heating Only, Heating-and-Cooling, and Coeling Only

An elaborate screening process (similar to the one used for gas-heated dwellings) was
developed to identify 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 Heating-and-Cooling (HC) PRISM was developed solely for use in the National
Weatherization Evaluation's Single-Family Study (see Fels, Reynolds, and Stram, 1991).
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applied to the data. A second set of screens was used to further identify potential errors, and any data
errors found at this stage were corrected. The data were then reanalyzed with PRISM. More than
half of the dwellings originally assigned to the Heating-and-Cooling version of PRISM did not have a
sufficient cooling or heating load to produce meaningful results. These dwellings were then
individually reassigned either to the Heating-Only or the Cooling-Only model, based on an
inspection of their consumption profiles. Each dwelling was assigned the same model for both the
pre-weatherization period and for the post-weatherization period, for ease of analysis.

The following criteria were applied to the final weather-normalized results to identify poor-
fitting PRISM models.

+ coefficient of determination (R2) less than 0.20 and covariance of NAC greater than 0.3

* minimum and maximum values of pre- or post-weatherization NAC, which varied by
climate region:

- cold climate region — less than 5,000 kWh or greater than 80,000 kWh
- moderate climate region — less than 3.000 kWh or greater than 70,000 kWh
- hot climate region — less than 1,000 kWh or greater than 60,000 kWh

Any dwelling that had onc or more of the above characteristics was eliminated from the analysis of
electricity savings.®

Altogether, good-fitting PRISM models resulied for 918 (or 88%) of the representative
sample of 1,047 electrically heated dwellings with complete consumption data. Almost half (426) of
these were weatherized dwellings and slightly more than half (492) were control dwellings. Their
distribution across the three versions of PRISM is summarized below, and the resulting PRISM
parameters are described in Table E.4 through E.6 in Appendix E.

Dwellings with Air Conditioning and Electric Heat. The Heating/Cooling version of PRISM
provided estimates of the electricity saved by dwellings with significant electricity consumption for
both heating and air conditioning. Based on the electricity consumption profiles of the sample of
1,047 electrically heated homes, the Heating-and-Cooling version of PRISM was the best model for
approximately 20% of the dwellings. Good-fitting PRISM models resulted for only 52 of these
dwellings, necessitating the reassignment of some dwellings to either the Heating-Only or Cooling-
Only version of PRISM. The average R? for the Heating-and-Cooling PRISM models is 0.69.

Electrically Heated Dwellings with Minimal Air Conditioning. The Heating-Only version
of PRISM provided estimates of the electricity saved by electrically heated dwellings with minimal air
conditioning. The Heating-Only version of PRISM was applied to a majority of the dwellings.
Cood-ﬁtting PRISM models resulted for 803 of them, with an R2 averaging 0.63.

® The rationale for these criteria is the same as for gas-heated dwellings. See footnote 4,
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Dwellings with Air Conditioning and Minimal Electric Heat. The Cooling-Only version of
PRISM provided estimates of the electricity saved by electrically heated dwellings with significant air
conditioning, but minimal electric heat. The Cooling-Only version of PRISM was applied to
approximately 10% of the dwellings. Good-fitting PRISM models resulted for 63 of them, with an R?
averaging 0.70.

. 5.2.1 Nationwide Electricity Savings

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 Electrically Heated Weatherized and
Control Dwellings (in kWh/year)?

15,069 14,260 | 808*** 54% | 1,764%%* 11.7%
(407) (372} (239) (323)
13,966 14,922 | -956*** | -6.8%

(393) (436) 217

14,972 | 14,105 §67 % 5.8% | 1,830%** 12.2%

(419) (378) (268) 9 (358)
14,461 15,424 | -963%** -6.7%

(238)

To provide an unbiased estimate of nationwide electricity savings, the results of each climate
‘region need to be weighted to reflect the distribution of PY 1589 weatherized electrically heated
homes. Because of the small number of dwellings with electricity consumption data, it was not
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desirable to employ the 15-cell weighting scheme that was used for the gas consumption data.’
Instead, weights were applied to the aggregate results for each of the three climate regions to obtain a
national average. Weights were not applied to each dwelling, as was done in the analysis of gas
consumption. The decision to rely primarily upon unweighted values in the analysis of key
subgroups (in Sections 5.2.2 to 5.2.4) is supported by the fact that the sampled dwellings are
distributed across the three climate regions in representative proportions. The slight bias is that both
the weatherized and control dwellings with eléctricity consumption data are located
disproportionately less in the cold climate region relative to the population of weatherized dwellings.

Based on the dwelling-specific data described in Table 3.2, electrically heated weatherized
homes are distributed in the following proportions:

* cold climate region — 0.15
* moderate climate region — 0.50
* hot region — 0.35.

Weighted U.S. results are calculated by multiplying each of the mean pre-NAC and post-NAC values
shown in Table 5.3 by the appropriate proportion and summing the products. The weighted gross
savings is the difference between the weighted pre- and post-NAC values.

The weighted results indicate a gross electricity savings of 867 kWh/year (or 5.8%)
nationwide, and a net savings that is more than twice as large, at 1,830 kWh/year, or 12.2%. The net
savings are much larger than the gross savings because of the behavior of the control group. In
contrast to the weatherized dwellings, the average (unweighted) gross electricity savings per control
dwelling with electric heat is -963 kWh/year (or -6.7%). These control group results are also
significant, indicating a discemible trend toward increased electricity consumption among low-
income households waiting for weatherization services. A similar increase in per-household
electricity consumption between 1984 and 1987 was documented by EIA (Battles, 1991). The 6%
increase over this 3-year period was attributed to an increase in the use of air conditioning and an
increase in the number of electrical appliances used. Our control group results suggest that the trend
toward increasing electricity consumption continued through 1990.

The weighted and unweighted estimates of savings are similar because the sample of
electrically heated homes with consumption data is distributed in a fairly representative fashion across
the three climate regions, relative to the population of electrically heated homes weatherized in
PY 1989. The weighted average gross savings is slightly higher than the unweighted average, because
the sample of weatherized dwellings under-represents the PY 1989 weatherized homes located in the

9 Large weights applied to celis represented by only a handful of dwellings would have significantly decreased the
precision of our estimates of savings.
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cold region. Once properly weighted, the higher savings in the cold region have more of an impact
on the national statistics.

The standard error of the weighted estimate of gross electricity savings is estimated to be
268 kWh/year. This is nearly identical to the standard error of the unweighted estimate
(i.e., 239 kWh/year). Because the weights arc applied to the aggregated regional results, the weights
do not add as much to the variability of the data as occurred in the weighted analysis of gas savings.
The relative error (defined as the standard error divided by the mean) is 31%, which greatly éxcceds
the targeted value of 10%. It is high because of the large variability in gross electricity savings across
households, and the small sample size, which reflects the relatively small population of electrically
heated weatherized homes. The same standard error around the weighted net savings of 1,830 kWh is
358, resulting in a relative error of 19.6%.

The standard error enables the calculation of a confidence interval around the savings
estimates. In particular, the 90% confidence interval around the estimated net savings of
1,830 kWh/year ranges from 1,241 to 2,419 kWh/year.

SpaceFConditioning Savings. As with the gas-heated dwellings, it is valuable to discuss the
energy saved by electrically heated dwellings in terms of the amount of space heat energy
consumption that was reduced. We also need to consider savings as a proportion of the amount of
space heat and air conditidning energy consumption, since approximately one-tenth of the
electrically heated homes appear to be best fit by the Cooling-Only version of PRISM.1?

Based on data collected during the 1987 Residential Energy Consumption Survey (Energy
Information Administration, 1989, Tables 17 and 29), low-income households nationwide {(defined as
125% of the poverty level) with electric heat consume 34% of their electricity for space-heating
purposes.!! Based on the results shown in Table 5.3, weatherized homes with electric heat consumed
5,090 XWh of electricity (i.e., 3¢% of 14,972/year) for space-heating purposes during the year
preceding weatherization, Using this smaller value as the denominator, the net savings is estimated to
be 35.9% of electricity use for space heating.

Data on the electricity consumed by low-income households for air-conditioning purposes
were not available from the 1987 Residential Energy Consumption Survey. Therefore, an amount
was estimated using indirect means. Based on the dwelling-specific database (see Table 3.2 on page
3.14), 44% of electrically heated weatherized dwellings have air-conditioning equipment, a higher

10 The 1990 RECS estimates that there are 13.9 million 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 eleciricity,
6.9 million (49.6%) have air conditioning equipment, and 1.5 million (10.8%) have electric main heat and air
conditioning equipment.

11 The PRISM analysis of weatherized dwellings based on the heating-only model (Table E.4) suggests that 4,538
KWh/year (or 30% of whole-house electricity consumption) is devoted to space-heat use. The estimate is 31%
based on the 418 control dwellings described in Table E4. The 1990 RECS shows that low-income households
with electric heat consume 30% of their electricity for space heating purposes.
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percentage than for homes heated with gas or other fuels. We estimate from PRISM results that each
dwelling with air-conditioning equipment consumes 17% of their electricity consumption for air
conditioning (this is about half the amount that they spend on space heat).!? Thus, on average, it is
assumed that the electrically heated weatherized dwellings consume 7% (0.17 times 0.44) of their
electricity on air conditining. Adding this to the base of 34% dedicated to space heating, the total
percentage used for space heating and air conditioning is estimated to be 41% (34% plus 7%).

Based on the results shown in Table 5.3, homes with electric heat that were weatherized in PY
1989 consumed 6,139 kWh of electricity (i.e., 41% of 14,972 /year) for space-conditioning purposes
during the year preceding weatherization. Using this as the denominator, net savings are estimated to
be 29.8% of electricity for space conditioning.

Variability of Electricity Savings. Figure 5.6 illustrates the wide variability in the electricity
saved by electrically heated homes — both in terms of absolute savings (Fig. 5.6a) and percent
savings (Fig. 5.6b). It also shows a discemible difference in gross savings levels between
weatherized and control dwellings. While 57% of weatherized dwellings with electric heat consumed

less electricity after weatherization than before, the same is true for only 43% of control dwellings.

5.2.2 Electricity Savings, by Climate Region

As Table 5.4 shows, gross electricity savings are highest in the cold region (1,933 kWh/year)
and lowest in the hot region (307 kWh/year). Because control dwellings in the moderate region
consumed significantly more electricity in the post-weatherization year than in the pre-weatherization
year, the estimated net savings for weatherized dwellings in this region is quite high (at 2,479
kWh/year). In both the cold and hot regions, the estimated gross savings for control dwellings is
negative, but the mean is not significantly different from zero.

For both the sample of weatherized and control dwellings, pre-weatherization electricity use is
highest in the cold climate regions and lowest in the hot region. (This differs from the regional
pattern of gas consumption, where the moderate climate region is the most energy intensive.) The
percent net savings range from 5.4% in the hot region to 14.9% in the moderate region. Fig. 5.7

vividly illustrates these climate region differences.

12 The PRISM analysis of weatherized dwellings that have significant amounts of electric heating and cooling,
indicates that 2,159 kWh/year (or 14% of the whole house electricity consumption) is dedicated to air
conditioning. The comparable estimate based on control dwellings is 2,303 kWh or 16%. The PRISM analysis
of dwellings that are best fit by the Cooling-Only model. indicates that a higher amount of energy is used for
space cooling--2,933 kWh (or 19%) for weatherized dwellings and 2,460 kWh (or 18%) for control dwellings.
Thus, the estimate of 17% used in this chapter is consistent with these resuits. The 1990 RECS indicates that
low-income households with air conditioning equipment consume 19% of their electricity for space cooling, and
that households with electric heat and electric cooling consume 44% of their electricity for combined space

heating and cooling.
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Table 5.4 Average First-Year Electricity Savings for Electrically Heated Weatherized and

Control Dwellings (in kWh/year), by Climate Region®

18,648 16,715 1,933 10.4% 2,686 14.4%
(1,654) (1,509) (1,191) (1,527)
19,432 20,186 -753 -3.9%
(1,282) (1,550) (956)
16,601 15,661 939%* 57% |2,479%** 14.9%
(495) (478) (300) (483)
16,317 17,857 | -1,540%** -9.4%
(549) (607) (359)
11,071 10,765 307 2.8% 595 5.4%
(636) (529) (378) 419)
9,680 9,908 -228 -2.4%
(476) (502) (180)

multiplied by 100.

respectively.

8 Numbers in parentheses are standard errors of the estimates.

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

* * and *** indicate that savings are statistically different from zero at the 0.01 and 0.001 levels,
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Figure 5.7 Electricity Savings by Climate Region

5.2.3 Electricity Savings, by Dvﬁelling Type

Fig. 5.8 shows how electricity savings vary across different types of electrically heated
dwellings.! The differences across each type are significant. In particular, single-family detached
homes and small multifamily dwellings save more electricity after weatherization than do mobile
homes. The same pattern of high performance among single-family detached homes and small
multifamily dwellings was found in the analysis of gas-heated homes. One difference is that the
estim2:.cd gross savin.gs for electrically heated mobile homes is negative, although the sample size
(N=48) is smal'.

13 Savings estimates are available for only five electrically heated single-family attached weatherized dwellings. As
a result, no statistics on this subgroup are provided.
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Fig. 5.8 Electricity Savings by Dwelling Type

5.2.4 Electricity Savings, by Size of Local Weatherization Assistance
Program Agency

Large and medium-sized local agencies have slightly higher gross savings than small agencies
(Fig. 5.9). They have considerably higher net savings because of the sizable increase in consumntion

experienced by the control groups for the medium and large agencies. Medium-sized and large
agencies generated similarly high gross and net savings in the gas-heated dwellings they weatherized.

5.22



2500 -1
2000 -+
1500 T 1119
(7.3%)
1000 T 641
(4.2%)
500 +
1477
. {-10.4%)
0 -
-500 1
-1000 4
-1500 =¥ o -
Small Agencies i Medium Agencies ;= Large Agencies
Net Savings:  Gross Gross Met Savings:  Gross Gross Net Savings:  Gruss Gross
Weatherized Savings: Savings:  Weatherized Savings: Savings: Woeatherzed Savings: Savings:
Dwellings Weatherized Control Dwellings Woeatherized Control Dwellings Weatherized Control
Dwellings  Dwellings Dwellings  Dweliings Dwellings  Dwellings
{N=85) (N=135) (N=32%)  [N=315) (N=39) {N=42)

Fig. 5.9 Electricity Savings by Size of Local Weatherization Assistance Program Agency

Electricity savings as a percent of pre-weatherization electricity consumption is also high for
both medium and large agencies. (Recall that this was not true of the gas-heated dwellings
weatherized by large agencies, which had high pre-NAC's and hence low percent savings.) In
contrast, the net savings of small agencies is only 7% of pre-weatherization electricity use.

5.3 DWELLINGS HEATED BY OTHER FUELS

To estimate the energy saved by homes that heat primarily with fuels other than natural gas
and electricity, a common unit of energy was necessary. Table 5.5 provides conversion factors for
converting natural gas, electricity, fuel oil, and barrels of petroleum into millions of Btu's (MBtu's).
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Table 5.5 Conversion Factors

0 BasicUnits .|  MBtusUnit | - UnityMBru's
hundred cubic feet (ccf) 0.1 10
kilowatt hours (kWh) 0.003412 293
kilowatt hours (kWh) 0.0103313 96.8
gallons 0.14 7.14
barrels 5.8 0.172

8 Assumes a 33.03% conversion efficiency.
Sources: Energy Information Administration (1991).

Besides the consumption data collected in the Fuel-Qil Study, no primary consumption data
were collected for dwellings that heat with "other” fuels. As a result, indirect estimates had to be made
of energy savings in these dwellings. As was shown in Chapter 3, weatherized dwellings that heat with
other fuels are somewhat distinct. Most noteworthy is the fact that they tend to be located
disproportionately in the hot climate region. They are more likely to be mobile homes, 10 be owner-
occupied, and to have elderly or handicapped occupants than gas- or electrically heated dwellings.
Chapter 4 showed that homes heated with other fuels receive a mix of weatherization measures that
resembles the national average, albeit with slightly higher rates of mobile home measures and storm
windows and doors and a slightly lower than average installation rate for water heater measures.

The traits of weatherized dwellings that heat with other fuels are similar to those of gas-heated
homes. Most of the differences between them can be explained by the disproporﬁonately high
representation of homes with other primary fuels in the hot climate region. In addition, there are not
many gas-heated mobile homes, even in the hot region.

Our approach to estimating the energy saved by dwellings primarily heated by other fuels is
two fold. First, we assume that fuel-oil heated homes located in the nine northeastern States covered
by the Fuel-Oil Study save the same amount of energy as the average home in that study — 160
gallons of fuel oil per year (Temes and Levins, 1992). Fuel-oil heated homes in the nine
northeastern States account for 21% of the dwellings heated by other fuels, and 8% of the population
of weatherized dwellings, in aggregate.

Second, we assume that on a climate region-by-climate region basis, dwellings heated by
other fuels, including those dwellings heated by fuel oil which are located outside of the Northeast,
save the same amount of energy as gas-heated dwellings. That is, we assume that the only difference
between these homes and gas-heated dwellings is their geographic distribution.

Table 5.6 shows the proportion of homes located in each of the three climate regions, by type
of primary heating fuel. These proportions are multiplied by the average energy savings per gas-
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heated dwelling in the respective regions; the products are then added to estimate the average encrgy
saved per weatherized dwelling, for a particular type of primary heating fuel. The weighted average
of these fuel-specific values provides an estimate of the average energy saved per weatherized
dwelling that heats with other fuels — 17.7 MBtu's per year. This value is slightly higher than the
estimated 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 northeastem states (22.4 MBtu's per year).

Table 5.6 Energy Saved by Dwellings Heated by Other Fuels

Proportion of Dwelliﬁgs Locatéd in?
0.160 0.840 0 0.206 22.4
' 0.431 0.408 0.161 | 0.196 19.0
0.221 0.340 0.439 0.332 154
0.141 0.553 0.307 0.147 16.2
0.134 0.532 0.334 0.079 15.9
0.044 0.785 0.171 0.036 16.9
0.171 0.408 0.421 0.004 15.3
0.224 0.519 0.257 100.0

Weighted Mean Energy Savings per
Weatherized Dwelling (MBtu/year):

233 19.6 9.1 17.7
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The estimated energy saved by different types of "other” fuels suggests that fuel oil has
contributed more than any of the others. It is the most common "other" fuel among homes
weatherized in PY 1989, and it is used primarily in the cold and moderate regions. Liquid propane
gas is the next most common "other" fuel, but because it is used primarily in the hot region, it
contributes much less to the Program's total energy savings.

Altogether, the energy savings of "other" fuels, per weatherized dwelling, are greatest in the
cold region (averaging 22.9 MBtu/dwelling) and least in the hot region (at 7.6 MBtuw/dwelling). It
must be reiterated, however, that these are indirect estimates and they should be treated with caution.

5.4 PROGRAMWIDE ENERGY SAVINGS
5.4.1 Programwide Energy Savings

Estimates of programwide energy savings arc summarized in Table 5.7. These estimates were
obtained by combining the estimated energy savings for the three types of dwellings (gas, electricity,
and other) into a weighted average.

Energy savings for gas-heated homes were obtained by converting the gas savings from ccf's
to equivalent MBw's. Electricity savings in kWh/year were converted to MBiu's at the point of
consumption {“site” or end use) and at the “source.” The former value corresponds to the heat
content of the 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 losses
incurred due to generation, transmission, and distribution.

The average first-year net energy savings per dwelling weatherized in PY 1989 is estimated to
be 16.4 MBu's (site) and 17.6 MBtu's (source). This represents 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, .

During PY 1989, the Weatherization Assistance 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.e., in 1990-91). At an equivalence of 5.8 MBtu's per barrel of oil, the
Program saved approximately 601,000 barrels of oil during 1990-91, or about 1,650 barrels of oil
per day. Over the 20-year lifetime of the weatherization measures, the Program's savings amount to
69,740,000 MBw's, or 12 million barrels of oil.'4

14 See Appendix H-2 for an explanation of the assumed 20-year period of energy savings.
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Table 5.7 First and 20-Year Energy Savings of Housing Units
Weatherized in PY 1989

34,670,000

18,810 6.2 117,000 2,340,000
18,810 18.9 356,000 7,120,000
79,002 17.7 1,398,000 27,960,000
198,000 16.4 3,248,000 64,960,000
198,000 17.6 3,487,000 69,740,000

5.5 COMPARISONS WITH OTHER WEATHERIZATION EVALUATIONS

This section compares the estimated 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 Weatherization 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 1981 Weatherization
Assistance Program (Peabody, 1984) is the only previous nationwide evaluation of the Program.
These previous estimates of energy savings for the 1981 Program are not directly comparable to the

estimates presented earlier in this chapter, because of numerous methodological differences:

« the EIA study employed a different modeling approach to estimate savings'3

15 The PY 1981 evaluation based its savings estimates on the difference between predicted post-weatherization
consumption and actual post-weatherization consumption. The predicted consumption estimaies were obtained
from a regression equation with an extensive list of variables related to dwelling, energy equipment, and
occupant characteristics. The process of predicting consumption was designed to statistically control for the
influsnces of weather and other confounding factors. This process introduces many possible sources of variation
which are not present in this study. In contrast, the Single-Famity Study normalizes for weather with PRISM
and controls for other confounding factors with a control group. Thus, it is not possible (o replicate the
previous evaluation's methods in this study, nor is it 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 EIA study excluded units if they experienced a change in occupancy between 1980
and 1983

*+ the EIA study included fewer homes from warm weather States: as a result, the average
pre-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 differences, comparisons are useful since the EIA study is the only other national
evaluation of the Weatherization Assistance Program conducted to date.

Table 5.8 compares the energy savings estimates for 1981 (from the EIA study) and 1989
(this evaluation). The evaluation of the 1981 Program examined 568 gas-heated homes which
consumed 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 ccffyear, or a
10.7% reduction (Table 5.8). These values are lower than the estimates of program-induced gas

Table 5.8 Energy Savings by Primary Heating Fuel:
An Earlier Evaluation (1981) and the Current Evaluation (1989)2

61.0 3.2 (site) 8.5%

S51.1 (site) 6.2 (site) 12.2% (site)
154.7 (source) 18.9 (source) 12.2% (source)

129.0 (site)b 13.8 (site) 10.7%

121.3 (site)c 16.4 (site) 13.5%°
131.7 (source)* 17.6 (source)¢ 13.5%*

3 Estimates for 1981 are drawn from Peabody (1984).

b Derived from the following statistics reported by Peabody (1984, p. 18): the 1981 Program saved
13.8 MBtu's of energy in the year following weatherization, and this is 10.4 to 10.9% of total
household use of the main home heating fuel.

¢ Includes estimates for fuels other than natural gas and electricity that are derived indirectly.
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savings provided in the current evaluation (173 ccf/year or 13.0% savings), suggesting that the
program improved during the 1980's, despite the lower levels of pre-weatherization gas use in 1989
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 electricity
savings of 1,524 kWh/year per weatherized dwelling, or an 8.5% reduction. These values are lower
than the estimates of program-induced electricity savings provided in the current evaluation (1,830
kWh/year or 12.2% savings), suggesting that the program improved during the 1980's, despite the
lower levels of pre-weatherization electricity use in 1989 relative to 1981.

Based mostly on an indirect estimation approach (the exception being fuel-oil homes in nine
northeastern states where savings have been monitored), dwellings heated primarily by fuels other
than natural gas and electricity are estimated to save 17.7 MBtu's per dwelling weatherized in 1989.
Based on this estimate, and the measured savings for gas and electricity, program-wide savings
estimates for 1989 are derived (Table 5.8) The results indicate a slight increase i:n estimated savings,
from 13.8 MBtu's 1o 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 the levels of pre-weatherization energy consumption of
participants, which may be an artifact of the greater proportion of program participants iocated in the
hot region in recent years compared with 1981. Since the potential for energy savings declines with
lower pre-weatherization use, the increased savings of the Program is particularly noteworthy.

In addition to the general increase in savings over time and decrease 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 Single-Family Study
documents much higher savings in the moderate and cold regions compared with the hot region.
Peabody estimated lower savings for electrically heated dwellings than for dwellings heated by natural
gas, but our results show comparability, particularly if you consider percent savings. Finally, our
(indirect) estimates of energy savings for homes heating primarily with fuel oil or kerosene are
particularly high, while they were more average in the assessment of the earlier program.

5.5.2 Comparison with Utility Programs

This section compares 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 homes, we will limit our discussion to that heating fuel.

Fig. 5.10 graphs the annual energy savings of four sets of utility-operated low-income
weatherization programs, along with our estimates of national savings for the Program and savings for
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each of the three climate regions. It illustrates that the performance of the 1989 Program is

comparable to the performance of these utility low-income programs.
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Fig. 5.10 Weatherization Assistance Program Gas Savings Vs
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5.5.3 Comparison with State Weatherization Programs

Figure 5.11 compares cur findings with the results of evaluations of four State Weatherization
Assistance Programs. Because evaluations of State programs have focused primarily on the cost
effectiveness of weatherizing gas-heated homes, we will limit our discussion to that heating fuel, as
was done in the above section.ié

Recall from our review of the literature in Chapter 1 that to date, no State programs in the hot
region have been evaluated using measured energy savings. The 1988 Virginia program is the most
southern program with measured encrgy savings, and its gas savings were only 7 ccf/year — 22% less
than the hot region produced in the 1989 Program. The 1981 Wisconsin and 1984 Michigan

16  While additional State weatherization programs have been evaluated (see Cohen and Goldman, 1991 and Schegel
and Pigg, 1990, for additional references), these four program evaluations were believed to have particularly
strong research designs. .
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programs generated energy savings of 14 and 17 ccf/year, respectively, which is less than the cold
climate region's average savings for dwellings weatherized in 1989. Finally, the 1988 New York
program had measured savings of 19 ccf/year, which is close to the moderate climate region's average
savings for dwellings weatherized in 1989. This region-by-region comparison suggests the
possibility that low-income weatherization programs have improved measurably during the last haifl
of the decade.
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56 SUMMARY

The Single-Family Study emphasizes the weighted estimation of net energy savings, as the
best measure of program impact. The weighting corrects for differences in sampling fractions and in
response rates, and the use of a control group accounts for changes in energy consumption that

would have occurred in the absence of the Program.
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5.6.1 Gas-Heated Dwellings

Gas-heated dwellings account for 90% of the sample dwellings for which fuel consumption
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 Evaluation.

This study’s weighted estimate of net savings in gas-heated homes is 173 ccf's or 13.0% of
pre-weatherization gas consumption (Table 5.9). The percent savings are higher when based on the
gas used for space-heating purposes during the year preceding weatherization. The average net
savings of 173 ccf/year is estimated to be 18.3% of the gas used for space heating,

Table 5.9 Gas Savings in Gas-Heated Dwellings

Net savings are highest in the cold region (235 ccf's), nearly as high in the moderate region
(182 ccf's), and much lower in the hot region (91 ccf's). Because pre-weatherization gas use is
highest in the moderate climate region, net savings as a percent of total gas use for this region
(12.4%) is much less than in the cold region (17.7%). Pre-weatherization gas use is low in the hot
region, and thus the percentage saved is fairly high (10.9%).

Variations in savings by dwelling type and size of local agency are large and significant for

gas-heated dwellings. Single-family detached and small mﬁitifamily dwellings (the dominant
dwelling types served by the Program) both save significantly more than mobile homes. Medium-

sized and large agencies saved significantly more than small agencies.

5.6.2 Electrically Heated Dwellings

Electrically heated dwellings represent 10% of the dwellings weatherized by the Program
during 1989. Thus, they account for a small, but significant fraction of the Program's clients.

The weighted net savings estimate in electrically heated homes for the Program nationwide is
1,830 kWh/year (at the site) (Table 5.10). 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 conditioning, and a 36.0% reduction in

electricity used for space heating.

Table 5.10 Electricity Savings in Electrically Heated Dwellings

The energy 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-family detached and small multifamily dwellings save more electricity after
weatherization than any of the other dwelling types. As was found in the analysis of gas-heated
homes, electrically heated dwellings weatherized by medium-sized and large agencies outperform

dwellings weatherized by small agencies.

5.6.3 Dwellings Heated by Other Fuels

An indirect estimation approach is used to estimate the energy saved by dwellings heated by
fuels other than natural gas and electricity. The approach emphasizes the similarity between gas-
heated homes and dwellings heated primarily by these other fuels, but recognizes that the two types
of dwellings have different regional distributions. Tt also incorporates the results of the Fuel-Oil
Study of fuel-oil heated dwellings in the nine northeastern states (Temnes and Levins, 1992). The
result is an estimate of 17.7 MBtu's saved per weatherized dwelling. This value is slightly less than the
estimated 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 northeastem states (22.4 MBtu's per year).

5.6.4 Programwide Energy Savings

The average firsi-year net energy savings per dwelling weatherized in PY 1989 is estimated to
be 16.4 MBtu's (at the site) and 17.6 MB's (at the source), representing a 13.5% reduction in pre-

weatherization energy use and an 18.2% reduction in the energy used for space heating.

5.33



During PY 1989, the Weatherization Assistance 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. At
an equivalence of 5.8 MBtu's per barrel of oil, the Program saved approximately 601,000 barrels of
oil during 1990-91, or about 1,650 barrels of oil per day. Over the 20-year lifetime of the
weatherization measures, the energy savings from its one year of weatherization 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 per
dwelling resulting from EIA's evaluation of the 1981 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 higher savings in colder climates. The Single-Family Study documents much higher savings
in the moderate and cold regions compared with the hot region. Peabody (1984) found lower
savings for electrically heated dwellings than for dwellings heated by natural gas, but our results show
comparability, particularly if you consider the magnitude of energy savings at the source, when
comparing types of heating fuels.

The estimated savings of the 1989 Program compare favorably with the results of evaluations

of utility-operated low-income weatherization programs and evaluations of individual State
weatherization programs.

5.6.5 Opportunities for the Future

During 1989, DOE's low-income weatherization program generated 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 opportunities for improvement: the hot climate region and mobile homes. Savings
in both of these submarkets could probably be doubled with the implementation of state-of-the-art
procedures. In addition, 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 potential for additional savings. Since the moderate
region dominates the Program, Program-wide savings could be substantially improved if this potential
were to be realized.

Hot Climate Weatherization. Greely, Randolph and Hill (1992) demonstrated 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 State in the National Evaluation, it 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 of Georgia, Alabama and Mississippi, where
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heating loads are substantial. Demonstration studies of this type should be done in States with
predominantly cooling climates (such as Florida, California, Texas, and Arizona) to determine the
poténtial for savings there. Currently there are few published demonstration studies of the Program'’s
potential for savings in such cooling dominated climates.

An ORNL field study in North Carolina, which is currently in draft form (Sharp, 1993),
found limited savings in energy used for cooling, but a potential for space-heating savings of over
20%. This field study compared results of current State weatherization practices (using the Retro-
Tech audit which focuses mainly on envelope measures) with results using an advanced audit (which
has now been expanded into the Weatherization Assistance Program National Energy Audit -
NEAT). In addition to more advanced measure evaluation capabilities, the NEAT audit includes a
more comprehensive set of measures than the Retro-Tech audit, with an extensive list of both heating
and cooling equipment and shell measures. The total costs for the two procedures were very similar.
Most of the NEAT houses received wall insulation, which was not included in the standard program
and air sealing assisted by blower doors. Another difference was that NEAT houses received no
storm windows, while most of the homes in the standard program did. |

Like the Virginia study, the North Carolina field study showed that space-heating savings
above 20% can be achieved. The pilot program Greely, et al. (1992) implemented in Virginia found
that space-heating savings could be increased from 10% (for the current program) to 24% {with the
improvements they implemented). In the North Carolina study, preliminary space-heating savings in
houses receiving the standard State procedure averaged 20%, while space-heating savings in houses
receiving the NEAT audit averaged 28%. These NEAT results demonstrate that savings improve with
the use of a more comprehensive set of envelope and equipment measufcs to consider, and with the
use of an advanced measures selection technique (audit) for each house that better prioritizes

envelope and equipment measures.

Mobile Home Weatherization. Most of the mobile homes weatherized by DOE's Program
were built before 1976, when HUD Thermal Standards were enacted. These Pre-HUD-Standard
mobile homes use from 1.25 to 2 times the energy per square foot of comparable site-built houses
(Judkoff, 1988). Their unique construction makes them difficult to weatherize effectively using the
measures and technigues developed for site-constructed dwellings.

A survey of weatherization evaluations conducted for DOE by Meridian Corporation
indicated that weatherization of mobile homes was saving considerably less encrgy than
weatherization of site-built houses (CSR, 1989). Recognizing the apparent problems with
weatherizing mobile homes, DOE initiated a testing program at the Solar Energy Research Institute in
1988 to investigate cost effective ways 10 weatherize mobile homes. The research program tested the

‘thermal benefits of different weatherization measures in the controlled environment 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 home weatherization to save energy in cold climates. Research still

needs to be conducted 1o determine cost-effective mobile home weatherization strategies in hot
climates,
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6. NONENERGY PROGRAM IMPACTS

This chapter describes the types of nonenergy impacts that result from low-income
weatherization programs.' Some information is presented on the magnitude of these impacts, and
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 numerous. Most of these impacts

are benefits, but a few arc adverse. They are grouped into five major categories below:

(1) Affordable housing

. maintaining or enhancing residential property values;
« extending the lifetime of low-income housing; and
« decreasing homelessness and mobility.

(2) Comfort, health, and safety

« improving the livability and thermal comfort of low-income homes;
» preventing fires; and
- impacting indoor air quality.

(3) Impacts on household budgets

« increasing nonenergy expenditures; and
« reducing utility arrearages and terminations.

(4) Employment and economic impacts

increasing economic output;
increasing eamings;

increasing employment; )
generating federal tax revenues, and
decreasing unemployment payments.

(5) Environmental externality impacts

« reducing the environmental impacts of energy production and consumption; and
« increasing the environmental effects of producing weatherization materials.

This chapter begins by describing the activities undertaken by the DOE Weatherization
Assistance Program that contribute to preserving affordable housing nationwide (Section 6.1).
Attention then turns to the comfort, health, and safety improvements that are made by local agencies
in conjunction with their weatherization work (Section 6.2). In Section 6.3, impacts on household
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 exiernalities
~ associated with home weatherization. Section 6.6 combines the results of the previous sections to
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produce the dollar values for nonenergy impacts that are used in the benefit/cost analysis of
Chapter 8.

Available research on the nonenergy benefits of weatherization is limited. While there is a
good deal of anecdotal evidence on the substantial benefits of low-income weatherization in the areas
of affordable housing, health, and safety, these anecdotes do not support the assignment of dollar
values to the benefits. We searched for literature that would help us to quantify each of the
nonenergy benefits, but except for environmental and employment effects, found very little that
presented quantitative estimates of impacts.

We also considered how any available information on the incidence and costs of events such
as fires, illnesses caused by extreme temperatures or high CO levels, moving to a new residence, or
demolishing- housing that is not repaired might be combined (o estimate the value of a nonenergy
benefit. In some cases, such as for reduced mobility and avoided demolitions, we were able to
estimate an average avoided cost, but found that the value was less than $1 per weatherized dwelling.
Because of the uncertainty and controversy about the assumptions underlying these values, we chose
to discuss them, but not monetize them. At the other extreme, four nonenergy benefits were assigned
values of more than $30 per dwelling. From smallest to largest they are: 1) reduced arrearages;
2) enhanced property values and extended lifetime of dwelling, 3) environmental benefits, and
4) employment benefits. The estimated employment benefits are the most significant ones; they are
three times larger than the next largest values.

For the benefits that are assigned a dollar value in this Chapter, the methods used to estimate
their value varied. Estimates of ‘environmental benefits relied on a literature review and on
information from this study about the proportions of wéatherized dwellings using various fuel types
and about the average savings by fuel type. Estimates of employment benefits combined a literature
review with data from this Study on the amount of Program employment, the skill level of workers,
and managers’ judgments conceming the structure of the job market for weatherization workers.
Data from this study on Program expenditures on home 'repairs are used to quantify the benefits
associated with maintaining or enhancing property values and extending the lifetime of dwellings.
The monetary benefits of a reduced incidence of fires are quantified by using insurance industry
data. Our estimate of reductions in arrearages is based on a literature review and data on payment
histories that were collected on the dwellings included in this study.

6.1 AFFORDABLE HOUSING
6.1.1‘ Property Values and the Longevity of Structures

The Program network delivers a wide array' of direct services to its low-income clients, in
addition 1o energy-efficiency improvements. Recognizing that home repairs are often needed before
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weatherization measures can be installed, DOE allows the expenditure of some of its resources on
housing rehabititation. 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
Farmers 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 repairs in PY 1989 was $126 (Chapter 7). This is the amount of benefit assumed for
maintaining the property vatue 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
o 10 20 30 40 50 € 70 80 80 100
T T 1 | 1 T 1 T 1 1
INCIDENTAL REPAIRS 16%
Roof ¥h Category of measures
Wals :] &% Individual measures
Floor 5%
STRUCTURAL MEASURES B6%
Windows/glazing 47%
D ——

Repiacement of doors I 38%

Replacement of windows 37%
© Aftic Ventilation 34%

Door Repairs 23%

Other 16%

Fig. 6.1 Frequency of Incidental Repairs and Structural Repairs
(Percent of Dwellings).
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BEFORE AFTER

Fig. 6.2 Improving Substandard Housing Through Weatherization:
An Example from the Blue Mountain 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 are
documented in Table F.1 (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 weatherization 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 received the fewest incidental repairs and structural
measures, reflecting their relatively young age. Dwellings heated by other fuels had high rates of
roof repair (11%), door replacements (42%), and window replacements (40%), but average levels of
other structural measures.

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 (with the
exception of replacement doors and windows which were installed in 61% and 49% of mobile homes
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than 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 more 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 rchabilitation 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 Mobllity

There is evidence that increased 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 HUD mon'gagés concluded that “2.5% of the 1974-1975 mortgage failures
were directly attributable to energy price increases” (Metrostudy Corporation, 1976). Dearborn 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 homelessness 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 (1991), for instance, found that among the dominant housing-related reasons for

homelessness in PennSylvama 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 residential electric customers were
abandoned within one year after utility termination, The rate is 22% for gas terminations.

Data from this study suggest that weatherization reduces the rate of residential mobility and
(by inference) the costs associated with housing turnover. The 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 failea to provide information on household
tumover. There is no reason, however, to expect that any such bias would differentialty 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.

Control
Dweliing
20
Average l 18
Number of 15
Occupancy T
Changes 12
Per 100 10 11
Dwellings g 9
Per Year Weatherized
5 + Dwelling
1 h |
) | T
Pre-weatherization Post-weatherization
Year* Year*
*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 (11 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., for the 198,000 dwellings
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 tumover 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
not important to include this effect in our benefit/cost calculations.
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6.2 COMFORT, HEALTH, AND SAFETY

Enhanced comfort is a natural outcome of many weatherization measures. No DOE
approved weatherization measures are installed specifically to improve comfort; improved comfort is
simply a side benefit. Certain health and safety improvements to building envelopes (such as
replacing broken doors) and space heating systems (such as correcting carbon monoxide problems)
also are legitimate Program expenditures. Occasionally funds from non-DOE sources (including
state crime and safety programs and area agencies on aging) provide additional resources to achieve
health and safety goals at the same time that weatherization is being conducted.

The only component of this "health, safety, and comfort” category that is monetized below is
the benefit of fire prevention. It is clear, however, that the other components are valuable. For
instance, fewer illnesses, due io a healthier environment (resulting from fewer drafts or less carbon
monoxide), and fewer injuries (e.g., from avoided accidents due to home repairs such as fixing steps),

reduce the need for medicare payments, which offsets the govemment expenditure on weatherization.

6.2.1 Comfort

A great deal of anecdotal information suggests that the homes of low-income households are
more comfortable as the result of weatherization and associated housing rehabilitation. Several
quantitative studies corroborate this. '

Gladhart and Weihl (1990) report that weatherization led to more uniform daily interior
temperaturés throughout the dwelling unit and that occupants made fewer thermostat adjustments to
obtain comfort. Occupants also reported that their houses were warmer, less drafty, and “more
comfortable” after weatherization.! Similarly, the Fuel-Oil Study being conducted for the National
Weatherization Evaluation (Temes and Levins, 1993) has also documented improvements in
perceived comfort and draftiness following weatherization.

There is growing evidence that following weatherization households “take back”™ some of the
potential for reduced energy consumption by improving the comfort of their home's interior
temperatures (Weihl, Gladhart, and Krabacher, 1988). This would cause a shortfall in the actual
energy savings achieved by the energy-efficiency improvements.

An analysis of interior temperatures before versus after weatherization by the Hood River
Conservation Project identified a statistically significant 0.6° Fincrease. This “take back effect” was
higher for low-income households than for higher income households (Dinan, 1987). The Fuel-Qil
Study, on the other hand, did not detect any “take back™ effect. The study monitored pre- and post-

. weatherization indoor temperatures of both weatherized dwellings and a sample of control homes.

1 The sample consisted of ten (10) low-income houses in Lansing, Michigan. Metering equipment was used to
record interior temperatures and thermostat settings. Blower door tests were also conducted, along with an
occupant survey.
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The average indoor temperatures of both groups were within 0.2°F, in both the before and after time
periods. Thus, the overwhelming evidence is that weatherizalion improves the perceived comfort of
homes, but it may or may not lead to increased indoor temperatures during winter,

1t is difficult to value the worth of improved comfort. It is likely, however, that this value is
greater for elderly households than for others, given the diminished capability of their bodies'
temperature-regulating systems (Schwartz and Peterson, 1979; Brown and Rollinson, 1985).

Another possible benefit is being able to heat, and therefore occupy additional rooms as the
result of weatherization. These comfort benefits 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 information on comfort benefits.

6.2.2 Health and Safety

Health and safety measures {other than those dealing with the heating system) were installed
in 53,000 (or 27%) of the 198,000 single-family and small multifamily dwellings weatherized in PY
1989 (Fig. 6.4). Carbon monoxide tests were conducted in 23% of the weatherized homes, window
and door locks were installed in 4%, and smoke detectors in 3%. The Program also occasionally
provides fire extinguishers.

PERCENT OF WEATHERIZED HOUSEHOLDS

0 10 20 30 40 50 60 70 80 890 100
1 T 1 1 ] ] i 1 1 1

HEALTH AND
SAFETY MEASURES

Carbon monoxide test

Window and door locks

Smoke detaectors 3% Catagory of measures

HEATING SYSTEM individual measures

Repairs

Safety measures

Fig. 6.4 Frequency of Health and Safety Measures
(Percent of Dwellings)

Heating system repairs and safety improvements were made to 14,000 (or 7%) of the 198,000
homes weatherized in PY 1989. Heating system repairs include the replacement of thermocouples,
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thermostats, 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.1). 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 testing. Small multifamily dwellings had lower
than average installation rates for heating system repairs and safety measures, but higher than average
installation rates for window and door locks — perhaps reflecting the more urban milicu 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 of fire prevention and possible impacts on indoor air quality.

Fire Prevention. “Defects in, or mishandling of, heating equipment causes more residential
fires than any known cause . . ." (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 on 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 by inhibiting their spread, or, in the case of ceilings and walls
collapsing, actually putting them out. In contrast, fires in houses with uninsulated walis and ceilings
tend to spread rapidly since the empty cavities help feed the fire. Third, when their primary heating
system becomes more efficient and less costly to operate, low-income households may reduce use of
supplemental heating systems such as space heaters and wood buming stoves, which are more likely
to cause fires than central heating systems. Fourth, by reducing energy costs and therefore arrearages
(see Section 6.2.1), weatherization reduces utility terminations. Loss of utility services has been
shown to result in loss of life from energy-related fires. In a study of low-income households in
Philadelphia, Robinson (1991) notes that a number of Philadelphians lose their lives every year in
fires caused by the use of dangerous energy sources. "When electric or gas service is shut off, a
number of families resort to such measures as candles, extension cords run from a neighbor’s, illegal
reconnections to power lines, and kerosene heaters." '

The benefits of reducing the number of fires include reduced loss of life, reduced injuries
from fires (and the consequent costs of hospitalization and other medical treatments), and reduced
property losses. The value of these benefits is difficult to quantify, although fire prevention is clearly
a benefit for at least some weatherized dwellings. The value of reduced injuries and medical costs is
small relative to the other factors and difficult to quantify. The value of avoided deaths from fires
due to heating systems and the value of preventing fire-related property damage are estimated in
Figs. 6.5 and 6.6. Combining the avoided costs due to prevented deaths and avoided property losses,
the total value for the Program is $643,700 or $3.25 per weatherized dwelling.

Indoor Air Quality. Carbon monoxide testing may be one of the more important safety
offerings of the Program. A Wisconsin Gas Company manager (Nelson, 1993), reports that his utility
performs carbon monoxide testing for about 1% of his utility's customers each year at an average
cost of $80 per test. These tests are performed in response to customer requests when the customer
believes there may be a CO problem. By providing CO testing, the Program reduces these costs for
many gas utilities, nationwide. In addition, Nelson reports that the Wisconsin Gas service area (with
about 400,000 customers), experiences 4 or § crisis situations related to CO during each heating
season. These crises are at least twice as likely among low-income households. When such crises
occur, substantial costs (perhaps in excess of $5,000) are incurred for emergency service (fire trucks,
ambulances, paramedics, police cars, hospitalization). In addition, reducing CO in living areas can
improve the health of occupants and thereby reduce medical costs.
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Step 1: Estimate the elderly and non-elderly occupants of dwellings weatherized in PY 1989.
The estimated number of occupants in PY 1989 weatherized dwellings:

198,000 dwellings weatherized in PY 1989
x 2.81 occupants/dwelling
= 556,400 occupants of dwellings weatherized in PY 1989.

Estimated number of elderly occupants in weatherized dwellings:

198,000 dwellings weatherized in PY 1989
x 0.35 dwellings with one or more elderly occupants
= 69,300 elderly occupants of dwellings weatherized in PY 1989.

Estimated number of non-elderly occupants in weatherized dwellings:

556,400 occupants of dwellings weatherized in PY 1989.
- 69,300 elderly occupants of dwellings weatherized in PY 1989
=487,100 non-elderly occupants of dwellings weatherized in PY 1989.

Step 2: Determine appropriate fire death rates. Fire death rates are 5.2 per 100,000 elderly
population (over age 64) and 1.7 per 100,000 persons in the general population. Ten percent
of fire deaths are caused by residential heating equipment (Insurance Information Institute,
1990; National Safety Council, 1989).

Step. 3: Estimate total number of deaths by fire due to residential heating equipment.
Combining these factors:

Elderly
5.2/100,000 x 0.1 x 69,300 = 0.36 expected number of deaths of elderly persons.

Non-Elderly
1.7/100,000 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 residential heating. The average lifetime cost
due to a fire death is approximately $250,000 and the average lifetime cost of an elderly person
due to a fire death is approximately $24,000 (Statistical Abstract of the U.S., 1991). If we
assume that weatherization activities such as furmace repairs prevent these expected deaths from
occurring, the benefit derived from reduced deaths is estimated to be:

Elderly
0.36 x $24,000 = $8,640.
Non-Eldedy
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 Weatherization

6.11




Step 1: Establish the rate at which low-income residential fires occur:

352,000 fires = 0.0061 fires per dwelling unit,
90,880,000 occupied dwellings in U.S.

Assume a low-income household unit is twice as likely to have a fire than average,
i.e., 0.0122 fires per dwelling unit.

As a result, 2,416 fires would be expected for the population of dwellings weatherized in
PY 1989,

Step 2: Estimate rate of low-income residential fires due to heating systems.
Twenty-one percent of residential fires are caused by heating systems.

2,416 fires x 0.21 fires due to heating systems = 483 fires from heating systems would have
occurred in the weatherized population if the dwellings had not been weatherized.

Step 3: Estimate the residential property loss due to a fire. Residential property loss in 1988
due to fires was $3,897 million (U.S. Department of Commerce, Bureau of the Census, 1991).

Average loss per restdential fire: 3,897.000.000 = $7,060/fire
552,000

We assume that the average property loss for low-income households is half the national
average, i.e., $3,530.

Step 4: Estimate the number of fires that were prevented. 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 $3,530/house = $427,000. ’

Fig. 6.6 Value of Property Loss Due to Fires Prevented by Weatherization

On the other hand, weatherization can have adverse health impacts on occupants residing in
dwellings located in areas with particularly high levels of radon. These occupants may (or may not)
experience increased radiation as the result of weatherization. The primary method utilized to reduce

exposure to these radioactive particles is increased air ventilation.

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 decreasing 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

Yet weatherization often
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air quality are unavailable. In addition, there is no consensus on the health risk associated with

different effects on indoor air quality.

6.3 IMPACTS ON HOUSEHOLD BUDGETS
6.3.1 Energy Affordability and Increased Nonenergy Expenditures

Low-income households (defined as households eaming less than 125% of the poverty level)
consume 13% less and spend 15% less on energy than non-poor U.S. households (Stuntz, 1991).
However, because they eam less, low-income households spend four times more on energy as a
percentage of their income, than non-poor households. According to the U.S. Department of Heaith
and Human Services (1992), the average low-income family spends 12% of its income on residential
energy compared to 3% for the average U.S. family.

When fuel prices are high, low-income households may have to choose between heat and
other basic necessities such as food, rent, medicine, or medical care. The inability to pay fuel bills
may threaten the very survival of low-income households — economically and, at times, physically.
For example, poor households may tumn to cheaper, but unsafe, sources of heat such as portable
kerosene heaters, which may cause deaths due to fire and asphyxiation, or suffer serious hypothermia -
or other health problems because of inadequate heat or cooling. Homelessness also may be increased
because of the inability to pay fuel bills. The diverse negative effects of a household's inability to
pay fuel bills are the crucial reasons that the federal government (through programs such as the
LIHEAP and DOE Weatherization) helps low-income households deal with high energy prices.

Because low-income households experience a constant cash flow crisis, most of the money
saved through energy-efficiency improvements will be spent for other goods and services. Although
the income of weatherization clients usually does not change because of weatherization,? they are able
to obtain heating/cooling comfort for less money and, thus, to spend more on oiher needs. Energy
savings can, therefore, cause a redistribution of consumer purchases on the part of weatherized
households.

This study offers some data on the impact of weatherization on the energy costs of low-
income households. The energy-savings analysis (Chapter 5) estimated that weatherization reduced
natural gas consumption by 173 ccf (or 13.0%) and electricity consumption by 1,830 kWh (or
12.2%). Average 1989 gas and electricity prices were calculated by weighting State averages,
published by the Energy Information Administration (1991), by the proportion of PY 1989
weatherized dwellings located in that State, and summing the products. At an average price of $0.585
per ccf of natural gas and $0.0694 per kWh of electricity, the savings per unit weatherized are

2 If the low-income household’s health improves as the result of weatherization, it might experience increased
eamings.
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$101/year for gas-heated dwellings and $127/year for clectrically heated dwellings. The weighted
average for the Program (including weatherized dwellings heated by “other” fuels) is $116. Some
portion of this savings on fuel bills may reduce the need for LIHEAP payments or make it possible to

provide LTHEAP assistance to another household, which is a net gain.

6.3.2 Reduced Utility Arrearages and Terminations

Low-income households often have difficulty paying their utility bills. Some utilities have
found that 30-40% of their customers with past-due bills were low-income households (Quaid and
Pigg, 1991). In addition, low-income dwellings ofien are highly energy inefficient (Brown and
Rollinson, 1985), offering a large potential for reducing fuel consumption, utility bills, and hence
nonpayments through weatherization retrofits. To the exient that weatherization services (which
improve the energy efficiency of low-income dwellings) reduce fuel consumption and utility bills,
they may have significant impacts on the frequency of unpaid bills and the magnitude of arrearages.
Utilities, a:.d their ratepayers, bear substantial costs due to uncollectible debts. Thus, reductions in
arrearages may be an important benefit of the Program.

Previous research on the customer payment impacts of weatherization programs is limited. In
all of the analyses of customer arrcarages reviewed below, the analytic methodologies have been
difficult to implement (White, Brown, and Tolson, 1991). First, besides the usual data needed to
conduct an energy sa;rings analysis, additional data like the amount, source, and kind of energy
_ assistance, an accounting of financial and energy debt, among others, are needed in order to
reconstruct payment histories. Second, many of the data are more private than data used in the
typical energy savings analysis; consequently, customer cooperation is paramount. Third, the
additional data are not maintained in readily available databases. Fourth, it has been shown that the
factors that arc correlated with energy savings are probably different from the factors that are
correlated with reductions of arrearages (Hexter, Bamett, and Grothe, ]989).- Similarly, decisions
(and abilities) to pay energy bills are different from decisions 1o reduce energy use. Fifth, some State
public utility commissions authorize a “surcharge” on the energy and demand rates in order that
utilities can recover the loss due to arrearages and nonpayments. It is not clear how this policy might
affect arrearages or energy use, or the utilities' diligence in recovering losses due to non-payment.

Three recent evaluations of low-income weatherization programs have identified impacts on
payment behavior. In the Oregon Partners in Energy Chronic Amearages Project, average arrearages
were reduced to zero (Fogerty, et al., 1990).

A study supported by the Wisconsin Gas Company (Nelson, 1988) found that the amount of
arrearages for customers receiving weatherization stabilized after the weatherization, while the amount
of arrearages continued to increase in a comparison group. Post-weatherization year arrearages
decreased by $56 in the treatment group, while arrearages increased by a median of $176 in the
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comparison group. The number of customers with new arrearages was reduced by 16% due to
weatherization, and unrecovered gas charges were reduced by 56%.

A study performed by the Washington State Energy Office (Quaid and Pigg, 1991) evaluated
the impact of an energy services pilot program which included weatherization, energy assistance
payments, 11 education sessions, and access to a utility budget plan. This study compared three
groups: 1) the pilot program participants, 2) households receiving only weatherization and no other
services, and 3) houscholds receiving only energy assistance payments and no other services. The
pilot program group and the weatherization only group had substantial space heating savings: 25%
and 17% respectively {in kWh/per degrec day). The pilot program had noticeable impacts on client
payment behavior: most program clients began using a budget billing plan (81% vs. 10% pre-
program), and the amount of arrears was lower. In the pre-program year, mean arrearages were $93,
$24, and $28 for the program and the two comparison groups, respectively. In the post-program
year, the arrearages of the three groups were $9 for the program group vs. $18 and $25 for the
comparison groups. Thus, all three studies suggest that low-income weatherization and education
programs may have significant impacts on arrearages and payment behavior.

This study also estimated a significant reduction in arrearages. Using available data on
payment histories for dwellings in our sample, we estimated that the average reduction in arrearages,
for the year following weatherization, was $32. Our estimate is somewhat lower than previous
estimates, perhaps because the previous studies evaluated groups of utility customers that were
targeted for weatherization because of their high arrearage levels.

6.4 EMPLOYMENT AND ECONOMIC IMPACTS

The employment and economic impacts of energy conservation programs can be substantial.
Studies of the economic impact of demand-side and supply sector resource options have been
conducted in several jurisdictions. The findings have consistently been that demand-side programs
have a larger multiplier effect on local, state, and national economic activity than supply-side options.

A recent study of the economic impacts of employment benefits from investing in energy-
conserving technologies considered the following ways in which such investments generate economic
impacts (Geller, et al., 1992).

« Direct Effect: These are the on-site jobs created by an expenditure. In the case of DOE
Weatherization, the direct effect would be the jobs of the local weatherization agency
employees and of the contractors paid to install weatherization measures for the local
agency;

« Indirect Effect: These are the jobs supported in a wide range of industries that provide
the equipment, materials, and services needed to conduct the weatherization assistance
activities; and
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» Induced Effect: As the people who are directly and indirectly employed by the Program
spend their weekly paychecks, they are said (o "induce" other activity. This increases jobs
in the industrial, retail, and service scctors that produce and distribute consumer goods

and services.

When the full range of employment impacts are considered, Geller, et al. (1992) show that energy
efficiency investments create more jobs than equivalent investments in energy supply sectors, which
are relatively capital intensive. This corroborates a previous study which estimated that conservation
and solar technologies would create 2.4 to 2.7 times more employment nationally than would the
equivalent use of o¢il, natural gas, and electricity (Buchsbaum, et al., 1979). Similarly, integrated
resource planning in Maine estimated that DSM programs would result 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 impacts of
investment in weatherization {Oak Ridge Associated Universities, 1983). It focuses on the direct and
indirect effects of weatherization investments and does not attempt to estimate the induced effect.
Therefore, its results undervalue the employment benefits of weatherization. Its analysis estimates
that 52 full-time equivalent (FTE) positions are supported per $1 million (1983 dollars) spent by
local weatherization agencies. Most of these jobs are direct employment by local agencies (36
FTE's), while 16 FTE's of indirect employment are created. Thus, for every employee of a local
agency that is supported by the Weatherization Assistance Program, an additional 0.44 FTE
employees are created indirectly as the result of jobs in supporting industrial and service sectors.

Eisl et al. (1991) also have conducted a comprehensive analysis of the jobs created by
investments in weatherization, but their analysis is limited to New York State. Eisl et al. (1991)
analyzed the processes producing economic impacts by identifying sector coefficients that describe
the changes in the economic output of the various industrial sectors influenced by weatherization
activitiecs. The study concluded that, over the assumed 20-year lifetime of the weatherization
measures installed by the New York Weatherization Program, the economic benefits included
increases in employment of 95 to 122 job years per million dollars of Program cost.

The employment estimates produced by Eisl et al. (1991) are twice as high as the national
estimates produced by the Oak Ridge Associated Universities study; they also are higher than the
results of a majority of the 10 studies reviewed by Jones (1985). Since New York is a net energy
consumer with high energy prices, the economic benefits of the Program are probably higher there
than in most States. Because of our desire to be conservative in our estimates of the value of
nonenergy benefits, we rely on the results of the Oak Ridge Associated Universities study to estimate
the magnitude of indirect employment, rather than extrapolating from the analysis of the New York
weatherization program (Eisl, et al., 1991). Results from an carlier National Weatherization

Evaluation report (Mihimester, ¢t al., 1992) are used to estimate direct employment.
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The value of direct employment, estimated in terms of federal tax revenue creation, is $55.27
per weatherized dwelling (Table 6.1). This value was obtained by multiplying the average per capita
federal income tax paid by househoids making less than $20,000 per year in 1988 ($1,000), times the
estimated job years of increased direct employment and then dividing this product by the number of
weatiic -ized homes (Table 6.1).

Table 6.1 Taxes Generated from Employment in the
Weatherization Assistance Program

tatistic

13,4460

243,268
$1,000¢
$55.27

» Source: Mihlmester et al. (1992), p. 40, 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.

b Source: Mihlmester et al. (1992), p. 7. This includes all funding sources.

¢ Source: U.S. Department of Commerce, Bureau of the Census, Statistical Abstract of the United
States 1992, Table No. 509. This is the average tax paid by households with adjusted gross
incomes of $13,000-$14,999,

The indirect employment impacts of the Program in PY 1989 were estimated by using the
Oak Ridge Associated Universities multiplier for indirect employment of 0.44 (Table 6.2). This
multiplier was applied to the FTE for direct employment (13,466 jobs) to yield an additional indirect
employment impact of 5,925 FTE in various supporting industries. Assuming the indirect employees
ean $10 per hour?, or $20,800 annually, the income generated by indirect employment exceeded
$123 million per year. This produces a per weatherized dwelling benefit of $505.85 (Table 6.2).
When this is added to the tax revenue generated by direct employment (Table 6.1), the total benefit
from increased direct and indirect employment is $561.12.

Another employment-related benefit is the avoided cost of unemployment insurance
payments. Table 6.3 illustrates the likely avoided costs of reducing the need for such payments. If
50% of dirzct employment and 25% of indir~ct employment is taken from the ranks of previously
unempioyed workers, over 8,000 previously unemployed workers will no longer need unemployment
benefits. Thus, the avuided costs of reducing unemployment are estimated at about $82 per dwelling.

3 Employees in industries that supply weatherization equipinent, materials and services have a wide range of hourly
rates because they include high level managers and trained professionals, as well as factory workers, truck drivers,
and janitors. The $10 per hour assumption is based on the average hourly rate for direct employees of the WAP
and is a conservative assumption.
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Table 6.2 Indirect Employment Impacts of the
Weatherization Assistance Program

$123,057,792

243,268¢

$505.85

2 Source: Mihlmester et al. (1992), p. 40, for crew employment (6,723 jobs) plus

contractors.
b Source: Oak Ridge Associated Universities (1983), p. v.
¢ Source: Mihlmester et al., (1992), p 7.

an additional

6,723 jobs for contractors since about half of the direct weatherization labor is supplied by

Table 6.3 Avoided Costs of Unemployment Benefits
for Direct and Indirect Employment

$20,029,000

$62.33

United States 1992, Tables No. 561 and 582.

* Source: U.S. Department of Commerce, Bureau of the Census, Statistical Abstract of the
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This method of valuing increases in employment does not include increases in employment
that are induced by the Program through the respending of salaries and energy bill savings. At least
one study has suggested that this is the largest of the three types of employment impacts {Califomnia
Energy Commission, 1979). Our method also does not include increased corporate income taxes and
State and local income taxes. Also ignored is the possibility that employees involved with delivering
Program services have upgraded their skills and consequently their wages (Jones, 1985). An early
study conducted by Urban Systems Research and Engineering (1981) concluded that the Program
did not produce measurable benefits from improvement of skills. If this study were repeated today,
the benefits would be greater, because of the significant amount of training being conducted within
the Program network (Mihlmester, et al., 1992) and the increased skills required to deliver
weatherization services. Finally, this method of valuing the employment and economic impacts does
not consider the impact of removing resources from the economy through taxation to fund DOE

weatherization.d

6.5 ENVIRONMENTAL EXTERNALITY IMPACTS

6.5.1 Environmental Impacts of Energy Production and Consumption
_ There is a growing recognition that weatherization and other energy efficiency programs
constitute a pollution abatement strategy, and that evaluations 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 incentives for utilities to use energy
conservation as a means to reduce SO2 emissions for acid rain compliance (Solomon, Kruger, and
Morgan, 1992). In 1991, DOE and the Commission of the European Communities signed an
agreement to develop estimates of external costs associated with the production and consumption of
energy from different fuel sources (Cantor and Lee, 1992).° |
At the State level, a recent survey showed that 17 Public Utility Commissions have instituted
or are developing rules addressing environmental extemalities (ICF Integrated, 1991), These rules

require electric utilities to consider the cost of environmental extemnalities when evaluating energy

4 A benefit/cost analysis secks to calculate the value of benefits flowing from a public project and balance them
against the costs, which generally are financed out of tax revenues, either initially or ultimately. The removal of
resources from an economy via taxation will have multiplier effects on income and employment. It may be asked
iegitimately, should the full, muitiplier effect of the tax removed from the economy to pay for a public project be
accounted as the cost of the project, against which the benefits are to be compared? In practice this is not done.
Most project funding comes out of general revenues, and the funding base of all projects will impose the same
losses through the extraction of tax revenue. The comparison of differential benefits across projects funded from a
common tax base will yield the variation which orders their social desirability. If some projects are funded by
excise taxes and others by the income tax, then the difference in the social cost of the tax may cause a difference
in cost of funds among projects.

5 The results of this study to date have emphasized the difficullies associated with quantifying the cost of
environmenta! externalities at a national scale. Numerical results for specific sites in the U.S. will be produced,
but national estimates are not anticipated.
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efficiency and other resource options as part of their integrated resource planning. Unfortunately, no
national consensus has emerged regarding the value of red: .:d emissions.

Our review of the literature produced an estimate of the environmental externality benefits of
reduced energy production, distribution, and consumption of $11.66 per dwelling. The derivation of

this figure is shown in Table 6.4 and the assumptions involved are explained below.

Tabi> €.4 Environmental Benefits of the Weatherization Assistance Program

‘savings (MBiu's)
L ::.‘:'. K (C) L

17.3

18.8 $7.33
19.9 $2.96
15.4 $0.26

$11.66

4 Source: Pace University, 1990.
b Source: Massachusetts Department of Public Utilities Order 89-239.

The analysis of natural gas, fuel oil, kerosene, and liquid propane gas was limited to the costs
associated with SO, and NO,. Various estimates of environmental costs of atmospheric carbon
emission are available, but range from exceptionally low to exceptionally high. Because of the
current lack of consensus the omission of atmospheric carbon costs was the more conservative
assumption. We used estimates of pounds of SO, and NO, per MBLtu released from coal-fired, oil-
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fired, and natural gas-fired power plants, contained in Pace University's study (1990). We assumed
that the emissions of these materials from dispersed sources such as home heating units using fuel oil,
natural gas, kerosene, etc. are no lower than from the controlled power plants. (They are probably
hxgher) Also from Pace University (1990), we used estimates of damages per pound of SO, and
NO,. Theoretically, marginal control costs should be no higher than marginal damages: it would not
be cost effective to pay more to control an externality than it costs in damages. However, the
estimates of marginal control costs offered by Massachusetts Department of Public Utilities Order 89-
239 are six times the value of the Pace University damage estimates for NO, and nearly twice for
SO,. We chose to use the more conservative damage estimates offered by the Pace University study.

For the environmental costs of electricity generation, we considered two altemative estimates,
one based on a review of the literature on damages (Lapsa, 1991) and the other on control costs
(Massachusetts Department of Public Utilities Order 89.239). The estimate based on control costs is
lower and is the one used here.

These data give us estimates of the dollar value of environmental costs per MBiu of energy
generated (Table 6.4). Separate cost estimates are provided for each of four fuel-types: natural gas,
fuel oil/kerosene, LPG, and electricity. To estimate the environmental value of reductions in energy
use permitted by DOE weatherization activities, we weighted these fuel-specific estimates by the
proporiion of Program savings attributable to each fuel type. The data on this distribution of savings

by fuel type among weatherized households is contained in Figure 3.5:

» 50.6% heated by natural gas,

« 9.5% by electricity,

+ 16.0% by fuel oil and 3.2% by kerosene,

s 13.2% by LPG, and

-« 7.5% by other forms, ini:luding coal, wood, and solar.

We assumed that there are no emissions from the residual 7.5%.

To obtain the environmental cost estimates cited above, we multiplied these percentages by
the environmental cost estimate for the respective fuel types and summed these weighted costs
(Table 6.4). The conclusion is that the annual environmental benefits per weatherized dwelling are

approximately $12.

6.5.2 Environmental Impacts of Weatherization Materials Production
Expenditures by the Program will increase the production of weatherization materials, which
may increase the negative impacts of poltution from certain manufacturing processes. The
environmental assessment conducted by DOE in 1979 concluded that the Program increases levels of
air pollution associated with the production of fiberglass insulation, but that these impacts are minor,
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and far less than the decreased levels of the same pollutants associated with reduced fuel
consumption. DOE's (1979) review of other weatherization materials (including rock wool, cellulose,
perlite, and vermiculite insulation, storm windows, caulking compounds, and weatherstripping)

concluded that their increased production would not have any adverse environmental impacts.

6.6 SUMMARY AND CONCLUSIONS

The various impacts of low-income weatherization programs are numerous and can be

grouped into five major categories:

« preservation of affordable housing;

« comfort, health, and safety impacts;

» impacts on household budgets;

» employment and economic impacts; and
* environmental externality impacts.

While numerous studies have examined the energy saved by weatherization, little research has
addressed nonenergy impacts. Much of the research that has been conducted has been qualitative,
presenting only anecdotal evidence; a consensus on how to quantify the value of many nonenergy
benefits has not been reached.

Table 6.5 summarizes the dollar values for nonenergy benefits that were developed in this
chapter. Additional benefits that have not been assignéd a dollar value include: thermal comfort
improvements, indoor air quality, benefits of increased nonenergy expenditures, and savings
associated with fewer residential moves. Thus, the dollar value used here for nonenergy benefits
($976) is an underestimate.

The methods used to estimate the value of nonenergy impacts varied. Estimates of
environmental benefits relied 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 SO,, NO,, and
CO,. Estimates of employment benefits combined a literature 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 structure of the job market for weatherization workers.
Direct and indirect, but not induced, employment benefits are included in the estimate. Data from
this study on Program expenditures for home repairs are used to quantify the benefits associated with
méintaining or enhancing property values and extending the lifetime of dwellings. Our estimate of
reductions in arrearages is based on a literature review and data on payment histories that were

collected on a subset of the dwellings included in this study.

6.22



Table 6.5 Net Present Vatue of Nonenergy Impacts of the
Weatherization Assistance Program
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7. PROGRAM COSTS

Local Weatherization Assistance

Program agencies often receive weatherization and other

energy program funds from several sources, including DOE, LIHEAP, PVE and State agencies. The
amount of funding received by local agencies from various sources in PY 1989 is shown in Fig. 7.1
and is described in two earlier reports (Mihlmester, et al., 1992 and Power et al,, 1992). These funds
were applied to a larger number of weatherized dwellings than the ones studied in this report,
including large multifamily buildings and units weatherized entirely outside of the DOE

weatherization rules and procedures. The

distribution of funds shown below is nevertheless indicative

of the wide range of funding sources used to weatherize the dwellings studied in this report.! The
funding breakdowns in Fig. 7.1 include all (243,268) houses weatherized by local agencies
regardiess of the funding source. The rest of the analysis in this chapter is based on a smaller subset

/—

PVE Funds: 29%
($136.2 million)

HHS-LIHEAP
Waatherization Funds:
18% ($84.5 million)

Other Federal Support:
5% ($25.2 million})

DOE/WAP Funds:
31% ($149.7 million)

State Support:
5% ($23.3 million)

A&

Landlord Furds:
<1% (1.9 million)

e tetetatety!

o
et

Utility Support:
9% ($42.4 million)

Cther Financial Support:
3% ($14.4 million)

Fig. 7.1 Local Program Agency

Direct Financial Support for Weatherization and

Other Energy Programs. (Source: Mihlmester, et al., 1992).

1 Because local WAP agency records typically do not indicate the sources of funds used to weatherize individual
dwellings, we did not request such information on the Dwelling-Specific Form (Appendix B-1).
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of homes: a stratified random sample of the 198,000 single-family and small multifamily homes
weatherized entirely, or in part, with DOE funds or with funds from other sources that were used
according to = JE weatherization regulations. Dwellings weatherized entirely with LIHEAP or utility
funds that were administered under different rules were not included in the sample. As a result of this
definition of our DOE weatherized "population,” most of the homes in our sample were weatherized
according to DOE rules, but some of the homes with mixed funding were not.

Data on program costs are difficult to collect and interpret because of the diversity of funding
sources and the variety of recordkeeping systems used by local weatherization agencies. Different
States, and local weatherization agencies within the same State, keep cost records in various formats,
using a variety of cost categories. The cost categories typically used for reporting local
weatherization expenditures to the States are shown in Table 7.1. Data on total program costs and

Table 7.1 Cost Categories Used in Typical Local
Agency Expenditure Reports to the State

Administration

Training/Technical Assistance
Program Support
Labor
Materials
Liability Insurance
Total Program Costs

materials costs are generally the most reliable numbers and are the most comparable across agencies.?
Data on labor, administration, training and technical assistance (T&TA), and program support costs
are less consistent and comparable because the definitions, categories, and procedures used in
accounting for them are more variable. For example, agencies that use contracted labor will not track
labor costs in the same way as agencies that use in-house crew labor, or mixed crew/contractor labor.
Similarly, weatherization programs housed along with several other social service programs (receiving

funding from a variety of sources) may allocate and track costs for program support somewhat

2 The breakout between material and labor costs is likely to be more accurate for weatherization jobs performed by
in-house crews rather than those involving contractors. Informal discussions with weatherization program
managers suggest that contractor breakouts of material and labor costs are often inconsistent and subjective.
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differently than an agency operating independently. A local Program that is part of a large
Community Action Agency may, for example, pay (o participate in a transportation pool that supplies
vehicles, gas, and repairs for a fixed fee, while an independent local agency may purchase its own
vehicles. Categories of administrative cost may also be tracked differently by a local weatherization
agency that shares office space, reproduction equipment, telephones, etc. with five other programs
than by a local weatherization agency operating alone. In general, when several programs are offered
by the same agency the funding sources often overlap and the programs share functions (such as
client recruitment and income eligibility verification), making it difficult to clearly and consistently
assign costs to any specific program. As a result, there are substantial variations in the terminology
and cost accounting systems used by local agencies.

Expenditures for weatherization materials, administration, T&TA, and the average cost per
weatherized unit are regulated by program rules. In the 1989 Program Year, the regulations required
that at least 40% of the total DOE funds allocated for materials, labor, and program support be spent
on materials. Both administrative and T&TA expenditures were limited 10 not more than 10% of a
State’s grant. The limit on average DOE expenditures per weatherized dwelling unit in a State was set
at $1,600, and included materials, labor, and program support. These regulations obviously are the
dominant influence on methods of defining, categorizing, and reporting various expenditures to the
State. '

For the purposes of this study, we chose cost categories (Table 7.2) that differed from the
typical weatherization categories shown in Table 7.1. This scheme was selected because it makes a
logical distinction between installation costs that occur on-site for each individual house
(i.e., weatherization materials and installation labor) and noninstallation costs, which we call
installation-related overhead and program management (hereafter, overhead and management) costs.
The Dwelling-Specific Form and the Agency Information Form (Appendix B) illustrate in detail the
cost categories we used for data collection. Our cost categories are more numerous and are
organized differently than the typical weatherization categories shown in Table 7.1. The most
important general difference is that some of the functions charged to program support or to labor in
the categories of Table 7.1 are placed in the overhead and management category in our scheme.

We used our cost categories (borrowed from an carlier study by Schlegel, 1991) for several
reasons. First, we wished to be able to calculate installation costs on a house-by-house basis,
separating them from any overhead or management'costs. House-specific installation costs were
needed so that house-specific cost-effectiveness indices could be calculated. Therefore,
weatherization materials and installation labor costs were requested separately, on the Dwelling-
. Specific Form, for each sample house in the study. Thus, our labor costs, unlike the category of
labor costs used by the Program, do not include staff labor costs allocated to performing tasks other
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Table 7.2 Cost Categories Used in This Study

INSTALLATION COSTS
Labor
... Materials

OVERHEAD AND MANAGEMENT COSTS

INSTALLATION-RELATED PROGRAM
OVERHEAD MANAGEMENT

Vehicles Intake & Eligibility
Travel Time Audits & Assessments

. Equipment ' Final Inspections
Field Supervision _ Contractor/Crew Mgmt.
Insurance : Program Administration
Training Program Evaluation
Contractor Profit

than the installation of measures. Staff travel time, or audit and inspection functions, for exampie, are
not included in our definition of labor costs, although they may be present in the labor costs category
(Table 7.1). Our category of materials costs, however, is defined the same way as the usual category
(i.e., the weatherization materials installed in dwellings). This allows for comparisons with earlier
studies, such as Peabody (1984), which include only weatherization materials costs. Another reason
for selecting our cost categories was that we wished to be able to track costs differently for crew-based
vs. contractor-based programs so that we could more closely adhere to actual variations in the
expenditures by labor type. Our categories, therefore, have different components for crew and
contractor work (Appendix B).?> We also hoped to obtain accurate estimates of the costs of specific
individual program functions, unencumbered by the need to conform to program requirements.
Lastly, we expected that our categories, which emphasize the distinction between on-site installation
costs and all other costs, would be more comparable to cost accounting schemes used by low-income

weatherization programs sponsored by utilities and governmental agencies other than DOE.

3 Contractor profit is part of instaltation-related overhead costs for contractor jobs, but is not part of crew-based
program costs.
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Although there were several good rcasons for using our cost categories, there also were
drawbacks. The local agencies often could not map their cost accounting systems onto our
categories, which led to some inconsistencies and uncertainties in our cost data. These problems are
discussed in later sections.

Although our cost category definitions differ from those used by the Program, the findings
on costs presented in this Chapter cleariy reflect the impact of program regulations. Section 7.1, for
example, descnbes total on-site installation costs and shows that average installation (i.e., materials
and mstallauon 1abor) expenditures per weatherized dwelling (for all fuel types) are $1050. Findings
in Sections 7.2 and 7.3 show that installation labor and materials expenditures, generally conform to
the 60/40 rule. Overhead and management COSLS (all costs except installation costs) are estimated at
about $500 per house (Section 7.4), making the total average expenditure per house just under
$1,600.

Agencies vary in how they combine funding sources. Some use a mix of funding sources in
weatherizing the same dwelling (often without tracking the funding sources used for a particular
dwelling). Others use different funding sources for different paris of the program year (e.g.,
LIHEAP for January-June and DOE for July-December). The DOE weatherization regulations in
PY 1989 were more restrictive concerning how funds could be spent than the LTHEAP rules. Since
about 62% of local agencies reporied receiving LIHEAP weatherization funds (Mihlmester et al.,
1992), it is possible that many of the dwellings in our sample received some weatherization measures
~ funded by LTHEAP. When LIHEAP, utility, or other funding is used in a dwelling, these funds may
be used for measures (such as furmnace replacements or housing rehabilitation) which would not
nomally be allowed in a dwelling weatherized entirely under DOE regulations. Therefore, we asked
the local agencies to tell us (whenever possible), the percentage of non-DOE funds used in
weatherizing a dwelling. This enables a comparison of costs for dwellings weatherized entirely with
DOE funds and for dwellings weatherized partly with DOE funds and partly with other funding
sources {Section 7.5).

In the next three sections of this chapter, variations in total installation costs, materials costs,
and labor costs by climate region, fuel type, dwelling type, and agency size are discussed. Labor
costs are reported separately for agencies that use only in-house crews, only contractors, or some
combination of crew and contractor labor (Section 7.3). Findings on overhead and management
costs are discussed in Section 7.4, and differences in expenditure paitemns between agencies receiving
only DOE funds and those with several sources of funding are reviewed in Section 7.5. Section 7.6

summarizes this Chapter's most important results.
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7.1 TOTAL INSTALLATION COSTS

7.1.1 Programwide Total Installation Costs

Total installation costs are defined as the sum of materials and installation labor costs for all
labor types. The programwide average value for total installation costs for all fuel types (weighted to
provide an unbiased 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 materials and labor expenditures of less than $1,500, with 45% of dwellings in the $600

to $1,200 range. About 8% had installation expenditures of less than $300 and about 9% had
installation expenditures of more than $1,800.
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Fig. 7.2 National Distribution of Total Installation Costs (weighted).

7.1.2 Differences by Climate Region, Fuel Type, Dwelling Type, and
Agency Size

As Fig. 7.3 shows, the total installation costs of weatherization vary by climate region, primary
heating fuel, type of dwelling, and agency size. The largest installation expenditures are in the
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moderate climate region which spends an average of $1,080 per dwelling. The cold region spends

slightly less ($4) than the moderate region, and the hot region about $111 less Differences by
o are apparent, with the highest expenditures on dwellings that heat with other

and the lowest expenditures for gas-heated

primary heating fuel als
fuels, the next highest for electrically heated dwellings,
Expenditures by dwelling type are highest for single-family detached and single-family
gs. Expenditures by

homes.
attached dwellings, and lowest for mobile homes and small multifamily dwellin
agency size are highest for small agencies, and aboul $60-100 less per house in medium and large

agencies.
TOTAL INSTALLATION COSTS (in 1989 Dollars)
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7.2 MATERIALS COSTS

Interpretation of the data on materials costs presented in this section requires an
understanding of how these data were collected and calculated. Malterials costs data were collected in
Part E of the Dwelling-Specific Form (Appendix B-3). Respondents were asked to record materials
costs by type of measure (e.g., insulation, air leakage, etc.) and by type of labor (in-house crew or
contractor) doing the work on that measure. They also were asked to record the total materials costs
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 three possible labor types: crew-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 type, 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 recorded only the 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
measure-specific category was not always consistent across agencies. Storm windows, for example,
might 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 completely and
consistently. Therefore, more confidence can be placed in the total materials cost than in any other
part of this analysis. _

To help correct for inconsistencies in the measure-specific materials costs data, an extensive
computer screening and checking routine was implemented. Reasonable ranges of values were
defined and values outside of these rarfges were set to missing. Because there were many zeroes 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 (other 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 excluded. The next two sections (7.2.1 and 7.2.2)
report findings with zeroes included, while the foﬂowing 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 are reported and of the
proportion of zeroes in the category. In comparing the amount spent for space-heating measures in
the hot region ($3) vs. the amount spent in the cold region ($89), for example, the 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 have zeroes recorded as the amount spent on space-heating.
This high proportion of zeroes results in a much lower average cost for the hot region, than for the
cold, where 36% of homes received space-heating measures (Fig. 7.4). Thus, the average materials
costs shown in Sections 7.2.1 and 7.2.2 (Figs. 7.4 to 7.7) reflect the frequency with which speciﬁc
measures are installed by various subgroups. The less frequently a measure is instalied (and the more
zero costs are reported) the lower the average will be. Similarly, the most frequently installed
measures will have higher averages.

In contrast, if one excludes zeroes and examines costs only in those homes which received a
specific measure and reported a cost value for the measure (Section 7.2.3), materials costs are usually
much higher (Figs. 7.8 to 7.11). The values shown in Figs. 7.8 to 7.11 are based on only dwellings

with non-zero materials costs reported for the specific measure.

7.2.1 Programwide Materials Costs

The cost of weatherization materials in PY 1989 averaged $594 per dwelling (Fig. 7.4). When
zeroes are included in the averages for materials costs, insulation ($137), windows and doors ($133),
structural measures ($126), and air leakage ($116) account for the vast majority of the expenditures.

Smaller amounts are spent on space heating and water heating measures.

7.2.2 Measure-Specific Materials Costs for All Weatherized Homes

Figures 7.4 to 7.7 present average materials costs (with zeroes included) by climate region,
fuet type, dwelling type, and agency size. The tables on which these figures are based, and some
additional detail, are presented in Appendix G (Tables G.1 to G4).

An examination of variations in average total materials costs by climate region revealed little
difference in average expenditures (Fig. 7.4). Since there are significant differences in total
installation costs (Section 7.1), those differences are clearly due to variations in labor costs,

Although total materials costs did not vary much by region, the proportions of the total
invested in specific measures (with zeroes included) did differ significantly (Fig. 7.4 and Table G.1).
In the cold region, average expenditures for materials were higher for insulation, water heating, and
space-heating measures than in the other two regions. In the moderate region, the highest materials
costs were for windows and doors. In the hot region, structural measures had the highest materials
costs, and windows and doors nearly as high an amount. As shown in Chapter 4, these differences
indicate that the cold region puts more resources into the measures likely 1o save the most energy,
while the hot region spends more on measures with less energy-saving potential.

The emphasis on housing rehabilitation work in the hot region occurs, in part, because of the

extremely poor condition of low-income housing in the South (Table G.5). The miserable condition
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of low-income housing in the hot region is frequently emphasized by program managers from this
area. They report that the funds allocated by the DOE Program are often inadequate for doing a
complete job of weatherizing the homes they serve. The extremely poor condition of much of the
housing in the hot region also was observed by ORNL staff during field visits to agencies in this
region. Although this study did not collect quantitative data on the condition of the housing stock by
region, the higher amounts spent on structural repairs in the hot region suggest that there is a greater
need for housing rehabilitation there. In addition, data from the 1989 American Housing Survey
. (AHS) indicate that homes in the Southem Census region are more likely to be substandard than
housing in the Northeastern, Midwestern, or Westemn regions. Because many of the States in this
study's hot region also are in the Southern Census region, these AHS data (Table G.5) support the
impression of both program managers and ORNL staff that the hot region has a greater need for
structural repairs and housing rehabilitation.

Differences in materials costs by fuel type were significant (Fig. 7.5 and Table G.2). The
most money was spent for materials in dwellings that heat primarily with other fuels -- $40 to $30
more than in dwellings that heat primarily with natural gas or electricity. In dwellings heated with
other fuels, the highest materials costs were for structural measures and vﬁndows and doors. The use
of other fuels is concentrated in the hot region, where structural measures and window and door
installations are most prevalent. For dwellings that heat primarily with natural gas, the most was spent
on insulation (due, in part, 1o their concentration in the cold region). Electrically heated dwellings
had the highest expenditures for structural measures and windows and doors (Fig. 7.5 and
Table G.2).

The dwelling types of single-family detached and small multifamily had the highest average
expenditures on materials. Expenditures were nearly as high for mobile homes and much lower for
single-family attached dwellings (Fig. 7.6 and Table G.3). Compared to other dwelling types, single-
family detached dwellings had the highest expenditures for insulation and the lowest for windows
and doors. Mobile homes had the highest expenditures for structural measures and windows and
doors, in part because of their concentration in the hot region, where installation rates for these
measures are highest. Single-family attached dwellings had the highest expenditures for space
- heating, while small multifamily dwellings had the highest expenditures for air leakage measures
(Fig. 7.6 and Table G.3). '

Small agencies had the highest average cxpenditure ($638) on materials (Fig. 7.7 and
Table G.4), with large and medium size agencies spending about $50 less per house on materials.
Large agencies spent the most on space heating measures, more than twice as much as medium
agencies and over four times as much as small agencies. Small agencies spent the most on windows
* and doors (reflecting the greater concentration of small agencies in the hot region).
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7.2.3 Measure-Specific Materials Costs Only for Homes with the
Measure Installed

1In the previous section, we examined measure-specific materials costs with the zero values
included. This way of examining the materials cost data tells us the proportions of total dollars
invested in various types of measures. With the zcro values included, the measure-specific dollar
values are a function both of the frequency with which the measure is installed (i.e., the proportion of
zeroes in the category) and the costs reported.

In this section, we will address a different question about materials costs: when a measure is
installed (i.e., when a non-zero dollar value is reported for the measure), what is the average materials
cost? This question does not consider variations in the frequency of installation across subgroups, it
only asks what is the average cost when a measure is installed in a dwelling? The amount spént on
measures when zero values are excluded is usually much higher than when zeroes are included
(Figures 7.8 to 7.11), showing that variations in the frequency of installation greatly reduced most of
the cost values shown in Section 7.2.2.

Differences across climate regions in the average matcrials costs when a measure is installed
(Fig. 7.8) are greatest for space heating. The higher expenditures on space heating in the moderate
region reflect its higher rates of installing replacement fumaces. For all measures, except insulation,
average expenditurés are highest in the moderate region. The cold region 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 are generaily higher in electrically
heated homes when measures are installed. The only exceptions are for space heating measures,
where the most is spent in dwellings heated with other fuels; and for air leakage where the most is
spent in gas-heated homes.

Expenditures by dwelling type show significant variation (Fig. 7.10) for all measures except
water heating. Space heating measures cost the most in single-family attached dwellings, and a higher
than average amount in smali multifamily dwellings. Space-heating measure costs for single-family
detached and mobile homes are significantly lower. Air leakage w‘o'rk is most expensive in small
multifamily and single-family detached dwellings. Structural measures cost the most in single-family
attached and mobile homes. Windows and doors cost the 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-famity detached and small multifamily dwellings, perhaps reflecting the higher rates of
installing wall insulation in these dwelling types (Table 4.3)
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Differences by agency size (Fig. 7.11) show that the large agencies have the lowest materials
costs for all measures except water heating, air leakage, and space heating. There is litile difference
by agency size in costs for water heating or air leakage measures, both of which require inexpensive

‘materials. Space heating measures, however, cost about twice as much in large agencies. This occurs

mainly because the 1argé agencies do more component retrofits and fumace replacements (Chapter
4). For most measures, small agencies have higher materials costs than either the medium or large
agencies. This probably reflects the greater ability of large and medium-sized agencies to negotiate
reduced prices for the purchase of large quantities of materials.

7.3 INSTALLATION LABOR COSTS

Labor cost data were collected and calculated with different methods for crew-only,
contractor-only, and mixed (crew and contractor) weatherization jobs (Appendix B-3). This was
necessary because of differences in the way agencies 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 three types. Generally, agencies tend to use either in-house or contractor labor on all, or at least

most, of their weatherization jobs.
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Fig. 7.11 Average Cost of Materials in Dwellings Receiving
the Measure, by Agency Size?

* No values of zero are included in these averages.

Because contractor labor costs include profit and overhead expenses that are not included in
crew labor costs, one would expect the expenses reported for contractor jobs to be higher, As shown
in Table 7.3, average total installation costs were over $300 higher for contractor-only labor
weatherization jobs than for crew-only jobs. Costs for mixed jobs exceeded those for crew-only jobs
by more than $400. These differences occur both because contractor labor costs include profit and
installation overhead expenses that are not included in crew-only labor costs, and because contractors
are more likely to do space-heating work.

Climate region comparisons for labor costs show that crew-only and mixed jobs cost the most
in the cold climate region and the least in the hot region (Appendix G). Contractor-only jobs,
however, had the highest total installed cost ($1,303) in the moderate region, and averaged about
$180 less in the cold region, and about $228 less in the hot region. The national average for labor
costs (weighted by the proportions in each labor type) was $433.
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2 jncludes materials and labor
b includes materials, labor, profit and installation-related overhead
© includes labor, profit, and installation-related overhead

Table 7.3 Contractor Labor Costs Higher Because Include
Profit, Overhead, and More Space-Heating Work

Average labor costs (Appendix G, Table G.6) showed the same pattems 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 highest expenditures for dwellings heated
with other fuels. In mixed labor jobs, however, electrically heated dwellings had the highest total
installation costs. Labor costs showed the same pattemns as total installation costs. '

Single-family detached dwellings had the highest installed costs for crew-only and mixed
jobs, while single-family attached dwellings had the highest installation costs among contractor-onty
jobs (Appendix G, Table G.8). Labor costs showed similar pattems.

Large agencies (Appendix G, Table G.9) had the highest instalied costs for crew-only and
contractor-only jobs, while small agencies had the highest installed costs for mixed labor jobs.
Medium-sized agencies had the highest crew labor costs, and paid the highest hburly 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 and management costs include all costs except the expenditures for weatherization
materials and for the labor required to install these materials. Installation material and labor costs
were discussed above (Sections 7.2 and 7.3). As shown in Table 7.2, the total cost of a program can
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be divided into installation costs and overhead and management costs. Previous studies suggest that
overhead and management costs range from $300 to $600 per house (Kushler and Witte, 1985;
Kushler, Witte, and Stanley, 1987, McKenzie and Pheneger, 1983; Randolph and Greeley, 1990;
Schlegel, 1991). In spite of the magnitude of overhcad and management costs, most previous
evaluations of weatherization programs have not reported them and have not included them in their
cost-effectiveness caiculations. In part, this reflects the difficulty of obtaining accurate information
on overhead and management costs. It is particularly problematic to obtain comparable data across
agencies and time, because of variations in recordkceping systems.

As was explained in Chapter 3 (Section 3.2.3}, much of the information this study obtained
on program management and installation overhead costs was too incomplete to be usable or
contained obviously inaccurate information. Because of the frequency and pervasiveness of the
reporting and computational errors on the Agency Information Forms (Appendix B), many of the
values reported for average program management costs (APMC) were not credible. Specifically,
values for APMC ranged from a low of $12 per house to a high of $1,868 per house. Values less
than $300 that appear on the Agency Information Forms probably do not include some significant
program management costs, and values above $600 probably include some direct installation
(i.e., labor and materials) costs.

Out of the 298 agencies that returned Agency Information Forms, 137 provided data that fell
within reasonable ranges. Although the subset of 137 agencies that reported reliable data on the
Agency Information Form is not representative of the total sample of local agencies (Section 3.2.3),
the APMC of $390 estimated from the agencies with good data scems to be credible. Variations by
climate region estimated from these agencies also seem to be reasonable with APMC highest in the
cold region ($435), next highest in the moderate ($410), and lowest in the hot ($320). These results
should be viewed cautiously, however, because of limiled sample sizes and high variability. These
data also suggest that larger agencies have the highest APMC ($430), followed by medium-sized
agencies ($407), with the lowest APMC for small agencies ($344). Once again, however, the sample
sizes are too small to produce statistically significant results.

Estimates for installation-related overhead that could be obtained from the Agency
Information Form were not credible, even for the subsct of agencies with good data. Although the
instructions on the Agency Information Form asked that materials and labor costs be reported
separately from installation-related overhead, the large magnitude of the reported average
installation-related overhead* indicated that materials and labor costs were usually mistakenly

included.

4 Average installation overhead costs for the 137 agencies with the best data were reported at $895. This is
obviously much too high, and must include materials or labor costs in many cases.
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Results from the Fuel-Oil Study provide some assistance in interpreting the Single-Family
Study’s results on overhead and management costs. In the Fuel-Oil Study estimates of APMC and
average installation-related overhead costs were obtained for 23 agencies in the Northeast (Ternes and
Levins, 1992). Temes and Levins (1992) initially used a form nearly identical to the Single-Family
Study's Agency Information Form to collect data on costs. They found many of the same errors and
inconsistencies in the data retuned on their form as we did in the Single-Family Study. They tried to
resolve these data problems by conducting telephone interviews with personnel at each agency. After
bonducting these interviews, they concluded that overhead and management costs averaged $627 per
house. This cost was estimated to include $438 for program management, $59 for in-house crew
installation-related overhead, and $130 for contractor installation-related overhead. An overhead and
management cost of $557 was estimated for houses in which only in-house crews performed the
weatherization work, and of $651 for contractor or mixed crew/contractor jobs.

Thus, based on results from the Fuel-Oil Study, one can conclude that the sum of APMC and
installation-related overhead costs is approximately $600, and based on the results of the Single-
Family Study one can conclude that the APMC is about $350-400 per house. These results suggest
that average program management costs are in the $350-450 range, and that installation overhead is
in the $50-150 range. This division is obviously inexact; the sum does, however, seem to be between
$400 and $600 per house, as is consistent with findings of previous studies (Kushler and Witte, 1985;
Kushler and Witte, 1987; McKenzie and Pheneger, 1983; Randolph and Greeley, 1990; Schlegel,
1991). In the cost-effectiveness calculations (Chapter 8), therefore, a value of $500 per house will be
assumed for overhead and management costs. This is a lower amount than was estimated by the Fuel-
0il Study, but we believe that the national estimate should be lower because the costs of most goods
and services (and total weatherization costs) are highef in the Nonheast (where the agencies Temnes
and Levins studied are located) than they are in many other parts of the United States.

7.5 SOURCES OF FUNDING

As is shown in Table 7.4, dwellings weatherized entirely with DOE funds had average installed
costs that were lower than those for dwellings weatherized with funds from multiple sources.
Subcategories of costs, including materials costs, structural measures, and heating system work also
had lower average expenditures for dwellings weatherized entirely with DOE funds. Except for space
heating work, dwellings weatherized with a mixture of funds that included more than 50% DOE funds
consistently had higher expenditure levels than homes with mixed funds that included less than 50%
DOE funds. Also, it appears that mixed funds that include more than 50% DOE funds tend not to be
spent according to DOE guidelines. Plus, these funds are spet quite differently than the pattemn of
expenditures in dwellings weatherized with only DOE funds.
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Table 7.4 Costs by Source of Funding

_ - | Mixed funding | Mixed funding:.
1. o <with 50%:or . ) . with less than
'DOE funds:only | ““more DOE $ '} '50% DOE $
. {N=8688) 1 (N=1537).: | . (N=2610)
$977 $1.258 $1,167
$562 $760 $591
$109 $183 $106
$19 $60 $61

Among dwellings weatherized with mixed funding, some used all funds according to DOE
guidelines, while others did not (Table 7.5). Dwellings with mixed funds spent entirely under DOE
guidelines had lower expenditures for materials, structural measures, heating systems, and total
installed costs, than dwellings with mixed funds not spent entirely under DOE guidelines. Mixed
funds spent entirely under DOE guidelines were spent similarly to dwellings weatherized with only

DOE funds (Tables 7.4 and 7.5).

Table 7.5 Costs for Dwellings with Mixed Funding
by Coverage of DOE Guidelines

7.20



7.6 SUMMARY

This chapter examined total installation costs, materials costs, installation labor costs, and
overhead and management costs--presenting programwide averages and describing variations across

climate region, fuel type, dwelling type, and agency size. Findings are summarized below.

7.6.1 Total Installation Costs

In PY 1989, the programwide average total installation cost (i.e., materials and on-site labor)
per dwelling was $1,050. Expenditures for individual dwellings, however, often varied substantially

from this average. In particular:

« Eighty-five percent of dwellings had total installation expenditures of less than $1,500,
with 45% of dwellings in the $600 to $1,200 range. About 8% had expenditures of less
than $300 and about 9% had expenditures of more than $1,800.

« There were no significant differences by climate region in total materials costs, but
differences in labor costs and total installed costs were significant. The largest installation
expenditures were in the moderate and cold climate regions, while the hot region spent
about 10% less.

« Total installation costs, total materials costs, and labor costs differed significantly by fuel
type with the highest expenditures for dwellings that heat 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 small
multifamily.

» ‘Total installation costs, materials, and labor costs differed significantly by agency size
with the highest expenditures by small agencies.

7.6.2 Materials Costs

The cost of weatherization materials in PY 1989 averaged $594 per dwelling. When values of
zero are included in the averages for materials costs, insulation ($137), windows and doors ($133),
structural measures ($126), and air leakage ($116) account for the vast majority of these costs.
Smaller amounts were spent on space heating and water heating measures.

Although total materials costs did not vary significantly by climate region, measure-specific
costs did differ significantly. In the cold region, average expenditures for materials were higher for
insulation, water heating, and space-heating measures. In the moderate region, the highest materials
costs were for windows and doors. In the hot region, structural measures had the highest materials
cost, and windows and doors nearly as high an amount. These differences indicate that the cold
region puts more resources into the measures likely to save the most energy, while the hot region
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spends more on measures with less energy saving potential. These differences also reflect a greater
need for housing rehabilitation work in the hot region.

Differences in materials costs by fuel type also were significant. When zeroes were included,
the most money was spent for materials in dwellings that heat primarily with other fuels. In dwellings
heated with other fuels and with electricity, the highest materials costs were for structural measures
and windows and doors. The use of other fuels and electricity is more common in the hot region,
where structural measures and window and door installations are most prevalent. In dwellings that
heat primarily with natural gas, the highest materials expenditures were for insulation.

Single-family detached and small multifamily had the highest average expenditures on
materials of the four dwelling types. Expenditures with zeroes included were nearly as high for
mobile homes and much lower for single-family attached dwellings. Single-family detached
dwellings had the highest expenditures for insulation and the lowest for windows and doors. Mobile
homes had the highest expenditures for structural measures and windows and doors, in part because
of their concentration in the hot region, where installation rates for these measures are highest.
Single-family attached dwellings had the highest expenditures for space heating, while small
multifamily dwellings had the highest expenditures for air leakage measures.

Small agencies spent the highest amount per house on materials. Large agencies spent the
most on space-heating retrofits and furnace replacements, more than twice as much as medium
agencies and over four times as much as small agencies. Small agencies spent the most on windows
and doors (reflecting the greater concentration of small agencies in the hot region).

When the sample was restricted to homes in which the measure was installed and in which a
nonzero value for material costs‘was reported, differences across climate regions were greatest for
space-heating measures. This occurred mainly because the moderate and cold regions installed more
replacement fumaces. Similarly, space-heating measures cost about twice as much in large agencies,
because they did more fumace replacements than smaller agencies. For most measures, large and
medium-sized agencies spent less than small agencies, probably because they were more able to
negotiate reduced prices for the purchase of large quantities, Windows and doors cost the most when
they were installed in mobile homes, suggesting that storm windows and doors are most expensive in
this dwelling type.

7.6.3 Installation Labor costs

Installation labor cost data were collected and analyzed for crew-only, contractor-only, and
mixed (crew and contractor) weatherization jobs. Among the representative dwellings with cost data,
approximately one-third fell into each of the three labor types. Generally, agencies tend 1o use either
in-house or contracter labor on all, or at least most of their weatherization jobs.
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Nationally, labor costs averaged about $433 per dwelling out of a total installation cost of
$1,050. Because labor costs for mixed labor and contractor-only jobs include profit and overhead
expenses, their costs exceed those for crew-only jobs. Labor costs showed regional patterns: 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.

7.6.4 Overhead and Management Costs

Previous studies suggest that overhead and management costs range from $400 to $600 per
house. In spite of the magnitude of overhead and management costs, most previous evaluations of
weatherization programs have not reporied them and have not included them in their cost-
effectiveness calculations. In part, this reflects the difficulty of obtaining accurate information on
overhead and management costs. It is particularly problematic to obtain comparable data across
agencies and time, because of variations in recordkeeping systems.

Much of the information this study obtained on program management and installation
overhead costs was too incomplete to be usable or contained obviously inaccurate information.
Because of the frequency and pervasiveness of the reporting and computational errors in the
overhead and management cost data, many of the values reported for average program management
costs were not credible.

Nevertheless, by creating a set of 137 agencies wilh consistent and credible data and using
results from interviews with the 23 agencies in the Fuel-Qil Study, we concluded that overhead and
management costs were approximately $500 per house. This estimate is consistent with findings of
previous studies and will be used in the cost-effectiveness calculations (Chapter 8).
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8. COST EFFECTIVENESS

This chapter presents the results of the analysis of Program cost effectiveness in the 1989
Program Year. Because energy savings and costs vary by key subgroups, cost-effectiveness results
are preiented by fuel type, climate region, dwelling type, and agency size. The first section (8.1)
explains *he perspectives used for the cost-effectiveness calculations. Section 8.2 presents results for
gas-heated dwellings by key subgroups, Section 8.3 presents results for electrically heated dwellings,
and Section 3.4 for dwellings heated with other fuels. The next section (8.5) presents programwide
results for all fuel types combined. Section 8.6 compares this study's results to previous evaluation
results. The final section summarizes key findings.

8.1 COST-EFFECTIVENESS PERSPECTIVES

The cost effectiveness of the Program can be determined with a variety of approaches.
Although a basic comparison of the value of measured energy savings and the costs of achieving
them is always involved, a number of other inputs are usually needed as well (Fig. 8.1). Key
assumptions include the expected lifetime of the retrofit measures, a discount rate that reflects the
time value of money, and estimated fuel price escalation rates. Once the key assumptions are chosen,
a variety of cost-effectiveness indicators can be calculated with standard formulas, In this chapter,
benefit/cost (b/c) ratios and costs of conserved energy (CCE) are reported. Because there is
significant uncertainty in the key assumptions, a sensitivity analysis of b/c ratios is presented.

Assumptions

Expected measure lifetimes
Discount rates
Fuel price increases

Evaluation Inputs

Energy Savings ' »|  Calculation of
Nonenergy Benefits ————{ cost-effectiveness ““_: gé%
Program {-osts — indicators

Fig. 8.1 Assumptions, Evaluation Inputs, and Indicators
for Cost-Effectiveness Analysis
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This chapter examines the cost effectiveness of the Program 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, the only benefit that is valued is energy savings and the only
costs included are expenditures for materials and on-site installation labor. The second perspective,
the program perspective, includes only energy savings benefits, but compares these benefits to total
costs (i.e., on-site installation costs plus management and overhead costs). The third perspective, the
societal, includes the most comprehensive set of benefits and costs: both energy and selected
nonenergy benefits (as valued in Chapter 6), and all costs (as developed in Chapter 7).

Benefits Costs

Perspective Included included

Instaliation Savings Instaliation
Only Cost

Program Savings Al Costs

Both Energy
Societal and Nonenergy All Costs
Benetfits :

Fig. 8.2 Three Approaches Used to Calculate Cost Effectiveness.

Each of these approaches is valuable for different purposes. The first perspective, which
determines on-site installation benefits and costs is best for comparing this study’s results to those of
previous evaluations of low-income weatherization programs. The second approach, the program
perspective, offers the most conservative estimate of program cost effectiveness. If the program is
cost effective from this perspective, it will be from the others as well. The third approach, which uses
a broad, societal perspective, is best for valuing a more complete set of program impacts and for
comparisons with alternative uses of government funds.

A focus on cost effectiveness is, in theory, superior to a focus on energy savings for the
purpose of assessing weatherization measures, service delivery procedures, and other program
options. Comparisons by climate region, type of heating fuel and dwelling type based on cost-
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effectiveness results may offer better guidance for allocating program resources than comparisons
based only on energy savings. For example, if submarket A achieves higher energy savings than
submarket B, this fact alone does not mean that more resources should be invested in submarket A.
Cost considerations also must be included in such decisions. To continue the example, it may be that
submarket B achieves 80% of the energy savings of submarket A at half the cost, making it a more
cost-effective investment option. In practice, however, the average costs per dwelling do not vary
much by subgroup, while the energy savings fluctuate markedly. As a result, the findings of the cost-
effectiveness analysis closely mirror those of the energy savings analysis in Chapter 5.

Nevertheless, it is important to examine the cost effectiveness of the Program to determine its
value both to low-income households and to the larger society. In addition, the 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 levels from lows of less than
$100 per dwelling to highs of over $4,000 in the Hood River Conservation Project (Brown and
Keating, 1989). Cost-effectiveness comparisons are essential for ranking the success of programs
with such disparate investment levels. |

Analjrsis with each of the three perspectives (installation, program, and societal) used the same
baseline assumptions: a real discount rate of 4.7%' and measure lifetimes of 20 years. Sensitivity
analyses were conducted by varying the discount rates (2% to 10%), measure lifetimes (10 years to
25 years), and other inputs':' Examples of the sensitivity results are shown in Section 8.2.5.

A justification for the baseline assumption of a 20-year measure lifetime was developed by
taking into account the following information:

= the frequency of installation of various packages of measures,
« the average lifetime of the weatherization measures included in each package, and
« the measured savings by package.

The development of a realistic assumed average lifetime (which was weighted both by the frequency
of installation of packages of weatherization measures and by their measured savings) for the PY
1989 program required several steps which are explained in Appendix H-1. |

The national gas and electricity prices for 1989 were developed by using average State prices
(EIA, 1989 and EIA, 1991a) and weighting them according to the proportions of PY 1989
weatherized dwellings located in each State. The resulting weighted average national prices were
$0.588 per ccf of natural gas and $0.069 per kWh of electricity. Price escalation rates are based on

1 This discount rate was recommended (for evaluating the cost effectiveness of the WAP) by DOE in the Federal
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 results based on 10% and 2% discount rates and various
lifetimes are shown in Section 8.2.5.
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Energy Information Administration reference case projections to the year 2010 (EIA, 1991b). Prices
for other fuels also were obtained from the EIA document (EIA, 1991a, p. 20).

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 (Chapter 5). Two
indicators are used for the installation and program perspectives: benefit/cost ratios and the cost of

conserved energy (CCE). For the societal perspective, only benefit/cost ratios are used because a CCE
does not reflect nonenergy benefits.

8.2 COST EFFECTIVENESS IN GAS-HEATED DWELLINGS

8.2.1 Installation Perspective

The results of the cost-effectiveness calculations, based on the installation perspective, for gas-
heated dwellings are shown in Fig. 8.3. These national results indicate a benefit/cost ratio of 1.58.

For an average expenditure, in gas-heated dwellings, of $1,015 the Program produced energy-savings
benefits of $1,605.

Benefit’ Cost
o0 . 158 _1.82 1.71 091 (B/C) Ratios
2500
& 2000
2
-4
£
= 1500
p Present Value of
:§' Energy Savings
T Instaliation,
£ 1000 | Manage';nem.and
g K Overhead Costs
g
a 500
0

Fig. 8.3 Installation Benefits and Costs by Climate Region
for Gas-Heated Dwellings.




The results for each climate region (based on net savings) show the Program to be cost
effective in the cold and moderate regions, with benefit/cost ratios of 1.92 and 1.71, respectively
(Fig. 8.3). Because the energy savings were much lower in the hot climate region, while the average
installation costs were only slightly lower there, its benefit/cost ratio was 0.91.

Comparisons by dwelling type (Fig. 8.4) indicate that the prevailing methods of weatherizing
mobile homes in PY 1989 were the least cost effective (b/c = 1.23). This is not surprising because
mobile homes had the lowest savings of any dwelling type. Weatherization of all other dwelling
types was more cost effective, with single-family detached dwellings (which account for 64% of all
dwellings weatherized) having the highest benefit/cost ratio (Fig. 8.4).

BENEFIT/COST (B/C) RATIOS

0 02s 050 0.75 1.00 126 1.60 1.75 2.00

Program-Wide Average
Cold Region 1.92

Moderats Region

Hat Region

singi-Famity Dtsched 7727777/ 0L 0 L L D™
Single-Family Atiached ’7///////////////////// t
wseroms [0 7T —
smansaitamity {7777 A | ] awener sioe

Lage l 158
Mednm ]r.sa
Small l 1.33

Fig. 8.4 Installation Benefit/Cost Ratios by Climate Region, Dwelling Type,
and Agency Size for Gas-Heated Dwellings.

Medium-sized agencies did the most cost-effective work, followed by large agencies.
Weatherizations completed by small agencies (which had the lowest savings and highest COSts) were
the least cost effective, although their benefit/cost ratio was still above 1.30. The relative performance
of cach subgroup is summarized in Fig. 8.5. Only the hot region falls below the threshold for cost

effectiveness.
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Fig. 8.5 Installation Perspective: Energy Benefits vs.
Installation Costs for Gas-Heated Dwellings

The national cost of conserved energy (calculated with a discount rate of 4.7%, net savings of
173 ccf, installation costs of $1,015, and a 20 year measure lifetime) was $0.46/ccf (or $4.60 per
MBtu) for the gas-heated dwellings. This cost of conserved energy (CCE) 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
($0.83/ccf) had costs of conserved energy that were well above the 1990 weighted price. The
moderate region ($0.44/ccf) had a CCE that was somewhat lower than the 1990 price.

8.2.2 Program Perspective

From the program perspective, which compares only energy savings benefits to all costs, the
national program was cost effective, with a benefit/cost 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).
Only single-family detached homes had b/c ratios above 1.00 with this perspective (Fig. 8.7). Large
and medium-sized agencies had cost-effective results, while small agencies did not. The relative
performance of each subgroup is summarized in Fig. 8.8.
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8.2.3 Societal Perspective

From the societal perspective, which includes botﬁ energy and nonenergy (e.g., employment
and environmental) benefits and both installation and noninstallation (i.e., overhead and
managemer: - costs for the gas-heated dwellings, the Program in PY 1989 was cost effective, with a
national benefit/cost ratio of 1.61 (Fig. 8.9). The societal perspective produces somewhat higher
benefit/cost ratios than the installation perspective because management and overhead costs were
assumed to add $500 to the costs, while the discounted employment and environmental benefits
increased benefits by over $900. The relative performance of subgroups does not change as the
perspectives change because the societal perspective simply adds a constant to both the benefits and
the costs of the installation perspective.

With the societal perspective, climate region ratios ranged from 1.17 for the hot region to
1.84 for the cold region. All dwelling types had a benefit/cost ratio above 1.00. Weatherization of
mobile homes was the least cost-effective (Fig. 8.10). Medium-sized agencies had the highest
benefit/cost ratios, while small agencies had a benefit/cost ratio of 1.43. The relative performance of
each subgroup is summarized in Fig. 8.11. All subgroups exceed the cost-effectiveness threshold.
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8.2.4 Excluding Utility Funding and Structural Measures Costs

Nine percent of the funds expended by the Program in PY 1989 were leveraged funds
provided by utilities (Mihlmester, et al.,, 1992, p.11). One could argue that it is inappropriate to
include these leveraged funds in the benefit/cost ratio that characterizes the DOE program. In some
cases, these utility funds would not have been spent on low-income weatherization, if it were not for
the existence of the Program infrastructure of local agencies. Also, the utility funds are sometimes
spent on measures that reduce electricity demand (such as compact fluorescent bulbs) in homes that
heat with fuels other than electricity. Thus, the energy savings of such utility investments would not
be captured by our study. In addition, some utility funds are spent on budget counseling, which
again would not lead to energy-savings benefits in our study.

The inclusion of costs associated with structural measures (such as replacing broken windows
and doors, or fixing roof leaks) can also be debated. Some structural measures, although necessary
for the effective performance of other energy-efficiency measures, may add more to the costs than
they produce in energy savings. Major investments in structural measures are not intended to be
supported by DOE funds because the Weatherization Program is primarily an energy-efficiency
program, and not a housing rehabilitation program. In addition, a significant portion of the money
invested in structural measures is likely to come from non-DOE sources, such as federal (e.g., HUD),
State or local housing rehabilitation programs.
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Because of the arguments (discussed above) for excluding utility funds and the costs of
structural measures from the analysis of the cost effectiveness of the Program, we examined the
impact on the cost-cffectiveness results of these exclusions. Table 8.1 shows the results of excluding
these costs with the installation perspective, and Table 8.2 shows the results with the program and
societal perspectives. All of the combinations examined show the program to be cost effective.
When all costs (including utility funds, structural measures, installation overhead, and management
costs) and only energy-savings benefits are included, the national benefit/cost ratio is 1.06. Of
course, as more costs are excluded and more benefits are included the benefit/cost ratios increase.
Because all of the other combinations in Tables 8.1 and 8.2 either include more benefits, or exclude
more costs, they produce benefit/cost ratios that are noticeably higher than the minimum of 1.06.

Table 8.1 Benefit/Cost Ratios Using Installation Costs Only for
Gas-Heated Dwellings Weatherized in 1989 Program Year

& Nine percent of total program expenditures were provided by utility companies. These funds are removed from
the benefit/cost ratios in this column.
An average of $126 per dwelling was spent on structural measures. These costs are removed in this column.

© This figure corresponds 1o the installation perspective used in the rest of the chapter.

8.2.5 Sensitivity Analysis

Because there is uncertainty about the inputs (e.g., measure lifetimes, fuel price escalation
rates, discount rates) to the cost-effectiveness analysis, a simulation modeling approach was used to
produce a distribution of likely outcomes. This simulation modeling was performed with @RISK
software, which is a risk analysis method that allows the analyst to define uncertainty in model inputs

by specifying probability distributions.
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Table 8.2 Benefit/Cost Ratios Using Total Costs for Gas-Heated
Dwellings Weatherized in 1989 Program Year

A Nine percent of total program expenditures were provided by utility companies. These funds are removed from
the benefit/cost ratios in this column.

b An average of $126 per dwelling was spent on structural measures. These costs are removed in this column.

¢ This figure corresponds to the program perspective used in the rest of the chapter.

¢ This figure comesponds to the societal perspective used in the rest of the chapter.

All of the input variables to the cost-effectiveness analysis were assigned a triangular
probability distribution (Téchnical Appendix E, p. E-30, @RISK User's Guide). The triangular
distribution is specified by a minimum, maximum, and modal value. For example, measure lifetimes
were assumed to have a minimum, maximum, and mode of 15, 25 and 20 years, respectively. In this
case, 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 savings distribution was defined as the 90% confidence interval
around the net savings, with a minimum of 151 ccf, a maximum of 193 ccf and a modal value of 173
ccf. The distribution of discount rates was assigned a minimum of 2%, a maximum of 10%, and a
modal value of 4.7%.

After all the input distributions were defined, the @RISK simulation program was used to
select one thousand samples of points from the input distributions in order to calculate benefit/cost
ratios for each combination. The 1,000 possible outcomes were then used to produce a probability
distribution of likely benefit/cost ratios. One thousand cases were run 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 more
favorable combinations of assumptions produce a cost-effective result, 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 b/c ratio above 1.00. With the societal perspective, in contrast, the Program is cost
effective for all of the specified input distributions and is cost effective in 100% of the cases sampled
(Fig. 8.13).

The program perspective results are particularly sensitive to the choice of discount rates as
~ illustrated in Figure 8.14. With the program perspective, a fixed discount rate of 2%, and
distributions for the other inputs, the Program is cost effective with all combinations of inputs. With a
fixed discount rate of 4.7%, it is cost-effective only for the more favorable parts of the input
distributions, and with a discount rate of 10% or 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 results are sensitive, not only to the choice of discount rate, but also to the
assumed lifetime of the measures. The effects of varying both assumed discount rates and lifetimes
are summarized in Table 8.3 and Fig. 8.15.

8.3 COST EFFECTIVENESS IN ELECTRICALLY HEATED DWELLINGS

Because electricity prices afe higher than gas prices, energy savings benefits in electrically
heated dwellings are worth more than those in gas-heated dwellings (Chapter 5). On the cost side,
electrically heated dwellings had slightly lower-than-average weatherization costs (Chapter 7). Cost-

effectiveness results, therefore, were generally more favorable for the electrically heated dwellings.
For the electrically heated dwellings, net savings at the site were used for all of thc benefit/cost ratios.

.

8.3.1 Installation Perspective

The detailed results of the cost-effectiveness calculations for electrically heated dweilings are
shown in Appendix H-2. The national b/c ratio, with the installation perspective, was 1.69,

The pattern of results by subgroups was very similar to the results for the gas-heated
dwellings (Section 8.2). For the electrically heated dwellings, with the installation perspective, only
the hot region and mobile homes 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

2 Weatherization of single-family attached dwellings was not evaluated for cost effectiveness, because only five
homes were available in this category.
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Table 8.3 Sensitivity of Benefit/Cost Ratios to Discount Rates and Lifetimes

20 Discount Rate o
T . a7%
0.89 0.73
1.26 0.93
1.58 1.07
1.86 1.17
0.59 0.49
0.84 0.63
1.06 0.72
1.25 0.78
1.14 1.03
1.39 1.17
1.61 1.26
1.80 1.33
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Fig. 8.15 Sensitivity of Benefit/Cost Ratios to Assumed
Discount Rates and Measure Lifetimes
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Examination of the correlation between agency size and b/c ratios for electrically heated
dwellings showed a different pattern from the results for gas dwellings (Appendix H-2). In
electrically heated dwellings, large agencies had the highest benefit/cost ratios. In contrast, medium
agencies had the highest b/c ratios for gas-heated homes. Because the sample size for electrically
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 lowest b/c ratios for both gas- and electrically heated

" dwellings.

8.3.2 Program Perspective

From the program perspective, the national Program and most subgroups achie\l.rcd cost
effectiveness. The subgroups with b/c ratios below 1.00 were: hot climate region, mobile homes, and
small agencies (Appendix H-2). All other subgroups had b/c ratios greater than 1.00.

8.3.3 Societal Perspective

From the societal perspective, which includes both energy and selected nonenergy benefits
and both installation and noninstallation costs, the weatherization of electrically heated dwellings was
cost effective, with a national beneﬁtjcost ratio of 2.33. The cold and moderate climate regions had
ratios of 2.86 and 2.73, respectively (Fig. 8.16). The hot region was less cost effective (1.57). With
. this perspective, all dwelling types, except mobile homes (1.47), had benefit/cost ratios greater then
2.00. Large and medium-sized agencies also had benefit/cost ratios above 2.00, while small agencies
(1.89) did not. '

8.4 OTHER FUELS

Although the energy savings for dwellings that heat with fuels other than gas, electricity, and
fuel oil were not measured directly in this evaluation, estimates of savings in MBtu's for other fuels
were presented in Chapter 5 (Tables 5.5 and 5.6). To assign a dollar value to the assumed savings for
other fuels we used the national prices given in the EIA State Energy Price and Expenditure Report
1989 (EIA, 1991a, p. 20). The assumed values are shown in Appendix F-2,

8.5 PROGRAM-WIDE COST EFFECTIVENESS

To estimate program-wide cost effectiveness our results for gas and electrically heated
. dwellings, and the results from the Fuel-0il Study (Temes and Levins, 1992), were combined with the
assumed annual dollar savings for other fuels. The annual dollar savings for each fuel were weighted
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Fig. 8.16 Societal Benefit/Cost Ratios by Climate Region, Dwelling Type,
and Agency Size for Electrically Heated Dwellings.

by the pmpomon of dwellings in the Program population that heat with that fuel to obtain an average
annual dollar savmgs for all fuel types (Appendix F-2). Using this procedure, we estimated that
average annual dollar savings for all fuel types was $115.55 per dwelling. Usmg our baseline
assumptions of 20-year lifetimes and a 4.7% discount rate, this amount of annual dollar savings along
with the weighted average national installation cost of $1,050 for all fuel types yielded a benefit/cost
ratio of 1.61. With the program perspective the b/c ratio for all fuels was 1.09. With the societal
perspective, the benefit/cost ratio for all fuels was 1.72.

8.6 COMPARISONS WITH PREVIOUS COST EFFECTIVENESS
RESULTS

The resulis of cost-effectiveness analyses in previous evaluations of low-income
weatherization programs were reviewed in Chapter 1 (Section 1.4.2). Peabody (1984) did not report
the cost of conserved energy for the 1981 Program Schlegel and Pigg (1990), in their review of
nine evaluations of cold climate programs serving gas-heated dwellings, reported CCE's that, when
recalculated with our baseline assumptions (4.7% discount rate, 20-year lifetime, only on-site
installation costs), averaged $6.08/MBtu, with a range of $2.69 to $17.33. Cohen, et al. (1990), in
their review of 12 evaluations of cold climate programs serving gas-heated dwellings, reported a
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median CCE, recalculated with our assumptions, of $5.07/MBt. Thus, our cold climate region results
for gas-heated dwellings ($3.50 per MBtu) compare very favorably to the results of previous studies,
as do the national gas results ($4.60 per MBtu). This suggests that for gas-heated dwellings the 1989
. Program improved upon the average performance of programs included in previous low-income
weatherization evaluations (Fig. 8.17). Comparisons with utility low-income programs (for gas-
heated dwellings) also show the 1989 Program to be more cost effective (Fig. 8.18). Similarly, the
results for electrically heated dwellings indicated a national CCE ($0.04 per kWh) that was lower than
the average national price of $0.069 per kWh.
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Fig. 8.17 Cost of Conserved Energy for the Weatherization Assistance
Program and Low-Income Utility Programs in Gas-Heated Dwellings.
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Fig. 8.18 Cost of Conserved Energy for the PY 1989 Weatherization
Assistance Program vs. Low-Income Utility Programs in Gas-Heated Dwellings

8.7 SUMMARY

This chapter examined the cost-effectiveness of the Program from three perspectives. With
the installation perspective, which follows the usual procedure in previous low-income weatherization
program evaluations, the only benefit valued is energy savings and the only costs included are
expenditures for materials and installation labor. The program perspective also includes only energy
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.

8.7.1 Gas and Electric Cost Effectiveness

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. The cold and moderate regions had higher b/c ratios than
the national average, while the 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 two perspectives.
Large and medivm-sized agencies had cost-effective results with all three perspectives, while small
agencies fell below 1,00 with the program perspective.

Because clectricity prices are higher than gas prices, energy savings in electrically heated
dwellings are worth 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
persbectives. 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 effective 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 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 the socictal 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,
the installation 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 line is even more favorable.
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9. FACTORS ASSOCIATED WITH PROGRAM PERFORMANCE

Previous studies suggest that many factors influence the energy savings and cost effectiveness

of weatherization, including:

« occupant characteristics, e.g., household income and demographics;

« dwelling unit characteristics, e.g., energy consumption prior t0 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
procedures, client education;

. weatherization costs, €.g., total materials costs; and

» agency characteristics, €.g., use of contractors vs. in-house crews.

Section 9.1 examines the relationship of energy savings to each of these factors, 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—denﬁity wall insulation). Because of the important role of climate,
average energy savings is presented by region and for the national program.! Second, we identify the

_characteristics that distinguish high energy savers from low energy savers.?

The dwelling-level analysis described in Section 9.1 is hindered by the wide variability in
energy savings, which reflects the many factors that influence residential encrgy' consumption. This
variation is less troublesome when the results for individual dwellings are aggregated: hence the value
of an agency-level analysis. '

Section 9.2 examines factors that influence energy savings on an agency-by-agency basis.
Because of the small sample of electrically heated dwellings with consumption data, the agency-level
analysis is limited to gas-heated dwellings. Our sample contains 97 agencies for which dwelling
specific data and gas savings estimates are available for at least 10 dwellings they weatherized in
PY 1989. Three measures of agency performance are examined: absolute gas savings, percent gas

1 The regional analysis is limited to gas-heated dwellings because the sample of electrically heated homes is too
small to enable a region-by-region analysis. A two-way analysis of variance (ANOVA) is used to test the
significance of each factor, after the influence of climate region is controlled. The interaction between climate
region and each factor also is tested.

2 For gas-heated dwellings, this analysis is conducted individually for each of the three climate regions. High gas
savers are those dwellings with savings in the upper quartile of gas-heated dwellings in the respective region.
Low gas savers are dwellings with savings in the lowest quartile. For electrically heated dwellings, the smatl
sample size can only support a program-wide analysis. Thus, high electricity savers are those dwellings with
savings in the upper quartile of all electrically heated dwellings, and low electricity savers are those in the lowest.
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savings, and benefit/cost ratios.3 Mean values of the full range of predictors also are calculated for
cach agency. Multivariate regression analysis then is used to identify correlates and models of
agency performance.

The chapter ends with a summary of its findings (Section 9.3). It underscores that more
analysis is needed to understand the findings reported in this chapter and to employ them as a basis
for policy and program recommendations. The 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 the field work portion
(Phase 2) of the Single-Family Study.

9.1 DWELLING-LEVEL ANALYSIS
9.1.1 Occupant Characteristics

All of the occupant characteristics discussed in Chapter 3 were examined as possible
correlates of energy savings, including family income, household size, the presence of elderly or
handicapped occupants, change of occupancy, and household tenure (i.e., owners or renters)., None
of these characieristics 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 characteristic that is nearly significant (at the
0.11 level) is change of occupancy. Dwellings with a change of occupancy after weatherization saved
more than any other dwellings. Turnover in occupants during the year before gnd after
weatherization is associated with the least gas savings, and dwellings with one or more occupancy
changes before weatherization saved less than average. Since household turnover is often associated
with periods of vacancy, the relationship described above may simply reflect the low level of gas
consumption that occurs when dwellings are unoccupied. The low level of savings experienced by
dwellings that had tumover in occupants both before and after weatherization suggests that dwellings
with greater transiency offer less opportunity for savings. Certainly, client education efforts will not
reduce a dwelling's consumption if the clients who are educated move out. Instead, some of these
households 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.

When high and low gas savers are compared on a region-by-region basis, owner occupancy in
the cold region and the presence of one or more handicapped persons in the hot region are

3 The benefit/cost ratio used here is based on the program perspective: all costs are included, but the benefits are
limited 10 the net present value of the energy savings. The benefit/cost ratio is estimated individually for each
dwelling, then the mean value for each agency is calculated.
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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, weatherizing 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. Similarly, 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

Pre-weatherization
occupancy change {-) handicapped
occupant (-}

| Pre-weatherization gas Pre-weatherization gas | Pre-weatherization | Pre-weatherization
consumption consumption gas electricity

Heating degree days consumption consnmption
Heating degree days

| Mobile homes (-) Mobile home (-)
| Single-family detached Single-family detached
| dwellings dwellings
1 Small multifamily Area of conditioned

dwellings dwelling space

Area of conditioned Air conditioning
dwelling space equipment (-)

| Supplemental fuel use (-)
{ Air conditioning (-)

(-) Indicates a negative relationship between high savers and presence of the characteristic.

9.1.2 Dwelling Characteristics

All of the dwelling characteristics shown in Fig. 9.1 are associated with energy savings, both
nationwide and within the three climate regions.4 Recall that dwelling type also is a significant
correlate, as discussed in Chapter 3.

4 gtatistics associated with Figures 9.1 through 9.12 are presented in Appendix L.
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Fig. 9.1 Gas Savings of Dwellings
With Different Dwelling Characteristics

Supplemental Heating Fuels, Central Heating Systems, and Air Conditioning. Dwellings
with supplemental heating fuels saved 64 ccf/dwelling less gas than dwellings that had only a primary
heating fuel (Table 1.2 in Appendix 1). This has significant implications for our estimate of the
energy saved by gas-heated homes. Supplemental heating fuels 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 fuels saved as much energy as dwellings
with only gas heat, except that they saved an equivalent of 64 ccf by reducing the consumption of
their supplemental fuels. Thus, our estimated energy savings of gas-heated homes should be
increased by 16.6 ccf/dwelling (i.e., 0.259 x 64). This would 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 heaters. However, this pattern is due entirely 1o the
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greater incidence of central heating systems in the cold and moderate climate regions, which produce
greater energy savings (Fig. 9.1). The two-way ANOVA indicates that there is no significant
correlation 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, corroborates the lack of correlation.

The presence of air conditioning equipment is characteristic of low gas savers within both the
cold and moderate climate regions (Table 9.1). This is probably due, at least in part, to the
prevalence of air conditioning in the warmer parts of these climate regions where gas savings are
lower. When climate region is incorporated into the two-way ANOVA, the presence of air

conditioning does not correlate significantly with gas savings.

Size and Age of Dwelling. Larger and older dwellings have significantly higher-than-
average gas savings. Older homes also have higher electricity savings. Dwellings with 2,000 or more
square feet of conditioned living space saved nearly twice as much gas as dwellings with less than
1,000 square footage, and dwellings built before 1940 saved nearly twice as much gas as dwellings
_ built in 1980 or more recently. - Older and bigger dwellings are more common in the cold and
moderate regions, which partly explains this phenomenon. However, there also is evidence of the
importance of these two factors in the region-specific analysis of high and low gas savers located in
the cold and moderate regions (Table 9.1), and in the two-way analysis of variance (Fig. 9.1).

Pre-Weatherization Energy Consumption. By far, the most influential predictor of a
dwelling's potential for energy savings is its level of pre-weatherization 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 use and savings — for both
gas- and electrically heated dwellings. Pre-weatherization energy consumption reflects occupant
characteristics {e.g., the appliances purchased by a household and the household's management of its
thermostat), dwelling characteristics (e.g., size 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 between high energy use and high potential savings has been
recognized by many local weatherization agencies (for instance, it is a feature of New York's TIPS
audit). It is also built into 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

comelates of energy savings. The results of the analysis of high versus low energy savers are

9.5



Gas Savings Electricity Savings

Cold Cold

k1l
12000 10,402

—

Savings {cctiyear)
8.5888RE88

4,392

Hot
400 12000
350
i'aoo 2000
%x w0 6000 4588
3 1% £ 2000
£ 100 g o
3 s . 3 3000
ol 6000
-850 Hgh Gas Low Gae High Becrricty  Low Bleciicity
Users Uaars Ligars

Fig. 9.2 Gross Energy Savings of High Versus Low Energy Users

summarized in Table 9.2. In addition, Figures 9.3 through 9.8 illustrate the energy saved by
dwellings that received each of the individual weatherization measures, both nationwide, and by
region. Since dwellings usually received other measures besides the one in question, it is not possible
to estimate precisely how much energy is saved by a single measure, based on the analysis presented
here. Rather, the mean savings associated with installation of a particular measure reflect the savings

achieved by weatherization jobs that inciude the measure.
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Table 9.2 Factors Distinguishing High from Low Energy Savers:
Weatherization Measures

Caulking/ Air sealing without

weatherstripping (-) blower doors
Distribution system
Attic first time Attic first time Attic first time Wall "normal”
Attic added Attic added Floor Rim or band
Wall "normal” Wall "normal” joint
Wall "high density" Wall "high density”
Rim or band joint Floor
Other envelope
insulation
Water heater tank Entire system Other water heater
insulation replacement (-} measures
Pipe insulation Pipe insulation

Low flow showerhead Temperature reduction

Entire heating system Entire heating system
replacement replacement

System component
retrofit

Other heating system
modifications

Storm windows (-)

(-) Indicates a negative relationship between high savers and factor.

Air Leakage Control. Of all of the air leakage control measures, sealing the distribution
system of gas heating systems is associated with the highest savings. The two-way ANOVA indicates
that this measure has a nearly-significant effect on gas savings nationwide (p = 0.069), and within the
moderate region, the measure is highly significant at distinguishing high from low savers.

Alr sealing without the aid of a blower door is associated with slightly above-average gas
savings that are statistically significant. Fig. 9.3 indicates that air sealing without blower doors is
correlated with high savings in the cold and moderate regions, and that the association with savings is
quite significant. Air sealing without blower doors also characterizes high savers in the moderate
region (Table 9.2) In contrast, sealing with blower doors is not correlated with significantly greater-
than-average savings.’

5 In addition, an analysis of weatherization costs indicates that they are not lower for blower door-assisted air
sealing than for unaided air sealing. Thus, there are no discemible energy savings of cost reductions.
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Fig. 9.3 Gas Savings of Dwellings that Received
Air Leakage Control Measures

This finding is somewhat surprising. Air sealing with the assistance of a blower door is
generally viewed as a cost-effective measure (Cohen, Goldman, and Harris, 1990). However, it must
be remembered that blower doors were just being introduced into local agency procedures in 1989-
90. Crew members were being trained and an initial base of experience was being established. There
is some indication from recent DOE monitoring that blower door testing has sometimes been used to
exhaustively detect and plug gvery exfiltration point rather than to concentrate upon the major leaks
that can be cost effectively sealed (U.S. Department of Energy, 1992, page 6-31). While blower
doors may have been ineffectively applied or unnecessarily used during PY 1989, these problems are
probably less characteristic of today’s Program.

Finally, general caulking and weatherstripping is not correlated with gas or electricity savings
nationwide, nor is it significant in the two-way ANOVA. However, in the cold region, general
caulking and weatherstripping is characteristic of low gas savers (Table 9.2). This is consistent with a
growing consensus among building scientists that general caulking and weatherstripping saves little
energy.




Insulation. The installation of most types of insulation is associated with higher-than-average
gas savings (Fig. 9.4).6 Of particular note is the extremely high savings achieved by dwellings that
received either high-density celfulose wall insulation (293 ccf/year savings) or normal wall insulation
(265 ccf/year savings). High-density cellulose has been found to be a powerful technique for
installing insulation and achieving air sealing at the same time. Many crews find that the infiltration
rates of some houses can be cut in half without using a tube of caulk. The secret is careful installing
of high-density cellulose in wall cavities and other places where it really counts. In PY 1989, few
agencies were using high-density cellulose, but the numbers have been increasing since then. Results

from the Fuel-Oil Study corroborate the high energy-savings potential of this new measure.
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Fig. 9.4 Gas Savings of Dwellings that Received Insulation

Attic, floor, rim/band joint, and other envelope insulation are also associated with significantly
higher-than-average gas savings. These high savings are significant even after climate region
differences are controlled in the two-way ANOVA,

These same patterns are found within each of the climate regions in the analysis of high vs
low savers (Table 9.2). Most types of insulation are characteristic of high gas savers in the cold and

6 The average savings for the hot climate region are not shown for wall and rim/band joint insulation, due to low
installation rates which produced sample sizes of less than 10 dwellings.
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moderate regions. In the hot region, floor and first-time attic insulation are particularly common
among high gas savers. Normal wall insulation and rim and band joint insulation also are
characteristic of high electricity 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 heater measures, and water-
heater temperature reduction. Most studies indicate that these measures i)mduce 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 the repertoire of high-
performing agencies, which extends beyond building envelope measures.
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Fig. 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
mean values shown in Fig. 9.5, however, indicate an overall increase in gas use following the
replacement of water heaters. This may reflect the installation of gas water heaters in place of faulty
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or inefficient electric models, resulting perhaps in lower overall energy use but higher gas
consumption.

The region-by-region analysis indicates a preponderance of water-heater measures among
high gas savers, both in the cold and moderate regions (Table 9.2). Within the hot climate region,
water-"ieater measures are not characteristic of high gas savings, perhaps because in PY 1989 water-
heater 1-easures were rarely installed by local weatherization agencies in that region (Table 4.1).

Water-heater measures do not characterize high electricity savers (Table 8.2), 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 treatments shown in Fig. 9.6 are
associated with significantly higher-than-average gas or electricity savings. The most common
measure in this category is storm windows, which were installed in more than one-third of all
dwellings weatherized in PY 1989 (Table 4.1). Nationwide, gas-heated dwellings that received storm
windows averaged savings of only 131 ccf during their first year after weatherization, compared with
143 ccffyear savings for dwellings that did not receive storm windows. Indeed, in the cold region, the
differential is even greater: 109 ccf/year for the 616 dwellings that received storms, and 172 ccf/year
for the 305 dwellings that did not. As Table 9.2 indicates, storm windows are characteristic of low
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Fig. 9.6 Gas Savings of Dwellings that Received
Window and Door Measures
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savers in the cold region. The overall pattern of savings associated with storm 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 £as use is not
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 replacements, 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 replacements are associated 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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None of these measures emerge as significant in the analysis of the hot region, in part because
only 2% of the dwellings weatherized in that region received a heating-system measure of 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 significance, it is
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 electrically heated dwellings, and as a result
they do not correlate with high savings in these homes.

Mobile Home Measures. None of the mobile-home measures shown in Fig. 9.8 are associated
with significantly greater-than-average savings. This is consistent with the minimal gas and electricity
savings achieved by mobile homes, in general. It must also be noted, however, that the mobile-home
measures exainined here are used infrequently. As a result, our sample sizes are limited, and statistical
significance is difficult to achieve. Recall that the two most common measures applied by local
weatherization agencies to mobile homes during PY 1989 are general caulking and weatherstripping,
and storm windows (Table 4.1). These measures are associated with average, or below average, '

savings.
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A larger sample and more refined data collection might have identified a positive savings
impact from adding underbelly insulation to mobile homes. Of the 44 mobile homes that received
underpinning or skirting, the average gas savings was 185 ccf/dwelling. Interviews 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 "underpinning”) was added to a majority of these
dwellings. Indeed, the agency-level analysis (discussed in Section 9.2) suggests that mobile home
underpinning/skirting is correlated significantly with agency savings.

9.1.4 Service Delivery Procedures

Just as the use of particular weatherization measures corresponds with high gas savings, so do
many service delivery procedures. None of the service delivery procedures studied here, however,
correlate significantly with electricity savings (Table 9.3). As a result, the following discussion focuses
entirely on gas-heated dwellings.

Client Selection, Investment Criteria, and Measure Selection. None of the methods of
selecting clients or determining investment levels is associated with higher-than-average gas savings
nationwide (Fig. 9.9). However, determining investment levels based on energy use or estimated
savings is almost a significant characteristic of high savers in the moderate region (p=0.08). This
method of directing resources takes advantage of the fact that high energy users offer the greatest
potential for saving energy.

Among the different audit approaches, dwellings that received an integrated envelope/heating
system audit saved significantly more gas — averaging 176 ccf/dwelling. Thus, even though less than
10% of the dwellings employed this method of selecting weatherization measures in PY 1989, the
integrated audit was associated with a significantly high level of savings. This finding supports the
value of DOE's decision to develop a national weatherization audit, which features an integrated
approach to selecting envelope and space-heating system measures, and DOE's new weatherization
rules, which allow the 60-40 rule to be relaxed if an integrated audit is used. It is also consistent with
field studies that have documented high savings when an integrated audit is employed (Sharp, 1993;
Temes, 1990).

Diagnostic Procedures. The use of several diagnostic procedures is consisiently associated
with high gas savings. In contrast, use of these diagnostics has no discernible relationship to electricity
savings, in part because many of the diagnostic procedures are not relevant to electric heating systems
(see Table 9.3 and Fig. 9.10).
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Fig. 99 Gas Savings of Dwellings Based on
Client Selection, Investment Criteria, and Measure Selection

Distribution system diagnostics for system balancing and to find leaks for sealing are
conducted in dwellings with significantly high gas savings of 190 ccffyear. Heating system efficiency
tests also are associated with significantly higher-than-average gas savings (152 ccf/year). Since these
diagnostics are most common in the cold and moderate climate regions, one would expect the savings
of dwellings that receive them 1o be high. The two-way ANOVA indicates that above and beyond
any climate region effect, these three measures are significantly correlated with high savings. In
addition, two of these diagnostic procedurcs are characteristic of high gas savers in the separatc
analyses of the moderate and cold regions (Table 9.3). (Distribution system diagnostics for system
balancing is not significant in the analysis of high/low savers, perhaps because only 129 dwellings
received this measures, in total.) Obviously, the application of these diagnostic tools, by themselves,
does not save energy. Rather, their use is indicative of agencies that employ advanced procedures for
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 are rarely used
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 is not the
case. Further, the two-way ANOVA does not detect any significant correlation with savings after

accounting for climate region differentials (Table 9.3).

9.15



Table 93 Factors Associated with High Gas and Electricity Savings:
Service Delivery Procedures

eated Dwellings

limate Région

| Smalt agency (-) Small agency

Large Agency Medium agency
Large agency (-)
Contractors-only (-)
Mixed in-house crews

and contractors
Heating system Distribution system
efficiency tests diagnostics to find
Heating system safety leaks for sealing
test Heating system

efficiency tests

Integrated audit
Client education using Client education
literature using literature (-)
Total direct costs Total direct costs Total direct costs | Total direct costs

Total materials costs Total materials costs Total materials costs

(-) Indicates a negative relationship between high savers and service delivery procedure.

Client Education. Approximately two-thirds of the weatherization jobs during PY 1989
included the provision of energy-conservation literature to the low-income client (Table 4.5). Clients
who received literature saved an equivalent amount of gas as clients who did not (Fig. 9.11). The
significance of the interaction term in the two-way ANOVA, however, suggests that there are different
relationships across climate regions. Indeed, high gas savers in the moderate region are distinguished
by their more frequent use of energy-conservation literature to help educate clients (Table 9.3). In
contrast, the 526 cold climate clients that received literature saved only 108 ccf/year, while the 267
cold climate clients that did not receive literature saved much more (186 ccf/year). Similarly, the
delivery of client education using literature is characteristic of low electricity savings (Table 9.3).
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Fig. 9.11 Gas Savings of Dwellings that Used
Client Education Procedures

More than three-quarters of the dwellings that were weatherized during PY 1989 received in-
person client education (76%). The 2,035 households that received in-pérson client education saved
126 ccf/year, while the 567 households that did not, saved significantly more (169 ccf/year). The
Iwo-way ANOVA indicates that the negative correlation remains after controlling for any climate
region differentials. This finding suggests that local agencies may not be fully exploiting the
potential of client education, or that is too confounded with other factors to see any effect.

Weatherization Costs. There is a strong relationship between savings and weatherization
costs — both total direct costs and total materials costs (Fig. 9.12). Tota! direct costs of $1.500 or
greater are associated with savings that exceed 250 ccf/year, and the same level of savings is associated
with total materials costs of $1,000 or greater. Interestingly, total direct costs between $1,000 and
$1,500 are associated with approximately the same savings (120 to 130 ccf/fyear) as dwellings with
considerably lower costs. In contrast, the four increasing categories of material costs shown in Fig.
9.12 are each associated with increasing gas savings.

The close association between weatherization costs and savings is corroborated by the
comparison of high and low energy savers (Table 9.3). High gas-savers are characterized by high
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weatherization expenditures within each of the three climate regions. High expenditures are also

characteristic of high electricity savers.
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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 agencies include 32 local agencies
from the cold region, 49 from the moderate region, and 16 from the hot region. Consistent with the
dwelling-level analysis, agencies from the hot region are disproportionately represented by the lower
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 ranges from -118 ccffyear to 530 ccf/year, with a
mean value of 141 ccffyear (Fig. 9.13). The median is somewhat smaller (125 ccf/year) reflecting the
distribution's positive skewness — 3 agencies have extremely high average savings, ranging from 400
to 530 ccffyear, while 12 agencies have modestly negative average savings, ranging from -1 to -118

ccf/year.
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Fig. 9.13 Average Gas Savings of 97 Local Weatherization Agencies

Figure 9.14 shows the distribution of percent gross gas savings for the same 97 agencies.
Gross gas savings as a percent of pre-weatherization gas consumption range from -7.8% to 32.2%,
with a mean and median of 10.9%. Agencies from the three climate regions are distributed quite
evenly across the full range of percent savings, unlike the histogram of gross savings in ccf/year. This
~ reflects the lower levels of pre-weatherization gas consumption in the hot region.
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Fig. 9.14 Average Percent Gas Savings of 97 Local Weatherization Agencies
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Figure 9.15 presents the benefit/cost ratios of the same 97 local agencies. Benefit/cost ratios
range from -0.61 to 4.45, with a mean of 0.99 and a median of 0.77.7

B Cod [ ] Moderate

Mean = 0.99
Median = 0.77
Standard Deviation = 0.98

-0.61 0 0.8 1.6 24 3.2 4.0 4.45

Percent of Local WAP Agencies

Benefit/Cost Ratios

Fig. 9.15 Average Benefit/Cost Ratio of 97 Local Weatherization Agencies

Agency-level mean values were calculated for the full range of possible predictors of energy
savings discussed in Section 9.1. Multiple regression analysis was then used to predict each of the
three measures of program performance: mean gas savings, percent gas savings, and benefit/cost
ratio.

As we have noted above and throughout this report, interpreting the role of individual
predictors of savings is complicated by the fact that these predictors tend (o occur in clusters. For
instance, interpreting the role of the size and age of dwellings is confused by the fact that the colder
climates (with higher savings) tend to have older and larger dwellings. Similarly, interpreting the
impact of household composition on savings is complicated by the fact that the hot climate region
(with lower savings) tends to serve more handicapped and elderly clients.

One way to sort out the impact of individual predictors is through multivariate regression
analysis. Ordinary least-squares regression modeling was deemed appropriate, with forward stepwise
inclusion of independent variables with partial F-statistics that are significant at the 0.05 level. The

agency-level data appear to meet all of the modeling requirements of ordinary least-squares

7' Recall that these distributions are unweighted and are not the best estimate of programwide cost effectiveness,
which for gas dwellings weatherized in PY 1989 is estimated to be 1.06, using the program perspective.
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savings), and Table 9.7 (for cost effectiveness).

Table 9.5 Regression Analysis of Average Agency Gas Savings
Per Weatherized Dwelling

regression. The results are presented in Table 9.5 (for gas savings), Table 9.6 (for percent gas

PRSI
0.156 0.024 6.42% %+
155 33.6 4.61%%*
235 42.0 5.60%*+
228 54.9 4.16%%*
371 135.7 2.74%%
288 66.4 4.34%%*
144 42.8 3.35%%
-48 21.4 -2.22%
-146 37.4 -3.89% %
78 26.2 2.97%
-577 1,917 -3.01*
105 38.9 2.69%*
166 48.5 3,424 %%
-2.52%

0.234
-0.189
0.176
0.228

*, **, and *** indicate significance at a 0.05, 0.01, or 0.001 level, respecti
2 Includes only air leakage control.

vely.

b Includes the following: air leakage control, water heater measures, and windows and doors.
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Each of the regression analyses is able to explain between one-half and three-quarters of the
variance in its dependent variable, and is therefore very powerful. The models are also highly
significant (at 0.001) and include between 7 and 14 significant predictors.

Table 9.6 Regression Analysis of Average Agency Percent Gas Savings

-1.51
13.6 2.54 5.34%%* 0.388
17.3 5.05 3.42% %% 0.277
13.3 3.70 3, 50%** 0.266
16.9 6.77 2.50* 0.184
28.0 12.70 2.21* 0.159
56.9 11.45 4. 07%xx 0.357
7.4 2.16 3.45%** 0.263
-14.8 7.07 -2.10 -0.170
-8.0 2.73 -2.94%* -0.228
12.7 3.37 *3.76% %= 0.269
2_70**#

* #% and *** indicate significance at a 0.05, 0.01, or 0.001 level, respectively.

The first predictor that entered into the stepwise regression analysis of average agency gas

savings is pre-NAC, emphasizing once again the overwhelming importance of this factor. Its

* regression coefficient suggests that for every increase of 1 ccf/year in pre-weatherization gas use, gas
savings increases by 0.156 ccf/year. Pre-NAC is also a significant predictor of cost effectiveness

(Table 9.7).
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Table 9.7 Regression Analysis of Average Agency Percent Cost Effectiveness

0.00101

0.00031

-5.48%*»

3.25%+

1.49 4.79% %%

1.12 0.28 4,02%%* 0.279
2.28 0.88 2.59+ 0.190
1.39 0.49 2.82% 0.185
0.58 0.21 2.73%* 0.177
0.00070 0.00020 3.52%%x 0.249
1.15 0.25 4.50%** 0.336

*, **, and *** indicate significance at a 0.05, 0.01, or 0.001 level, respectively.

# This is a miscellaneous package of relatively uncommon combinations of measures that did not
receive insulation. Eighty-five percent of the households receiving this package had some
combination of the following installed: 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 into account in the model described in
Table 9.5, large agencies tend to save less, and agencies that serve high percentages of mobile homes
achieve higher-than-average gas savings. Agencies that serve dwellings with low rates of household
turmover also save more.

The regression models include many of the weatherization measures that have been

highlighted already as contributing tolhigh gas savings, in particular:

» attic insulation (first time) and wall insulation
« low-flow showerheads
» mobile home underpinning/skirting

»  distribution system diagnostics for system balancing
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« integrated audits.

In contrast, blower door testing to determine cost effectiveness 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 experience lower-than-average savings.

8.3 SUMMARY

This chapter's analysis of factors influencing energy savings was multifaceted: (1) it
examined the savings of individual dwellings and the average savings of different agencies; (2) it
examined absolute savings as well as percent savings and benefit/cost ratios; (3) it employed both
bivariate and multivariate analytic techniques: and (4) it examined the predictors of performance in
each of three climate regions and nationwide. The different approaches produced a consistent
portrayal of the major predictors of energy savings.

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

= cold and moderate climate regions; and

» single-family detached homes.

Partly because of small sample sizes, few additional predictors of electricity 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 with higher-than-average gas savings,
including:

« weatherization of high energy users;

« integrated envelope/heating system audit;

« distribution system diagnostics; and

« heating system efficiency tests.

In contrast, the energy-savings benefits of blower-door assisted air scaling and client education were
not discernible.
Certain weatherization measures correspond with higher-than-average gas savings, including:

» distribution system air leakage control;
« air sealing without blower doors;

« heating system replacement;

« attic insulation (particularly first-time);
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» wall insulation (particularly high density);

+ floor insulation;

» water heater tank insulation, pipe insulation and temperature reduction;
= furnace replacements; and

» mobile 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 be the subject of the Single-Family Study's on-
site field work,
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10. SUMMARY AND CONCLUSIONS

This chapter summarizes the findings of the Single-Family Report (Sections 10.1 through
10.7) and offers several recommendations for future operation of the Weatherization Assistance

Program (Section 10.8).

10.1 DESCRIPTION AND CHARACTERIZATION OF THE SAMPLE
10.1.1 Characteristics of Weatherized Dwellings and Key Subgroups

The analysis of weatherized dwellings underscores the existence of great diversity in the types
of occupants and single-family and small multifamily buildings that received DOE weatherization
services during PY 1989. The dominant markets are clear: most weatherized dwellings are single-
family detached (64%), owner-occupied (66%), are located in the moderate climate region (59%),
have central heating systems (68%), and heat with natural gas (51%). On the other hand, the PY 1989

~weatherized dwellings also include mobile homes (20%), dwellings that heat primarily with non-utility

fuels such as liquid propane gas (13%) and wood (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 clients. Key differences by climate region are:

« Cold Climate: highest household incomes, highest incidence of central heating and
owner-occupancy.

« Moderate Climate: 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.

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

- mmgs_tmm_d_by_uamml_ﬁu vast majority have central heating systems, older
homes than average, many small multifamily dwellings, few mobile homes.

« Dwellings Heated by Electricity: relatively few central heating systems, more air
- conditioning equipment, newer than average.

. i " " - about half have central heating systems, high
percentage use supplemental heating fuels, many mobile homes.
Dwelling and occupant traits also vary by type of dwelling.

«  Single-family Detached Dwellings: largest household sizes, highest incidence of elderly
and handicapped occupants, more reliance on supplemental fuels.
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» Single-family Attached Dwellings: high incidence of central heating, limited use of
supplemental fuels, oldest dwellings, highest income occupants,

« Mobile Homes: smallest and newest dwellings, greatest home ownership, limited gas heat.

*  Small Multifamily Dwellings: heat primarily with natural gas, largest dwellings, lowest
level of home ownership, fewest elderly.

These differences are key to understanding the performance, challenges, and opportunities of the
Program,

10.1.2 Comparison of Weatherized and Eligible Populations

Definitions of income eligibility for the Program vary among the States, but generally range
from 125% to 150% of the federal poverty level.! Program participants and the eligible population
have somewhat different profiles when eligibility is defined as 125% of poverty. Because the
Program tends to serve the needier part of the low-income sector, these differences are more
pronounced when eligibility is defined as 150% of poverty.

Participants in PY 1989 typically had a lower average income than the Program-eligible
population (Fig. 10.1) They also resided in smaller and older homes. In addition. weatherized
dwellings had fewer electric heating systems and relied more on non-utility fuels, such as fuel oil,
propane, kerosene, wood, and coal, than the eligible population. These findings characterize a
program that directs its resources towards the more economically disadvantaged portion of the low-
income population.
| Participants in PY 1989 were more concentrated in the cold and moderate climate regions
than the eligible population, reflecting the higher funding levels of States with colder climates. The
weatherized dwellings also included higher proportions of mobile homes and lower proportions of
single-family attached and small multifamily dwellings than the cligible population. This is the case
even though (i) 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 to be a programwide tendency to
serve mobile homes at higher rates, and small multifamily and attached single-family dwellings at
lower rates than their proportions in the eligible population.

I Some States use 125% of the federal poverty level as the Program eligibility threshold, while others use 150% of

the poverty level. Other definitions, such as 60% of the State's median income, also may be used. Because of
the varying State definitions, the Program-cligible population actually has a mean income that is somewhere
between 125% and 150% of the poventy level.
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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. Weatherization 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 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 retrofits, which were not part of the 1981
Program) were instalied 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 other 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 PY 1989 it included
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much more sidewall, floor, and duct insulation as opposed 1o just attic insulation. These trends are
consistent with a growing body of research emphasizing the cost effectiveness of fumace retrofits,
blower door diagnostics, and insulation: and questioning the ability of storm windows 10 save energy
cost effectively.
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Fig. 10.2 Installation Rates for Selected Weatherization Measures:
1981 and 1989, '

The diversity and complexity of weatherization procedures has increased dramatically over
the past decade. While many agencies still select their clients on a first come-first served basis, others
target clients with greater-than-average potential for cost-effective energy savings. Similarly,
investment criteria have been developed that deviate from uniform expenditures per house to allow
larger investments in dwellings that offer grealer energy-savings opportunities. Program
implementers now have a large menu of diagnostic tools to help guide their weatherization. In
addition, the Program pemmits the use of a variety of methods for selecting weatherization measures,
which allow measures to be better targeted to the specific needs of individual dwellings than occurs
when priority or prescribed lists are used. Recognizing the impact of occupant behavior upon energy
consumption, client education has become an integral part of many State and local weatherization
programs. Finally, quality control has gone beyond visual inspections during monitoring visits, to
include sophisticated measurement and diagnostic procedures.
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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 integrated
envelope/heating system audit (8%). or distribution system 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 installed and the procedures used

during the 1989 Program. Differences across climate regions are particularly pronounced.

« Cold climate region: high installation rates for insulation, water heating, and space
heating measures; low installation rates for storm and replacement windows and doors;
most frequent use of integrated audits and blower door testing; more space heating
diagnostics.

. Moderate climate region: high installation rates for storm windows, space-heating
measures, and air leakage control; most heating system diagnostics and dissemination of
energy literature.

« Hot climate region: low installation rates for wall 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 heating diagnostics.

‘Local weatheﬁzati;m agencies in the cold climate region emphasize many of the measures
and procedures that recent literature suggests will produce the best results (such as integrated audits,
insulation, space heating and water-heating measures). In contrast, housing rehabiljtation measures,
which cannot be expected to significantly lower energy usage, are emphasized most by agencies in
the hot 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 dwellings: high installation 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.

» Electrically heated 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.

. Dwellings heated by “other” fuels: high instaliation rates for mobile home measures;
low instaliation 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 are 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 measures
and procedures also differ across primary heating fuels because reliance on these fuels differs
geographically (e.g., the hot region relies more on “other fuels™) and by housing type (e.g., mobile
homes are rarely heated by natural gas).

Finally, differences across dwelling types are also apparent.

» Single-family detached 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 for storm windows, underpinning/skirting, and cool
seals on roofs; and low installation rates for insulation.

. Smgl:;famﬂy_amgb_c_d_qﬂum high installation rates for space-heating system
improvements, storm windows, and attic insulation; and low installation rates for wall
insulation.

« Small multifamily dwellings: high installation rates for water-heater measures and storm
. 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 types had a high concentration
of advanced diagnostic procedures: single-family detached homes and small multifamily dwellings.

The above profiles indicate that there are systematic variations in the diagnostics and
measures used to weatherize different types of dwellings. These differences are key to understanding
the performance of the Program in its various submarkets.

10.3 ENERGY SAVINGS

For both gas- and electrically heated dwellings, the estimation of heating and cooling energy
savings involved several steps. First, normalized annual consumption (NAC), which is the amount of
energy that would have been consumed in' a year with typical weather, was estimated for a pre-
weatherization year (pre-NAC), and a post-weatherization year (post-NAC), for each 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 homes. The
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 fuels was based on the analysis of gas-heated
homes, with a correction for their different geographic distributions,

2 The Princeton Scorekeeping Method (PRISM) was used to calculate Normalized Annual Consumption,
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10.3.1

Estimates of programwide energy savings are summarized in Table 10.1. On average, cach
dwelling weatherized in PY 1989 saved an estimated 17.6 MBiu's during its first year after
weatherization,? resulting in a 13.5% reduction in total energy usc, 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 10.1 1st and 20-Year Energy Savings of Housing Units

The 1989 Program Resuits

Weatherized in PY 1989

100,188

17.3 1,733,000 34,670,000

18,810 6.2 117,000 2,340,000
18,810 18.9 356,000 7,120,000
79,002 17.7 1,398,000 27,960,000
198,000 16.4 3,248,000 64,960,000
198,000 17.6 3,487,000 69,740,000

Nationwide, the 1989 Program resulted in annual energy savings of 3,487,000 MBw's. At an
equivalence of 5.8 MBtu's per barrel of oil, this represents 601,000 barrels of oil during 1990-91, or
1,650 barrels of oil per day. Over the 20-year lifetime of the weatherization measures installed in
PY 19894 it 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 is approximately equal to the amount of oil that

was added to the emergency Strategic Petroleum Reserve in 1992,

3 MBtu refers to one million British thermal units.

4 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
lifetime of the energy conservation measures included in each package, and (3) the measured gas savings of each

package.
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10.3.2 Gas-Heated Dwellings

Gas-heated dwellings account for 90% of the 4,299 weatherized dwellings for which fuel
consumption records were available, and represent half of the dwellings weatherized by the Program
in PY 1989. Thus, their performance dominates the outcome of this evaluation.

This study's weighted estimate of net savings in gas-heated homes is 173 ccf's or 17.3 MBuwu's.
This represents 13.0% of pre-weatherization gas consumption (Table 10.2). The savings are higher
when calculated as a percentage of the gas used for space-heating purposes during the year preceding
weatherization. Using this as the denominator for estimating percent net savings, the Program saved
an average of 18.3% of the gas used for space heating.

Table 10.2 Gas Savings in Gas-Heated Dwellings

Net gas savings are highest in the cold region (235 ccf's), somewhat lower in the moderate
region (182 ccf's), and much lower in the hot region (91 ccf's). Because pre-weatherization gas use is
highest in the moderate climate region, net savings as a percent of total gas use for this region
(12.4%) is much less than in the cold region (17.7%). Due to the low level of gas use in the hot
region, percent net savings for this region (10.9%) is only slightly less than in the moderate region.
Variations in savings by dwelling type are large and significant for gas-heated dwellings: single-
family detached dwellings (the dominant dwelling type served by the Program) saved over 50% more
than mobile homes.

10.3.3 Electrically Heated Dwellings

Electrically heated dwellings represent 10% of the dwellings weatherized by the Program
during 1989. Thus, they account for a small, but significant fraction of the Program's clients.
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The weighted net savings estimaie for the Program nationwide is 1,830 kWh/year or
6.2 MBtu's/year (at the site) (Table 10.3). This represents a 12.2% reduction in total electricity, a
99 7% reduction in electricity used for space heating and air conditioning, and a 35.9% reduction in

electricity used for space heating.

Table 103 Electricity Savings in Electrically Heated Dwellings

The energy 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-family 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 incorporated the resuits of the National
Weatherization Evaluation's Fuel-Oil Study. The result is an estimate of 17.7 MBtu's saved per
weatherized dwelling heated 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 homes located in the nine northeastern states (22.4 MBtw's per year).

The estimated energy saved by different types of "other” fuels suggests that fuel oil has
contributed more than any of the others. It is the most common "other” fuel among homes
weatherized in PY 1989, and it is used primarily in the cold and moderate regions. Liquid propane

5 Additional energy savings occur at the source of electricity generation, because energy (e.g., coal or gas) is
typically consumed to produce electricity.
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gas is the next most common “other” fuel, but because it is used 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 EIA's evaluation of the 1981 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 lower
savings for electrically heated dwellings than for dwellings heated by natural 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 more like the average in the assessment of the earlier program.

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

weatherization programs.

10.4 NONENERGY IMPACTS

The various nonenergy impacts of low-income weatherization programs 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 been reached.

Table 10.4 lists the nonenergy benefits that were monetized in this study. Additional benefits
that have not been assigned a dollar value include: thermal comfort improvements, indoor air quality,
benefits of increased nonenergy expenditures, and savings associated with fewer residential moves.
Thus, the dollar value used here for nonenergy benefits ($976) is conservative.

The methods used here to estimate the value of nonenergy impacts varied. Estimates of
environmental benefits relied 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 SO,, NOy, and
CO,. Estimates of employment benefits combined a literature 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 structure of the job market for weatherization workers.
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Table 10.4 Net Present Value of Nonenergy Impacts of the
Weatherization Assistance Program

3 The net present value of the environmental benefits was calculated assuming a 4.7% discount
rate and a 20-year lifetime. The other nonenergy benefits occur only in the year (1989) in
which weatherization occurred and, therefore, do not require discou