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Long Term Study of Pennsylvania’s Low Income UsagReduction Program:
Summary of Key Findings

Pennsylvania’s Low Income Usage Reduction ProghatdRP) is a statewide program
designed to help low-income households reduce tlegiergy bills and energy
consumption through weatherization and educatidme Pprogram is overseen by the
Pennsylvania Public Utility Commission and implerngehby individual electric and gas
distribution companies. Households with high ggebill arrearages and high energy
consumption are targeted for services. Since thgram’s inception in 1988, over $330
million have been spent on weatherization treatsémt more than 292,071 households
in Pennsylvania.

Ongoing evaluation has been built into the LIURPogess since its initial
implementation. Accordingly, companies collectadah each LIURP household for the
thirteen month period prior to and following thestallation of weatherization treatments.
These data are reported to the Pennsylvania Publity Commission on a yearly basis.
This report analyzes data for all households rengiIURP from 1989 through 2006.
Our analyses concludes that LIURP is a cost-effeatnethod of reducing both energy
consumption and energy bill arrearages but theadsis room for possible modifications.
The following is a summary of the key findings:

Profile of LIURP Households

* The head of the typical LIURP household is a 47 y#d white female, with a
high school diploma, who owns her home. She eannaverage annual income
of nearly $12,000 and has an arrearage on hergbékg

 The average energy burden for LIURP households5i8 percent of annual
household income, compared to 4 percent for alsabalds nationwide.

Reduction of Energy Consumption

» Sixty-nine percent of LIURP households reduce themergy consumption
following weatherization treatments, with an averagduction of 16.5 percent.

* Thirty-one percent of LIURP households experienae ahange in energy
consumption or increase their energy consumptitiaviing weatherization, with
an average increase of 19.9 percent. This isregfdo as the “rebound” or “take-
back effect,” and has been attributed to a vamdtfactors, including correcting
heating levels in households that did not heat gngporior to weatherization, and
increases in family size.



e Small multi-unit households are most likely to ie@se their energy consumption
following weatherization.

* Households receiving gas heating jobs are leastylito increase their energy
consumption following weatherization.

» The greater the energy consumption in the pre-veeattion period, the greater
the potential for energy savings. The amount afsebold energy usage in the
pre-period is one of the factors most strongly eisged with reductions in energy
consumption.

» The greater the energy bill arrearage in the praagethe greater the reductions
in energy consumption.

« The more residents in the household, the less #uuction in energy
consumption.

Energy Conservation Treatment Measures

The most common measures used in the various weztien jobs are:

Installation of more efficient lighting and lighgrfixtures

Pipe insulation

Walk-through or pre-weatherization energy auditsheut blower doors
Faucet aerators installed in either the kitchebath

Miscellaneous chimney, window and electrical repair
Removal/replacement of old refrigerators/freezeath energy efficient models
Installation of low-flow showerheads

Furnace maintenance

* Removing or replacing inefficient refrigerators @meezers is the greatest
contributor to reductions in electric energy conption.

* Installing more energy efficient lighting is assaieid with reductions in electric
energy consumption.

Costs of Weatherization Measures

The greatest amount of variance in energy usage fr@ to post-period can be explained
by examining the costs of the weatherization ané@rggn conservation treatment
measures, as opposed to the actual use of them.

» Side wall and attic insulation costs are positivabsociated with reductions in
both electric and gas energy usage.



Reductions in Arrearage

» Of those households with energy bill arrearageget@ent reduce their arrearage
following weatherization services.

* Thirty-seven percent of electric industry houseblolgduce their arrearage,
compared to 54.4 percent for the gas industry.

* The number of residents in the household is neglgtassociated with reductions
in arrearage.

Enerqgy Conservation Education

 Remedial energy conservation visits for househdldd fail to reduce their
energy consumption are effective at reducing tkeedund” or “take-back” effect.
Without such visits, the rebound effect could bestderably higher.

 The most effective education services are those dla provided as in-home
visits.

» Because the number of people living in a houselsfegatively associated with

both reductions in energy consumption and arrearagecation should involve
all members of the household.

Other Findings

» Hispanic households may be underrepresented in BPIURThe number of
Hispanic households in poverty has increased ientegears while the number of
households in LIURP headed by Hispanics has desdefasm 2.3 percent to 0.7
percent.

What Works and What Does not work

Our study finds that the following contribute towaeductions in energy consumption:
» Change outs of inefficient refrigerators and fresze
» Side wall and attic insulation

» Installation of more energy efficient lighting



Targeting single family households with high energage and/or energy bill
arrearages

In-home educational visits

Remedial energy conservation visits for househtids$ are not reducing their
energy consumption

The following do not contribute to reductions ireegy usage or arrearage:

Furnace maintenance

Window and door treatments, and repairs (for dlebiseload jobs)

Policy Recommendations for LIURP

LIURP is a cost effective and successful at meeiisggoals of reduced energy
consumption and energy bill arrearage. Howeveth wiodifications designed to reduce
the rebound effect and to reach a greater numbeligible households, LIURP can be
even more effective. With this in mind, we reconmah¢he following:

Explore methods for adjusting the percentage of fdueral poverty level to
determine eligibility for LIURP.

Explore what percentage of reduced arrearage is tdueeduced energy
consumption and what is due to education, recdipssistance such as LIHEAP,
or participation in CAP. Doing this would requiaglditional data gathering in
order to have complete information on energy aescH.

Specifically tailor energy conservation educationatddress the rebound effect
and involve all household members. Companies shdotdis on in-home
education rather than mailings or telephone calls.

Explore methods to increase public awareness afie¢le for energy conservation
in general and the existence of LIURP in particular

Examine the LIURP outreach and referral processefmh company. Compare
LIURP participants to census data for each seraiea to determine if any groups
are underrepresented or not being reached. If@apanies should make efforts
to include these households in LIURP.

Place more emphasis on cooling needs in LIURP.



Conduct a detailed study of a sample of LIURP hbakks to gain a better
understanding of behavioral impacts on energy awasen, and other factors not
currently recorded in the LIURP database or reploote an optional basis.

Examine LIURP itself for what changes may be needdte data collection and
reporting in order to answer relevant policy queasti

Study the pilot programs of various companies te genew techniques are
working that should be adopted by other comparmied,encourage companies to
share information on the impacts of new or expentale weatherization
measures.
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Section |
Introduction

This report examines the Low Income Usage Redu®mgram (LIURP) as one option

for meeting Pennsylvania’'s need for energy efficiemand conservation. LIURP is a

utility-implemented weatherization program aimedratlucing the energy usage and
utility bill arrearage of Pennsylvania’s low-inconp@pulation. This report analyzes
LIURP’s performance from its second year of oper&t{1989) to the most recent year
for which there is complete post-weatherizatiorad2005). Based upon the results of
these analyses, the report offers recommendatasrentrgy policy in Pennsylvania.

The Low Income Usage Reduction Program

The Low Income Usage Reduction Program (LIURP) ssadewide, utility-implemented
energy conservation program mandated by the Perarsgl Public Utility Commission
(PUC) and administered through its Bureau of Coresugervices (BCS). The goals of
the program are:

1. To assist low-income residential customers in comsg energy by reducing
their energy consumption.

2. To assist participating households in reducingrtéeergy bills.

3. To decrease the incidence and risk of customer paymelinquencies and the
attendant utility costs associated with customeeamage and uncollectible
accounts.

4. To reduce residential demand for electricity and @ad peak demand for
electricity.

To meet these goals, LIURP is targeted toward lmveine households with the highest
energy consumption. Of these households, thosk pdtyment problems and high

arrearages are targeted. Since the program’stinceim 1988 through 2006, the major
electric and gas companies required to participatdURP have spent over $330 million

to provide weatherization treatments to more th@8,@71 low-income households in

Pennsylvania. The majority of LIURP jobs (89.3qmst) are performed by the electric
industry. While electric industry jobs outnumbersgobs by nine to one, the electric
industry spends approximately twice as much ongneonservation as does the gas
industry.

It is expected that LIURP services will reduce gyeconsumption, thereby reducing
energy bills and easing payment problems, whichumm reduce the collections and

! Data from 1988 was considered trial data durirgjtitial implementation of the program and is ast
complete as later data.



termination costs for companies. By reducing thesss, the level of rate increases for
all utility customers may also decline. There als® many other societal benefits from
reduced energy demand, discussed elsewhere iretiost.

Eligible LIURP households must have utility-provitleeating service in their homes and
must have an annual income at or below 150 peufethie federally established poverty
level? Utility companies install weatherization treatrtseimtended to reduce household
energy consumption and repair existing housing agfegrovided the condition of the

dwelling does not pose a hazard to the safetyeisbrk crew. Companies also provide
programs to educate customers on how to consemggnrefer eligible customers to

payment assistance programs, and coordinate semitle other energy companies when
necessary.

Evaluation of Data

Evaluation has been an integral part of LIURP simgenitial proposal. In accordance
with this requirement, each participating companystrsubmit to the BCS on a yearly
basis information on each weatherized householdudmg full pre- and post-year
energy usage and bill payment data. Because aypastis required for effective
evaluation, the most recent data available foryammalin 2008 (the year in which this
report is being prepared) are for households weiadteduring the 2006 calendar year.

All data are passed through several screening guves before being included in
analyses. Consequently, not all of the data subdiby companies makes it into the
analyses due to missing variables or incompleterimétion. In order to strengthen the
statistical integrity of the results, analyses eomducted on an individual case level.
Depending on the specific variables essential th eaalysis, extreme outlier values for
those variables are also removed from analysisréMietailed information on the data
screening process is included in the section onRRUhousehold characteristics.)
Therefore, the amount of cases available for eaalysis varies due to the completeness
of the information for those variables requiredtfoe analysis.

Throughout this report, reference is made whererggpiate to several past studies
conducted on the LIURP program, as well as to olitkemature on energy conservation.
Also, due to the unique nature of its dithe PECO Energy Company (PECO) is
sometimes analyzed separately from the other eneogypanies. Whenever PECO
differs substantially from the other companiess tiifference is noted.

2 Companies do have some flexibility to provide &==s to a small number of households that are ot a
below 150 percent of the federal poverty level.

® PECO is a dual service provider—providing bothcele and gas service. Because of this, and other
factors unique to PECO, their LIURP jobs are catiegd by a different set of codes than other congzan



The Need for Energy Conservation

The need for energy conservation cannot be overstaor is it new in the United States.
Research has called for government policies didecteward reducing energy
consumption and increasing energy efficiency satceast the 1970s.By reducing the
demand for energy in the present, energy conservaind efficiency programs are the
most cost-effective method of ensuring more energyhe future. Conserving now
reduces construction costs for new energy fadglitleelps reduce utility rate increases,
and ensures greater energy reserves for future Beeluctions in energy consumption
and increased efficiency of current energy useatse the most effective, quickest, and
relatively inexpensive method for reducing greerdgolgas emissions. While most
policies designed to reduce greenhouse gas enssarendirected toward transportation
and industry, most experts agree that approximd@lpercent of gas emissions in the
United States come from commercial and residehtidtlings. Therefore, it is essential
to have energy conservation and efficiency progréaiered specifically to buildings
and residences.

The Need for Low-Income Energy Usage Reduction Rarog

There are several approaches to meeting the homeegyemeeds of low-income

households in the United States. One approach @dvide monetary assistance for
paying winter heating bills. Another is weathetiaa and other modifications to the
housing structure to reduce energy consumptionheilOapproaches include educating
households on how to change their energy consumpbhavior and the promotion of
more energy efficient technologies.

To date, payment assistance for energy bills hpgdlly received the most funding,
although such assistance is often just a temposatytion. Education is sometimes
dismissed by experts as being ineffective, or diffito measure in terms of its impacts.
Recently, attention has been focused on promotawg energy-efficient technologies,
often not accessible or affordable to low-incomeideholds with substantial needs for
energy conservation. Most experts agree thathénlong run, the approach with the
greatest impact for low-income households, as wvasll many other households, is
weatherization.

* According to the American Council for an Energyi&ént Economy, since 1970 energy efficiency has
met 77 percent of the demands for new energy seimiche United States, while new energy supplies
provided for the other 23 percent of new energyise demands (Prindle, 2007).

> Depending on which factors are taken into accastnties generally estimate between 38 and 51 perce
of greenhouse gas emissions come from buildingsorling to Hal S. Knowles, in a paper presented at
the 2008 International Emission Inventory Confemsnbuildings in the United States account for 48
percent of annual greenhouse gas emissions, witheBéent of direct energy related to greenhouse gas
emissions and an additional 8 to 12 percent of €onis related to the production of materials used i
building construction. The residential sectorhivitthe United States specifically consumes appnaiely

20 to 25 percent of primary energy use, accourfiimgabout 50 percent of the gas emissions with: th
U.S. buildings sector.



In recent years, many energy efficiency programsehb@een made available to
consumers. However, the low-income sector of thpution faces many barriers to
participating in these programs. A review of enemfficiency and conservation

programs offered by utilities and other organizagidinds that most of these programs
are available only to households with good paynéstories®

Low-income households rarely have the expendablaemdo afford energy efficient
retrofits to their homes, and many have poor payrhestories and thus are not eligible
for the programs they desperately need. Becawes®ethomes are often older and less
energy efficient, their energy usage may be higtiem other homes, while the
household’s available income for paying for enenggige is less. The average growth in
energy bills among low-income households exceeds @mresponding growth in
income. Only weatherized homes are, on the aveedde to buy as much energy now as
they did six or seven years ago without spenditagger portion of their incomé.

An Economic Opportunity Study in 1990 found that@cent of U.S. households (27.9
million) were qualified for federal energy assistan According to the Energy
Information Administration, this percentage increh$o 33.8 in 2001 and has since risen
to 38.6 percent in 2005. Two programs meet moghefenergy needs of low-income
households nationally. LIHEAP is designed to ddsis-income households with their
heating bills, while federal weatherization progeafWAP) are available to promote
energy conservation. In 2004, the average anmgahe of LIHEAP and WAP eligible
households was estimated at $22,428, comparedt8H5bfor all U.S. households.

It is not surprising that the low-income populatioas payment problems when it comes
to their utility bills. To put this in perspectivepnsider the concept of energy burden.
Energy burden is defined as the percentage of anncame that goes toward paying
energy bills. In 2004, the average household enUhited States paid 3 to 4 percent of
their income toward their energy bills, whereas-loesome households paid an average
of 13 to 19 percerft. Energy burden varies by area of the country. tRermid-Atlantic
region, where Pennsylvania is located, the eneuggldn was 19 percent for low-income
households in 2006, compared to 17 percent in 200& 1994 study on natural gas
heating bills, Osterberg and Sheehan concluded“#rergy burdens are much more
important to examine than energy bills.”

Under these conditions, many low-income familiesstinthoose between paying their
utility bill and paying for other essential billach as rent, mortgage, food, medical care,
schooling or transportation. In many situationgs isimply impossible for low-income

® Our review of energy conservation and efficiencggrams offered by utilities and other organizasio
consisted of reviewing the eligibility criteria agbplication forms in both program brochures antinen
web sites.

" See “Low-Income Consumers’ Energy Bills and EneBgyings in 2003 and FY 2004,” a report by Meg
Power for the Economic Opportunity Studies group.

8 These percentages are a general range found litettaéure. Some researchers show this figurestas
high as 27 percent for specific subgroups of tkeiloccome population, depending on their source of
income. See Oppenheim and MacGregor (2000), “Laerime Consumer Utility Issues; A National
Perspective” for a more detailed discussion.



households to pay all of their utility bills. Thus,is generally agreed that these high
energy burdens result in non payment of utilityshivhich result in arrearage, possible
termination of service, and increased collecticsts for companies.

Energy burden is not uniform among the low-incorbat varies. For low-income
households with the highest energy burden in 1880average annual residential energy
expense was $1,175. However, this group had lthaer-average income, only $5,419,
compared to $10,048 for all low-income householBsr this group, the energy burden
was 30.1 percent.

So far, our discussion has focused mainly on lovaine households. At times we have
specified those households with annual incomes belmw the federal poverty level. It

is generally recognized that there are substamushbers of households above the
poverty line in need of energy assistance and ceasen services, which, although not
officially living in poverty, are still, for all pactical purposes, “low-income.” A study by
the National Consumer Law Center concluded thatggnieill payment problems are not

strictly the result of low-income or high energygs’

Several reports for Economic Opportunity Studiesehalso noted this, discussing the
concept of “fuel poverty” as opposed to povertglits Fuel poverty is fundamentally a
result of the quality and costs of housffigAs such, fuel poverty is not exclusive to the
low-income but extends to many other families. 2005, 36 percent of the fuel-
impoverished households had incomes higher thafettexal poverty level. Further, 39
percent of the households living in fuel-povertg Aeaded by residents who are 65 years
of age or older, and half of these live alone. Tard is significant because the elderly
population of the United States is rapidly incragsand only 7.3 percent of the elderly
eligible for assistance such as LIHEAP in 2003 altyureceived it* Further, many
households which would not generally be considéredincome also face circumstances
which make it difficult for them to pay their engrjills.

Weatherization services are often seen as thesbadion for households living in fuel
poverty. As Power and Clark (2005) state, “Thera ifar stronger connection between
housing [condition] and the incidence of energydships than between income and non-
payment of bills.” Their findings emphasize theddor roof repairs and electrical work
as weatherization investments. Weatherization ywresl savings in the form of avoided
consumption and lower energy bills, or by diminnghincreases in energy consumption
that would otherwise occur. Power and Clark camelthat “a home in good repair is

® See “Utility-Financed Low-Income Energy Conserwati Winning for Everyone,” a report published in
1991 by the National Consumer Law center.

1% The figures on Fuel Poverty noted in this paragrage from Meg Power’s “Fuel Poverty in the USA:
The Overview and the Outlook,” published in the Bla2008 issue of Energy Action.

1 See Bruce Tonn and Joel Eisenberg's “The AgingRdulation and Residential Energy Demand,” a
report published in 2007 in Energy Policy. Thipad also finds that elderly persons generally mege
residential energy than younger persons.



significantly less likely to run up bills beyondethiesident’'s means? In fact, a 2001

study by the U.S. Department of Energy concludes tlow-income families who

receive weatherization have a lower rate of defanltheir utility bills and require less
emergency heating assistanég.”

The benefit of weatherization services are notijeksited to reduced energy consumption
and bills, or reduced collection costs by utilitieBhese services are usually administered
through a network of local agencies and subcordract Thus, weatherization programs

produce jobs in the local economy. Additionallygatherized homes provide a healthier
environment for residents. To the extent that kasican avoid service termination and

resorting to unsafe alternate sources of heat,@shfety is increased. Further, as the
quality of housing stock increases, property valresimproved.

The Increasing Need for Energy Assistance in Pdnaisia

Pennsylvania has the sixth largest population i@ United States. However, its
proportion of elderly residents is the second large the country. While the number of
elderly is growing, the Commonwealth’s populatioastremained relatively stable at
about 12 million since 1974. In addition, its housing stock is also agingnc®i 2000,
Pennsylvania has ranked as the sixth lowest statgew housing construction in the
country®® It is not uncommon in Pennsylvania for paymemtulled, low-income
families to live in substandard housing. Bothloéde trends have strong impacts on the
growing energy burden of Pennsylvania’s low-incomepulation, the percent of
households in fuel-poverty, and the increasing rfee@nergy conservation and energy
efficiency in general, and for weatherization segegiin particular.

Although Pennsylvania has a number of energy efficy initiatives, there is room for

considerable improvement. In many ways Pennsydvdags behind its neighboring

states in the northeast and mid-Atlantic regionmensging less per capita on energy
efficiency than either New Jersey or New YOPk.Further, while New York and New

Jersey are fifth and sixth on the list of the n@8oleading cost-effective energy

efficiency programs, Pennsylvania is the only statéhe northeast not to have Energy
Efficiency Public Benefit Funds.

12 These quotes are from a paper presented by MegerPawd Jennifer Clark at the National
Weatherization Training Conference, 2005: “Weattaion-Plus for Payment-Troubled Energy
Customers: Can It Solve Utility Bill Collection Ryi@ms?”

13 The study, “Weatherizing the Home of Low-Incomenio Energy Assistance Program Clients; A
Programmatic Assessment,” by Bruce Tonn, Richattrayer, and Sarah Wagner, finds that the need for
LIHEAP does not diminish, but the need for crisiads does.

1% These statistics are from the 2000 census. $iec&990's, Pennsylvania’s population growth rdt8.4
percent is higher than only two other states — Wesfinia (0.8 percent) and North Dakota (0.5 petye

!5 Data on housing stock and new construction aren feo 2007 report by The Pennsylvania Housing
Research Center, “Potential Benefits of ImplementanStatewide Residential Energy Efficiency Program
in Pennsylvania.”

1 Figures reported by Liz Robinson, Executive Dioecbf the Energy Coordinating Agency in
Philadelphia, at the ACI Pennsylvania Home Energguf in Harrisburg, September 5, 2007.



As of the last census update, Pennsylvania hasndldn households. Of these, 4.6
million have electric utility service and 2.7 milh receive gas heating bills. LIHEAP
and WAP service approximately 4,000 low-income letvadds in Pennsylvania each
year, reducing their heating consumption by 20 Sop2rcent.” Still, it is difficult to
keep up with the demand for services. In AuguBQ72 a report by the state Auditor
General’'s Office found that it would take up to enipears to clear the backlog of more
than 9,000 applicants for weatherization servicemfWAP* in Pennsylvania. This is
partly due to management problems discussed elsevim¢his report, but is also due to
the fact that need for energy conservation seniit@®ases faster than the resources to
meet it.

The average heating cost in Pennsylvania in 2065342400. By 2007, this cost rose to
$1,800. These increases have significant impantdow-income households. For
example, between 1999 and 2007, the average lawrachousehold heating costs in
Philadelphia rose from $711 to $1,877, resultingnoreased bill payment problems and
more need for energy assistante.

The passage of Chapter’i#y the Pennsylvania Legislature in 2004 has atsaributed

to the number of households in need of assistai@iwapter 14 essentially reduced the
number of consumer protections and made it easreutility companies to terminate
service to low-income householtfs. In fact, the number of electric, natural gas and
major water utility terminations in Pennsylvaniar@ased from 181,695 in 2004 to
283,598 in 2005 According to the Pennsylvania Public Utility Coission’s Cold
Weather Survey, 13,762 households entered the woft008 without heat-related
utility service.

About the same time that the impacts of Chaptevdre being studied, the Pennsylvania
Public Utility Commission voted in September, 20@6initiate an investigation into
demand side response (DSR), energy efficiency amdervation needs and advanced
metering infrastructure. This investigation wasrésponse to rising energy prices and
their impacts on rates paid by utility customer$he objective was to identify and

' These figures are from a presentation given byid@&arroll, of the Applied Public Policy Research
Institute for Study and Evaluation, at the ACI Pgylmania Home Energy Forum in Harrisburg, September
5, 2007.

18 WAP refers to the federal Weatherization AssistalRmogram.

¥ Figures reported by Liz Robinson, Executive Dioecbf the Energy Coordinating Agency in
Philadelphia, at the ACI Pennsylvania Home Energgufn in Harrisburg, September 5, 2007.

% Chapter 14 was added to Title 66 utility regulasidy Act 201, which went into effect December 14,
2004. The intent of the Act was to “protect resgpible bill paying [utility] customers from rate ir@ases
attributable to the uncollectible accounts of cosos that can afford to pay their bills, but choosg to
pay.”

%L See, for example, “Final Report: Inquiry into fheplementation and Correctness of Act 201,” pulgish
in 2007 by Joseph Rhodes, Jr. Rhodes concludesidh only was Act 201 not necessary, but it Hes a
created an “unfair and potentially dangerous setutes for utility service terminations, connectoand
reconnections” and threatens the “fair and balameedision of utility services in [Pennsylvania].”

%2 From the Pennsylvania Public Utility Commissiord30nnual Activity Report.



recommend cost-effective energy conservation affidiexicy policies that could be
implemented in Pennsylvanfa.

Part of the emphasis for conducting this invesitgathad to do with the fact that
electricity rate caps in Pennsylvania are curreetlgiring. These rate caps have already
expired in several neighboring states, resultinguibstantial rate increases. For example,
when rate caps expired in 2005 for Baltimore Gas BElectric, electric rates rose by 70
percent. In Delaware, residents experienced ae6ept rate increasé.

As this report is being prepared, rate caps haperexk for 15 percent of Pennsylvania’s
electric customers. Customers of Penn Power hleady experienced a 30 percent
increase in rates, while customers of UGI utilieeperienced a 35 percent increase, and
customers of Pike County Light and Power receivetDgoercent rate increase. The
remainder of Pennsylvania residents will experierate increases due to the removal of
their rate caps in 2009 and 2010. As noted irPthiglic Utility Commission’s December
2008 report on the implementation of Chapter 14 turrent projections for rate
increases are cause for concern when combineddwitmishing purchasing power for
customers in our recent economic climate. Thes®ifga make it more challenging and
difficult for the electric industry to manage itsllection performance and co$ts.

Taken together, the aging population of Pennsybjathie reduced consumer protections
of Chapter 14, and the removal of rate caps farteteutility service, framed against the
background of global warming and diminishing energgerves, point to a strong need
for increased emphasis on energy conservation fiicteBcy services, especially for the
low-income population of Pennsylvania.

% The information on this study is taken from a preation by Shane Rooney of the Pennsylvania Public
Utility Commission, given at the ACI Pennsylvaniarie Energy Forum in Harrisburg, September 5, 2007
24 The information presented here on the expiratibmate caps is taken from the lead article in the
November 2007 issue of Etcetera, the CET Engingéfiewsletter.

% See page 38 of the Pennsylvania Public Utility @ossion’s Second Biennial Report to the General
Assembly and the Governor Pursuant to Section l4dfplementation of Chapter 14, published in
December, 2008.



Section I
The LIURP Study Data Set and Regression Models

The Data Set Used in this Study

In order to evaluate any changes in energy consammr payment behavior for
households in LIURP, we need at least a full ydadaia for both the pre- and post-
weatherization period, including monthly energy smption, bill amounts, payment
history, and arrearage amounts. However, as rintédichael Blasnik in a 1989 paper
on attrition bias, “Consumer fuel savings evaluatimethodologies require more
consumption data than are available for many ppatts in low-income weatherization
programs. These data requirements often leadnplsaattrition rates greater than 50
percent.” Hence, it is not surprising that alltlbé 292,071 households receiving LIURP
services between 1989 and 2006 are not suitablenfallyses. The most common reason
for a job being excluded from analyses is the r@pgrof incomplete data. This can
happen for a variety of reasons, such as the holtseltcupants moving before the
LIURP data gathering period is o%&mwr otherwise being dropped from the program
before the LIURP job is complete, or simply becaosécomplete or unreliable record
keeping on the part of the LIURP provider. Commeasons for being dropped or
excluded from analyses include an insufficient nemif meter reads or non-continuous
service due to service terminations.

Another requirement for inclusion in analyses iatthll energy usage reported for a
household must be weather-normalized. Weather riatian is a process by which
energy usage figures represent the amount of ertbegywould be typically used from
year to year in the same location, controlling ¥ariations in weather that might occur
from one year to the next and result in abnormialy or high energy usage. In other
words, it is a method for determining how much ggewould be used if weather
conditions were the same in both the pre- and p#RP periods. This process thus
removes the impact of weather on variations in mggloenergy usage. There are several
methods available for weather-normalizing energyscmption. Companies can use any
of these methods as long as both the pre- andpeoitd usage is normalized using the
same technique.

To ensure that the same households are includgtkimajority of analyses for both the
pre- and post-weatherization period, we excludedhauseholds that were missing key
variables necessary for our study in either peridde also excluded households where
the company reporting the data indicated that dilnetting was leveraged with LIURP to
complete a job. After this screening process waspteted, the data set for this study
consists of 164,871 households, or approximatelp p@rcent of the total households

% A household receiving LIURP is assumed to have edower otherwise experienced a change in
composition when the ratepayer on record changeiss@ figures indicate that the low-income residént
mobility rate is around 24 percent yearly.



weatherized by LIURP. All of the analyses in treport are run on the households in
this data set.

The complete study data set is not used in alhefanalyses contained in this report.
This is because not all variables are reported éieery household, and “missing”
variables are removed from specific analyses tbatdd on that specific variable. For
example, if all of the variables are reported fa@ivwen household except for the number
of rooms in the home, this household would be idetlin most analyses but excluded
from any reporting that involves the number of redfm Therefore, each individual
analysis in this report is run for the total numbéhouseholds for which the necessary
variables for that particular analysis are avadablHowever, 92,361 households are
common to the majority of analyses in this reporthis represents 31.6 percent of the
total number of LIURP households (292,071), andpB6cent of the study’s data set
(164,871).

Most of the statistics cited in this report, unlesiserwise indicated, come from the above
described data set. Some variables reported in BIUfRe excluded from specific
analyses because of coding changes implementetieindata gathering process for
households receiving LIURP services as of Januar20D0. In some analyses it is
possible to use variables for the entire period289 through 2006 and in other cases it
is not. Therefore, some analyses are run on aeswbigthe study’s data set. Further,
some variables are optional and not reported bycathpanies. These “optional”
variables allow for another subset of data for gsed (these analyses are indicated as
such in the text of this report). Finally, the IRB program has undergone periodic
reviews, during which variables have been addedeteted, providing a basis for yet
another subset of the study’s data®et.

Regression Models

To determine which factors are positively and niegit associated with reductions in
energy consumption at a statistically significaatdl, we developed several regression
models. Regression models test the relationshipdss various “independent” variables
and designated “dependent” variables. For examioledetermine the relationship
between the number of residents in a householdf@dhanges in energy consumption
from the pre to the post weatherization period, weauld designate the number of
residents in the household as an independent \@riand the change in energy
consumption as the dependent variable. The nuwiesidents would be entered into
the model along with other variables which are dlsmught to impact on changes in
energy consumption, such as the age of the hossingture, the total amount of heated
space, or the type of weatherization measureslledta The results of the model will
identify the degree to which each independent bé&iaontributes to the changes in
energy consumption and the statistical significaotéhis contribution as well as how
much variance in energy consumption between the gmé post-weatherization period

2" More information on specific analyses is preseimetippendix B: Technical Notes.
2 A condensed history of the LIURP program is présgin Appendix A: History of LIURP.
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the overall model accounts for. It is possibleotuserve the interaction of different
variables, and to control for differences in tygen@atherization job and other relevant
factors. We ran the model with various combinatiof variables to get the model that
accounts for, or “explains,” the most variance nergy consumption between the pre-
and post-period. By withholding certain variablesch as weatherization measures, we
can obtain an initial value for explained variané&unning the model a second time with
the weatherization measures added will give udfardnt value. The difference between
the first value and the second value will give asis indication of how much additional
variance in the changes in energy consumption @ased by the addition of the
specified weatherization measures.

We ran our models for the following dependent J@aa: household energy burden,
percentage of the change in energy consumption frempre- to post-period, and the
change in energy bill arrearage from the pre- tst4period®™ Each of these models was
run for several data categories: type of LIURPsjdlgpe of household, industry (electric
and gas), and those households that reduced thneirgye consumption following
weatherization versus those that did not. Eackhe$e models was first run without
weatherization measures, and then with individueasares added. Next, they were run
with measures condensed into the general groupisedefn the LIURP Codeboo¥,
including water-heating, infiltration control, mdbi home, attic insulation, floor
insulation, interior foundation insulation, miseleous/repairs, furnace work, audits, and
appliance/lighting. Each model was also run witle tosts of measures included.
Finally, we ran a separate regression model toreegbe impact of consumer education
programs on reductions in energy consumption oeaaage. (Models run with the
weatherization measure groups did not give manynmgéul results and are not included
in this report.)

Because of differences in the data structure andbla coding, PECO data was run in a
separate model from the other companies and isdnetere results are significantly
different. Finally, the models were also run faclk individual company to identify any
individual company programs that varied signifitgnin its results from other
companies. In general, we do not specify individz@mpanies by name in this report
unless its results vary substantially from the ot@mpanies. Occasionally, a specific
company may be excluded from an analysis for faitorreport correctly coded data for
the necessary variables.

The basic regression model for most analyses iedute following variables: annual
household income, number of residents, amount efeldespace, number of rooms,
normalized energy usage in the pre-period, the amoiuarrearage in the pre- and post-

# Because the regression models are dependent deghee of change in energy consumption or utility

bill arrearage, it is essential that enough datatpde available for these variables to accuratalgulate
annual energy consumption and arrearage levelsis¢tmlds without the necessary number of datagoint
are excluded from the model.

% The LIURP Codebook is produced jointly by the PE@®ureau of Consumer Services and the Penn
State Consumer Information System Project, andhdgfeach variable collected and reported as péneof
LIURP data gathering process, and is updated pedlyl See Appendix B for the general measure
categories, as well as a list of the individual thegzation measures reported for LIURP companies.
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period, the age of the home, whether the home wased or rented, and percent of
energy burder*

Results of regression models are considered tddbistecally significant if their P value
is less than 0.05. The P value represents the @noberror present in determining that
the values observed are more extreme than whatdwamaur just by chance. A value of
0.05 or less indicates that there is 5 percent eréess in the results. Only the strongest,
most significant associations are reported in éxé t Detailed tables for each regression
model are included in Appendix D.

3 prior to running the regression models we ranetation reports for all of the available variabtes
identify which variables were highly correlated lwitne another. In such cases, both variables tdreno
included in the model because their interaction @amfound the results. We ran preliminary regiassi
models with all possible combinations of suitalsiddpendent variables and chose our “basic” modeh fr
the combination that explained the highest degfemidance for each designated dependent variabihs
group of variables resulted in the greatest amofirxplained variance in energy consumption from th
pre- to post-weatherization period.
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Section Il
Characteristics of LIURP Households and Jobs

Type of LIURP Job

Since 1989, LIURP jobs have been performed in dy864 communities, in every
county in Pennsylvania. The highest concentratibjobs in our study’s data set has
been in Philadelphia (23.5%) and Pittsburgh (11.3%Jhere are four types of LIURP
jobs: electric heating, electric water heatingectic baseload, and gas heating.
Baseload jobs are defined as services performegldayric utility companies where the
electricity is not used for heating. The followitaple shows the breakdown of job types
for the 92,361 households that are included inntlagority of analyses, compared to the
total number of LIURP jobs.

Table 1
Number of LIURP Job Types in the Study Data Set
and Percentage of Total Jobs Included in Analyses

Job Type Number of jobs in Number of % of total
majority of analyses | jobs in overall jobs
program performed
Electric Heat 16,489 85,999 19.2
Electric Water Heat 21,764 59,788 36.4
Electric Baseload 28,216 115,058 24.5
Gas Heat 25,892 31,226 82.3
TOTAL 92,361 292,071 31.6

The most common jobs in the study’s data set assifled as electric baseload. The
distribution of jobs in the overall LIURP progras ¢ompared to the distribution in the

study data set in Table 2. As can be seen in hatlles 1 and 2, the gas companies
appear to report many more households with complata that is suitable for analysis.

Thus, a higher percentage of the total number sfhgeat jobs makes it through the data
screening process.

%2 The total number of LIURP jobs in the study daafser each county is included in the appendix.
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Table 2
Comparison of Job Types in the Study Data Set
to Total LIURP Job Types

Job Type Job Types in Majority of Job Types in Total

Analyses LIURP households

N % N %

Electric Heat 16,489 17.8 85,999 29.4
Electric Water Heat 21,764 23.6 59,788 20.5
Electric Baseload 28,216 30.6 115,058 394
Gas Heat 25,892 28.0 31,226 10.7
TOTAL 92,361 100.0 292,071 100.0

Type of Housing

LIURP jobs are available to all types of housingor the purpose of analysis, type of
housing is collapsed into four categories: sinfg@mily detached dwellings, mobile
homes, small multi-family and large multi-family itsx The majority of the treated
housing stock is detached single-family or duplgié&spercent). The category of single-
family homes includes all architectural styles dath single and multi-story structures.
The category of small multi-unit family homes ind&s row housé3

There is substantial variation in the type of LIURBuUsing across Pennsylvania. For
example, only 1 percent of LIURP jobs in Philadépare mobile homes, compared to
15.7 percent for the remainder of the state.

The following table compares the LIURP housing s/pethe study data set to the same
categories for Pennsylvania. It must be noted tHdRP housing information is only for
low-income households, whereas the informatiorPlemnsylvania is for all househofis.
As can be seen in the next table, it is possitdé mhulti-unit housing has been under-
represented in LIURP in recent years, but this astriikely a result of increasingly
effective targeting policies on the part of LIURP¥ders.

%3 Prior to the year 2000 we distinguished betweew momes in the middle as opposed to row homes on
the end, with an exterior wall exposed to the elaisie Analyses of the data for just the years pnd2000
reveal no significant difference in energy savibgsveen end and middle row homes.

3 We were unable to obtain housing type by incormelléom the census Bureau in time to include it in
this report.
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Table 3
Breakdown of Housing Type Receiving LIURP Services
and Comparison to Pennsylvania Housing Types

Housing Type N % Percent for A_II ]
of Pennsylvanid
Single Family 67,011 75.0 53.0
Small Multi-Family 4,375 4.9 22.0
Large Multi-Family 4,956 5.5 20.0
Mobile Home 13,041 14.6 5.0
Total 89,383 100.0 100.0

Type of Housing by Year

The breakdown of type of housing receiving LIURPvE®s has changed over the years.
Overall, there has been an increase in single yahmmes while small and large multi
unit households have decreased to nearly zeromest&IURP jobs (see Table 4).

From 1989 through 1994, the percentage of singlactied dwellings gradually
increased from 40.5 percent to 53.8 percent, whilge multi-unit jobs decreased from
30.4 percent of total LIURP jobs in 1989 to 16.6ceet in 1994, with a low of 11.8
percent in 1993. During this period mobile homesoanted for approximately 20
percent of the LIURP jobs and small multi-units @atted for between 11 and 14.9
percent.

However, beginning in 1995 and continuing until 99there was a shift in the
distribution of types of homes receiving LIURP.n§e family homes jumped sharply to
63 percent in 1995 and continued to rise, whilgdamulti-unit jobs decreased sharply
from 16.6 percent in 1994 to 7.1 percent in 199% @mntinued to decrease, with a low of
0.8 percent in 1998. During this period, mobile lesnaccounted for between 9 and 19
percent of LIURP jobs and small multi-unit homesamted for between 8.6 and 11.8
percent of LIURP jobs.

Beginning in 2000 a third shift occurred in thetdmition of housing types. Single
family homes continued to increase, reaching a liQB7.9 percent in 2006. Mobile
homes continued to account for between 12 and @&@ent of LIURP jobs, but have
held steady at 12 percent for both 2005 and 2@gh small and large multi-unit homes
decreased sharply, accounting for zero or near{zercent of the total LIURP jobs from
2000 through 2006.

% percentages of housing types for Pennsylvanitasien from the Pennsylvania Housing Research Center
2007 report, “Potential Benefits of ImplementindgStatewide Residential Energy Efficiency Program in
Pennsylvania.”
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Table 4
Trends in Housing Type for LIURP Jobs, 1989 to 2006

Housing Type % 1989 — 1994| % 1995 —1999| % 2000 - 2006
Single Family 40 — 53.8 63.3 — 72.2 79 — 87.9
Small Multi-Family 11-14.9 8.6 -11.8 0.1-2.3
Large Multi-Family 11.8-30.4 08-7.1 0-0.04
Mobile Home 14.6 — 22.3 8.1-19.1 12 —19.7

These patterns are the same for all individual comes, with the exception of PECO,
which generally services many fewer mobile homemtthe other companies. The
uniformity of this pattern most likely indicates ancrease in the effectiveness of
targeting policies among LIURP providers. Reseanctlicates that single family

dwellings typically use more energy than multi-urisidenced® In our study data set,

single family homes use on the average 69 percemé ranergy than large multi-unit

households and 37.9 percent more than small muiltifwouseholds. Given that the
greater the energy usage, the greater the potdati@nergy saving®, it makes sense

that LIURP providers target their limited resour@sthose households with both the
highest usage and the greater potential for reglgin energy usage.

Age of Homes Receiving LIURP

The housing stock in Pennsylvania is relatively, etith 80 percent built prior to 1989.
The average age of homes in Pennsylvania receiib@RP is 63.7 years. As with
housing type, the average age of homes receivingREl varies throughout
Pennsylvania. For example, the average age foRPIllomes treated by PECO in the
Philadelphia area is 69.24 years, compared to 5&&ds for the rest of the state.

When LIURP began, it was thought by some prograaiuators that the older housing
stock might be treated first. However, the opmokias been true. Although there have
been fluctuations, overall the age of the housitogksreceiving LIURP has increased

% The 2001 Residential usage Consumption Surveyjumiad by the Energy Information Administration,
finds that single family homes use an average o8 @&rcent more energy than large multi-unit hagisin
residences and 27.2 percent more than small mittihousing residences. In a 2005 paper presdoted
the National Housing Conference in Australia, fouhdt, controlling for socio-economic factors, dag
family dwellings use 18 percent more electricitgritmulti-unit dwellings.

3" This is a common finding in the energy conservatesearch. See, for example, Linda Berry andillart
Schweitzer’'s 2003 repoiftjeta Evaluation on National Weatherization AssiseaRrogram Based on State
Studies, 1993-2002, which states “households vathdr pre-weatherization gas or electric usage will
save more energy once weatherized.”

3 This information is from a presentation on Pernveyia’s housing stock given by Mark Fortney, dicect
of The Pennsylvania Housing Research Center, atAGé Pennsylvania Home Energy Forum In
September, 2007.
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over time. From 1989 to 2006, the average aghehbusing stock increased from 42.6
to 63.7 years.

Size of Treated Homes

There are two ways of thinking about the size efltbmes treated in LIURP. One is the
amount of heated space in the household. The wtilee number of rooms in the house.
Some energy conservation studies have found teatuimber and type of rooms is more
closely related to reduction in energy usage tbéd amount of space. This is especially
true for electric baseload jobs, where the enersggea is heavily determined by the

number and type of household appliances. The ipedeooms that a house contains, for
example, the greater likelihood it will have moedetiisions or computers. The greater
number of bathrooms, the greater the potentialafideeated water. Unfortunately, the

LIURP program does not collect information on tigeet of rooms in a treated house. It
does, however, report the total number of roomseéch home. The average LIURP

home has 6.3 rooms and 1410 square feet of hept®a.s The amount of heated space
for PECO customers is less than for the other comepaaveraging 1220 square feet.
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Section IV
Profile of LIURP Recipients

The LIURP program initially collected a substantahount of information on each
participating LIURP household. However, in an gffim streamline the data collection
process for LIURP providers, many of these demdgca@and social background
variables were changed from *“required” to “optidnéleginning with households
weatherized in the year 2000. Most companies goat to report some, but not all, of
the optional variables until 2004, at which pointlyoa few companies continued
reporting the optional variables. The profile oURP recipients presented in Table 5 is,
except where noted, for required variables.

In general there are no significant differenceswken households that reduce their

energy consumption and those that do not.

Totilites this fact, Table 5 presents

information for the study data set and then forrgye‘'non-saver” households and

“energy saver” households.

Table 5
General Profile of Overall Study group, Energy Savies and Non-Savers
Entire Energy Energy

Study Group | Non-Savers| Savers
Average number of residents 3.0 3.1 3.0
Average household income $11,980 $11,675 $12,496
Percent with utility-bill arrearage 88.8 87 90.7
Percent who own their honfte 68.5 68.1 68.7
Percent who rent their hoffe 31.4 31.8 31.2
Average age of household héad 47.0 44.7 48.1
Percent of white heads of household 80.4 81.8 78.6
Percent with female heads of household 62.0 61.4 .3 64
Percent completed high school or GED 49.1 51.9 48.%
Percent unemployed 38.7 37.6 39.1
Percent Employed full-time 30.3 29.7 30.5
Percent with arrearage on energy bill 87.8 44.9 454,

39 According to the American Community Survey for 80@&onducted by the US census, the home
ownership rate for the US in 2005 was 67.3 perc&he rate for Pennsylvania was 71.7 percent.
0 The reason that owners and renters do not ad@Ggércent is that 0.1 percent of LIURP households

indicate that they neither own nor rent their reaicke.

“I Note that age of head of household is only avkl&r the years 1989 through 2000.
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Taken together, the head of the “typical” LIURP &elold is a 47 year old white female,
who completed high school or obtained her GED, itbee employed full-time or
unemployed, owns her home, earns nearly $12,009q#t and has an arrearage on her
energy bill.

Primary Source of Household Income

The primary source of income for households inghely group is shown in Table*s.
The most common source of income is employmertiéeiull or part-time), followed by
a pension, retirement plan, or social security, ulic assistanc®.

Table 6
Source of Income for LIURP Households

Number of LIURP %
Households

Employment 30,846 42.2
Pension/Retirement/Social Security 12,030 16.5
Public Assistance 8,639 11.8
Unemployment Compensation 6,486 8.9
Disability 6,269 8.6
Other 8,786 12.0
Total 73,056 100.0

Race of Head of Household

As indicated in Table 7, the majority of LIURP ngieints (heads of household) are white.
When these data are examined by individual yearetls a shift in the percentage of
LIURP households with African American head of heluslds beginning with the year

1997. Prior to 1997, 9.6 percent of the LIURP letwdds had African American heads
of household. This percentage increased to 28c¢epefor the years 1997 through 2006,
with a high of 37 percent in 2005.

2 Because source of income is only collected at kibginning of the pre-period for most LIURP
households, it is possible for source of incomehtange during the study period and not be refleictéde
LIURP coding.

*3 Some critics of assistance programs argue thafuttieer the “distance” of the income from actual
employment, the less likely the household is tauoedexpenses. Applying this logic to LIURP, it Wwbbe
assumed that those households on public assistendd be less likely to reduce their energy constiomp
because they are not spending money they “earmaetirtd paying for their energy bill. This studydm

no support for this assumption. Households recgiyinblic assistance as their primary source ofrimeo
are no more or less likely to reduce their energysamption than households whose primary source of

income is full-time employment
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Table 7
Race/Ethnicity of Head of Household

N %
White 74,308 80.4
African American 15,218 16.5
Hispanic 2,015 2.2
Other 870 0.9
Total 92,361 100.0

The percentage of Pennsylvania households in poliedded by African Americans has
remained relatively stable since 1990: 23.2 pergerit990, 23.0 percent in 2000, and
23.8 percent as of 20d6.1t appears that prior to 1997 African American seholds
were underrepresented in LIURP, but this has beeraed in the more recent program
years (see Table 8). However, Hispanic househatdsain underrepresented, as the
number of Pennsylvania households in poverty hebgedispanics has increased from
4.7 percent in 1990 to 7.5 percent in 2006 whike percentage of LIURP households
headed by Hispanics has decreased from 2.2 paark.

Table 8
Race/Ethnicity of Head of Household by Year
% 1989 — % 1997 -
1996 2006
White 86.9 69.1
African American 9.6 28.5
Hispanic 2.2 0.7
Other 2.3 1.7
Total 100.0 100.0

4 Note: The figures for each racial group (Angldtigan American, and Other Race) for Pennsylvanéa a
imputed based on the subtraction of the propowiorispanic individuals from each racial group. ume:

The U.S. Census Bureau. The 1990 and 2000 figaneeslerived from the decennial censes, and the 2006
figures are derived from the American Communityveyr
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Other Social Background Characteristics

The majority of households in the study data haedle heads of household (see Table
9). Most are either unemployed (43.4 percent) orkwfull-time (31.6 percent) (see
Table 10). About 49 percent completed high scloooéceived a GED (see Table 11).

Table 9
Gender of Head of Household
N %
Male 41,365 38.0
Female 67,188 62.0
Total 108,553 100.0
Table 10
Employment Status of Head of Household
N %
Full-time 28,337 30.3
Part-time 12,180 13.0
Unemployed 36,187 38.7
Retired 9,840 10.5
Homemaker 4,490 4.8
Other 1,912 2.7
Total 92,946 100.0
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Table 11
Education Level of Head of Household

N %
No formal education 1,420 15
Some grade school 7,209 7.6
Completed grade school 2,872 3.0
Some high school 17,244 18.1
Completed high school or GED 46,764 49.1
Some college or technical school 12,619 13.3
Completed college or technical school 3,263 3.4
Some graduate school 663 0.7
Technical or Associate degree 2442 2.6
A graduate degree (Masters, Doctorate) 565 0.6
Other 75 0.1
Total 95,136 100.0

Utility Bill Arrearage

Nearly 88 percent of the LIURP households in thelgtdata set have an arrearage on
their energy bill at some point during the pre- goudt-periods. Because LIURP only

collects this information at four points in the IRP process it is possible that this

percentage is even higher.

Use of Supplemental Heat

Because the presence of supplemental heat is amnalptariable, it is only available for
a limited number of households. The majority of $wholds for which these data are
available (75.1 percent) do not have supplemerdat m the pre-period. Of those that
do, electric heat is the most common source (tlesehouseholds with gas as their
primary heating fuel) (see Table 12).
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Table 12
Use of Supplemental Heat among LIURP Households

N %
No supplemental heat 22,251 75.1
Electric 4,336 14.6
Fuel oil/kerosene 1,281 4.3
Wood 764 2.6
Utility gas 273 0.9
Coal 223 0.8
Bottled gas/propane 136 0.5
City steam 82 0.3
Solar 10 0.0
Other 259 0.9
Total 29,615 100.0

The use of supplemental heat is also recordech®opériod following the installation of
LIURP measures. However, the number of househaddswvhich this information is
recorded is substantially lower than in the praquer Therefore, we are unable to say
with certainty whether the use of supplemental heateases or decreases during the
post-period. Examining those households for whitdse data are recorded in both the
pre- and post-period results in a relatively srdath set of 15,893 households. Based on
these data, it appears that the use of supplemiertadecreases by 3 percent in the post-
period.
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Section V
Energy Burden for LIURP Households

The concept of energy burden has been discussadpnevious section of this report.
The average energy burden for LIURP household$i8 frercent, which is consistent
with other research that places the average ererglen for low-income households at
14 to 16 percent, compared to 4 to 5 percent fdd.&. household¥

Energy burden is calculated using annual househotdme and annual energy
expenditures. The average income for LIURP housshis $11,980. The average
annual energy bill for LIURP households is $1,166th a minimum of $982.5¢° To
place the income of LIURP households in perspectomsider the fact that for 2005
average income for LIURP households was $14,03%peoed to an average income of
$52,848 for all Pennsylvania households.

Energy burden for LIURP households varies from y&aryear but in general has
increased since the 1989 program year. In 198%teeage energy burden was 10.9
percent. By 2003, the average energy burden m48.8 percent, before falling to 12.5
in 2005, and 8.8 in 2006. However, as rate capdlifieel for Pennsylvania’s energy
companies over the next several years, rates @ected in increase by a greater amount
than income, resulting in increased energy burdens.

Energy burden can vary with the severity of thetarirand with company rates. In
LIURP, PECO customers have the highest energy huwti@8.2 percent. This is at least
partly due to higher rates for PECO customers. oAtiag to the 2006 Public Utility
Commission Rate Comparison Report, Allegheny Powsidential heating customers
using 2000 KWH paid $144.38, compared to PECO ouste who paid $195.74 for the
same amount of energy.

Results of Regression Model for Energy Burden

Various studies explain that although energy burgerefined as annual household
income divided by annual energy bills, there is enorunderstanding energy burden than
just these factors. Other factors include housigg, geographic location, age of home
owner, type of heating fuel, and length of timetia residencé’ To explore this notion,
we developed a regression model using the LIURR @&t the 1989 through 2005
program years. Energy burden was designated ateffendent variable. The purpose of
this exercise was to discover which variables regbin the LIURP data set tend to

“5 Exact numbers vary slightly from study to stud3ur figures are taken from several reports by DegM
Power, and the 2007 Department of Energy repoedtRing the Energy Burden on Needy Families.”
* The energy burden is calculated for only thoseskbalds that report both income and annual energy
bills, and is computed on the individual case lethen averaged rather than being the average\ebd#rg
divided by the average income.

" See “Fuel Poverty in the USA,” by Meg Power, ireEgy Action, issue No. 98, March, 2006.
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associate with, and possibly explain, variationhemamount of energy burden. The best
model explained only 2.3 percent of the variancenergy burden, indicating that the
vast amount of variance in energy burden is notaéx@d by variables collected as part
of the LIURP data gathering process. The followweriables were found to be
positively associated to a statistically signifitdegree with increases in energy burden:

* Number of household residents

* Amount of heated space

* Amount of energy payments made in the pre-period
* Age of head of household

The fact that the amount of energy bill paymentdeng positively associated with
increases in energy burden suggests that househatlishigher energy burdens may
actually pay a greater amount of their monthly gpduills, and may be less likely to
miss a payment. Unfortunately, we do not have rnibeessary data to examine this
relationship more closely.

Note also that, as the age of the head of househaldases, so does the energy burden,
suggesting that the elderly would be more likelh&ve higher energy burdens.

Finally, we also examined the difference in endogyden for households that reduced
their energy consumption following weatherizatiordahose that failed to reduce their
energy consumption, and found no statistically ificant differences between these

groups. For the majority of years, average endéngyen is higher for the households
that reduce their energy consumption, but only lsynall amount. For example, in 1994
energy burden for households that did not reduceswoption was 14.8 percent,

compared to 16 percent for those that did reducswaption. Similar differences exist

for those few years in which the energy burden oftideholds that reduced their

consumption is lower than that of those that fatededuce consumption. For example,
in 1989 households that did not reduce their comgiom had an average energy burden
on 10.2 percent, compared to 8.9 percent for thiesedid reduce consumption. These
differences are representative of the majorityexdrg.
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Section VI
Changes in Energy Consumption

Slightly less than a third of LIURP households eitlexperience no change in energy
consumption or increase their consumption aftegivrtg weatherization treatments (see
Table 13). This percentage is consistent acrossyéars from 1989 to 2005. As for
those households that reduce their energy consamptillowing weatherization, the
average energy savings is 16.5 percent. This casptavorably with reviews of
national weatherization programs. As noted by MeiBlasnik, many WAP evaluations
find savings of 10 to 15 percefit.

Table 13
Comparison of LIURP Households that
Reduce and Do Not Reduce Energy Consumption

Households that do not reduce energy consumption:

Percent of households that do not decrease energy consumption 31.0%
Average percent of increased energy consumption 19.9%

Households that reduce energy consumption:

Percent of households that decrease their energy consumption 69.0%
Average percent of decreased energy consumption 16.5%

It is not uncommon for some weatherized househdtusincrease their energy
consumption following weatherization. One possestplanation for this increase is often
referred to as the “take-back” or “rebound” efféctWhile some studies have found no
take-back effects, others have found take-backctsffas high as 50 percent. For low-
income households receiving weatherization or o#fffeciency measures, the take-back
effect is often 30 to 35 percent, consistent whig pattern observed in LIURP. This take-
back effect is often used as a basis for critigdimw-income weatherization programs.
For example, an energy company in Texas claimedithdow-income weatherization
program and programs that replaced inefficient iappes with more energy efficient
models actuallgauseenergy consumption to increase in low-income hoolsks.

“8 From the presentation, “Energy Conservation: \natmy choices? What can | save?” presented at the
2007 National Low Income Energy Conference.

9 See Horace Herring’s contribution, “Rebound Effetd Encyclopedia Earth, , 2006, and the article
“Energy Efficiency and Consumption — The Rebounde&f— A Survey,” by Lorna Greening, et al.
published in Energy Policy, No. 28, 2000, pp. 39®1.
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A large part of the reason for increased energgemption is thought to be behavioral.
As noted by Verhallen and Raaij (1981), “improvd@imes have a strong impact on
energy consumption behavior — occupants will eiddopt behavior in terms of saving
energy or will instead enter into an “energy wasgtmode.” Most take-back effects for
weatherized homes involve the increase in indomperature settings, which take back
as much as 20 percent of potential energy savimg®ine studies. Other studies show
that energy consumption for space heating jobsimenrease by as much as 30 percent.
Some experts explain this pattern by noting thanynkbw-income households are
accustomed to cutting back energy use to uncontfierteevels and once they receive
energy conservation services they feel more jestifn increasing the comfort level of
their homes.

Other studies have shown that homes without attitee ground floor units of apartment
buildings are more likely to increase their constiomp following weatherization. In
LIURP, small multi-unit dwellings are most likelg increase their energy consumption,
by 40.5 percent, compared to less than 30 perceribhé other housing types (see Table
14). (Remember, however, that multi-unit househahlgy be underrepresented in
LIURP.) As for the type of LIURP job, homes recegyigas heating treatments are least
likely to increase their energy consumption in plst-period (see Table 15).

Table 14
Change in Energy Consumption by Type of Housing
Detached single  Small Large Mobile
family/duplex | multi-unit | multi-unit | homes
No change or increased energy 29.6 40.5 24.0 29.0
consumption
Decreased energy consumptian 70.4 59.% 76.0 71.0
Total 100.0 100.0 100.0 100.0
Table 15
Change in Energy Consumption by Type of LIURP Job
Electric Electric water| Electric Gas
heating heating baseload | heating
No change or increased energy  32.8 33.0 355 18.6
consumption
Decreased energy consumptian 67.2 62.0 64.5 81,
Total 100.0 100.0 100.0 100.0

0 Verhallen and Raaij’s study, for example, stateat household occupant behavior can account fdo up
26 percent of the variance in energy consumptidioviing the installation of energy conservation
measures. The LIURP database does not includeviogllvariables, so changes in occupant behavior
cannot be taken into account when running regressiodels to explain variance in energy consumption
from the pre- to pos-weatherization periods.

27



Several LIURP companies make an effort to determigy some weatherized
households increase their energy consumption wdtilers do not. The most common

reasons given by First Energy can also be founthénenergy conservation literature.
They include:

* An increase in the use of electricity for suppletaéheating or a change in the
main heating fuel

* The heating of additional rooms that were not rebgigor to weatherization
because households no feel they can afford totheat

* The addition of a major appliance

* Anincrease in the number of occupants or othenghan the family

* A decision to increase the comfort level of the ko(prior to weatherization
occupants were purposely reducing their thermobttsy their comfort level).

As noted in Section I, all calculations concerngrgergy consumption in this report are
based on a full year of energy consumption priceteiving weatherization services and
a full year of energy consumption following thesevices. The average unit change in
energy consumption from the pre- to post-periochfmuseholds that reduced their energy
consumption is shown in Table 16 and the averageggmreduction by type of LIURP
job is shown in table 17 below.

Table 16
Average Unit Change in Energy Consumption from thePre- to Post-Period
Electric heating 1197.6 KWH
Electric water heating 443.4 KWH
Electric baseload 698.2 KWH
Gas heating 29.8 MCF
Table 17
Average Energy Reduction by Type of LIURP Job
Electric heating 20.3 %
Electric water heating 151 %
Electric baseload 19.1 %
Gas heating 214 %
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Weather Normalized Energy Consumption

As noted previously, all energy usage data shoeldvbather-normalized before being
reported by LIURP companies. Average normalizedgneonsumption is presented in
Table 18 for each industry.

Table 18
Average Weather-Normalized Energy Usage by Industry

Pre-Period Post-Period % Change
Electric (KWH) 13,559.3 12,665.0 6.6
Gas (MCF) 182.0 151.1 17.0

Costs Per Unit of Reduced Energy Consumption

The LIURP data set includes the costs of all weahton services provided to each
household? and the total cost of each LIURP job. Therefitrés possible to compare
the costs of services provided to each household thie resulting change in energy
consumption, or calculate the dollar cost per ghange in energy consumption. Table
19 shows the costs per reduced units of energyuogoison for KWH and MCF for the
LIURP study data set

*L The three job types for the electric industry eoapsed into a single category for this table.

2 Where possible, labor and materials costs arertepeeparately for each weatherization measure or
service provided to each household. This analyses total cost for each job (both material andrab

%3 Table 19 includes data for both households thiiaed their energy consumption and those thatalid n

It only includes those households for which enodgta are reported to calculate both the percemigeha

in energy usage and the average cost in dollarkegideny Power’s data are not included in Table 19
because there are several years for which AllegfRawer reported incorrectly coded variables necgssa
to perform these calculations. PECO Energy isinciuded due to inconsistent job type categories fo
several years of cost data.
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Table 19
Average Costs per Unit of Energy Saved by Job Typend Company

Average Average % Average | Cost per 100
Type of Job KWH/MCF | KWH/MCF | Change Costin KWH/MCF
Pre use Saved Dollars Saved
Electric Heating (KWH) 17,790 1,564 8.8 $1,640 $105
Duqguesne 13,068 1,998 15.0 881 44
Met Ed 17,056 1,220 7.2 1,474 121
Penn Electric 18,684 1,699 9.1 1,451 85
Penn Power 24,094 1,716 7.1 1,525 89
PP&L 17,581 1,629 9.3 1,737 107
UGI Electric 20,658 1,250 6.1 1,060 85
Electric Water Heat (KWH) 11,076 481 4.3 391 81
Duqguesne 11,095 187 1.7 314 168
Met Ed 11,132 485 4.4 512 105
Penn Electric 10,786 626 5.8 368 59
Penn Power 13,243 642 4.8 429 67
PP&L 10,117 613 6.1 467 76
UGI Electric 13,988 1,808 13.0 574 32
Electric Baseload (KWH) 11,039 788 7.1 533 72
Duqguesne 9,681 934 9.6 418 45
Met Ed 12,602 596 4.7 777 130
Penn Electric 11,900 651 5.5 516 79
Penn Power 12,991 730 5.6 578 79
PP&L 11,038 750 6.8 581 78
UGI Electric 14,285 2,278 16.0 492 22
Gas Heating (MCF) 180 30 17.0 1809 64
Columbia 177 37 21.0 2,913 79
Dominion Peoples 198 46 23.0 1,930 42
Equitable 260 63 24.0 3,090 49
National Fuel 207 53 26.0 3,011 57
Philadelphia Gas Works 160 14 8.6 600 44
T.W. Phillips 149 22 15.0 2,058 94
UGI - Central Penn 194 22 11.0 1,704 77
UGI — Gas 158 26 16.0 1,896 73
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Results of Regression Models for Change in EnemmysGmption

Table 20 shows the amount of variance in the chamgmergy consumption explained

by each model. Adding the individual weatherizatimeasures into the model

consistently increases the amount of explainedamad. Adding the costs of each

measure into the model in place of the actual nreasgenerally results in the biggest
increase in explained variance. As shown in tlidetaour basic model explains 11.7

percent of the variance in energy consumption fithve pre- to the post-period for

households that do not reduce their energy consamgnd 12.5 percent of the variance
for households that do reduce their energy consompiOnce we add the weatherization
measures to the model, this amount of explainethivee increases to 13.3 percent for
households that do not reduce their energy consampand 16.9 for those that do.

Adding the costs of the measures to the modelanepbf the actual measures, results in
an explained variance of 14.9 and 22.4 percenetisely.

Even though the above results are statisticallpiognt, the models account for 22.4
percent of the variance at best. Therefore, &t I8a.6 percent of the variance in energy
consumption from the pre- to the post-period isxpteaned for the LIURP households.
This does not mean that all of this unexplainedavene is not attributed to some aspect
of LIURP. Instead, it means that it cannot be aoted for by the variables we have
available for analysis. This is particularly tfiee assessing the impact of the educational
component of LIURP. Changes in energy consumpiigmavior>* which are the target
of education, and which the research literaturegesty play an important role in
determining reductions in energy consumption, ave aollected by LIURP, and may
account for some of this unexplained variance. e(€hergy education component of
LIURP is discussed in more detail in Section VIINote also that household changes
from the pre- to post-period are not recorded iWRIP, and many changes, such as
children leaving, and new additions to the housghslich as births or children moving
back home, can impact on energy consumption.

** Examples of such behavior include setting backnstats or closing off unused rooms. Energy
conservation tips such as these are included inetiergy education programs that accompany the
implementation of the LIURP weatherization measures

% This discussion of unexplained variance is appligao the results for each regression model ia thi

report.
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Table 20
Percent of Variance in Change in Energy Consumption
Explained by Regression Models for Households That
Did Not Reduce Their Energy Consumption and Those fat Did

Basic Measures | Measure
Model: Added: % Costs
% Variance| Variance Added:
Explained | Explained | % Variance
Explained
Households that:
—Had no change or increased energy
consumption in post-period 11.7 13.3 14.9
—decreased energy consumption in post-
period 125 16.9 22.4

Table 21 shows the amount of variance explainethbymodels for the electric and gas
industry. Each industry is also subdivided for hehadds that reduced their energy
consumption and households that did not. Ovevali,models explain a greater amount
of variance in energy consumption for the electnidustry than for the gas industry.
However, when the industries are subdivided inteesaversus non-savers, the highest
amount of variance is explained for gas industrydetolds that failed to reduce energy
consumption.

Table 21

Percent of Variance in Change in Energy Consumption
Explained by Regression Models for the Electric andas Industry

Basic Measures | Measure
Model: Added: % Costs
% Variance| Variance Added:
Explained | Explained | % Variance
Explained
Electric Industry 20.8 25.5 26.6
No change or increased consumption 16.0 18.2 6 19.
Decreased energy consumption 9.2 14.4 14.4
Gas Industry 13.8 13.8 19.8
No change or increased consumption 21.4 22.7 2 29.
Decreased energy consumption 7.2 9.4 21.9
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When examined by type of job, we find that electngating jobs have the greatest
amount of explained variance (see Table 22). @hisunt is substantially greater than
the other job types. This fact suggests that othelbles, unaccounted for in LIURP,
play a greater role in determining the reductiorenérgy consumption for the other job
types.

Table 22
Percent of Variance in Change in Energy Consumption
Explained by Regression Models for Type of LIURP Jb

Basic Model: Measures Measure
% Variance Added: % | Costs Added
Explained Variance % Variance
Explained Explained
Type of Job—Overall change in
energy consumption from pre- to post
Electric heating 52.0 55.1 56.0
Electric water heating 8.6 12.5 12.5
Electric baseload 13.6 19.9 21.6
Gas heating 8.2 9.5 19.8

Weatherization and Energy Conservation Treatmesddres

Up to 20 weatherization measures are coded for eaelherized household. There are
122 possible individual measures to choose fromged into the following categories:
water heating, infiltration control, mobile homastjc insulation, floor insulation, interior
foundation insulation, furnace work, audits, appde/lighting, and miscellaneous/
repairs>® The category of miscellaneous/repairs includeatmnents such as chimney
work, general roof repairs, off peak/time of daynwersions, repairing wall plaster,
sealing air vents, work on exhaust vents, conngdtiryer vents, and work on ceiling
fans.

Because the models run with the grouped categdiiesot yield meaningful results, we
focus the rest of analyses concerning weatherizatieasures on the most commonly
used measures. Each of the previously run regressaalels were run a second time with
these individual measures added. These measwdistad in Table 23, along with the
percentage of occurrences for each in the studta sket. The most commonly occurring
measure is replacing lighting and fixtures with moefficient lighting (compact
fluorescent lighting).

% There are also several other categories not liserd because they are rarely coded in the database
Also, a few of the categories listed here are ajregation of several sub-categories.
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Table 23
Most Commonly Used Weatherization Measures in LIURP

Measure % of households
receiving the measure
Install efficient lighting/fixtures 67
Pipe insulation 28
Walk through audit, excluding blower dooy 28
Faucet aerator — bath 26
Miscellaneous/Repairs 26
Change refrigerator/freezer 25
Low-flow showerhead 24
Pre-audit, excluding blower door 20
Furnace maintenance 16
Faucet aerator — kitchen 14

In general, national studies have found the folimviweatherized treatments to be
effective at reducing energy consumption: Attiglmand floor insulation (which are
treated as separate variables in LIURP), low-fltnoveerheads, water heater insulation,
and the replacement of inefficient heating systdmosver energy savings are associated
with storm window and door replacement or repairin the Pennsylvania Public Utility
Commission’s 1994 LIURP study, sidewall insulataond attic insulation were positively
related to reduced energy consumption.

Michael Blasnik, in his recent review of weatheti@a programs? finds that window
replacements, heating system tune-ups and floatatisn donot contribute substantially
towards reduced energy consumption. For electrselbad jobs, he finds that changing
out refrigerators and freezers and replacing Iightvith more efficient bulbs and fixtures
are important contributors to reduced energy comgiam. Our results more closely
resemble Blasnik’s findings than those of otheds.

Results of the Regression Models for Weatherizdileasures

The following discussion summarizes the resultthefregression models with the most
exp