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SUMMARY

This study for the Bonneville Power Administration (Bonneville)

investigated home buyers' heating fuel and energy-efficiency preferences, and

the influence of incentives on their choices° The study was conducted in four

regions of Washington State" Spokane and Pierce Counties, where the Model

Conservation Standards (MCS) for new electrically heated homes have been

adopted as local code, and King and Clark Counties, where the MCShas been

implemented only through a voluntary marketing program.

Focus groups in Tacoma (PierceCounty)and Spokane (SpokaneCounty)were

used to identifydominant issues that affectedhome buyer attitudesand

choices in the purchaseof a new home. The focus groups also provided

informationused to design a tradeoff analysis. The tradeoff,or conjoint,

analysiswas conductedin all four areas to providequantitativeinformation

about home buyer tradeoffsin new-home purchases.

Not surprisingly,aestheticfactors influencedthe purchasedecisionsof

the focus group participantsmore than other factors. When the moderator

mentionedenergy-efficiency,most focus group participantsacknowledgedthat

they had consideredthis aspect when lookingfor a home. Many associated

energy-efficiencywith constructionquality. Focus group participantswho had

natural gas heat had strongerpreferencesfor their fuel type than

participantswho had electrical heat. Generally,participantsapproved of

incentiveprograms for energy-efficienthomes that would providecash rebates,

interest rate discounts,or utility rate discounts. Incentiveprograms that

would increasethe mortgage amount for which a buyer would qualifywere not

well received,primarilybecause some focus group participantsfearedthat

buyers would overextendthemselves.

The conjointanalysis showed the relative importanceof seven factors in

a buyer's new-homepurchase decision. Of the factors considered,buyers

ranked heatingfuel type (naturalgas, electricity,or wood) and house size as

the two major factors affecting their preferences. In all four counties,

buyers ranked cash rebates as more important than utility rate discounts.

Energy-efficiency was ranked relatively low, with the highest ranking in

Spokane (with the coldest climate).
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Without any type of incentive program, simulations showed that requiring

all new electrically heated homes, but not gas-heated homes, to be built to

the MCSadded between 2 and 15 percentage points to the market shares for

electrically heated homes. The simulations also showed that modest cash

incentives ($400 to $600) would increase the share of electrically heated

homes from i to 7 percentage points beyond the effect of MCSalone.

The results of this study provide useful information about energy-

efficiency, space heating fuel type, and alternative incentive programs. They

provide initial evidence that fuel-specific energy-efficiency standards may

significantly affect the shares of different heating fuels in the new home

market. They also suggest that cash rebates and utility rate incentives may

have a modest effect on the shares for different heating fuels. Because these

results are based on a technique relying on hypothetical choices and because

they reflect only four metropolitan areas, further study must be conducted to

determine whether the results apply to other locations and whether other

analytic approaches produce similar findings.
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1.0 INTRODUCTION

In 1983 the Northwest Power Planning Council issued the Model Conserva-

tion Standards (MCS), which were designed to improve the efficiency of

electrically heated buildings. Since then the Bonneville Power Administration

(Bonneville) has operated severa_ programs to encourage building homes that

meet MCS. A marketing program called the Super Good Cents (SGC) program

provides cash incentives for homes built to meet MCS. In addition, jurisdic-

tions in Bonneville's service territory have adopted the MCSas their local

building code through the Early Adopter Program or the Northwest Energy Code

Program. Since the standards apply onlyto new electrically heated buildings

and are likely to increase initial building costs, questions have arisen about

the effect MCSand the MCSprograms may have on the choice of heating fuels

for new residences. (a)

This study is one of several efforts sponsored by Bonneville to investi-

gate issues relating to the selection of heating fuels. A previous study

conducted by the Pacific Northwest Laboratory (PNL)(b) for Bonneville used a

Pacific Northwest household survey of perceptions and preferences for heating

fuels (Harkreader, Hattrup, and Weijo 1988). The present study uses

information gathered in focus groups in Tacoma and Spokane, Washington; and

four regional surveys carried out in Pierce, Spokane, Clark, and King Counties

in Washington State. (c)

This study uses a tradeoff analysis to investigate the relative import-

ance of the heating fuel choice in the purchase of a home. Also examined are

the effects of two different types of incentives on the selection of heating

(a) In 1991, a new residential building code goes into effect in Washington
that requires all new electrically heated homes to be built to the MCS.

. Homesheated with natural gas will be required to meet lesser requirements,
but requirements stricter than the existing state code. The results in
this study should be useful for assessing the impacts of statewide

, implementation of the MCSon fuel choice, but the reader should be aware
that the new code for gas-heated homes has not been addressed here.

(b) Pacific Northwest Laboratory is operated by Battelle Memorial Institute
for the U.S. Department of Energy under Contract DE-ACO6-76RLO1830.

(c) Pierce County is represented primarily by Tacoma; Spokane County, by
Spokane; King County, by Seattle; and Clark County, by Vancouver.
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fuels. The technique used, conjoint analysis, employs a hypothetical home

selection to force homeowners to make tradeoffs among several factors

influencing the purchase of a home. An analysis of these tradeoffs indicates

which factors are more important in the decision.

In preparation for designing the conjoint analysis, four focus groups

were held with Spokane and Tacoma homeowners who had purchased a home during

or after 1986. These groups provided qualitative information about the

factors that buyers considered before purchasing a home. The homeowners also

provided information concerning their preferences for types and levels of

incentives designed to influence their energy-efficiency and fuel choices.

This report consists of five sections and an appendix. Section 2

discusses the focus group interviews. Section 3 presents the methodology used

to collect data for the conjoint analysis, the survey response rate, and the

data analysis results. Section 4 discusses the findings of this report in

light of previous research efforts, section 5 presents the references. The

appendix presents a simplified overview of conjoint analysis techniques and

issues.
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2.0 HOMEOWNERSDISCUSSTHE HOMEPURCHASEDEClSlON

Focus group interviews were held to gather preliminary information on the

factors that influence new-home buyers to purchase a specific home. Focus

groups are semi-structured discussions led by a moderator. The moderator

introduces discussion topics, probes comments, and keeps the discussion on

track. Focus groups are a means to gather qualitative information. Due to

group interactions and the small non-representative sample, information

gathered in a focus group format is not statistically representative and

findings typically cannot be generalized to a population.

The researchers used the information obtained in the focus groups to

better formulate the design of the quantitative conjoint analysis presented in

Section 3. Another purpose of the focus groups was to provide a richness in

descriptive information that can seldom be obtained through normal quanti-

tative techniques. By paraphrasing and quoting the participants, the

information presented on the home purchase decision is intended to give the

reader a better insight into this important decision.

2.1 DESCRIPTIONOF FOCUSGROUPS

Four focus groups were held with new-home buyers who had purchased

single-family detached homes during or since 1986. (a) Two groups were held in

one evening in Spokane and then two were held in Tacoma. The first group in

each location consisted of homeowners who heated primarily with electricity.

The second group consisted of homeowners who heated primarily with non-

electric heating fuels. Approximately equal numbers of males and females were

recruited for each group. A total of 27 homeowners participated in the

groups. Ten of the participants heated their homes with electricity, 13

(a) Section 3 discussesthe characteristicsof two much larger sampl,esof
• home buyers who were surveyed for the conjoint analysis. As noted, the

focus groups were used in part to design the conjoint analysis. The
characteristics of the participants in the focus groups matched those of
the survey respondents quite well in most areas. One difference was that
the focus groups tended to consist of a larger proportion of first-time
home buyers.
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heated their homes with natural gas, and 4 heated their homes primarily with

wood, but had backup electrical systems.

The participants represented a wide variety of experiences owning homes

and using different heating fuel types. Just under half the participants were

first-time home buyers. The large majority of these first-time home buyers
o

purchased homes heated with electricity. Very few of the first-time home

buyers who participated had bought homes that used natural gas. In contrast,

most of the participants of the non-electric-heat groups had owned more than

one home. Most of the homes owned by these people were custom-built homes.

Most of the participants had some prior experience with different heating

fuels. Most of the participants' experiences were with electricity or natural

gas. However, in the electric-heat group held in Spokane, more than half had

used wood heat at one time and several in the group presently had a wood heat

system along with their electric system. One participant from the four groups

had used fuel oil to heat a previous home.

Each discussion group began with the participants being asked to write

down three factors, besides location, that influenced them to purchase their

home. The moderator facilitated the discussion by asking questions and

probing comments concerning these factors. Discussing these factors led to

other key issues of interest. When the discussion waned, the moderator

introduced any remaining key issues. The major topics for discussion were

K factors that influenced the purchase of their home

K perceptions of and preferences for various heating fuels

K awareness of the MCSand Bonneville's MCSprograms

K preferred incentives promoting energy-efficient homes.

The focus group meetings lasted from 1 I/2 to 2 h_)urs. When all of the topics

had been thoroughly addressed, the moderator dismissed the participants and

they were paid a cooperation fee.

2.2 FOCUSGROUPRESULTS
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Results of the focus groups are presented here organized by issue. Where

differences occurred among the responses of different owner sub-groups, they

are noted.

2.2.1 Factors Influencinq the Purchase of a Home

• Obviously, home buyers have many reasons For purchasing their homes.

Consistently across all four groups, the most mentioned reason for purchasing

the home that the homeowners had bought was floor plan features or aesthetic

qualities of the home:

"The traffic pattern of the floor plan was the primary thing we were

looklngfor . . the right number of rooms and the traffic pattern. and then once we had the floor plan we went from there."

,'Wonderfulkitchencabinetry . . . and all kinds of nice decor kinds
of things."

These featuresincluded oak cabinetry,a lot with trees, large living area,

garage, and large bathrooms,to mentiona few. The appearanceof the home was

what first attractedthe home buyer:

"We looked at a house and didn't like the color and we didn't even
go inside of it . . . the outsideappearanceof the house affected
our decisic_whether we even wanted to look at the house."

"If you have to live in it, you have to have it look nice."

"You have to be proud of it."

First-timehome buyerswere more likely to mention financialreasons for

purchasingtheir homes than were the other participants. Financialreasons

included an affordableprice and speciallow-interestrates for their

particularhome. Several participantsmentionedthey were tired of renting

and the purchase of their home was an investment"

"We were tired of rentingother houses. Tired of not getting the
tax break we saw others getting . . . Tired of paying someoneelse's

" mortgage."

The more practicalmatters of affordablehousing and financingwere the second

most often mentionedfactors in the decision to purchase a home, especially

with the first-timehome buyer.
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Energy-efficiencywas initiallymentionedby only one focus group

participant. Howeve,'because this featurewas one of the main concernsof

this study, this topic was explored by the moderator in each group. After it

was brought up by the moderator,almost all of the participantsagreed that

they had consideredth'isaspectwhen lookingfor a home to buy. Ma_ly

associatedenergy-efficiencywith the qualityof the constructionof the home.

The quality of the home and confidencein the builder'sexpertisewere

important. The participantsgenerallyfelt that their homes were well-built

and energy-efficient. However,when discussingquality, only a few

participantsmentioned items such as insulation,doors, and windows as being

of high quality. Most describedquality in terms of the overall appearanceof

the home. The energy-efficiencyof a new hnme is consideredin the purchase

decision, but other factors appear to be more important.

The type of heating fuel the home used was initiallymentionedby only a

few people. But when the grol_pswere probed about the importanceof the fuel

decision, a distinctpattern appeared. Most participantsin the non-electric

heat groups, both in Spokane and Tacoma, stated that they had selectedtb,eir

heating fuel or had selecteda home that used naturalgas. Participantsin

these groups were very pro-naturalgas. Only one participantin the electric

heat groups mentionedheatingwith electricityas a reason for purchasingthe

home. Severalof these participantswere satisfiedwith their electricheat,

but it was not a reason fo_purchasing the home. In the Spokane electric-

heat group, half of the group was planningor had already installeda wood

heat system in their new homes. Purchasinga home that had wood heating

equipmentwas not importantbecausethe buyer could easily installit later.

2.2.2 Perceptionsand Preferencesfor DifferentHeatingFuels

: Discussingthe rol,.of the heating fuel choice in buying a home led to

discussingthe partir,pants'perceptionsof and preferencesfor the different

heating fuels. Of th_se participantsexpressinga pr_,_,';ncefor a heating

fuel, the majority preferrednaturalgas. The number uf participantswho

preferredelectricityor wood was about the same. Solar heat was discussedto •

some degree but none of the participantshad much experiencewith solar heat.

Solar heat appearedto be a noveltyor pipe dream to many in the groups.

L
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All but one person in the two non-electric-heatgroups were very pro-

naturalgas. All but three homeowners in the non-electric-heatgroups

selectednaturalgas as their heatingfuel. The fuel choice was very

importantto these homeownersin their decision to purchase their home. The

majority of these homeownershad purchasedmore than one home and their
'w

presenthome was custom-built. Even a couple of participantsin the electric-

heat groups preferrednaturalgas over electricity.

In general, these homeownersfelt that naturalgas was very cost-

effective,efficient,and clean, lt had very few disadvantagescomparedwith

electricityand wood:

"lt (gas) is quick, low cost, and you can't get them any cleaner
than that."

"Gas should be less expensivenow, for the foreseeablefuture.
That's not to say it'sgoing to remain that way forever, ever since
this WPPSS fiascowe had here, well that'spretty much set the trend
of what is going to happen with the electricalindustryfor quite
awhiIe."

MODERATOR: "If you had to build or buy a new house
tomorrowwould it have gas heat or electric
heat?"

GROUP: "Gas!" (in unison)
MODERATOR: "What if you had to pay more for it?"
LADY: "I did pay more! The house came with electricheat

and I had to pay extra to get gas."

There was very littleconcern over the safety of naturalgas. Advances

in the technologiesusing naturalgas appear to have almost eliminated

concerns about safety problemswith the fuel. Also helpingthe image of

naturalgas are the naturalgas companieswho are perceivedto be service-

orientedand respondquicklyto problems:

MODERATOR: "Is safety a problemwith gas?"
GENTLEMAN: "Not to me, not nowadays. Not with the

. electronicignitionsand no pilot light."

"In this area if you have somethingwrong where you smell gas, call
• a gas company and they'll send someoneout right away . . . aridin

most cases it won't cost you anything . . . they'reoff in a bang.
They'r'e(the gas company)there real quick "
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Within the non-electric-heatgroups there was an impliedperception of

naturalgas being more reliable than electricity. In both non-electric-heat

groups, participantsstated that the advantageof having natural gas heat is

that you still have heat when the electricitygoes off. Evidentlythese

people perceive that electric serviceis interruptedmore often than natural

gas service. Natural gas was also mentioned to be the preferred fuel for

water heaters (fasterrecovery)and cooking (bettertemperaturecontrol).

The preferencesof the participantsin the electric-heatfocus groups

were split mostly between electricityand wood. A few group members preferred

to have natural _as as a heatingfuel. Those preferringelectricityperceived

electricityto be clean and to providecomfortableheat. None of the

participantsin the electric-heatgroups perceivedelectricityto be the least

expensiveheating fuel. However, it was mentioned that costs for electricity

in the Northwestwere considerablylower than in other parts of the nation;

and having once lived in other areas,the cost of Northwestelectricitywas of

little concern. The convenienceof paying only one fuel bill insteadof two

was also mentioned. The type of electricheating system was importantfor the

preferencefor electricity. Those electric users who were sold on the

benefitsof electricityused radiantceiling heat or a system using separate

individuallycontrolledroom heaters. These systemswere thought to provide

quick, comfortableheat and to allow the flexibilityof zonal heating. Users

of electricbaseboardheat did not like their systems. These systemswere

perceivedas inefficient,unsightly,and inconvenient:

"We can't figure out why they have it. You can't arrange furniture
around it, it's expensive."

"I'm the envy of my neighborhood. My neighborssay they've got
electric baseboardheatingand they're paying this and this for
electric bills. They think my system is fabulous."

For the participantsin the Spokaneelectric-heatgroup, wood appeared to

be the most preferredheatingfuel. Like the majcrityof participantsin all

the groups,wood was perceivedto be the most inexpensivefuel in the Spokane

electricheat group. Many in this group stated the availabilityof wood and

the warm, comfortableheat it provides as reasons for their preference. Al1

the groups mentionedthe uncleanlinessand inconvenienceof wood heat as
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disadvantages for wood use. However, there was a lot of discussion concerning

the new wood pellet stoves. These stoves were perceived to be more efficient,

cleaner, and more convenient to use than conventional wood stoves. Several

Spokane participants presently had a pellet stove or had some experience with
them.

2.2.3 Awareness of the Model Conservation Standards and Bonneville's
Model ConservationStandardsPrograms

As stated in Section I, the NorthwestPower Planning Council issued the

MCS to promote energy-efficiencyin new buildings. Bonnevilleactively

encourages the adoptionof the MCS for residentialbuildingsthroughthe

NorthwestEnergyCode Programand constructionto the MCS through the Super

Good Cents (SGC) program. The MCS for residentialbuildingsrequires upgraded

windows, doors, and insulation. The homes are also built with other special

constructiontechniquesand requirementsthat improvethe "tightness"and

energy-efficiencyof the home. In many areas, specific heating and

ventilationequipmentis requiredto meet the standards.

Spokane and Tacoma (PierceCounty)are "early adopter" regionsthat have

adoptedMCS as the local buildingcode for electricallyheated homes. In

Tacoma, Vancouver(Clark County), and parts of Spokane, the SGC program is

availablefor new homes. The focus group participantswere asked if they knew

what the SGC and MCS were.

In the Spokanegroups, only a few people were familiarwith the SGC.

These participantsknew the programpromotedconstructinghomes with higher

than normal levels of energy-efficiency. A couple of the participantsknew

the programwas sponsoredby Bonnevillethroughthe local electric utility.

Other than these two, the ones familiarwith the programdid not relate the

program to electricallyheated homes. No one in any of the Spokanegroups

knew what the MCS was.

The participantsin the Tacoma groupswere familiarwith SGC through the

televisionadvertisements. Those participantsin the electric-heatgroup knew

the homes were highly energy-efficientand used electricity. Individualsin

the non-electricheat group knew fewer specificsabout the prog_'am.They
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mostly recognized th_ name of the program. None of the participants was aware

of the MCS.

The Tacoma participants with electrically heated homes had purchased them

homes through the SGCprogram. In general, these homeowners were satisfied

with and proud of their homes. They felt the SGChomes were quality homes.

They noticed very little difference in the price of the SGChomes compared

with other homes which they had considered. The advantages of program homes

mentioned in the Tacoma groups were energy-efficiency, quality construction,

and quiet interiors. One participant who owned a custom-built program home

mentioned several disadvantages of the program. He felt the requirements for

the allowable square footage of window area were too restrictive and that the

types of windows and doors required to meet the standards were too expensive.

Also, he thought the required air-to-air heat exchanger was expensive, noisy,

and useless:

GENTLEMAN" "You have a switch, you have the option of using it (heat
exchanger) in the night-time or the day-time or all the time
but we don't. Wedon't use ours at all anymore."

MODERATOR""Why did you quit using it?"
GENTLEMAN""The noise, the running of the motor all the time. Even with

a furnace I can't stand that noise or the gush of wind."

This person felt that program homes were well-built and energy-efficient, but

too expensive and the requirements too restrictive.

In Tacoma, participants heating their homes with natural gas felt their

homes were just as well-built and energy-efficient as SGChomes. The non-

electric-heat group participants generally felt that the local building codes

had been improved and homes had to be built with energy-efficiency in mind"

"... how much you used to have to put in (insulation) and how much
you have to now. It's more . it stays cool all day and I know
that's because we've got a lot of insulation..."

"I think that's the magic word. It's the building code now . . .
energy-efficiency has become part of the building code."

2.2.4 Homeowner Reactions to Incentives Promotinq Enerqy-Efficient Homes

The groups were also asked to discuss some hypothetical incentive

programs for encouraging the purchase of highly efficient homes. The

participants were presented with six types of local utili,_y incentive programs
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and asked for their opinionson each. The hypotheticalincentiveswould be

given for purchasing a home that met a standardof energy-efficiencyset by

the local utility. The participantswere also asked to discusswhat incentive
d,

amountswould be attractive. Three of the incentiveprogramswere variations

of a cash rebate program. Two of the programs provided incentivesdirected

towards home mortgages and one programwas directedtowards utility rates.

The possible incentivesconsideredwere as follows'

K a cash rebate paid directlyto the homeowner

K a cash rebate paid towardstfe down payment

K a cash rebate paid towardsthe mortgage closingcosts

K a discountedmortgage interestrate

K an increase in the home loan amount for which one can qualify

K guaranteeddiscountson ut'lityrates.

In general,the reactionsto the cash rebate programswere very positive.

Almost all of the participantsfelt that some type of cash rebate program

would be accepted. The preference,by far, was for cash rebates paid directly

to the home buyer as opposedto the down-paymentor mortgage closing costs.

Most of the participantsdid not like the idea of a cash rebate with strings

attached stipulatingwhere it must be applied"

"I'd rather have one (cash rebate)."

"I'm a little paranoidabout a string attached. In this case it's a
subtle string . . ."

"They might be in cahootswith the bank or something."

A few participantsdid not like the idea of programsprovidingcash rebates,

in any form, for energy-efficienthomes. These people felt that you do not

get anything for free and the rebateswould ultimatelydrive housing prices
P

up. The rebatesalso seemed like a quick fix to a long-termproblem of

improvingthe energy-efficiencyof the building stock. Most of the rebate

critics preferredincentivesthat would take a long-termapproach.

The two incentiveprogramsdirected toward home mortgages receivedthe

most and the least amountsof praise. The discounted interestrates incentive
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for purchasing an energy-efficient home received the most praise of the six

programs presented Only one participant stated he would not participate in

such a program.(a)

The most negative reaction was directed against the program that would

increase the amount of a home mortgage for which a buyer could qualify if he

purchased an energy-efficient home. Most of the participants felt that this

was a "credit card" approach and would allow people to get into financial

troubles. A few thought such a program would allow those who were just short

of qualifying to purchase a home. These participants felt the program would

be more attractive to the first-time home buyer"

"Trying to qualify for a house is not aasy. It's real difficult now
• to get a better house for a young couple, especially when

i_hey're first starting out, they could, you know, have a better
investment it might help them."

Like the program using discounted interest rates, discounts on utility

rates were well received by almost everyone. This program was perceived as

promoting energy-efficiency with a long-term incentive. However, many in the

groups were skeptical that utilities would offer such a program or skeptical

about the motivations for offering such a program• lt was stated that

utilities have to make a profit and discounted utility rates may be a

disguised attempt to lock homeowners in to a costly heating fuel type. Also,

it was felt that discounted utility rates would encourage energy consumption

under the guise of saving energy. A program giving discounts for using less

energy instead of the efficient use of energy was thought to be more

beneficial. Even with this skepticism, the program offering discounted

utility rates was viewed positively overall.

In discussing the different incentive programs, the moderator probed for

the levels of energy-efficiency incentives that would be attractive to the

participants. When discussing cash rebates, the minimum acceptable incentive

was around $I,000. Any amount below $I,000 would not be much of an inducement

(a) This participant was against any incentive programs to promote energy
efficiency due to his involvement in the SGC program. He felt that the
regulations were too strict and following them by the letter was too
expensive.
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to purchase a highly energy-efficient home. Most of the participants felt

they would pay an extra $2,500 to $5,000 for a highly efficient home and an

incentive promoting energy-efficiency should be in this range. For the
Q

incentive programs directed towards monthly savings (discounted interest rates

and utility rates), the participants felt that, in general, the programs would

have to save them between $15 and $30 a month for them to want to participate.
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3.0 THE RESIDENTIALHEATINGFUEL CHOICE: A CONJOINTANALYSlS

The focus groups identified several key factors that influence the

decision to purchase a home. Informationfrom the focus groups, realtors in

the study areas, and BonnevilleMCS programdocumentswas used to develop a
w

questionnaireto cullectdata for a conjoint analysisof the factors home

buyers considerwhen purchasinga new home. Analyzingthe preferencesof

homeownerswho have recentlypurchasednew homes allowed an assessmentof the

relative importanceof fuel and energy-efficiencychoices in the overall

purchasedecision and the preferencesof recent home buyers.

This section is not intendedto provide a completedescriptionof the

conjoint analysis techniquesor the statisticaltests used. Instead,this

sectiondiscussesthe methodologyused to collect the data and the response

rate of the survey,and presentsthe resultsof the data analysis. The

appendixprovides a more in-depthoverview of conjointanalysis techniques.

3.1 METHODOLOGY

In additionto the focus groups describedin Section2, we used conjoint

analysis to address how fuel type and energy-efficiencyaffected the decision

to purchase a new home. Conjointanalysis forced survey respondentsto make

tradeoffsbetween differentlevels of importantcharacteristicsof a product

in a hypotheticalpurchase situation. The respondentswere presentedwith

profilesof differenthome purchase situationsand were asked to rank the

profilesaccordingto the likelihoodof their purchasingthe homes described

by each profile. From these rankings,the relative importanceof the

characteristicswere estimated. Also estimatedwere the values the

respondentsplaced on the differentlevels of the characteristics.

The characteristicsof the home purchase situationare termed factors.

° " The possible alternativeswithin each factor are the levels of the factor.

For instance,an importantfactor in purchasinga home is the type of home,
m

which might have "levels"such as tract, semi-custom,or custom.

The conjoint analysiscould not includeall the factors influencingthe

home purchase decision. The focus groups indicatedthat the location,
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financing,price, amenities,and floor plan featureswere probably the most

importantfactors. Factors such as location,availabilityof financinq,type

of financing,and the price range of the home were designed to be ext,'aneous

to the profiles since these factorswere not expected to be correlatedwith

fuel type or energy-efficiency. In addition,the respondentswere asked to

keep in mind the factors and constraintsthat influencedtheir decision to

purchasetheir present home (e.g.,price, financing,location).

Although interactionsamong the factorscould have been handled, it was

preferableto select independentfactors. In other words, a respondent's

preferencefor a level of one factor should not depend on his or her

preferencefor another factor. Our approach,therefore,focused on the main

effectsof the factorsof interest,and not on the interactions. As an

example,the profile comparisonsdid not restrict a person's choice of a

highly energy-efficienthome to only electricallyheated homes.

By correctlyselectingthe factors and their levels,conjoint study

designerscan improvethe contentvalidity of the design. We used the focus

groups to compile a list of several importantfactors. These factors were

examined for dependenceon each other and the final factorswere selected.

The levels of the selected factorswere decided using informationfrom the

focus groups,from realtors in the study areas, and from Bonneville'spresent

MCS programs. The appendix containsmore informationconcerningfactor

selection. To satisfythe conditionof factor independence(see appendix),

factorswhich were highly dependenton each other (elg.,level of amenities,

type of home, price of home) were representedby the factor that best

exemplifiedthat group of factors (e.g.,type of home).

The factors included in this study and their levels are shown in Table

3.1. The factorsof the most concern in this study were the type of heating
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TABLE 3.1. Home Purchase Factors and Levels Included in the Conjoint Design

• Factors Level s Factors Level s(a)

Type of Home Tract-built Primary Heating Electricity
Semi-custom Fuel Natural Gas
Custom-built Wood

Levels in Home Single level Utility Rate $15/$20per
Multi-level Discount month

None

Size of Home > 2,300 ft2 Cash Rebate $1,250/$1,900
1,700 - 2,099 ft2 $800/$1,250
1,3oo-I. 99ft $400/$600
< I,300 ft: None

Energy-efficiency Average efficiency
High efficiency

(a) When two levels are shown separatedby a slash (/), the first value was
used for Pierce,King, and Clark Counties and the second value was used for
Spokane County.

fuel, the purchase incentives, and the level of energy-efficiency of the

home.(a) The high energy-efficiency level was intended to be a proxy for MCS.

Since most buyers were not likely to be aware of the requirements of the MCS,

we included the following language in our instructions to the participants:

Due to upgraded windows and insulation levels, the homes built to [the
high efficiency level] cost about $1,500 more to build, but will save on
energy bill s.

The intent of this language was to convey to the respondents that the higher

energy-efficiency level would reduce their energy bills, but that the builder

• (a) The levels of the cash rebate and utility rate discount that we included
in the analysisvaried betweenSpokaneand the other three countiesbecause
Spokane is in a colder climate zone. The cash rebate levels varied as

" shown in Table 3.1 to be consistent with the variation in the MCSprogram
incentives between the two climate regions. The monthlyutility bill
discounts were at the levels shown because participants in the focus groups
indicated these amounts would be required for them to even take the
incentives 'into account. The levels were slightly higher in Spokane to
reflect the higher heating bills expected in this colder climate.
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would have to spend mere to build the home. Whether or how the additional

cost to the builder might be passed on to the bqyer and how much utility bills

might be reduced were left to the respondents' judgment.

The number of factors and levels chosen allowed for a manageable number

of profiles for the respondents to rank. Besides ranking the profiles, the

respondents were asked to provide demographic and other information.

The data were collected via mail surveys in the four Washington

counties. (a) The target population was homeowners who had purchased a new

home during or after 1986 because the study addressed the fuel choice in new

homes. Also, it was thought that more representative responses would be

obtained from those homeowners who had recently gone through the process of

buying a new home. For all four counties, a random sample of about 300

addresses was drawn from a list of residences built after 1985. The lists

were obtained from county assessors' databases. Where occupant names were not

available in the assessors' data, we attempted to obtain them from reverse

telephone directories. For all four counties, for those addresses where the

names of the occupants could not be obtained, the surveys were addressed to

the Homeowner, Occupant, or Home Purchase Decisionmaker.

Mail surveys typically have low response rates, so several precautions

were taken to increase the response rate. In all four counties, several

contacts were made with the respondents. Surveys were accompanied by a cover

letter explaining the purpose of the research and introducing the research

firm and the sponsorl The letter stressed the importance of returning the

survey to obtain a representative sample. The cover letter was personally

signed by the researcher. A second survey was sent to those who had not

returned the first mailing; it too was accompanied by a personally signed

cover letter encouraging the return of the survey. Two weeks following the

second mailing, the households that had not returned the survey were contacted

by telephone if their numbers were listed. They were encouraged to return the .

survey and sent another copy if necessary.

(a) The surveys were conducted in Pierce and Spokane Counties about one year
before they were conducted in the other two counties because of the timing
of this study.
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3.2 RESPONSEgATE

The response rate of a survey indicates how well the survey results

• represent the population they are supposed to represent. The higher the

response rate from a random sample of a population surveyed, the higher the

level of confidence that can be placed on the estimates derived from the

survey.

Survey response rates can be affected by factors such as how strongly

people f_el about the issue. Survey methodology will also be a factor; for

instance, telephone surveys usually have higher response rates than mail

surveys, but in-person interviews usually have the highest response rates of

all methods. Repeated surveying of respondents in a region can also hurt the

response rates for later surveys. For example, residents of Pierce County,

especially the City of Tacoma, have been heavily surveyed on topics similar to

the topic of this study.

Having the names of the respondents, and not just their addresses, can

increase the response rate for mail surveys. . Mail surveys addressed to

"Resident" or "Occupant" usually are not returned as often as surveys with

complete addresses. Combining the assessors' data and reverse phone directory

listings, names were available for only about half the households in our

sample.

Table 3.2 presents information about the response rates in all four

counties. The rate for Spokane County was nearly 66%, a very respectable

level. The rate for Pierce and Clark counties was about 55%, which is still

fairly good for mail surveys. King county had the lowest response rate with
46%.(a)

. (a) The subcontractor,MACS, Inc.,who conductedthe surveysof King and Clark
Counties indicatedthat I) mail surveyresponserates are typicallybetween
3% and 10% and have been declining; 2)Seattle City Light has noticed a
steady decline in response rates for their customer surveys; and 3) the
second mailing coincidedwith the Fourth of July holiday. Given these
factors,the rates achievedare actuallyquite good for the approachused.
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TABLE3.2. Survey Response Rates by County

Pierce Spokane _ Clark

I. Surveys Sent 300 300 300 322

2. Returned to Sender 54 33 47 26 •
(vacant, addressee moved, no
such address)

3. Non-QualifiedRespondent 6 6 6 18
(renter,purchaseda
previouslyowned 'home)

4. CompletedSurveys 133 172 113 152

5. ResponseRate
4. / (I. - 2. - 3.) 55,4% 65.9% 45.7% 54.7%

l

As noted, a series of steps was taken to increase the response rate. The

biggest increase occurred on the secondmailing in Pierce and Spokane Counties

when a monetary incentive was included. Supplementing the written requests

with a phone call produced very few additional responses, although most people

contacted by phone promised to return their survey.

Without having extensive data on people who did not respond, it ,,ras

difficult to say if or how the data were biased because of non'responses.

With the response rates achieved for the surveys, the data might under-

represent certain segments of homeowners who recently purchased new homes, but

the response rates were fairly close, particularly in Spokane, to levels

typically considered acceptable.

One possible source of bias we investigated was the difference between

the response rates of households for which we had names and those for which we

did not. We speculated that certain homeowner types were more likely to have

unlisted phone numbers and, if the response rate depended on whether the

occupant's name appeared on the envelope, a systematic bias might have been

introduced since owners with unlisted numbers would be underrepresented in our

sample. For Spokane, the response rates were identical for the two groups.

For Pierce County, the response rate was higher (58%) where occupant names

were available than where they were not (47%). Based on these results, we
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concludedthat no bias was beingintroduced in Spokane by the presence or

absenceof occupantnames and a small amountof bias might be present in the

Pierce County data from this phenomenon. In King and Clark Countiesno data
t

were analyzedto determinewhether any bias existed.

3.3 DESCRIPTIONOF THE RESPONDENTS

Besides the profi,le rankings,informationon key characteristicsof the

respondentsand their homes was collectedthrough a series of questionson the

survey. Table 3.3 shows this information. This sectiondescribesthe

homeownersand investigatesthe relationshipsbetweenthe characteristicsof

the homeownersand thei,_homes.

Over 60% of new homes in Clark and Pierce Counties had electricityas

their primary heating fuel. The shares for electricityand naturalgas

heatingwere about equal in SpokaneCounty. In King County, naturalgas

heatingwas about three times as common as electricity. Where a secondary

heatingfuel existed,wood was most common. In all counties,tract homes were

the least common. These data showed that 36% of the Pierce County homes, 32%

of Clark County homes, and 21% of King County homes were custom-builthomes,

while in Spokan_over half the homes were custom-built.(a) The age distri-

butionswere fairly similaracross ali counties.

We also have examined relationshipsamong the characteristicsshown in

Table 3.3° Most of the relationshipsdid not vary significantlyby county.

i Not surprisingly,for all counties,those people who reported purchasingsemi-

custom or custom homes tended to choose the primaryheating fuel for the home.

While most peoplepurchasedcustom or semi-customhomes, first-tlmeouyers

usuallypurchaseda tract or a semi-customhome. Accordir._jy.first-time

homeownerswere currentlyliving in less expensivehomes and tended to be

younger, usuallyless than 35 years old.

(a) We suspectedthat the large share of resDondents reportingcustom-built
homes in Spokanemight have been due to differencesin the response rates
for householdswhere we did and did not have occupant names. As Section
3.2 discussed, however, there was no difference in the response rates
between these two groups in Spokane.
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TABLE 3.3. Demographics of Survey Respondents by County, %

C1ark _ Pi erce Spokane
Primary Heatinq Fuel

Electricity 62.7 21.2 62.0 42.0
Natural Gas 36.0 75.2 30.0 44.0
Wood 1.3 2.7 8.0 12.0 •
Other 0.0 0.9 2.0

SecQndary Heating Fuel
None 46.6 43.8 42.0 44,0
Electricity 7.5 7.1 11.0 14.0
Natural Gas 4.7 1.8 0.0 2.0
Wood 37.I 45.6 46.0 38.0
Other 4.1 1.8 0.0 3.0

Heating Fuel Selection
Chose home's fuel 40.1 29.2 47.0 62.0
Chose home with
preferredfuel 21.1 30.1 19.0 14.0

Someoneelse made
fuel choice 38.8 40,7 34.0 24.0

Number of Homes Owned
I 18.6 27.8 38.0 16.0
2 22.8 27.8 22.0 30.0

3 - 4 35.1 29.6 24.0 36.0
5 or more 23.4 14.8 16.0 17.0

Type of Home
Custom 32.2 20.7 36.0 54.0
Semi-Custom 47.9 55.0 34.0 37.0
Tract 19.9 24.3 30.0 9.0

Under 35 29.7 34.5 34.0 34.0
35 - 54 48.6 55.5 51.0 57.0
55 and over 21.6 10.0 16.0 9.0

Se____x
Male 54.1 60.4 67.0 62.0
Female 45.9 39.6 33.0 38.0

PurchasePrice of Home
Under $100,000 54.9 36.6 68.0 60.0
$100,000- $159,999" 38.9 53.6 18.0 29.0
$160,000 and over* 6.2 9.8 14.0 11.0

*Note' Because higher housing prices were expected in King and Clark Counties
the ranges were "$100,000- $229,999"and "$230,000and over."
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Respondentswho did not decide on the type of primaryheating fuel for

their home more often than not owned an electricallyheated home, except in

King Countywhere naturalgas was most often used. In Pierce County, those

homeownerswho did not choose their fuel tended to be first-timehomeowners.

King County had the lowest percentageof respondentswho chose their own fuel;
m'

whereas, in Spokane County, a larger percentageof people reported decidingon

their primary heating fuel, regardlessof the number of homes they had

purchasedor their age. Also, Spokane,Pierce, and King County respondents

with more expensivehomes had a slight tendency to have non-electricprimary

heatingfuels. In SpokaneCounty,first-timehome buyers predominantlybought

electricallyheated homes, whereasother buyers predominantlybought gas-

heated new homes. However, both first-timebuyers and those who were buying

their second or subsequenthome in Pierce and Clark countiestended to heat

with electricity. In King Countymost buyers in all categoriesheated with

naturalgas.(a)

3.4 CONJOINTANALYSIS RESULT__SS

The conjoint analysis involvedasking the survey respondentsto rank 18

profilesof different home purchasesituations. These rankingswere used to

determinethe relative importanceof the differentfactorsconsidered and the

valuesthe respondentsplaced on the differentlevels of the factors.

The primary output from a conjoint analysis is a set of values indicating

the utilitythat respondentsattach to each level of the factorsconsidered.

These utility values are estimatedfor each respondentand the group utility

values are the average of the individualutility values. The total utility

value is the sum of the utilityvalues for the factor levels. The group

utilityvalues are used to estimatethe total value that respondentswould

place on a hypotheticalhome purchase situation. The relative importanceof

each factor in the purchasedecisioncan also be calculatedfrom the conjoint

analysisbased on the utilityvalues for each factor.

(a) The share of respondentswho consideredwood to be their primary heating
fuel was largest in Spokane County, possibly because the county is more
rural than the other counties. Only three respondentsin King County and
only two respondentsin Clark County used wood as a primary heating fuel.
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Table 3.4 indicatesthe estimatedrelative importanceof each factor

included in this conjoint analysis. The relative importancegives an

indicationof how stronglyeach factor affectsthe home purchaseJecision.

The relative importanceof each factor is calculatedby taking the difference

betweenthe highestand lowest utilityvalues for the levelsof the factor and

dividing this differenceby the sum of the differencesfor all the factors.

The relative importanceof the factorstakes into accountonly factors

included in the design.(a)

The relative importanceof the factorsis fairly consistentacrossthe

four counties. The most importantfactor in each county is the primary

heating fuel. In King County, fuel type is nearly as importantas all other

factors combined. In all other counties,factors that representaesthetic

qualitiesor floor plan features (home type, size, and number of levels)

account for approximately50% of the total range in utility values. In all

counties, aestheticqualitiesare more importantthan the purchase incentives

or the level of energy-efficiency.

TABLE 3.4. Relative Importanceof Factors by County

Factor Clark Ki_ Pierce Spokane

Fuel Type 38.7% 48.6% 34.8% 33.2%

Home Size 29.3 31.9 32.9 32.9

Home Type 12.3 5.8 15.9 18.2

Cash Rebate 5.8 6.1 6.7 6.6

Rate Discount 4.9 5.1 3.0 1.7

EfficiencyLevel 2.5 1.7 3.6 4.9

Levels in Home 6.5 0.7 3.1 2.4

(a) As noted earlier, factors such as location and financing, which might be
more important to the home buyer than some of the factors considered here,
were not included in the analysis.
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Table 3.5 contains the group utility values for each factor level. For

each specific factor,the most preferredlevel has the highest positive

utility value. Becauseof thestatistical techniquesused to estimatethe

utilityvalues, the utilityvalues sum to zero for categoricalfactors.

Consequently,a negativeutilitydoes not mean that the respondentsplace no

value on the particularlevel; it just means that the respondentsvalue that

level less than other levels. For the factorsthat have quantitiesassociated

with them (such as the level of a cash rebate),the utility values are a

function of a vector (linear)coefficientand, for home size, a quadraticterm

(see the appendix). For the home size factor,the utility is calculatedby

dividing the floor area (in ft2) by 100 and then multiplyingthis value by the

vector coefficientand adding it to the productof the quadraticcoefficient

times the square of the floor area divided by 100. The cash rebate utility

values are calculatedby simply dividing the cash rebate amount by 100 and

multiplyinythe resultingvalue by the vector coefficient.

Table 3.5 shows that in all counties,custom or semi-customhomes were

the most valued. Tract homes consistentlyhad lower utility values than the

other two housing types. In all counties except Spokane, single-levelhomes

had a higher utilityvalue than multi-levelhomes. As noted later,

preferencesfor levels in a home tendedto vary with respondentage so these

resultsreflectedthe age distributionof new-homebuyers.

In all cases, the utilityof home size followed a quadraticrelationship.

Additional floor area was desirableup to some maximum size. The most

preferredsize ranged from about 2,000 to 2,300 ft2.

In all counties,wood was the least preferredheating fuel. In contrast,

natural gas receivedthe highestutilityvalue in all locationsand,

therefore,was the preferredfuel. In King County, the differencebetween

utility values for electricityandgas heat was the largest, indicatingthat

buyers in King County placed considerablyhigher value on naturalgas heat.

The utilityvalue for cash rebatesvaried linearlywith the amount of the

rebate in all counties. Utility valueswere fairly consistentacross the

counties. The utilityvalue for a rate discountalso was reasonably
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TABLE 3.5. Utility Values for the Factor Levels by County

Clark _ Pierce Spokane
Home Type

Tract -1.22 -0.62 -1.49 -1.69 •
Custom 0.59 0.31 0.66 0.99
Semi-Custom 0.63 0.31 0.83 0.71

Levels in Home
Single 0.49 0.06 0.23 -0.18
Multi -0.49 -0.06 -0.23 0.18

Home Size
1,100 ft_ 15.19 14.70 19.47 19.57
1,500 ft_ 18.08 17.70 22.83 22.96
1,900 ft_ 19.55 19.46 24.21 24.38
2,300 ftz 19.61 19.96 23.60 23.81

Vector 1.86 1.77 2.45 2.46
Quadratic -0.04 -0.04 -0.06 -0.06

PrimaryHeatinq Fuel
Wood -3.71 -4.18 -3,20 -2.68
Electricity 1.62 0.58 1.32 0.45
NaturalGas 2.10 3.60 1.89 2.23

Cash RebBte
None 0.00 0.00 0.00 0.00
$400/$600 0.28 0.32 0.32 0.31
$800/$1,250 0.56 0.63 0.63 0.65
$1,250/$1,900 0.88 0.99 0.99 0.99

Vector 0.07 0.08 0.08 0.05

Rate Discount $.!5/$20
No -0.37 -0.40 -0,22 -0.13
Yes 0.37 0.40 0.22 0.13

Efficiency
Average -0.18 -0.14 -0.26 -0.36
High 0.18 0.14 0.26 0.36

CorrelationCoefficient 0.82 0.87 0.86 0.84
Absolute Difference 2.48 2.27 2.44 2.47

P

First value shown is for all counties except Spokane;second value is for
SpokaneCounty.
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consistent across the counties. Even with the higher rate discount considered

for Spokane County, however, the utility value to the homeowners was lower

than in the other counties.

Finally, increased energy-efficiency was considered to provide higher

. utility than standard efficiency levels. This meant that respondents

considered the higher efficiency desirable even though home prices were likely

to increase. The effect was most pronounced in Spokane, where heating loads

would be the highest.

To examine differences across population subgroups, we looked at how

utility values varied with demographics. Those results are summarized below.

As would be expected, owners had the highest utility value for the type

of home they owned. For example, owners of custom-built homes consistently

had higher utility values for custom homes than they did for tract or semi-

custom homes.

Similarly, homeowners consistently had the highest utility values for the

type of heat in their current home. Wood heat users, in all counties except

Clark, had a higher utility value for natural gas heat than electric heat.

In all cases, homeowners 55 years and older placed a higher utility value

on single-level homes thanthey did multi-level homes. This seemed reasonable

given that older homeowners would probably have more difficulty negotiating

stairs.

Other differences emerged that involved the selection or preference for

electric heating. In Pierce and Clark counties, older buyers, attached a

significantly higher value to electric heating than did other buyers. Buyers

who did not select their fuel, typically buyers of tract homes, predominantly

had electric heat.

Responses to incentives varied by characteristics of buyers or

hous,eholds. For example, in Pierce County older buyers valued a cash rebate

less than did other buyers. Also in Pierce and King counties, owners of tract

homes found a cash rebate significantly more valuable than did owners of other

home types.
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First-time home buyers appeared to be a distinct subgroup. The focus

groups indicated that first-time buyers preferred electric heat; and the

conjoint analysis survey data showed that about 59% of the first-time home

buyers in the complete sample had electric heating, whereas only about 43% the

buYers who had owned more than one home currently had electric heat. The

survey data also showed that only about 18%of the first-time buyers purchased

custom homes, whereas about 43% of the buyers who had bought two or more homes

were currently living in custom-built homes.

For testing the reliability of our results, 2 of the 18 profiles the

respondents were asked to rank were hold-out cards. The group utility values

were estimated using only the other 16 profiles, and the two hold-out profiles

were "held out" of the analysis. The group utility values were then used to

predict the ranking of the two hold-out cards° At the bottom, Table 3.5

includes two measures of the reliability of the conjoint results" the hold-

out card correlation and the absolute difference between the predicted ranks

and the actual ranks of the hold-out cards. The two measures of reliability

indicate how well the rankings of the hold-out cards were predicted for the

sample as a whole based on the group results.

Ali counties showed a high correlation between the predicted and actual

ranks of the hold-out cards" the simple correlation coefficient was greater

than 0.8. This indicated that the individual utility values predicted actual

ranks of the hold-out cards accurately. The absolute difference between

rankings indicated that the group utility values were able to predict the

actual ranks of the hold-out cards within approximately plus or minus two and
a half ranks.

3.5 SEGMENTINGHOMEOWNERSACCORDINGTO UTILII'Y VALUES

The selected results in the previous section indicated that specific

groups of homeowners value certain characteristics of a home more than other

groups of homeowners. Such information could be useful for targeting programs

to different market segments. The relative sizes of the segments, the

importance segment members place on the factors, and the utility values

members have for the factor levels are important pieces of information.

Demographic descriptions of the segments are also useful for targeting
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information. (a) This section discusses segmenting homeowners into groups with

similar utility values; segment utiiity values and relative sizes are

discussed.

The method used for segmenting the respondents was a K-means cluster

. analysis of the respondents _ utility values. This clustering technique split

the sample into a specified number of groups such that the between-groups

variation in the group means was as large as possible relative to within-

group variation of the utility values• We used this method of segmentation to

produce two distinct segments, or clusters, of homeowners in each of the four

counties•
'i

The utility values for the clusters in all counties are shown in Table

3.6. The table also indicates the relative importance of each of the factors

for the groups.

In general, the importance rankings were similar for Group ! in each

county and also for Group 2 across counties• In all four counties, homeowners

in Group I placed more importance on the primary heating fuel than homeowners

in Group 2. On the other hand, home size was less important to Group I

members in all counties. Another distinguishing factor was home type, which

Group 2 valued more in all counties except Clark.

Table 3.7 presents demographic information on members of each cluster.

For Pierce County, Group i consisted of 58.8% of the homeowners. Most of the

homeowners in Group I (60.0%) used electricity as their primary heating fuel.

Approximately 39% used natural gas to heat their homes. Approximately 53%

also had a secondary heating fuel, almost always wood. By comparison,

a larger percentage of Pierce County Group 2 homeowners (18%) used wood as a

J primary heating fuel. Fifty-ninepercent used electricityand 22.5% used

- (a) Accuratedescriptionsof segments,however,would requirebetterdemographic
informationthan we collected and larger sample sizes 'Foreach segment.
Statisticallyspeaking,the relativelysmall sample sizes of the segments
did not allow narrow confidence intervals to be placed around the
demographiccategory percentages. For most of the reported percentages,
the 95% confidenceinterval is approximatelyplus or minus 8%.
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TABLE3.6. Relative Importance and Utility Values for Homeowner Segments

Pierce Spokane •
Group I Group 2 Group I Group 2

HomeType
Relative Importance, % 11.11 28.74 12.22 29.06 "

Tract -1.14 -2.05 -1.32 -2.12
Custom 0.35 1.16 0.61 1.42
Semi-Custom 0.79 0.89 0.72 0.70

Levels
Relative Importance, % 2.88 3.94 0.12 5.58

Single 0.25 0.22 -0.01 -0.34
Multi -0.25 -0.22 0.01 0.34

Home Size
Relative Importance, % 23.49 49.42 21.09 41.38

I,I00 _8.15 22.22 19.47 19.47
1,500 21.15 26.10 22.35 22.95
1,900 22.23 27.74 22.99 24.51
2,300 21.39 27.14 21.39 24.15
Vector 2.31 2.79 2.54 2.43 '
Quadratic -0.06 -0.07 -0.07 -0.06

Fuel
Relative Importance,% 46.17 10.74 54.76 12.32

Wood -5.25 -0.44 -5.38 -0.22
Electricity 2.48 -0.32 1.62 -0.64
Natural Gas 2.77 0.76 3.76 0.86

Cash Rebate
Relative Importance,% 7.94 4.48 4.49 4.11

None 0.00 0.00 0.00 0.00
$400/$600 0.44 0.16 0.24 0.16
$800/$1,250 0.88 0.32 0.48 0.32
$1,250/$I_900 1.38 0.50 0.75 0.50
Vector 0.11 0.04 0.06 0.04

Rate Discount
Relative Importance, % 3.91 1.43 3.38 0.82

None --0.34 -0.08 -0.32 0.05
$15/$20 per month 0.34 0.08 0.32 -0.05 .

Efficiency Level
Relative Importance, % 4.49 1.25 3.48 6.73

Average -0.39 -0.07 -0,29 -0.41
High 0.39 0.07 0.29 0.41

• First value shown is for all counties except Spokane; second value is for
Spokane County.
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TABLE 3 6. (contd)

' King Clark
GrouL1 Group 2 Group i Group 2

Home Type
" Relative Importance, % 7.56 7.82 13.95 8.70

Tract -0.76 -0.42 -1.63 -0.48
Custom 0.15 0.54 0.88 0.06
Semi-Custom 0.61 -0.12 0.75 0.42

Levels
Relative Importance, % 0.66 3.58 6.45 6.38

Single -0.06 0.22 0.58 0.33
Multi 0.06 -0.22 -0.58 -0.33

Home Size
Relative Importance, % 19.86 45.93 22 68 53.33

I,i00 15.40 12.76 13.86 17.71
1,500 18.00 15.60 16.50 21.15
1,900 19.00 17.48 17.86 22.99
2,300 18.40 18.40 17.94 23.23
Vector 1.95 1.49 1.70 2.16
Quadratic -0.05 -0.03 -0.04 -0.05

Fuel
Relative Importance, % 59.13 28.66 46.30 11.88

Wood -5.91 -1.67 -5.32 -0.79
Electricity I. 11 -0.18 2.32 0.34
Natural Gas 4.81 1.85 3.01 0.44

Cash Rebate
Relative Importance, % 5.52 8.14 4.17 9.66

None 0.00 0.00 0.00 0.00
$400 0.32 0.32 0.24 0.32
$800 0.64 0.64 0.48 0.64
$1,2.50 1.00 1.00 0.75 1.00
Vector 0.08 0.08 0.06 0.08

Rate Discount
Relative Importance, % 5.18 4.89 3.78 8.31

None -0.47 -0.30 -0.34 -0.43
• $15/month 0.47 0.30 0.34 0.43

Efficiency Level
Relative Importance, % 2.10 0.98 2.67 1.74

Average -0.19 -0.06 -0.24 -0.09
High 0.19 0.06 0.24 0.09
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TABLE 3.7. Demographicsby Segment in Each County, %

Pierce Spokane "
Gr_ Group 2 Group I Group 2

PrimaryHeating Fuel ...... ,
Electricity 60.00 59.18 44.00 40.24
Natural Gas 38.57 22.45 56.00 32.93
Wood 1.43 18.37 21.95
Other 4.88

SecondaryHeating Fuel
None 47.14 40.82 57.33 32.93
Electricity 1.43 20.40 2.67 19.51
Natural Gas 2.67 1.22
Wood 32.86 28.57 26.67 29.27
Other 18.57 8.16 10.67 15.86

Heatinq Fuel Selection
Chose Home's Fuel 38.57 '51.02 56.00 67.07
Chose Home with
PreferredFuel 21.43 20.41 18.67 10.98

Someone Else Made
Fuel Choice 40.00 28.57 25.33 21.95

First-timeHomeowner 37.14 40.82 16.00 18.29

Type of Home
Custom 32.86 36.73 46.67 58.54
Semi-Custom 34.29 32.65 42.67 31.71
Tract 32.86 28.57 8.00 9.76

Age
Under 35 28.57 40.81 25.34 41.47
35 - 54 51.43 46.94 61.33 51.22
55 and Over 20.00 12.24 13.33 7.32

Sex
Male 64.29 75.51 68.92 53_16
Female 35.71 24.49 31.08 46.84

Purchase Price of Home
Under $100,000 71.43 67.34 58.67 62.20 "
$100,000 - $159,999 15.71 16.33 28.00 28.06
$160,000 and Over 11.43 14.28 13.33 8.54

Percentageof Respondents
in Group 58.80 41.20 47.80 52.20
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TABLE3.7. (contd)

! '

King Clarkm

Group I _ _ Gro__Ep_u_p_2
Primary Heating Fuel

Electricity 17.24 25.00 58.33 69.57
Natural Gas 79.31 70.00 41.67 23..91
Wood 1.72 5.00 4.35
Other I..72

Secondary Heating Fuel
None 50.88 32.50 49.40 35.56
Electricity 3.51 15,00 6.02 8.89
Natural Gas 3.51 4.82 6.67
Wood 40,35 50.00 36.15 46.67
Other 1.75 2.50 3.60 2.22

Heating Fuel Selection
Chose Home's Fuel 27,59 30.00 41.46 37.78
Chose Homewith

Preferred Fuel 36.21 25.00 19.51 22.22
Someone Else Made

Fuel Choice 36.21 45.00 39.02 40.00

First-time Homeowner 24.14 27.50 11.90 21.74

Type of Home
Custom 22.41 15.00 32.14 32.61
Semi-Custom 48.28 60.00 47.62 45.65
Tract 29.31 20.00 19.05 17.39

Age
Under 35 37.93 30.00 23.81 39.13
35 - 54 46.55 62.50 52.38 41.31
55 and Over 13.79 2.50 22.61 17.39

Sex
Male 57.89 66.67 60.98 40.91
Female 42.11 33.33 39.02 C9.09

PurchasePrice of Home
Under $100,000 36.20 42.50 46.43 65.22

" $100,000 - $229,999 51.73 47.50 42.86 26.09
$230,000 and Over 12.07 7.50 5.95 6.51

• Percentaqeof Respondents
in GrouR 59.20 40.80 64.60 35.40
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natural gas to heat their homes. Forty-onepercent of Pierce County Group 2

homeownershad a secondaryheating fuel, mostly wood, but 20.4% used electri-

city as a secondaryfuel.

The respondentswere asked whether they had played a role in selecting

the primaryheating fuel for their home. Approximately60% of the Group I

homeownersin Pierce County either chose their prinlaryheating fuel or

selecteda home with their preferredfuel. This percentagewas 72% for Group

2 homeowners. The homeownersin Group I and Group 2 were very similarwith

respecttonumber of homes owned, type of homel,and purchase price; however,

members of Group I tended to be a little older.

The membershipof Group I in SpokaneCounty accountedfor 47.8% of the

homeownersin the county. Fifty.twopercentof the homeownerswere segmented

into Group 2. Group I predominantly(56%) used naturalgas for heating.

Approximately43% of Group I used a secondaryheating fuel, mostly wood. The

primaryheating fuels used in Group 2 were closely split betweennatural gas

(33%),electricity(40%), and wood (22%),with other fuels accountingfor 5%

of the total. Group 2 respondentsplayed a slightlygreater role in selecting

a primary heatingfuel than did respondentsfrom Group I. As in Pierce

County,Group 2 members tended to be younger than Group I members. About 59%

of the respondentsin King County fell into Group I. The majority (79%) of

those heatedwith natural gas and half had a backup heatingsystem. Although

most respondentswithin Group 2 heatedwith naturalgas, the proportionwas

smallerthan in Group I. Seventy-eightpercent did not have a backupheating

system. Members of Group 2 tended to be younger than those in Group I.

In Clark County, 65% of the respondentswere in Group I. Natural gas

heatingwas more common in Group I. Members of Group 2 tended to be younger.

By combiningthe utilityvalues and demographics,some patterns can be

identifiedfor the differentgroups across the counties. Group I in all four

countiesplaced a high importanceon the primaryheating fuel type and had a

larger share of homes heated with naturalgas than Group 2. Members of Group

i in both counties appeared to disapproveof wood heat. Group 2 members in

all countieswere younger and rated home size significantlymore important

than did Group i members. The majorityof Group 1's members lived in custom
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homes, and these groups had the highestuse of wood heat as the primary

heating fuel. lt might also be noted that, except for Clark County, home type

was more importantto Group 2 than to Group I.

There were importantconsistenciesbetween the demographic

. characteristicsof the clustergroups and their responses in the conjoint

analysis. This type of informationand analysiscould be explored further for

segmentationand marketingpurposes.

3.6 MARKET SIMULATIONS

One strengthof conjoint analysis is the ability to use the utility

values to simulatethe resp{ndents'choice behavior in hypothetical

situations• In this section,the respondents'utility values are used to

demonstratethe possible effectsof a programencouragingthe buying of highly

energy-efficientelectricallyheatedhomes.

As mentionedpreviously,the NorthwestEnergy Code Programencourages

municipalitiesto adopt the MCS as the buildingcode for homes heated with

electricity. Recently,WashingtonState adopted the MCS to go into effect in

Iggl for all new electricallyheated homes, along with incentivesfor these

homes, importantquestionsrelatingto such programs are' "Will the adoption

of the MCS encourageor discouragethe purchase of electricallyheated

homes?"; "Are incentivesneeded to encouragethe purchase of these highly

energy-efficientelectricallyheated homes?";and, if so, "What levels of

incentivesare appropriate?".

The simulationsshed some 'lighton these questionsby providingestimates

of market sharesfor differenthomes and program characteristics. Given a

specificcombinatio_of home chara,_teristicsand incentives,the utility

values for th levels of the factors in the situatilonwere summed to produce a

total utilityvalue for that combination.(a)

I

z

(a) Although two models were used in our analysis to estimate market shares,
we presentonly the resultsfrom using the first-choicemodel here because
it providedbetter corroboratedresults. The appendixdiscussesthis model
and the Bradley,Terry, an_ Luce (BTL) model.
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The first-choicemodel we used is the mainstay of conjoint simulators.

For each respondent,it assumed that the situationwith the highest total

utilityvalue would be selectedby the respondent, lt aggregatedthe results

from all the respondentsand indicatedwhat percentageof the respondents

preferredeach combinationof housingcharacteristics.

We simulatedthe decisionto purchase either an electricallyheated or

natural-gas-heatedhome by startingwith six typical homes. These six

consistedof various combinationsof home type (customor tract) and floor

area (1,100,1,900, or 2,300 ft2). The homes were assumed to be multi-level.

Simulationswere then used to estimate marketshares for'each basic home type

under situationswith varying efficiencylevels and incentives. All six home

types were includedin each simulation,but the primary heating fuel, the

purchase incentives,and the level of energy-efficiencywere varied. The

effect on fuel choice was determinedby adding up the shares of homes with

electric heat and the shareswith gas heat.

The base case simulationincludedelectricallyheated homes with the same

level of energy-efficiencyas the alternativegas-heatedhomes and with no

purchase incentives. This simulatedthe situationwhere the MCS was not

required for electricallyheated homes and no incentiveswere provided. In

the second simulation,the electricallyheated homes were energy-efficient

homes with no purchase incentives.(a) For our purposes,the efficiencylevel

of the energy-efficienthomes was assumedto be comparableto MCS. Each

simulationthereafteradded alternativepurchase incentivesfor the energy-

efficient (MCS),electricallyheated homes. Table 3.8 displays the results

for each of the four counties.

Under the base case, i.e., equal energy-efficienciesand no purchase

incentives,the simulationsindicateda largermarket share in each county for

naturalgas heating than electric heating. The base-caseelectric heating

shares estimatedfor electricityranged from 13.3% in King County to 44.2% in

Pierce County.

(a) The data upon which these simulationswere based assumed that homes not
built to the MCS, i.e., of standardenergy-efficiency_were bu}It to the
WashingtonState buildingcode in effect in 1990.
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TABLE 3.8. Market SimulationResults

• Pierce Count_

MCS, Rate MCS, Cash Rebate
• Bas_____eMC___SS Discount _ }800 $I,250

ElectricHome 44.2 45.8 50.0 52.5 58.3 60.8

Nat. Gas Home 55.8 54.2 50.0 47.5 41.7 39.2

Spokane County

MCS, Rate MCS, Cash Rebate
Bas____eeMC__SS Discount _ $I,250 I_LI__900

ElectricHome 22.8 37.3 41.1 39.9 44.3 46 8

Nat. Gas Home 77.2 62.7 58.9 60.1 55.7 53.2

King County

MCS, Rate MCS, Cash Rebate
B__as._eeMC___SS Discount _ $800 $I,250

ElectricHome 13.3 23.5 30.6 24.5 29.6 33.2

Nat. Gas Home 86.7 76.5 69.4 75.5 70.4 66.8

Clark Count_

MCS, Rate MCS, Cash Rebate
Bas_____eeMC___SS Discount _ _

ElectricHome 38.5 43.8 55.8 48.5 50.0 56.9

Nat. Gas Home 61.5 56.2 44.2 51.5 50.0 43.1

When MCS was introducedfor electricallyheated homes, without any

- incentives,the estimatedmarket shares for electricityincreasedin all

counties. In King and Spokane counties the change was most dramatic. Spokane

went from a 22.8% estimatedshare for electricallyheated homes to 37.3% for

electricallyheated homes built to MCS specifications. King County shares
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increasedfrom 13.3% to 23.5%. The remainingcolumns in the table show how

different incentivesand levels tied to MCS electricallyheated homes affected

estimatedmarket shares.

The rate discount ($20 per month inSpokane and $25 per month elsewhere)

increasedthe share for electricallyheated MCS homes in all counties. The

increase ranged from about 4 to 12 percentagepoints.

The last three columns show the effect of cash rebates. In all counties

except Pierce,the estimatedshare for electricallyheated homes with the

lowest cash rebate ($600 in SpokaneCounty and $400 elsewhere)was less than

the estimated share for the same homes with the rate discount. With an

intermediaterebate level ($1,250in Spokane and $800 elsewhere),the share

for electricallyheated homes increasedbetween 1.5 and about 6 percentage

points. At the highest rebate level analyzed ($1,900in Spokaneand $1,250

else,_here),the cash rebate was enough to increase the share for electrically

heated homes in all counties to a level greater than the share for the same

homes with the rate discount. At the highestrebate level,Pierce County had

the highestmarket share for electricallyheated MCS homes,60.8%. The lowest

share for electricallyheated homes with a maximum cash rebatewas 33.2% in

King County.

In three of the counties,each additional $100 of cash rebate resulted in

a maFket share increase of about one percentage point for electricallyheated

MCS homes. In Spokane, the effect was about half this amount. In all

counties except Clark, the initialincreasesin the rebate amount tended to

have the most effect on market shares.

The utility rate discountsappearedto have a significanteffect on

electricallyheated, MCS home market shares estimates. The rate discount

examined amountedto $180/yearin all cuunties but Spokane,where it was

$240/year. The response to the rate discount and cash rebate can be compared

by calculatinghow many months of a given rate discount would be required to

have the same effect on market shares as a cash rebate. Resultsfor Pierce

and Clark Countieswere at the extremes. In Pierce County,the 52.5% market

share achievedwith a $400 rebate was roughly the same as the market share

produced by a $15/monthrate discount. Thus, respondentsin Pierce County
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would require the rate discountto "pay back" in about 27 months ($400 at

$15/month). On the other hand, the $15/monthutility rate discount increased

estimatedmarket shares in Clark County about as much as a $1,250 rebate.

Therefore, in Clark County respondentsreactedmore favorablyto a utility

rate discount, acceptinga much longer "payback"of 83 months ($1,250at

$15/month). These resultswere consistentwith the differencesin relative

importanceplaced on rate discounts and cash rebates by respondentsin the two

counties (see Table 3.4).

Although we were unable to test the market simulationresults

systematically,we were able to take advantageof availabledata to compare

our resultswith actualmarket shares. Table 3.9 presents the comparisons.

In Pierce County, we had data from a previous study (Lee, Englin,and

Harkreader 1989) that showedthe share of new homes having electricalheat had

declined from 95% to 55%during the period 1981 through 1987. The MCS program

went into effect in Tacoma in mid-1983 and has continued. Though the

TABLE 3.9. Comparisonof SimulationMarket Share Estimates and Other Data

EstimatedShares of New Homes
Heatedwith Electricity,%

County SimulationBased Other Source Comments

Pierce 61 55 Simulationvalue
based on $1,250
rebate; other based
on utility data

Spokane 47 42 Simulation value
based on $1,900
rebate

King 13 21 Simulation value
from base case;
survey data includes
areas with MCS
programs

Clark 57 63 Simulation value
based on $1,250
rebate, SGCprogram
in effect since 1987
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incentivelevel has varied, it has been typicallyat the high end of the range

we analyzed. Therefore, we used 61% as our simulation-basedestimate of new

electricallyheated, MCS home share in Pierce County. This compared quite

well with the estimate of 55% based on utilityhook-updata.

In the other three counties,we relied on the demographicsdata collected

through our survey to estimate new housing market sharesby fuel type. The

numbers in Table 3.9 were based on the primaryheating fuel data presentedin

Table 3.3, includingonly respondentswho reported having electricityor

naturalgas as their primary heating fuel. The biggestdifference betweenthe

estimatesfrom the simulationsand those from the surveyor utility data

occurred in King County, where our simulationestimatewas based on the

assumptionthat no electricallyheated MCS homes were offered. While this

assumptionwould be appropriatefor Seattle, since no Bonneville programswere

in place there, other parts of King County had SGC programsduring the period

analyzed. The difference between our simulation estimate and the demographics

data would have decreased if we had restricted our demograDhics to respondents

in Seattle only.

Overall, the simulation-based market shares estimates agreed well with

the observed shares. These results increased our confidence in the ability of

the simulation model to estimate the effects of the MCSand various incentive

approaches on market shares.

Because the effects of the MCSand incentives on market shares are very

important to quantify, further research should be devoted to establishing

reliable and valid estimates. Further analysis of the data collected here and

extensions of the analysis to other sites could improve the current estimates.
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4.0 CONCLUSIONS

This section summarizes the information presented in this report,

" highlighting important findings from the current research and linkages to

related past research. This section also identifies implications of our
G

findings and additional research required to resolve the issues examined.

Since this report focuses on the interactions among fuel types, the MCS,

incentives programs, and consumer choice, theconclusions presented here are

grouped into three relevant categories: factors affecting the home purchase

decision; the effects of alternative incentives; and market segmentation and

market shares.

4.1 FACTORSAFFECTINGTHE HOMEPURCHASEDECISION

Based on the conjoint analyses of homeowners in four Washington counties,

a fairly consistent ranking emerged of the factors we examined in the new-

home purchase decision. Averaging across the four geographic areas (Figure

4.1), fuel type was considered the single most important factor in the

purchase decision. Combined, however, the floor area and home type, ranked

second and third, respectively, were more important, accounting for about half

the relative importance. Tile cash rebate linked to fuel type was fourth in

the rankings. The utility rate discount was fifth, while energy-efficiency

was tied with the number of levels in a home for last place in the rankings.

The relative importance of fuel type in the purchase decision was a

significant finding. Little additional information was available to test this

finding. Other results in this report and previous work, however, tended to

corroborate this finding. For example, Lee, Englin, and Harkreader (1989,

Table 4.2) showed that fuel type has had a statistically significant effect on

home sale prices in Tacoma in recent years. In 1985 and 1987, buyers paid

about $4,000 more for gas heated homes than electrically heated homes. Though

the participants in the focus groups conducted for the current study did not

• usually bring up fuel type as a major factor in their home purchase decision,

when the moderator raised the topic an important pattern of attitudes emerged.

Owners who heated with natural gas typically had a strong preference for gas.

Consistent with the results reported in Lee, Englin, and Harkreader (1989),
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FIGURE4.1. Average Relative Importance of Key Factors in HomePurchase Decision

one focus group participant even indicated that she had paid more for her new

home to have the heating switched to natural gas. This evidence supported our

conjoint analysis finding that fuel type was quite important to home buyers,

even to the point that buyers would pay a premium to get their preferred fuel.

Besides being concerned about the economics of different fuels, buyers

also had fairly strong views about the service provided by different

utilities. Focus group participants expressed the view that gas utilities

were more service-oriented than their electric counterparts. There also was

the opinion that electricity supplies were less reliable than gas supplies.

In addition, gas was considered a more satisfactory cooking and water heating

fuel. A previous survey of 1,000 households in the Northwest partially

supported these findings (Harkreader et al. 1988, Table 4.3); households rated

gas more dependable than electricity. The previous study, however, did not

reveal a significant preference for gas for cooking and water heating.
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While fuel type was a very important factor, energy-efficiency

constituted only about three percent of the total relative importance in the

• purchase decision. Like fuel type, this Factor was usually not mentioned by

participants in the focus groups, but, also like fuel type, once the moderator

, introduced it most participants indicated that they had considered energy-

efficiency in their decision. _ An important finding from tl_e focus groups was

that buyers tended to associate energy-efficiency with home quality.

The focus group participants indicated that they would be willing to pay

between $2,500 and $5,000 more for an energy-efficient home. This is fairly

consistent with estimates from Lee et al. (1989, p. 4.17), which showed Tacoma

buyers had been willing to pay between $5,500 and $7,600 more for a 1,500

square 'Foot MCShome between 1985 and 1987. Tacoma focus group participants

noted, however, that they had seen little difference between the price of MCS

homes and other homes they had considered. At first glance, this seemed to

contradict the results presented in Lee et al. (1989). However, if the buyer

were comparing the prices of new gas-heated and electrically heated MCShomes,

the positive MCSpremium would be offset by the negative value associated with

electric heating (Lee et al. 1989, p. 4.21), resulting in a relatively small

overall price difference.

With respect to the MCSand programs to promote increased energy-

efficiency, the focus group participants from Tacoma indicated good name

recognition for the Super Good Cents program, but no familiarity with the MCS.

Awareness of the SGCin Spokane was considerably less. Tacoma participants

associated program homes with energy-efficiency, quality construction, and

quiet.

4.2 THE ROLEOF INCENTIVES

. Incentives can be used to encourage the purchase of energy-efficient

homes or homes using a particular fuel type. Because the MCSapplies only to

• new electrically heated homes, incentives tied to the MCSinteract indirectly

with fuel choice in new homes. This study examined the effects of several

incentive types and magnitudes.
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Participantsin the focus groups reacted positivelyto all incentive

types except the one that would make it easier to qualify for the purchaseof

an energy-efficienthome. Participantsfeared that this was a "creditcard"

approachthat would allow unqualifiedbuyers to becomeoverextended

financially. Direct rebateswere consideredvery attractiveand the fewer

stringsattachedthe better. The best received incentivewas discounted

interestrates on energy-efficienthomes. The longer-termnature of this

approachwas a major factor in its appeal Utility rate discountswere also

consideredto be attractive,in part because of their long-termrole. Some

participantswere skepticalof this approach,however,becauseof a general

distrust of utilitiesand a concernthat the discountsmight promote, rather

than discourage,energy consumption.

For cash rebates, the consensusview from the focus groups was that the

incentivewould have to be around $1,000 to have a significanteffect. The

resultsfrom our conjointanalysis indicatedthat a $I,000 rebate would

increase the market share of electricallyheated MCS homes about 10 percentage

points. For smallerrebates,the effect appeared to be, on the average, an

increasein market shares a littleunder one percentagepoint per $100 of

rebate.

Utilityrate discountsalso appearedto be effectiveways to influence

market shares. Focus group participantsindicatedthat utilityrate discounts

amountingto monthly savingsof at least $15 would be requiredto have much of

an impacton their home purchasedecisions. The conjointanalysisrevealed a

substantialeffect of such rate discounts in all four counties. On the

average, a $15/monthrate discountwas equivalentto about an $800 cash

rebate.

4.3 MARKET SEGMENTATIONAND MARKET SHARES

The behavior of differenthome buyers in the new home purchasedecision

dependson a number of characteristicsof the potentialbuyers. The data

collectedin this study allowedus to identifygroups of buyers who exhibited

similarpreferencesand, to some extent, to relate those preferencesback to

buYer characteristics. Our analysisalso produced estimatesof market shares

for differentheating fuels under alternativeconditions.
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Two segmentswere identified in all four counties that were fairly

comparable across the counties. In all counties, Group 1's members placed a

very high importance on fuel type in their home purchase choice. This result

" appeared to be driven by a strong disposition against wood heat by this

group's members. In all counties except Spokane, members of this group

' considered energy-efficiency to be relatively important compared with the

second segment_ Group 2. In all four counties, Group I was more likely to

have no backup heating system. A smaller share of' Group I nlembers were first-

time homeowners and a larger share were 55 years old or older.

Members of Group 2 in all four counties considered home size to be the

most important factor in their purchase decision. This group also tended to

have less of an aversion to wood heating and more frequently considered it to

be their primary heating fuel. In all but King County, a larger proportion of

the members of this segment were under 35 years old.

Besides identifying homeowner segments and their preferences, we noted

important features of owner preferences and identified several owner

characteristics that were correlated with preferences. Overall, as would be

expected, the respondents preferred custom or semi-custom homes to tract

homes. The conjoint analysis data showed that more floor area was preferred,

but only up to a point. The value of additional floor area tended to peak

around 2,000 square feet.

First-time home buyers appeared to be a distinct subgroup. Both the

focus groups and conjoint analysis survey indicated that first-time buyers

preferred electric heat over natural gas. Only about one-fifth of the first-

time buyers purchased custom homes, whereas almost half the buyers who had

bought two or more homes were currently living in custom-built homes.

Certain buyers appeared to be more likely to prefer electric heat. For

example, older buyers tended to attach a significantly higher value to

electric heating than did other buyers. Buyers who did not select their fuel,

typically buyers of tract homes, predominantly had electric heat.

Older buyers in Pierce County valued a cash rebate a significant amount

less than did other buyers. In Pierce and King counties, owners of tract
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homes found a cash rebate significantly more valuable than did owners of other

home types.

Our analysis of how the MCSand alternative incentives affect market

shares for electric and gas heating provided preliminary insights into the

interplay between the MCS, fuel type, and market shares. Indications from

this analysis were that, by itself, requiring the MCSas the building code for

only new electrically heated homes would increase the share of new homes

bought that are electrically heated. This observation suggested that buyers

I) recognize the benefits of energy-efficiency, 2) factor higher first-costs

and lower energy costs into their selection, and 3) believe that the energy

cost savingsmore than compensatefor the higher first-costs_ The effect

would be largest in the coldest location,Spokane,where the energy cost

reductionswould be the greatest.

Our results indicatedthat cash rebatestied to the MCS would increase

market shares. The effectwas approximatelylinear over the range of rebates

examined. Rebates had the largest effect in Pierce County and the smallest in

SpokaneCounty. Over the range studied,each $100 increase in the rebate

increasedthe market share of electricallyheatedMCS homes about one

percentagepoint.

Utilityrate rebatesalso appearedto have a substantialeffect on market

shares. The monthly rates of $15 to $20 we examined producedmarket share

effects comparableto those producedby the cash rebate levels we considered.

The relative effectsvaried considerablyfrom one locationto another,

however.

Becausethese resultshave significantpotentialimplicationsfor program

design, policies,and forecasting,they have to be consideredvery carefully.

Because they draw on data from only four metropolitanareas, they have to be

treated as preliminaryand indicative. Methodologically,they are based on

data from hypotheticaldecision situationsfaced by buyers,rather than

empiricaldata documentingactual decisions. Nevertheless,the fairlygood

consistencybetween the estimatedand actualmarket shares in all locations

validatesthe estimatespresentedhere.
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4.4 IMPLICATIONSAND EXTENSIONS

This study was limited to only four geographic regions in a single state,

Washington. Consequently, the findings should not be interpreted to apply to

Bonneville's entire service territory. The fact that most results were

,_ consistent across the four counties, nevertheless, does support the validity

and universality of the results, lt is important, however, to extend the

current analysis to other locations representing more of the region's

population centers.

Most of the results of the conjoint analyses were consistent with

expectations and commonsense. Conjoint analysis appeared to produce

reasonable results and its application should be extended to other regions and

refined.

Additional demographic and characteristics data should be obtained in

future applications of the technique. These additional data would help relate

the findings back to particular population groups and identify relationships

among household characteristics and the results.

The conjoint analyses results helped identify distinct market segments.

MCSprograms could benefit through reduced program costs and increased

effectiveness by targeting particular market segments. The collection of

additional household characteristics data would permit improved classification

of market segments and the market segmentation could help Bonneville focus its

program efforts.

One major finding of this study was the significant effect that the link

between the MCSand electrical heat appeared to have on market shares, lt

appeared that buyers recognized the benefits of the MCSand more buyers would

opt for a new electrically heated home, rather than a gas heated home, if the

electrically heated homewere built to higher energy-efficiency standards.

" Rebates attached to MCSelectrically heated homes appeared to increase

the market shares of such homes, but not by a large amount in most cases.

' Utility rate discounts appeared to be an effective way to influence market

shares also. Given these results and the generally favorable responses to

such incentives by focus group participants, it might be worthwhile for
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Bonneville and regional utilities to examine the option of using rate

discounts rather than just standard rebates.

In summary, the response of the housing market to incentives is a major

factor in MCSprogram design and costs. Further study is necessary in other

locales and with different market shares analysis designs to enhance the

reliability of the current results.
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APPENDIX

• CONJOINTANALYSIS

" This appendix is a simplified overview of conjoint analysis issues and

techniques, lt explains what techniques were used for this study. For more

detailed explanations of conjoint analysis, the reader is urged to consult the

references provided.

This study uses conjoint analysis to address the issue of fuel choice in

new homes. By analyzing the preferences of homeownerswho have recently

purchased new homes, this technique assesses the relative importance of the

fuel choice as compared with other factors thought to influence the home

purchasedecision. Also, by comparing home profiles with different

characteristics and using the estimated values of important factors, this

technique provides insight into the effect of adopting the MCSas a building
code.

Conjoint analysis is a method for analyzing and modeling the decision-

making process. The term "conjoint analysis" came from the attempt to create

interval level scales to measure human preferences. Interval level scales,

such as scales used to measure time, weight, and length, allow for the

arithmetic operations of adding, subtracting, multiplying, and dividing.

While relatively easy to generate for physical quantities, interval scales

measuring attitudes or preferences are difficult to construct. "The

difficulty arises because we know what it means to say that we like potatoes

better than rutabagas, but generally not what it means to say that our liking

for potatoes over rutabagas is greater than our liking for artichokes over

eggplant" (Huber 1987).

" Behavioralscientistsreasoned that while expressedpreferencesdo not

directlyproduce intervalscales,certain choiceshad to be based on judgments

" of value for specificcharacteristicsthat do. For example_ a person stating

that he prefers a 25 cent blue pen over a 15 cent black pen implies that being

able to use blue ink is worth at least 10 cents more to him. By putting

togethera number of such preference situations,it was demonstratedthat it
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is possible to derive values that underlie preferences that have some interval

properties and are additive. Conjoint measurement provided a theory for

creating a measurement scale from preference judgments on different decision

alternatives (Huber 1987).

In choosing between two or more alternatives, decision-making research ¢,

indicates that the decision-maker tends to focus on a small number of the

salient characteristics of the alternatives, usually no more than five or six

(Engel 1982). The most important of these salient characteristics is said to

be deterministic. Theoretically, if a decision-maker chooses an alternative,

she will choose the alternative that she perceives possesses the deterministic

characteristics and the highest levels of the deterministic characteristics

The decision-maker also makes a social value judgment of how good it is for

the alternativesto be so positionedon each characteristic(Louviere1988).

lt is the combiningof the various levels of these deterministic

characteristicsand the studying of the relative importanceof these

deterministiccharacteristicswhich conjoint analysis addresses.

COLLECTINGCONJOINTMEASUREMENTDATA

Before discussing data collection methods, a quick explanation of

terminology is needed. The deterministic characteristics of a decision

alternative are called factors. The different amounts of these factors are

called levels. A person's utility for a specific level is the value he places

on that level. For example, consider the decision to purchase a car. Some of

the factors involved in this decision may be the price, color, and engine

size. The levels of these factors may be $10,000 and $15,000 for price; red

and blue for color; and 2.0 liters and 3.0 liters for engine size.

In a conjoint task, respondents are asked to indicate their preferences

for various combinations of levels of deterministic factors. There are many

methods to obtain these preference data. In a full factorial design using

pair-by-pair comparisons of the factors, the respondent is presented with

every possible pair-by-pair comparison of all the levels of all the factors

and asked which combination he most prefers, which combination he prefers

second most and so on (see Figure A.I). In a full profile design, the

respondent is presented with profiles including different levels of all
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COLOR
Red Blue

,

2.0 L Red, 2.0 L Blue, 2.0 L
. ENGINE Rank: 3 Rank: 2

SIZE
3.0 L Red, 3.0 L Blue, 3.0 L

•' Rank: I Rank: 4

PRICE
$10,000 $15,000

2.0 L 10 K, 2.0 L 15 K, 2.0 L
ENGINE Rank: 4 Rank: 2
SIZE

3.0 L 10 K, 3.0 L 15 K, 3.0 L
Rank: 3 Rank: I

COLOR
Red Blue

$10,000 Red, 10 K Blue, 10 K
Rank: 3 Rank: I

PRICE
$15,000 Red, 15 K Blue, 15 K

Rank: 2 Rank: 4

FIGUREA.I. Pair-by-Pair Comparison of Three Factors

factors and asked to express his preferences (see Figure A.2). In both these

designs, if there are very many factors or levels within factors, the

respondent will be asked to make quite a few comparisons.

When there is a large number of possible comparisons or profiles, a

fractionated design is commonly used. The fractionated design is a sample of

all possible comparisons or profiles. In the most basic fractionated designs,

enough comparisons or profiles are selected to estimate just main effects and

. not interactions. In these basic designs, a respondent's preference for an

alternative is a linearly additive expression of the factors involved and

there is very little or no interaction between the factors. For example, a

person's preference for a car can be expressed by adding the individual
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Preference
Engine Color Price Ranking

Profile ] 2.0 Red $10,000 4

Profile 2 2.0 Blue $10,000 7

Profile 3 2.0 Red $15,000 2

Profile 4 2.0 Blue $15,000 5

Profile 5 3.0 Red $10,000 8

Profile 6 3.0 Blue $10,000 3

Profile7 3.0 Red $15,.000 ]

Profile8 3.0 Blue $15,000 6

FIGUREA.2. Full ProfileComparisonof Three Factors

utility values representing his preference for a specific engine size, color,

and price. Also, the preference for a specific engine size is not dependent

on a preference for color or price.

In full factorial or fractionated designs, respondents are asked to

indicate their preferences by rating or ranking the comparisons or profiles.

The original conjoint studies used ranking tasks (e.g., I prefer this

alternative compared to that alternative) to derive interval level preference

data. Rating scales (e.g., I rate this alternative an 8 on a scale where I

represents no preference and 10 represents most preferred) are also used in

conjoint studies and do not require as much effort from the respondent. A

relatively recent development in conjoint designs is the discrete-choice

response design (Louviere and Gaeth 1988). In this type of design the

respondent is presented with several different sets of full profiles and asked

to choose the preferred alternative from each set. For example, the

respondent could be presented with Profile I, Profile 4, and Profile 7 from

Figure A.2 and asked to choose the profile representing the car he most

preferred. The respondent would then be presented with a different set of

three profiles and asked to choose the preferred profile. This process would
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continue until all combinations of the profiles in sets of three had been

presented.

Conjoint measurement has its theoretical roots in ranking tasks. The

early conjointpractitioners were able to demonstrate the derivation of quasi-

interval scales from ranked data. However, ranking tasks can be burdensome to

the respondent, especially if a 'large number of comparisons is involved. In

many situations, rating scales are just as reliable as ranking tasks and are

less taxing on the respondent.

However, respondents tend to use rating scales in a relative way. Many

respondents tend to avoid using the extremes of the scales and concentrate

their answers near the middle, or vice versa. "The original reason to use

rank-order inputs over quasi-metric ones stemmed from a legitimate uncertainty

about what respondents meant in responding to, for instance, a ten-point

strength oF preference scale" (Huber 1987). The reliability of preference

scales can be somewhat improved by anchoring the ends of the scale with

extreme examples of alternatives.

By having the respondent choose a preferred alternative from a set of

alternatives, the discrete-choice response designs may have greater external

validity in purchase decisions than the ranking or rating tasks. Actual

decisions are seldom made by rating or ranking a set of alternatives and then

choosing one. Ranking and rating tasks do not directly study the process of

primary interest, which is choice behavior.

ASSESSINGTHE RELIABILITY ANDVALIDITY OF CONJOINTSTUDIES

In discussing the different conjoint analysis techniques two important

concepts must be considered. These are the concepts of reliability and

validity.

. Reliability is the extent to which any measuring procedure yields the

same results on repeated trials. "[he amount of chance error may be large or

. small, but it is universally present to some extent. Two sets of measurements

of the same features of the same individuals will never exactly duplicate each

other" (Stanely 1971, p. 356). Even though measures of social phenomena will

never exactly duplicate each other, they do tend to be consistent. An
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individual who has the highest measured preference for a red car will, on

subsequent measures, also tend to have the highest preference level for red

cars. The tendency towards this consistency for measures is what is meant by

reliability (Carmines and Zeller 1979).

Measurement error comes from many different sources. These sources

include the method of data collection, the definition of preference; the

measurement scale for preference (ratings or rankings), the number of factors,

and the estimation procedure for utility values, to mention a few. Two common

measures of the group reliability of conjoint data involve the use of what are

called "hold-out cards." In a fractionated, full profile conjoint design the

respondents are asked to indicate their level of preference for more profiles

th_.n are actually needed to'estimate their utility functions. A utility

function for the sample is estimated from the responses to the necessary

profiles. This group utility function is the addition of the averages across

all the respondents of the utility values for each factor. This group utility

function is used to predict how the individual respondents would rank (rate)

the extra profiles. The correlation between the predicted ranks and the

actual ranks of the extra profiles is a measure of the reliability of the

conjoint design for the sample. The absolute difference between the

respondents' ranks for the hold-out cards using the group utility function and

their actual ranks is also a useful measure of reliability. By using the

individual's utility functions, instead of the group utility function, to

predict the rankings of the hold-out cards, a more accurate assessment of the

consistency of an individual's responses is obtained.

Using the group utility function to predict the rank of the hold-out

cards provides an estimate of the reliability of the results for the sample.

Using individual utility functions to predict the rank of the hold-out cards

tests the reliability of the data collection technique for the individuals.

Validity is the extent to which a measuring device measures what it

intends to measure. "Validity concerns the crucial relationship between

concept and indicator" (Carmines and Zeller 1979, p.12). A technique of

measurement may be considered highly reliable by providing almost the same

results on repeated measures, but if the technique is not measuring the
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concept it is supposed to be measuring, then the technique is not a valid one

to measure the particular concept.

The validity of conjoint results can be appraised by examining the

methodology used to collect the data (content validity) and by assessing the

. predictive power of conjoint results. For an example of content validity,

consider a math exam. Such a test would not have much content validity if it

only covered addition, thus neglecting subtraction, multiplication, and

division (Carmines and Zeller 1979). The present study would not be

considered to have content validity if it did not take into account the many

different factors affecting the decision to buy a home or if it did not

reflect the possibility of choosing between different homes with different

characteristics.

The predictive power of conjoint results can be assessed by concurrent

validity, the correlation between a measure and the criterion at the same

point in time, or by predictive validity, correlation of a future criterion

and a relevant measure (Carmines and Zeller 1979). The concurrent validity of

a conjoint analysis is more readily assessed than its predictive validity.

For example, it is quicker to examine the correlation between the utility for

red cars and the number of red cars the dealer has sold, than it is to examine

the correlation between the utility for a new product and its market share

three months from now.

Even though conjoint analysis has been used since the earlier 1970s,

there needs to be more work done to provide adequate formal evidence to

support the validity of conjoint analysis and reliability of its different

techniques. However, "its heavy use for commercial applications suggests

there is a great deal of confidence in the method" (Wittink and Walsh 1988).

ANALYZINGCONJOINTDATA

The methods used to calculate utility values from conjoint data are

numerous and depend on how the data were collected. In the first applications

of conjoint analysis, data were analyzed by a number of non-metric techniques,

such as MONANOVA(Kruskal 1965) or LINMAP (Srinivasan 1973), which #ermitted

easy analysis of input data about which only ordinal properties could be
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assumed. Non-metric techniques are used when the data reflect that one

alternative is preferred over a second alternative, but just how much more the

first alternative is preferred is not measured. The example presented earlier

of comparing a person's preference for potatoes over rutabagas to their

preference for artichokes over eggplant is an illustration.

Metric methods of analyzing conjoint data are preferred over non-metric
,

routines because Ordinary Least Squares (OLS) methods can be used. Metric

routines assume interval level data from which stronger interpretations of the

data can be made. Quasi-metric data, such as conjoint data, have some

interval properties that non-metric routines treat as noise, but metric

routines are able to use. "Non-metric routines may be losing popularity

simply because they do not appear to help predictions" (Huber 1987). The

switch to metric routines is pragmatic since there are few theoretical reasons

why metric routines should work better.

A strength of conjoint analysis is the ability to use the utility values

to simulate choice behavior between hypothetical alternatives. Two

theoretical models are commonly used. The more frequently used first choice

model states that the alternative with the highest total utility will be

chosen. For each respondent, the utility for each alternative in the

simulation is calculated. The alternative with the highest utility is marked

the "winner". The results are aggregated across the respondents to determine

the results for the entire sample (Bretton-Clarke 1987).

The Bradley, Terry, and Luce (BTL) model is based on the concept that the

greater a person's utility is for an alternative, the greater the probability

is the person will choose that alternative. "According to this theory, the

probability of choosing any given alternative is equal to the utility of that

product divided by the sum of the utilities for each product in the simulated

market" (Bretton-Clarke 1987). This model works well for special cases of

conjoint analysis, but performs poorly in many other cases. For example, if a -

respondent prefers electrically heated homes, adding homes that wereheated

with other fuels would not affect the respondent's selection. However,

according to this model, adding additional profiles from which to choose will

continue to lower the probability of the respondent's choosing an electrically

heated home. The probability of a respondent choosing a particular profile
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can be lowered just by adding more profiles to the simulation. Market

simulations using the BTL model that contain a large number of profiles will

usually provide extremely conservative results.
I

ANSWERINGTHE QUESTIONSFOR.THIS STUDY

For this study, respondents were asked to rank a set of 18 full profiles

of new homes according to the likelihood of their purchasing the home if they

were in the market for a new home. The basic design consisted of 16 profiles.

Two profiles were added as hold-out cards to assess the reliability of the

design. The data were collected through mail surveys.

Validity and practical issues were considered in the selection of this

design. Recent buyers of new homes were chosen for the sample because it was

felt that the purchase decision would still be relatively fresh in their

minds. They would be able to remember what factors actually influenced their

decisions. Comparing full profiles, instead of pairs of home characteristics,

increased the external validity of the design. When purchasing a home, a

person does not consider one or two characteristics in isolation of all other

characteristics, Having the respondentsrank full profilesmore closely

representedthe actual decision process in purchasinga home. A discrete-

choice responsedesign was not used even though it may have improvedthe

realismof the study. This method is a recent developmentin conjoint

designs. Few comparisonshave been made of discrete choiceswith the more

widely acceptedranking and rating conjointtasks. Also, accordingto

Louviere (1988),discrete choice responsedesigns have some major

disadvantages'

I. lt is very difficultto develop individual-levelchoice models
becausediscrete choice responsesdo not containas much statistical
informationas rating and/or ranking responses.

" 2. The statistical properties of discrete multi-variate statistical
models are only asymptotic; thus, even if one can estimate the
utility parameters of interest, one cannot test them with any
statistical confidence.

3. Choice tasks are more difficult to design than full-profile conjoint
tasks because one must design both the profiles and the choice sets
into which to place them.
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Ranking the profiles was chosen over a rating task because ranked tasks

provide data that have more interval level properties than rating data.

Theoretically speaking, ranked conjoint analysis data are superior to rated ,.

data. Also, the number of profiles the respondents were asked to rank was

small, so the ranking task did not add much additional burden to the

respondent's task. For these reasons, it was thought that the ranking of full

profiles was more practical and would produce better results than other

alternatives.

The selection of the factors and their levels is a crucial part of any

conjoint analysis. Correct selection of these factors and their levels

improves the content validity of the design. Making the levels of the factors

location specific also aids in improving the content validity. The objective

of the present study is to investigate the role of the fuel choice in buying

new homes. Because of Bonneville's MCSprograms, the role of energy

efficiency in homes and the effect of incentives on new home purchases are

important factors to consider. Also, to be able to estimate just main effects

of these factors, the factors chosen should be independent of each other. For

example, the comparison of profiles should not restrict a person's choice of a

highly energy-efficient home to only electrically heated homes.

The focus groups were used to gather information on the factors that

influence the buying of a new home and their relative importance. From the

focus groups, a list of several factors was compiled (Table A.I). These

factors were examined for dependence on each other and the final factors were

selected. The levels of the selected factors were decided using information

from the focus groups, input from realtors in the study areas, and information

on Bonneville's present MCSprograms.

A complete listing of all the factors influencing the home purchase

decision was impossible. The focus groups indicated that the location,

financing, price, amenities, and floor plan features were probably the most

important factors. Extremely important factors such as location, availability

of financing, type of financing, and the price range of the homewere designed
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TABLEA.!. Factors That Influence the Purchase of a Home

Factors Considered Factors Selected
m

Floor plan Factors Type of Home
Number of bedrooms Custom-built

. Number of baths Semi-custom
Number of living areas Tract
Square footage Size of Home
Number of floors Under 1,300 ft 2
Lot size 1,300 - I,699 ft_
Basement 1,700 2,099.ftZ
Garage Over 2,100 ftZ

Price of Home HeatingFuel Type
HeatingFuel Electricity
HeatingSystem Naturalgas
Level of Amenities Wood
Type of Home Energy Efficiency
(custom,tract, etc.) Meets state building code

Location Exceedsstate building code
Financing Cash Rebate Incentive
Style of Home High rebate ($1,250or $1,900)
(Tudor,Modern, etc.) Medium rebate ($800 or $1,250)

Energy Efficiencyof the Home Small rebate ($400 or $600)
Incentivesfor Purchasingthe Home None

Discount on UtilityRates Incentive
Yes ($15 or $20 a month)
No

Levels in Home
Single-level
Multi-level

to be extraneous to the profiles. The respondents were asked to "keep in mind

the factors and constraints that influenced their decision (e.g. price,

financing, location) to purchase their present home." Factors which were

highly dependent on each other (level of amenities, type of home, price of

home) were represented by the factor which best represented the group of

factors (type of home). The number of factors and levels chosen allowed for a

manageable number of profiles for the respondents to rank, taking into

consideration the use of a mail survey.

" Ordinary Least Squaresregressionwas used to analyzethe utility values

of the factors in the study (Bretton-Clark1987). Dependingon the type of

the factor,three models were used to analyzethe data: the part-worthmodel,

the vector model, and the ideal point (quadratic)model. Categoricalfactors
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are analyzed using the part-worth model. The part-worth model uses effects

coding to create two-level dummycoded variables from the level.(; of the

categorical variables. The vector model is used for quantitative variables

which exhibit a linear relationship. In this model, dummycoded variables are

not required and the levels of the factor are entered directly 'into the
.,

regression. The result is a vector which is multiplied by the level of the

factor to estimate the utility value of that level. The ideal-point model is

used for those variables where there is a strong curvilinear relation between

the levels of a factor and the respondent's utility values for those levels.

In other words, too much or too little of the feature decreases the

respondents utility value for that feature. The result of this model is a

vector and an ideal-point coefficient. The utility value for a specific level

is the sum of two products; the product of the vector coefficient and the

value of the level and the product of the square of the value of the level and

the quadratic coefficient.

To simplify the discussion, the procedures used to select an appropriate

model are discussed using the data from Spokane County, but the same

procedures were used for all the study areas. The type of factor and the

relationship between the levels of a factor were examined to decide an

appropriate model. Categorical factors (nominal data) must be analyzed with

the part-worth model. For this study the factors of home type, level of

energy efficiency, the presence of an utility rate discount, and floors are

categorical factors and were analyzed with the part-worth model.

The quantitative factors of home size and the amount of cash rebate were

examined for the appropriateness of using the vector model or the ideal point

model. The correlations and plots between the part-worth utility values and

their corresponding factor levels were examined to determine if a linear or

curvilinear relationship existed. Table A.2 shows these correlations.

There appears to be a curvilinear relationship between the levels of home

size and the part-worth utility values associated with these levels. Although

there is a strong negative relationship between the part-worth utility values

for the smallest and largest home size (-0.703), small positive relationships

exist between levels one and two, as well as levels three and four, indicating

a curvilinear relationship. The correlations between the part-worth values
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TABLEA.2. C.orrelatio_is Between the Part-Worth Utility Values
for the Levels of HomeSize and Amount of Cash Rebate,
Spokane Co,ui_ty

- Level Level Level Level
Factor" Size of Home 1 2 3 4

, " Level I" Under I.,.300 ft 2 1.000
Level 2" 1,300- 1,699 ft_ 0.247 1.000
Level 3" 1,700 2109g.ft_ -0.664-0.287 1.000
Level 4" Over 2,10()ftZ -0.703 -0.729 0.229 1.000

Level Level Level Level
Factor" Amount of Cash Rebate I 2 3 4

Level I" No Cash Rebate 1.000
Level 2- $600 Cash Rebate -0.383 1.000
Lovel 3" $1,250 Cash Rebate -0.299 -0.254 1.000
Level 4" $1,900 Cash Rebate -0.281 -0.281 -0.413 1.000

for the levelsof the cash rebate factor do not change signs between the

differentlevels. These correlationsindicatea negativelinear relationship.

Tl_eideal point moCel is used to estimatethe utilityvalues for the size of

home and the vector model is used to estimate the utilityvalues for the

amountof a cash rebate.

The profilesused in this study presentedthe home size as a range. A

small hom_.was under 1,300 ft2, the next size home ranged from 1,300 ft2 to

under 1,700 ft2, the next size ranged from 1,700 ft2 to under 2,100 ft2, and

the lalxje_thome was over 2,100 ft2, For the purposeof calculatingthe

utilityvalues for the size of home, 1,100 ft2 was used for the small home

size, 1,500 ft2 for the next size, 1,900 ft2 fc_ the next size, and 2,300 ft2

for the large home size.

. The reliabilityof the conjointdesign was tested using hold-out cards.

As _Ireadystated, the basic design involved 16 full profiles. Two profiles

- were added as hold-outcards. The ranks of the two hold-outcards were

predictedfor each respondentusing the group utility functionand the

respondents'individualutility functionscalculatedfrom the 16 basic design

profiles. A correlationof 1.0 betweenthe predictedranks and the actual

" ranks means the hold-out cards were predicted, _rfectly. A correlationof 0.0

means the hold-out cards were not predictedby the utility function. The
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absolutedifferencebetween the predictedranks and the actual ranks is also

reported in the main text.

Using the group utility functionto predicttlleranks of the hold-out

cards is a measure of tilereliabilityof the resultsfor the entire group.

The results in the text indicate that tilerespondents'individualutility

functionspredictedtheir rankings of the hold-outcards with a good degree of

reliabiIity.

The validityof the conjoint results is assessedby comparingthe utility

values for the factorswith sourcesreflectingthe actual preferencesfor the

levelsof the factors. For example, a check of the internalvalidityof this

study is done by comparingthe utility values for the levels of the heating

fuel factorwith the respondent'spresentheatingfuel. Assuming that the

respondenthas his preferredheatingfuel, his utilityvalues for the specific

fuel should be the highest. TI_issame logic is used for comparingthe utility

values for the type of home with the respondents'reported type of home. The

discussionin the text indicatesthat the resultsof the conjoint analysis

agreed quite well with the data on the respondents,thus suggestingvalidity

of the results.

REFERENCES

Bretton-Clarke. 1987. Conjoint Analyzer,Version L_. Bretton-C!arke,New
York.

Carmines,E,.G. and R. A. Zeller. 1979. Reliabilityand ValidityAss.essment.
sage Publications,Beverly Hills, CA.

Engel,J. F. and R. D. Blackwell. 1982. Consumer Behavior. The Dryden
Press,New York.

Huber, J. 1987. "ConjointAnalysis' How We Got Here and Where We Are."
SawtoothSoftware,Ketchum, Idaho.

Kruskal,J. B. 1965. "Analysisof FactorialExperimentsby Estimating
Monotone Transformationsof the Data," Journalof the Royal Statistical
Society,B(27)'251-63.

Louviere,J. J. and G. J. Gaeth. 1988. "A Comparisonof Rating and Choice
Responsesin Conjoint Tasks." SawtoothSoftware,Ketchum, Idaho.

A.i4



Louviere,J. J. 1988. Anal.yzingDecisionMakinq" Metric Conjoint Analysis.
Sage Publications,Beverly Hills, CA,

Srinivasan,V. and A. D. Shocker. 1973. "LinearProgrammingTechniquesfor
. Multi-dimensionalAnalysis of Preferences,"Psychometrica38"337-69.

Stanely,J. C. 1971o "Reliability,"pp. 356-442 in R. L. Thorndike (ed.)
• EducationalMeasurement. AmericanCouncilon Education,Washington,DC"

Wittink,D. R. and J. W. Walsh. 1988. "ConjointAnalysis" Its Reliability,
Validity,and Usefulness." Sawtooth Software,Ketchum, Idaho.

A.15






