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CHAPTER 9. CLOTHESWASHER SHIPMENTSMODEL: REVISED MODEL
9.1 OVERVIEW

Clothes washer shipment estimates are a necessary input for manufacturer impact andysis and
nationa energy savings caculaions. In the Advanced Notice of Proposed Rulemaking (ANOPR), we
examined severa different gpproaches to forecasting new washer sdes. The investigated modesinclude
an Auto-Regressve Moving Average Modd (ARIMA), a Multi-Vaiae Time Series Fit, a
Sauration/Lifetime Mode, and an Accounting Modd with eadticity. Of the different approaches, we
selected the Accounting Model  because it was the most full-festured model which included price and
operating cost eladticities.

In this chapter, we describe a revised accounting model for projecting annud clothes washer
shipments that includes the following factors:

. combined effects of price, operating cost, features and other macroeconomic explanatory
variables (income, credit, etc.) on annua U.S. shipments

. market ssgments (e.g., new housing and moves, replacement decisions, non-owner adding
awasher)

. decisonsto repair rather than replace

. purchases of used washers

. age categories of clothes washers

This Clothes Washer Shipments Mode incorporates information from the DOE Consumer
Andyss. Sincethe ANOPR, DOE has gathered additiond information about features of clotheswashers
that influence consumers purchase decisions, and analyzed consumer’s stated preferences. This new
information aso has been cdibrated with updated information about historica purchases.

9.1.1 Definition of Market Segments and Owner ship Categoriesin the Shipments M odel

This clothes washer shipments model described in this chapter segments both clothes washer
owners (i.e. households) and clothes washer purchases into different categories. The different types of
clotheswasher ownersinclude (1) new housing and housing purchases, (2) existing housng with aregular®
washer, (3) housing without a washer, and (4) housing with an extended life washer. We refer to the
population of clotheswashersin each ownership category asthestock of clotheswashersof that category.

The different types of clothes washer owners are faced with different clothes washer purchase
decisons and purchase motivations. The reason for buying a clothes washer determines the Market

®Regular meaning awasher that has not undergone an “ extended repair.”
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Segment that the purchase represents. The different types of clothes washer purchases are divided into
SX separate market segments as follows:

1. New Housing and Housing Purchases Market: When there is a net increase in the housing
stock, a housing purchase or changes of residence, the increase in the number of households
or the changes of residence may force the purchase of a new clothes washer.

2. Ealy(Discretionary) Replacement Market: Even before aclotheswasher breaks down, about
27% of clothes washer owners replace the existing clothes washer because they want an
updated modd, because of remodeling, or for other miscellaneous reasons.

3. Regular Replacement Market: Most clothes washer purchases result from the replacement of
an exising washer that has broken down after the completion of its useful life.

4. ExtraRepair Market: Under conditionsof high costsfor new clotheswashersafew consumers
will rebuild or repair abroken down washer (thus extending itslifetime) rather than purchasing
anew clotheswasher. Eventudly, even extended life washers break down and are replaced.

5. Non-owner to owner converson market: A few households without a clothes washer will
purchase a clothes washer and become new clothes washer owners.

6. Used clotheswasher purchases market: For many clotheswasher purchases, the consumer will
have the additional decison of whether to purchase a new or used machine. There is a
sgnificant used clothes washer market (18% of total sales) that can interact with the market
for new clothes washer purchases.!

Fgure 9.1 showsthe structure of themodel. The boxesrepresent the different types of clotheswasher
owners and households, while the diamonds represent the different decisons that are made by the
consumer and how the results of the decisons feed into other elements of the modd.

Inthemodé, the stock of existing washersis categorized interms of ownership or household category.
Severd different types of owners may participate in a particular market segment, and each ownership
category may participate in one to severa market segments. Each market segment is modeled by a
probability function which represents the likelihood of a particular consumer decision. Economic decision
variables(such asprice, operating cost savingsand thefesturesavail ablefor new clotheswashers) influence
the magnitude of these decison probabilities.

The clotheswasher shipments model keepstrack of the population of each type of clotheswasher and
clotheswasher purchase. Themodd isrunwith an annua time step. Thus, annud purchases represent the
incrementa changes in clothes washer stocks for each time period. The flow diagram in Figure 9.1
represents the process of taking an initid stock of washers of the four different categories, caculating the
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purchases induced by thisinitid stocks of clotheswashers, and cd culating the new stock levelsthat result.
The rectanglesrepresent the different ownership categories, the arrows represent the stock flows of clothes
washer households, and the diamonds represent the decisions that these households are making in the
course of ayesr.

| Start of Year | End of Year |

Early
Replacement?2

Houses with

—_—>
Washers No

Problems? No

Yes
Yes ;Buy New Washe——p
Repair or Replac New or Used? New >
Replace?
Used >
. - Regular or -
Repair Extra Repair? Regular
Extra Repai——m| Houses
with Houses
No »| Extended .
A with
Lifetime Washers
Washers
Houses with . .
. Did Washer Replace with -
Extended Lifetime Yes New >
Break Down? New or Used?
Washers
Used >

New Houses Yes N
o Houses w/o
No Wash
No > ashers
Houses w/o Purchase
? New >
Washers Washer? Yes New or Used? N
Used »

Figure9.1  Flow Diagram for Clothes Washer Shipments M odel
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To carry out oneyear’ scaculation, one gartsin arectangle with the amount of clotheswashersin that
category. Then one flows out in the direction of the arrow until one arrives a a diamond that represents a
decison. For each decison thereisaninflow of onearrow and an outflow of two arrows. One gpportions
the stock according to the probability function that describes the proportion of washersthat are subjected
to each outcome. One keeps flowing through the diagram until one arrives back at a shaded rectangle that
represents a stock category. The result is the number of washers that have flowed from one stock to
another stock in the course of one year. To get the tota stock at the end of the year, one adds up the
contribution from dl possible flow diagram paths. Inthe modd this processisrepeated each year until the
year 2030.

Consumer decisons influence how the stock and supply of clothes washers flow from one category
to another. Decisons which are economicdly influenced are modeled with econometric equations. The
parameters of these econometric equations are cdibrated with industry statistics on historic shipments and
are dso cdibrated with market information from both the AHAM survey* and the Clothes Washer
Consumer Anaysis?

The decisons to which each category of households (and their clothes washers) are subjected are
described below:

Net new households and housing moves are those households that must make a clothes washer
purchase decision because of a change in resdence. These households are faced with the decison of
whether or not to get anew clothes washer with the house that they moveinto. A consumer isfaced with
this decison when he or she moves into a house without awasher and was not able to take hisor her old
washer to the new residence.

For households with existing regular washers, the first question is whether or not the current washer
is having operationa problems (i.e. needsrepair). If the washer is without problems then the consumer
must decideif he or she wants to purchase a washer for other discretionary reasons. |If the washer has
operationa problems, then the consumer must decide if the washer isto be repaired or replaced. If the
consumer makes an extrarepair, one which avoidsthe purchase of anew washer, then the model assumes
that that repair extends the washer lifetime by 6 years.

For households without washers asmadll fraction (at most afew percent) of consumers will decide to
become clotheswasher owners. Those who become ownerswill do so by purchasing either anew or used
clothes washer.

Househol dswith extended lifetimewashers are those househol dsthat have extended thelifetimeof their

washer through an extrarepair when the washer last broke down. If the clothes washer breaks down yet
again, the consumer will have to have it replaced with either anew or used machine.
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In Section 1.1.2 we compare the current modeling gpproach with the models that were examined in
the ANOPR andysis. In Section 1.1.3 we review the economics durables sales forecasting literature;
Section 1.2 describes the details of the mathematical structure of the model, while Section 1.3 discusses
the modeling of economic consumer decisions, and Section 1.4 presents the modd results.

9.1.2 Recent Enhancements of Shipments M odel

Since publication of the Technical Support Document (TSD)3 for the Advanced Notice of Proposed
Rulemaking, we have made several improvements to the clothes washer shipments forecast. These
improvements indude the following:

Detailed accounting of different market segments and washer ownership categories. Previous
shipments model saccounted for only the new clotheswasher market and thereplacement market. The
previous modd assumed that a washer was replaced by a new washer when it broke down. The
current model now accountsfor avariety of other market dynamicsincluding optionsto purchase new
vs. used washers, changesin repair behavior, and extending the life of washers through extrarepairs.

Price and operating cost elasticities calibrated to historical data: The model now includes
consumer respons venessto priceand operating costscaibrated to historical clotheswasher shipments.
The operating cost response relative to the price sensitivity is calibrated to 1997 purchase decisons
and the current engineering andysis.

Consumer response to the front-loading feature is included: The modd includes a consumer
response to whether top-loading machines are avallable. Eladticity with regards to the front-loading
vs top-loading feature is adapted from the recent Clothes Washer Consumer Anaysis.

Removal of theincome el asticity: We assumed no income dadticity, for cons stency with the Clothes
Washer Consumer Andysis.

Utilization of a wide variety of data sources. The current shipments modd utilizes awide range of
information to make the mode reflect current consumer and market characterigtics:

» Clothes Washer Consumer Andysis results for both the relative size of consumers response to
features relative to their response to price and operating expense, and to estimates of the rate at
which clothes washer owners might drop out of the market.

* AHAM survey data on the proportion of early (discretionary) replacements, on the proportion of
new vs. used purchases, and the proportion of sales associated with a change in residence.
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 AHAM gatigticson historica shipments and on the recent (post 1994 standard) changesin mean
clothes washer efficiency.
* Consumer Reportsdata on repair rates of washers.

The purpose of these mode enhancements is to provide the best estimates possible for future
clothes washer shipments that are consistent with the recent history of washer shipments, and with current
clothes washer market structure and consumer preferences.

9.1.3 Review of Other Published Research

We performed areview of recent literature on forecasting purchases of consumer durablesin order
to evaluate sudiesregarding price and festures sengitivities and their gpplication to long term sdesforecast
modes. We report on eight relevant studies published from 1990 to the present.

In thisliterature, a sandard measure of consumer senditivity to features of the products and the
market issales elasticity. Eladticity isthe parameter that relates the rdative change in sdesrddiveto a
change in afeature (such aprice, P). For example:

e= (ps/9)/(pp/P) Eq. 91

where ) SS is the rdative change in sales, ) P/P is the relative change in price, and , is the dadticity.
Eladticities are generdly negative numbersranging from 0to -3. A product which has an dadticity -2 will
experience a 2% drop in salesfor a 1% increase in price.

According to the marketing and sa esforecagting literature, consumer price response and e agticity
varies dramaticaly depending on the type of trade-offs being made, the time scale over which sales
varidions are being measured, the type of durable being examined and the stage of development of the
paticular durables market in question.* > ¢ 7

The greatest price sengitivity is observed when consumers are being asked to make trade-offs
between price, brand, and features in an unconstrained market where the consumer has the choice of
different brands and makes of product. In this context, which is most relevant to marketing decisons, the
choice of from whom to buy a product is highly sengtive to the price being charged by a particular
manufacturer. Priceffeatures trade-offs are typicaly applied to set prices for different product classes
according to the overal value that consumers place on other featuresrdative to price (e.g. Dolan, 19965).

In the long-term sales forecadt literature, eadticities are much smaler than those observed in short
term sales or product choice applications. These differences in estimated dadticity reflect the difference
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between a long-term perspective (whether to own a washer) and a short-term one (which washer to
purchase and when to buy). Furthermore, durables undergo atime dependent price sensitivity asthey go
fromintroduction to acceptanceinthe overall market.® ”° Research that examinesthechangein dadticities
over time® findsthat for clothes dryers and appliancesthat are deemed ‘ necessities’ (i.e. haveahigh market
penetration) that ‘ eladticities are either congtant, not satisticaly different from zero, or decline toward the
later stages of the adoption life cycle® These results are based on fitting models with dagticity, to the
higtorica data on shipments and sales of mgor gppliances.

Since the introduction of standards could potentialy cause long-term structura changesin prices
and features, we consder theresultsfrom thelong-term salesforecast literature most rel evant to the present
clothes washer shipments modeling effort. It is expected that dadticitieswill be smdler than what isfound
when consumers are evauating brand or features choices. Cdlibrating eadticitiestofit historical sdesdata
is present practice in the long-term sales forecast moddling literature.

9.2 METHOD
9.2.1 Définitions

The mode is organized in terms of three classes of items. Stocks, Events, and Decisons. These
different classes are defined as follows.

9211 Stock

A Stock isthe number of households with aparticular washer of aparticular ownership category.
The main property of a stock is that it evolves over the course of the year by aging one year and by
increasing or decreasing in response to inflows and outflows produced by events and decisons. The four
permanent stocks in the modd are new households, households with washers, the households without
washers, and households with rebuilt or extended-life washers. In addition to the permanent stocks, there
are temporary stocks of washersin need of repair, repaired washers, rebuilt washers, washers purchases
used, and retired washers. All of the temporary stocks are alocated to one of the four permanent stocks
within the one year computationa time step of the modd.

9.2.1.2 Events

Events are things that happen to a stock that can change the status of aportion of that stock, but
do not depend on economic conditions. Events do not depend on market conditions, but are dependent
onthe propertiesof the stock. Themain event inthe model iswasher problem development or breakdown.
For regular clothes washers, whether or not awasher develops problemsthat require arepair isan event.
For extended-life washers, whether the washer suffers from afina breskdown is another event.
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9.2.1.3 Decisions

Decisions are consumer reactions to events and market conditions. Decisions are described in
terms of probabilities that typicaly depend on the type of stock, the age of the clothes washer, the
incrementa cogt of the decision, and market conditions. The probability of two subsequent decisons in
the same year is equa to the product of the two individua decison probabilities. The dependence of
decision probabilities on price and market conditions is given by a standard econometric logit equation:

In(Prob/ (1- Prob)) = atb* (Price)+c * (Operati ng Cost)+d * (Featurelndex) Eq 9.2
g.

where Prab isthe probability of the decision, and where the right hand side of the equation representsthe
utility of the decision. The coefficients b, ¢, and d represent sengtivities that the consumer has for the
different aspectsof the economic decision. For the sengitivity casesthat we examine, we dso include other
economic decison parameters like income, interest rate, and the price/incomeratio. The congtant term a
isan offset for the utility which cdibrates the utility to the value of the market share in a reference year.
These coefficients are determined through acombination of assumptions about consumer behavior, based
upon studies regarding consumer preferences, and modd cdibration with historic shipments data.

The details of model cdibration and sdection of parameters for the consumer decison modd are
presented in Section 1.3 on modeling economic decisions.

New Houses

Purchase New Washer ?

Yes No
Buy New Join Houses
Washer without a Washer
Figure9.2 Decision Treefor New Housing and Housing M oves

9.2.2 Purchasesfrom New Housing and Housing Moves
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9.2.2.1 Dédfinition

Purchases from new housing and housing moves are defined as those new purchases that arise
from changes in residence.

9.2.2.2 Approach

The decision tree shown in Figure 9.2 illugtrates the approach taken or modeling these
purchases.

Data is available for the market saturation of new households with washers up to 1994. This
market share is projected into the future using a logit probability of purchase equation as described in
Section 1.3. This same market saturation is applied to a market that conssts of moves between existing
housng. The moves market isassumed to correlate with the new housing market in Sze and its magnitude
is set so that the sum of this market and the new housing market is consistent with AHAM datat on the
fraction of clothes washer purchases obtained due to changes of residence (25% of al purchases).

The equations for estimating the purchases from new housing are as follows.

Cw New/New Homes = Prob New Homesx(D HouSestock+ M ovesM arket)

Cw Used/NeW Homes = O Eq 93
where:
CW New/NewHomes = New clothes washer purchase for new homes
Prob new Homes = The probability of purchase of washersfor new homes
DHouse g0 = The net increase in housing
MovesMarket = The market of moves between existing housing.
CW UssiNewHomes = Used clothes washer purchases for new homes (assumed 0).

9.2.2.3 Current Assumptions.

The model assumes that purchases from new housing and moves arise from two related sources.
One source is moves into new housing which is measured by new housing completions, while the second
isarelated market of movesbetween existing housing. We assumethat the size of themovere ated market
is corrdlated with new housing construction, and we calibrate the sze of this market by enforcing the
condition that move-related sales consist of 25% of al sales between 1990 and 1996 consistent with
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AHAM survey data In this market segment we accounted for only new clotheswasher sdles, snceaused
washer sdeis equivaent to just moving an existing washer from one house to another.
9.2.3 Existing Housing with Regular Washers

9.2.3.1 Déefinition

Exiging housing with “regula” dothes washers are those existing households that have awashing
meachine, and whosewashing machine has not had an extrarepair that extendsthelife of the clotheswasher.

9.2.3.2 Approach
The decisons involved with the replacement and repair of regular washersin exigting housing are

illugtrated in Figure 9.3. The figure shows that severd decisions and events affect the replacement of an
exigting washer with anew or used machine.

Houses with a Washer

Are there problems?)
Yes/ No

Replace Washer
Early?

Replace Repair& Yes No

Repair or
Replace Washer?

New, Used, Regular or Buy New Keep Existina
or None? Extra' Repair Washer Washer
Buy New Buy Used Extra egular
Washer Washer
Extend Keep Existing
Don't Buy Machine Life Washer
Any Washer

Figure 9.3 DecisionTreefor Replacement and Repair of Regular Washer sin ExistingHousing
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For ahousehold with an exigting washing machine, the first question is whether or not the clothes
washer has problems and needsrepair. If the washer needsrepair, the consumer will then decide whether
to repair the machine or replace it. If the machine is replaced, then there is the decisionof whether to get
anew or used machine, or to do without a clothes washer (according to the Clothes Washer Consumer
Andyss, about 2% of current clotheswasher ownerswill consider doing without awasher). If themachine
is repaired, then the decison isevauated to see if it is an ‘extra repair for a machine that under norma
economic conditionswould have been replaced. If it isan extrarepair, then the washer isassumed to have
its life extended by 6 years.

If the machine does not have any problems, the consumer still may replace thewasher early (before
breakdown). Accordingto AHAM survey data, about 27% of clotheswashersarereplaced early. These
discretionary purchases are referred to as early replacements.

The decisonsand eventsin the decision tree are model ed with probability functions. Wetherefore
need five relaive probability functions to model this purchase decison process.

The probability that an existing washer has a problem

The probability of replacing, or repairing amachine as afunction of age.
The probability of a used/new purchase.

The probability of an early replacement of a machine without problems.
The probability that awasher is not replaced.

a s wbdpE

1. The probability that an existing washer hasa problem isafunction with a5% annud repair ratefor
the fird five years, increasing linearly with age, and a 100% needs-repair rate at 17 years. To do thiswe
assume that the relative probability that a surviving machine required repairsis 5%. So we have:

Probability of Needs-Repair = C * age * Probability of Survival Eqgn. 94

Where C is chosen so that the probability of arepair in the first five years averages 5% per year. This
functionisindependent of time. The surviva function for a clothes washer is derived from the replacement
function used in the ANOPR anadlys's, and isillustrated in Figure 9.4.
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Survival Probability Function

l X
0.8
0.6

. \

0 5 10 15 20

Survival Probabilii

Washer Age

Figure9.4 Probability of Survival for Regular Clothes Washer

2. The probability of Repair vs. Replace (replace and retire are used interchangeably) is subject to
market variations and changes as described by a probability of purchase equation:

Probrepairvs. Reiire( year, age) = Probability of Repair vs.Retire =
(Probability of Needs- Repair) /[1- ( Probability of Survival )] Eq. 95

If more machines are being repaired instead of retired, we extend the life of the repaired machine
by 6 years. Inthe modd, thisclotheswasher machinelife extensonisimplemented by moving the machine
to the stock of extended lifetime machines, and using a surviva probability functionfor thisstock whichis
shifted by Sx years.

3. AHAM survey data provides the relative proportion of new vs. used purchases. We use this
proportion, and project it into the future using a probability of purchase modd. When aused purchaseis
made, we assume that the age distribution of used machinesis the same as the age distribution of the used
machine supply resulting from discretionary replacements.

4. For the probability of early retirement, a smple linear function describes the relative probability of
adiscretionary clothes washer replacement over time. This function isassumedto be O & age 0 and to
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increase linearly with clotheswasher age. Thedope of thisfunctionischosen so that there ative proportion
of discretionary replacements vs. al replacementsin the modd output is consstent with AHAM data(i.e.
27% 1in 1996). Clotheswasher purchasesthat result from a change of residence are not considered to be
‘replacements.’

5. The probability that a machineis not replaced at breakdown is fixed at 2%, based upon interview
results from the Clothes Washer Consumer Andysis.

© o
0 ©O©
L

©
\l
1

@ Replace

O Repair

O Replace Early
O0Keep

Probability
o o
(62N )]

© O O«
N W s
L1

©
=
1

o

0 2 4 6 8 10 12 14 16
Washer Age

Figure9.5 Relative Probability of Regular Replacement, Repair, Early Replacement and No
Action asa Function of Clothes Washer Agefor 1997

Figure 9.5 shows the probatilities for the different decisons and events as a function of clothes
washer age for the modd cdlibration year of 1997. For most of the age of the washer, the most likely
digpostion of an exiging clothes washer isfor it to be kept. Thereisasignificant probability of repairsfor
much of the machine slife. Meanwhile as the clothes washer becomes old the likelihood of replacement
becomes dominant. Throughout the clotheswashers life, thereissome probability of an early replacement.
Though in any given year the probakility of an early replacement may be samdl, the cumulative effect of this
small probability is approximately 27% of tota clothes washer sales.

The eguations describing the details of the disposition of the existing washers are as follows:
CWieedsRepair §year , agel = Probneedsrepair ( year , age)* CWStock( year , age) Eq. 9-6
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where

CWhretired( year , age) = Probratirevs Repair( year , age)*

CWiveedsRepair( year , age) Eq. 9-7
CWearly( year ,age) = Probeaiy( year, age)*
_ Eq. 9-8
(CWaock(year ,age) - CWesdsRepair( year, age))
Probxirarepaird year , age) = Probretrevs. Repar( year ,age) - £3.89
Probretirevs. Repai r(1996, age)
CWoxtraRepairs| year , age) = Probxuarepaird year , age)* CWiieedsrepair  year , age)
: . o Eqg. 9-10
(If ProbxraRrepairs > 0 €lse CWxtraRepairs = O)
CW \eeds Repair( YR, 20E) = The number of regular washers of a given age that need
reparsin agiven year.
Prob yeeds Repcirl(20€) = The probability that aregular washer of agiven age needs

repair (this function isindependent of year).

The number of regular washers of a particular agein a
given year.

The number of regular washers retired.

The relaive probability that aregular washer which needs
repair will beretired.

The number of washers that are replaced early.

The probability that awasher will be replaced early.

The probability that a regular washer received extra
repairs that extended itslifetime.

The number of regular washers that received lifetime-
extending repairs.

Cw Stock(yea’ @6)

CW reire (YERI, 20E)
PrOb Retirevs Repair (year, 8ge)

CW Early (year1 aJe)
Prob Early (yea.: age)
Prob Xtra Repairs (year1 aJe)

CV\/Xtra Repairs (year1 aJe)
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9.2.3.3 Current Assumptions

There are severd important assumptions made in modeling the replacement and repair of existing
clothes washers. Theseinclude:

1.

2.

The needs-repair (or problems) probability function isindependent in time.

For aclotheswasher which isnot retired in 1997, the probability that a clothes washer needs
repair is zero when the machine is new, and increases linearly with clothes washer age. The
mean annud probability that a washer needs repair in the firgt five yearsis 5%.

The probability that a broken down machine is not replaced is fixed a 2%.

All early replacements result in the purchase of a new machine.

The probability of a regular replacement and the probability of a new vs. used purchase are
independent: For example, the probability of aregular replacement with aused machineisthe
probability of replacement times the probakility of purchasing a used machine.

If agreater proportion of machines with problems obtain repairs in the future than they did in
1996, then the additiona population of repaired machines have an extended lifetime which is
6 years greater than the regular washer lifetime.

For machinesthat do not experience problems, therel ative probability of an early replacement
is zero for anew machine and increases linearly with washer age.

9.2.4 Householdswithout Clothes Washers

9.2.4.1 Definition

Househol dswithout clotheswashers are those househol dsthat do not have adotheswasher within
the resdence. Thisisequd to the number of households minus the number of households with clothes

washers.

9.2.4.2 Approach

The gpproach taken to model purchase decisions by householdswithout clotheswashersisshown
in Figure 9.6. Firgt the household decides if it is going to purchase a clothes washer, and if o it then
decides whether or not to purchase new or used.
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| Houses without a Washer |

Yes
No

New or Remain without
Used? \ a Washer

Buy Used
Buy New Washer
Washer

Figure9.6 Decision Treefor Housing Without a Washer

We assume an annud probability of purchase (relatively smdl) which varies according to the
economic probability of purchasemodd. Weaso usetheratio of new vs. used purchase probability which
is calibrated with market conditionsin 1997 to be consstent with AHAM data.

The rdaively smpledynamicsof the decision by anon-owner household deciding to buy awasher
is described by one equation:

CW NoWasherTowasher( year ) = Ea. 911
PrObNoWasherTOWasher( year) XCWNoWasherStock( year) &

where:

The number of non-owner households that purchase
clothes washersin a given yesr.

The probability that a non-owner household will purchase
aclotheswasher in agiven year.

The number of non-owner households in agiven year.

CW No Washer to Washer (yeaj

PrOb No Washer to Washer (year)

CW No Washer Stock (year)

And the number of non-owner households is caculated fromthe existing housing stock and the number of
clothes washer owners as described in the following equation:
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CWiowasherstock year ) = (HousingStock )( year ) - é [ CWstock( year) Eq. 9-12
9.2.4.3 Current Assumptions

The main assumption isthat the probability of purchase from anon-owner household isvery small.
Secondly it isassumed that the new vs. used decision probability isthe same asit iswith the regular washer
owners. And findly we assumethat the different probabilities are independent; i.e., the probability of two
decisons or eventsisthe product of the individua event /decision probabilities.

9.25 Householdswith Extended-Life Washers

9.2.5.1 Definition

These householdshave clotheswashersthat received morerepairsthan wasnorma inthereference
year of 1996. Itistherefore assumed that the lifetime of these clothes washers has been extended by these
extrarepairs.

9.2.5.2 Approach

Theinput of thisparticular stock of washerscomesfrom regular washer househol dsthat have made

extrarepairs on their washing machines. Once an extrarepair has been made, it is assumed that no more
repairs will be made after the next machine breakdown.

| Houses with Extended Life Washer |

Yes,
Replace
Washer No

New, Used, Keep Existing

or None? \ Washer
Buy Used
Buy New Washer
Washer Don't Buy

Any Washer

Figure9.7 Decison Treefor Housing with Extended-Life Clothes Washers
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Figure 9.7 illugtrates the decision tree for the stock of extended-life clothes washers. Note that
these washers are already quite old because they areregular washersthat have recelved extrarepairs near
breakdown (between 11 and 17 years of age). The man event in this decison tree is whether or not the
mechine has problems. This probability function isashifted verson of the surviva probakility function for
regular washers, itisillustrated in Figure 9.8.

Besidesthe surviva probability function, the decision of whether a machineisreplaced withanew
washer, aused washer, or no washer isthe same as that for regular washers.

In terms of equations, the dynamics of the extended-life clothes washers can be described as
follows Firg the retirement of the clothes washers is caculated smply with the retirement (replacement)
probability function (shown in Figure 9.8).

CW - XRRetired(year,age) = ProbxRu.(age)* CW Eqn. 913
- XRstock(year, age)

Then the stock accounting is done such that the change in stock is the number of regular clothes washers
that get extra repairs minus the stock that is returned:

where:

CW- XRstock( year,age) = CW- XRstock( year - 1,age- 1) - CW- XRretired year - 1,age- 1) +
CWoxtrarepar{ year - 1,age- 1)

Eq. 9-14

The number of extended-life clothes washers of a
particular age retired in agiven year.

The probability that an extended-life washer of a given
age will be replaced or retired.

The number of extended-life washers of agiven age ina
given year.

The number of regular washers of a particular age that
recelved extrareparsin agiven year.

CW-XR geired (YeRX, 80€)

Prob yr reire(20€)

CW-XR Stock(year1 399)

Cw Xtra Repairs (year, @e)
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Survival Probability Function

Survival Probabilit
o
D

0 5 10 15 20 25
Washer Age

Figure9.8 Survival Probability Function for Extended Lifetime Washers

9.25.3 Current Assumptions

Therearesevera assumption of theextended-life clotheswasher modding. Theseassumptionsinclude:

1
2.
3.

4.

Extended life washers are never repaired again.

The extended-lifewashershave alifetimethat is6 yearsgreater than that of theregular washers.
The new vs. used vs. no replacement decision has the same relative probabilities as in the
regular washer case.

The different probabilities are independent, that is the probability of two events or decisionsis
the product of theindividua probakilities.

5. The retirement probability function isindependent of time.

9.2.6 Accounting Equations

For making the shipment forecasts, we specify a series of equations that define the dynamics and
accounting of the different types of clothes washer stocks. For net new housing the equation describing
the stock of new housing is straight forward.  The stock of new housing is the difference between the
current year housing stock and the previous year's housing stock. Meanwhile the most complicated
accounting equation is that which describes the accounting of the existing stock of regular washers.

For the stock of regular washers we have two equations which describe the accounting of the
population. The firgt equation says that the number of one-year old clothes washersis equa the number
of new clothes washers purchased the previous year:

CWstook( year , age = 1) = CWiew( year - 1) Eq. 9-15
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Meanwhile the next equation describes the accounting for washers of the different, older age categories.

CWstoc{ year, age) = CWsiock(year - 1,age- 1) - CWreired( year - 1, age- 1) -
CWEarIy( year - 1, age- l) - CWXtraRepairs( year - 1, age- 1) + Eq. 9-16
(CWusea(year - 1)/§ [CWea] [+ CWeay{ year - 1,age- 1

where

CW- XRstock year , age) = CW- XRsuod( year - 1,age- 1) - CW- XRretired year - 1,age- 1) +
CWoxtraRepairs| year - 1, age- 1)

year
Cw Stock (yea! age)

CW gaired(YeRN, 80€)

CW Early (year; we)

CW eq(yer)
S[CWeay] (year)

Cw Xtra Repairs (year’ age) =

The year that the stock is being estimated.

The population of regular clotheswashersin existing housing of a
particular age.

The number of new washer purchasesin aparticular year.

The number of regular washersfrom a particular age category that
were replaced in a given year because of problems that had
occured.

The number of regular washers that are replaced early from a
particular age category in agiven year for discretionary reasons.

The total number of used purchasesin agiven year.

The totd number of early replacements (of dl age categories) of

regular washersin agiven year.

The number of regular washers that have received lifetime-
extending repairs. Thesewashing machines get transferred to the
extended lifetime stock.

Equation 16 indicates that the number of clothes washersin a particular age category is equd to
the number of clotheswashersinthe younger age category of the previousyear minusthe number of clothes
washers retired or replaced early and plus the number of used clothes washers of that age category that
have been purchased in the previous year. The age distribution of used clothes washersis assumed to be
the same as the age digtribution of clothes washersthat are replaced early (since such early replacements
are assumed to provide much of the used clothes washer supply).

Then for the stock accounting for the extended life machines (those that have received extra
repars), we have the following:

Eq.9-17
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where

CW-XR g0 (Year, age) The number of clotheswashersin agiven year of agiven age group
that belong to the stock of machines that have received extra
repairs. These extrarepairs have extended the life of the machine.
The number of machines of aparticular agethat areretired from the
extrarepar stock in agiven year.

The number of regular washers of a particular age in a given year
that recelve repairs that extend the machine life in agiven yesar.

CW-XR geired(year, age)

Cw Xtra Repairs (year, age)

Equation 17 says that the stock of extended life clothes washers comes from regular washers which
receive extrarepairs when they break down. This stock then ages, and is removed as it is retired due to
additiond repair problems.

For the stock of households with no washer we have the following equation:

CWhio Washer stock( year ) = (HousingStock ) year) - é [ CWstoa|( year) -

o Eqg. 9-18
a [CW- XRsioo|( year)
where
CW o washer siock(YeER) = The stock of households who do not own clothes washers
(Housing Stock) (yesar) =Thetota sock of housing in agiven year
E[CW goul(year) =Thetota stock of houses with regular clothes washers of any age
category.
E[CW-XR gou](year) =The total stock of houses with extended life washers of any age
category.

Equation 18 says that number of non-owner households is the number of households minus the number of
regular washer owners minus the number of extended life washer owners.

The new and used washer purchase are related to changes in the different clothes washer stocks as
follows
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I €&  a@Whreired(year,age)+ 6 U U
I é098* aW- XR ( ): +0 |
4 A - R . ed ear’a e , +
C\NNeN(year) = Probnewvs Used(yeal’)* I’ é_ g sired Y 9o lljl ]y+
i ECWeary(year, age) g i Eq.919
% CWNOWasherToWasher( year) Jb
CWnew New Homes( year)
I € aCWreired(year,age) + 0OU U
} o €098 U+t
CWusm(year) = (1- Probres(year)}*iQ g  6CW- XReeired(year,age)gy y Eq. 9-20
i :
¥ CWNoWasherToWasher( year ) b
where:
CW o (Year) = The number of new washer purchasesin agiven year.
Prob ye, (Year) = The probability that a purchase is a new washer

The number of washers purchased by non-ownersin a
given year.
The number of used washer purchasesin agiven yesr.

CW No Washer to Washer (yeaj

CW g (YeERY)

In the rest of this report we will describe in more detail how this accounting approach is
implemented to forecast clothes washer shipments. 2

93 MODEL

Inorder to estimate the impact of standards-induced price and festures changesit is necessary to
have amode which describes consumer decisons and is congstent with historical experience.

In this forecagting effort we took the following gpproach: First we used the clothes washer
consumer analysis to provide the framework for the modeling approach and the probability of purchase
modd. We then used market discount rates to adjust the relative size of the price and operating savings
coefficientsfor thelogit purchase probability modd. Finaly, weused industry satisticson historical clothes
washer shipments to perform the final cdibration of the modd parameters.

Note that in Equations 19 and 20, the 98% replacement rate for retired machines was obtained from the
Clothes Washer Consumer Analysis.2
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This procedure for developing the economic decison modd isillustrated in the following process
flow diagram:

Sample of Consumers Conjoint Analysis
Logit Probability of Purchase Model

Initial Model Assessment
-- Does Not Match
1980 - 1996 Shipments

Dataon Market
Discount Rates

Revised Probability
of Purchase Model

RECS Survey and
Historical Shipments Data

Model Calibration

Calibrated Probabilitv of
Purchase Mode

Figure9.9  Mode Development
9.3.1 Logit Probability of Purchase Model
9.3.1.1 Logit Equation

The mathematica building block for the modeing of consumer decision probabilities is the logit
probability of purchase modd. In this modd, the probability of purchase depends on the utility of the
clothes washer, U, which depends on the attributes of the appliance. This purchase probability is
congtrained to be between 0 and 1, and relative changesin the probability of purchase are proportiona to
changesin the utility of the gppliance. Thesetheoretica requirements for the decision probability function
can be stisfied by requiring that the probability of purchase function satisfies the following equation:

dProby/ Prob = dU* (1- Prob) Eq.9-21
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where Prob = decision probability, and dU isthe differential change in utility which is alinear function of
the clothes washer attribute variables. The factor of (1-Prob) on the right hand side of the equation
enforces the condition that the probability of purchase never exceeds 1.

We can solve the above equation for the probability function assuming aparticular functiona form
of the utility in terms of the atribute variables

dU = b>d(Price) + ¢ >xd(Operating Savings) + d >d( Featurelndex) Eq. 9-22

where the differentid changein utility isequd to alinear function of differentid changesin price, operaing
savings and features changes. Different versonsof the probability of purchase modd can use different sets
of atributes depending on which economic attributes are assumed to be the primary drivers for the
purchase decison. Given the equation for the differentia utility, we obtain the following for the probakility
of purchase:

In(Proby/(1- Prob)) = a+b x Price) + cX Operating Savings) + d  Feature Index)
o Eq. 9-23
Prob = }/(1+ exp(- (a +b{ Price) + cX Operating Savings) + d Y Feature Index) )))

whereaisacongant of integration determined by the vaues of the probability at initial market conditions.
This can aso be written as:

Prob = exp(U)/(1+ exp(U)) Eq.9-24

where U = a + b-(Price)+c-(Operating Savings)+d-(Feature Index) is the utility, and where this equation
will changeif for different sets of attribute variables. When additiona explanatory variables are included
in the economic decision mode, they are added as additiond linear terms in the utility function with their
own coefficients. The above equations thus defines the logit probability of purchase modd.

Note that the price used in the logit decison mode isthe NET price of the decison. This means

that when we evaluate the decison of aused vs. anew purchase thisis less than the price isless than the
purchase price of anew machine. Similarly for the decision of anew purchasevs. arepar. For both the
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repair and the used purchase, we assume that the cost is a fraction of the cost of a new machine.
Specificdly, we assume that the purchase price of a used machine is 34% of the price of a new clothes
washer, and the price of arepair is 24% of the price of a new washer.

9.3.1.2 Utility Coefficients and Elagticity

Oncetheform of the purchase probability function isdefined, the next task isto estimatethe coefficients
of the mode from the available data. In this regard there are four main sources of purchase behavior and
ownership data that we utilized: (1) Industry statistics on historical clothes washer shipments© 1% 12 (2)
Results from amarketing study of clothes washer consumer preferences, the Clothes Washer Consumer
Andysis? (3) AHAM survey results and (4) EIA/RECS survey results.®®

For modd cdibration, we used the conjoint analysisfrom the Clothes Washer Consumer Analysswas
used to verify e ementsof themodel assumptionsand set the approximate rel ative amplitudes of thefeatures
and price coefficients. For the next step, we formulated the savings coefficient relative to the price
coefficient using intercept survey data on consumer price/savings trade-offs. For the final step, we used
historical datato calibrate of the utility coefficient amplitudes, after assuming agiven dtribute asthe primary
driver of consumer decisions. Price was selected asthe most likely primary driver of consumer purchase
decisgons, but price/income, income, and interest rate were also examined as possible drivers. We used
AHAM and EIA/RECS survey resultsto set szesfor theinitiad market segments.

Indiscussionsof pricesengitivity of the clotheswasher market, much of thetechnica literature discusses
variationsin demand in terms of the price eadticity.

For alogit probability of purchase modd, purchase price eagticity for amarket ssgment depends on
two main parameters. (1) the initial probability of purchase, or likelihood of purchase, of that market
segment, and (2) the coefficient for price in the utility function. Specificdly:

elasticity = (dProlydPrice)/( Prob/Price) = d(In( Prob))/d(In( Price))

b*(1- Prob)* Price Eq. 9-25

The dadticity therefore decreases with increasing purchase probability, and is proportiond to the utility
coefficient. Note that elagticity describes changes in purchase behavior for small changes about existing
market conditions. For large changes in prices and market conditions, eagticity will not be congtant.

The fact that eagticity decreases with increasing purchase probability dso helps explain the

observationinthelong-term salesforecadting literaturethat e adticitiesfor necessitiesdecreasetowards zero
as the durabl e reaches acceptance and market saturation.
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I nthe shipments model, we model price impacts on consumer behavior in terms of the probability
function rather than in terms of a smple dadticity vaue. We use a probability function modd so that the
impact of large price changes can be properly estimated. When price changes, the purchase probability
changes, and so0 does the dadticity. A full non-linear description of purchase probability variationsis a
more accurate gpproach for modeling economic decisions.

9.3.2 ClothesWasher Consumer Analysis

DOE initiated a clothes washer consumer study in order to ad in the description and modeling of
consumer preferences and purchase behavior. This study used two approaches to identifying and
characterizing consumer preferences: (1) Focus Groups and (2) Conjoint Analysis.

This study is described in detail elsewhere,? but we summarize the salient features here.

Thefocusgroup study was used to determinewhat features of clotheswasherswere of importance
to consumers. For the focus group study, the participants indicated which clothes washer features are
important to them. The study showed that the ten most important clothes washer features in order of
priority are: (1) price, (2) capacity, (3) energy and water costs, (4) load size options, (5) durability, (6)
water temperature options, (7) door placement, (8) quiet operation, (9) wash time, and (10) warranty.

In addition to the focus groups, a conjoint anadyss was performed to quantify the relative
importance of six different features and their impact on purchase probabilities. The conjoint study asked
respondents which clothes washers would they consider purchasing today given arange of clotheswasher
attributes. The prices considered ranged from $400 to $650. Meanwhile the amount of energy and water
savings considered ranged from $0 to $50. In addition, features such as door placement, capacity , water
temperature options, and load size adjustment were considered in the andys's as binary variables which
could be either O or 1.

For the shipments model spreadsheet, we included the top four features that may be affected by
clotheswasher sandards. These features, includein order of priority, are: (1) price, (2) energy and water
savings, (3) water temperature options, and (4) door placement. (Note: load size options were rated
mor e important than door placement, but this feature would not be affected by a standard).

9.3.3 Stated vs. Revealed Preferences

Consumers preferences can be measured or indicated in severa possbleways. Stated consumer
preferences are those which are obtained through surveys such as the conjoint analyss used in the DOE
sudy. Reveded preferences are those which are demondtrated through actual purchase behavior. The
Stuation in which consumers find themsdves when they actudly make a clothes washer purchase can be
sgnificantly different than the presumed purchase context of a Sated preference study. The difference
between stated and revealed consumer preferences is noted in textbooks that discuss the application of
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conjoint andysis

Market share estimates obtained from conjoint andyss differ from actud shares due to marketing
activities such as advertisng and didribution, which affect awvareness and availability. Appropriate
adjustments are therefore needed to account for the effect of these marketing actions.'

Therefore the results of stated preference studies and revealed preference studies can often be
sgnificantly different. Especialy when considering gpplication to a post-standards Situation where the
gsandard affects the availability of lower-efficiency lower-priced modes.

Typicaly aconsumer will find himsdf or hersalf in amore congtrained circumstance during an actud
clothes washer purchase. For example, over half of clothes washer purchases are dueto the breakdown
of an exising clothes washer. Under consgtrained purchase circumstances consumers will find themsdaves
with fewer choices, and the influence of price, savings, and other clothes washer attributes will diminish.

If one tries to construct ashipmentsforecast model using stated consumer preferences, it doesnot
fit the historical data. This is due to differences between what consumers say they will buy (stated
preferences) and their actua purchase behavior (reveded preferences). Thismeansthat whilethe conjoint
study can be used for selected features of the probability of purchase model, most modd parameterswill
need to be cdlibrated vis a vis historica data. This ensures that the probability of purchase mode is
consistent with reveded rather than stated preferences.

9.3.4 Determination of Decision Sensitivities

Most of the higtoricd variations in clothes washers sdes is explained by stock accounting
congraints and variationsin housing purchases and moves. Over thelong term, thereisagenerd increase
in the saturation of clothes washers that can be mathematically corrdlated with any of severa economic
parameters which may be experiencing a trend over the cdibration period. In performing the historica
cdibrationof the consumer decision modd, atechnica judgement must be made regarding which economic
parameter isthe primary historica driving force behind consumer decisons.

In this analysis we assumed that appliance price is the primary driver higtoricd trendsin consumer
decisons based on the importance of priceindicated in the Clothes Washer Consumer Andysisand other
consumer surveys. In addition, other models with different primary drivers for consumer decisons were
examined as sengtivities,
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Price vs. Savings
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Figure9.10 Estimated Pricevs. Savings Relation for Current Market Conditions

9.34.1 SavinggOperating Cost Sensitivity

We estimated the gpproximate current Sze of the savings/operating cost sengitivity relaiveto price
using two methods. One method assumes that the current market is in equilibrium, and estimates DP/DS
for the current market. The second method andyzes results from a Northwest Energy Efficiency Alliance
consumer intercept survey that specificaly asksclotheswasher shoppershow much of apriceincreasethey
would trade off for savings. Both methods give comparable results.

Figure 9.10 illugtrates the approximate relationship between price and operating cost savingsthat
is implied by the engineering andlysis of the codts of higher efficiency washing machines. Since most
purchases are near the basdline modd, this dataimplies atypica market payback time between one and
two years, though the precise value in this range cannot be specified with Satigtica certainty.

Some stake-holders have presented theoretical arguments againgt the use of market equilibrium
andysisto determine the effective market discount rate for consumers. They argue that such an andys's
assumes perfect markets (i.e. no lack of knowledge, indivishility, uncertainty), and that if markets were
perfect then standards would not be necessary. Thisargument neglectsthe cost of information anditsrole
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inmarket equilibrium. For individuas making a clothes washer purchase it may berdaively expensve and
uncertain to discover the actual savings asafunction of the diversity of clotheswasher choices. Standards
perform acollective caculation of optimum cost/benefit trade-offs for improved clothes washer efficiency
and therefore drastically reduce the cost of information per clotheswasher sde through economies of scale
ininformation production and anayss. Though we may not know the exact cause of high market discount
rates for consumer decisions, uncertainty on whether savingswill be actually achieved at a persond leve
provides a plausible explanation for reveded preference market discount rates that are higher than stated
preference market discount rates.

Smilaly, theintercept interview performed during the Pacific Energy Associatesfor the Northwest
Energy Efficiency Alliance *° indicated a market discount rate of one to two years for clothes washer
shoppers--depending on the details of how the responses are quantitetively interpreted. Given thesetwo
indicators, we selected 75% as amarket discount rate halfway between aone-year (100% discount) and
two-year (50%) payback. The 75% market discount rate correspondsto a price-to-savingsratio of 1.33
for the current market behavior.

The datafrom the Clothes Washer Consumer Analysisimplied a consumer discount rate of 19%,
but because of how the choices were structured to dlow for alimited set of market discount rate choices,
we consder the other methodologies to be morerdiadle. Specificdly, if wedividethe average savingson
the product choice cards by the average price increment, we obtain a discount rate of 23%. This means
that for a set of completely random card sdlections this will be the average discount rate. In addition,
participantsin the conjoint survey may have received more information about savingsand energy efficiency
than average consumers shopping for a clothes washer.  In contrast the intercept survey performed by
Pacific Energy Associates provided arange of potentia trade-offs, and with equa weighting to each of the
different choices, and did not provide extra information on energy savings. We therefore consder the
intercept survey a more reliable measure of the market discount rate that describes actual consumer
behavior in amarket with imperfect energy efficiency and savings information.

9.34.2 Features Senditivity

Anissuewith the higher sandardsleves (trid sandard levels 3-6) iswhether the higher efficiency
gtandards will force manufacturers to produce only horizonta axis mechines. And if only horizonta axis
clothes washers are available, this change in available clothes washer festures may impact sdles. Among
stakeholders, there is no consensus with regards to which standard level might require horizontal axis
machines.

Another issueis that the market dynamics of the adoption of new technologies can be extremely
complex. Initidly, there may be some resistance to a new technology, but as new technologies become
more familiar, this market resstance often diminishes. The Bern study of high efficiency clothes washers
indicated that consumers can adapt to the technology of front-loading washers, 6 though the implications
of the Bern study results for predicting shipments impacts is uncertain.
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The conjoint study indicated that therewasarather dramatic changein consumer senstivity to door
placement depending on the leve of familiarity with front-loading washing machines, and geographic
location. Thoseconsumerswho werefamiliar with front-loading machineshaveasengtivity tofront loaders
that is 30% less than the sengtivity of the entire sample.

Inthe shipmentsmodel, we assumed thet if the efficiency of the machineisat the MEF=1.257 level
or above is implemented, the dominant machines will be front-loaders. But we also assumed that al
consumers would become familiar with front-loading washers and that there would be further acceptance
of the new technology. Therefore the Sze of the top/front loading coefficient in the purchase price modd
was st a Y2 the Sze of the coefficient for the conjoint sub-sample of those familiar with horizontal axis
machines. Thisvaue presumesthat al consumerswill befamiliar with horizontd axis machinesif they come
to dominate the market, and that there will be some adaptation to the new technology, though acceptance
will not be complete.

9.3.5 Calibration of Shipments M ode
The clothes washer shipments modd was cdlibrated with historical shipments data.

For the cdlibration of the modd that used price as the primary driver of consumer decisons, we
fixed the rdaive Sze of the price, savings, and front-loading feature coefficientsto va ues determined from
evauation of the Clothes Washer Consumer Analysis, and market discount rates. By finding a market
discount rate of 75%, and by estimating the relaive size of the front loading € adticity to be about %2 of the
sengtivity of the consumers familiar with front loaders, the retios of the coefficients are fixed as follows:

c/b =-133
/b=-397 Eq.9-28

The coefficient b was then adjusted until a best fit of historica data was obtained as measured by the
(RMYS) deviation between higtorica shipmentsand model shipments between 1970to 1996 inclusive. For
the fully caibrated modd, the RMS deviation between the model and the industry data on historical
shipmentsis 0.2 million shipments per year.

We dso examined the feagbility of explaining historica datawith other explanatory parametersas
requested by some stakeholders. The results of this andlyss are presented in Figure 9.11.  The figure
shows the optimized higoricd shipments moded predictions utilizing different explanatory economic
variables including interest rate, income, pricelincome, and price. What can be seen in the figure is that
while interest rate may have some deficiencies in explaining the historical clothes washer sdes, income,
pricefincome, and price can explain the historical sales equaly well. It is therefore necessary to use
informationbes desthe historical record to determinewhich of these three economic variablesarethe most
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gppropriate variable for the shipments forecast.
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Figure9.11 Inter-comparison of Modelswith Different Primary Economic Decision
Variables

We usetwo additiona criteriato select the most ppropriate primary economic decison variable.
The firg criteria is whether or not the chosen explanatory variable is consstent with the focus group
responses obtained during the Clothes Washer Consumer Andysis, and the second iswhether the chosen
explanatory variable represents the full range of reasonable forecasted standards impacts.

Inthefocusgroup results, participants cons stently rated price asthe most important clotheswasher
attribute with capacity being a close second. Therefore, a modd which includes only income as an
explanatory variable would atach no importance to price and would be inconsstent with the perastent
importance of priceindicated in the Consumer Analyss.

The next question is whether or not income is afactor in such consumer decison-making. While
it is probably true that income was a factor when clothes washer price was relatively large compared to
household income, itsimportancein the recent past when the purchase price of aclotheswasher islessthan
1% of average annud household income is less clear. The Consumer Anayss found no sgnificant
correlation between income and price sengtivity.  There is therefore some chance that price is the only
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primary driver to clothes washer sales. Thiswould bethe caseif consumers measured therel ative benefits
of a new clothes washer compared to other consumer purchases they could make, but felt little, if any,
income congraints on the purchase. The price-only shipments model uses pricerelativeto other possible
purchases by scaing the price relative to the consumer price index for dl items.

Thereisdso some chance that price/income is the primary driver to clothes washer sdes even
though some data supportstheprice-only modd. Butif oneassumesthat price/incomeistheprimary driver
one obtains a narrower range of possible standard-induced salesimpactswhen one doesadtatisticd error
andysis. Given the probability that price is (or may be) the primary driver, wetherefore conclude that the
price-only modd and its statistical error analysis more accurately represents the full range of possible
impacts and the complete range of uncertainty in the forecasted results.

9.3.6 Rangeof Shipments Model Forecasts

Given the price-only shipments forecast model we can use datistical analyses to estimate an
approximate confidence interva for the cdibration of the price sengtivity and consequent uncertainty inthe
standard-induced shipment impacts. The satistical analyss method that we use is a chi-square andyss.
Inthisanalys's, one uses changes in the size of the chi-square metric as a function of the fitted parameter
to determine the probability that the actua parameter value is different from the best-fit parameter vaue.

If we assume that the errors in the data are uncorrelated and normaly distributed, and that the
minimum root mean square (RM S) deviation between the model and the datais ameasure of the sandard
deviation of the noise in the data, then we can use the chi-square distribution to estimate the size of the
confidence interval for the cdibration scaling coefficient parameter. The coefficient scaing parameter
obtansits minimum vaue a 0.125. For the 1970-1996 period the number of degreesof freedomistaken
as 26, then the chi-square for the 99% confidence interva with 26 degrees of freedomis55.5. Thismeans
that the increasein RMS a the 99% confidence limit is (45.6/26)Y2 = 1.3 times the minimum RMS. For
the 1970-1996 fit, the RM S deviation increasesto 1.3 timesits minimum value at gpproximately 0.25, and
it remains below this vaue for a coefficient scaling parameter of 0. Thisimplies that the 99% confidence
interva for the coefficient scaling parameter in the price-only mode rangesfrom 0 to approximately 0.25.
The uncertainty intervd is probably dightly larger than this because auto-correations in the random
vaiaions would decreasethe degrees of freedomin the chi-squareanayss. Wethereforeround up dightly
to 0.30 to represent the likely upper range.

To represent the range of possible coefficient scaling parameter values, we chose a coefficient
scaing parameter for the price-only modd that ranges from 0O to 0.30, with 0.15 as the median vaue.
Given the data available for development of the shipments forecast modd & this time, this range should
be close to the technically best representation of the possible standards-induced impacts.

Given an uncertain range of forecasted results, the most representative forecast is a matter of
judgemert. Such judgements depend on the relative importance that one places on different risks and
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economic factors. For the clotheswasher shipmentsforecast, the high range representsimpactsthat would
be most relevant to those who place much vaue on the risks of possible saesimpacts, while the low end
of the range represents impacts that are relevant to those who have confidence in the market’s ability to
innovate and meet consumer demand. For impartia regulatory applicationsthe median of thesetwo partia
viewsislikely the most representative judgement.

94 RESULTS

Once the modd s calibrated with historical data, it provides a rather detailed estimate of the
possible impacts of sandards on purchases, replacement, and repair of clothes washers. In this section
we detail the forecasted impacts of the model on different aspects of clothes washer shipments, saes, and
retention. Additiond charts showing the shipment forecast results for different price elagticities scenarios
are presented in Appendix M.
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Figure9.12 ClothesWasher Shipments Forecasts

The results presented in Figure 9.12 represent our best estimate of possible standardsimpactson
shipmentsasafunction of thetrid sandard levels. Trid standard levd 1 hasalessthan 1% differencewith
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the base case shipments so it is not illustrated. The illustrated impacts are the ones that would accrue
assuming that price is the primary long-term economic driver for changes after the effects of housing,
replacements and changes of residence are considered. There is some uncertainty in the forecasted
impacts, and the 99% confidence interval for potential impacts ranges from no decrease in sdesto a
potential decrease in shipments that is approximately twice that shown. These results are those that are
implied by the costs given by the engineering andysis which gives the incrementa cost for each efficiency
level improvement. The forecast assumes no future innovation in decreasing manufacturing costs from
current estimates, no progress in improved marketing of clothes washers based on operating savings or
increasesin consumer incomeleves. But themode doesassume someincreas ng adaptation by consumers
to front-loading machines for those standard levels that my induce changes in the clothes washer
configuration (efficiencies above MEF=1.257 are assumed to be front-loading machines).
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Figure9.13 Estimated Standards | mpacts on New Clothes Washer Shipments and Sales
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9.4.1 SalesImpactsof Standards-induced Price Changes
9.4.1.1 New Clothes Washers

Figure9.13 showstheforecasted clotheswasher salesimpact of the different proposed standard
levels. Asshownin the figure, sales and shipment impacts of the trid standard levels 1 and 2 are within
3% of base case. Larger salesimpacts are forecast for standard levels above trail standard level 2. For
the negotiated agreement (trial standard leve 3), the impacts at 2004 are close to trail standard leve 1,
while the longer-term forecasts are smilar to trid standard levels 4 and 5. For trid standard levels 4
through 6, the volume of new clothes washers shipments is forecast to decrease significantly, while total
dollar volume of sdlesisforecast toincrease. Both theimpactsat the year of the standard and the average
impacts over the forecast period, 2004 to 2030, are illustrated.

The biggest factor that influencesthe size of the potential standards-induced changesisthe actud
retal price increase thet is induced by the standard. If price increases are large, the shipments volume
decreases dmost proportiona to the price increase, but because the price adticity islessthan one, price
increases result in increased gross sdes dollar volume. The net financid impact of these opposing effects
isexamined in more detail in the manufacturing impact anaysis.
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Figure9.14 Estimated StandardsImpactson Used Clothes Washer Shipments and Sales

9-35



Some of the measures that consumers might take to avoid purchase of a new higher-prices
clothes washer keep them out of the market for only ardatively short period of time. Therefore thereis
some recovery from theinitia shipments drop that might be seen in the year of the standard.

9.4.1.2 Used ClothesWashers

Fgure9.14illustratesthe potentid impacts of standardson the used clotheswasher market. The
used market will provide one of the most attractive options for consumers having broken clothes washers
and who wish to avoid the expense of anew clotheswasher. Themodd estimatesthat initialy, consumers
will keep their clothes washerslonger, but eventualy they will need to be replaced when they breakdown.
This means that the long-term increase in the used clothes washer market is larger than theinitia increase
at the year of the standard.

In estimating the relative impact on used clothes washer sales, we assume that the price of used
clothes washers follows the price of new clothes washers and increases proportiondly.

9.4.2 Impactson Mean Age of Washers, Used Market, and Washer Repairs

Fgure 9.15 illustrates the estimated impacts on the mean age of clothes washers, the mean
clothes washer lifetime, and the tota volume of clothes washer repairs. These are average impacts over
the standard period of 2004 to 2030. Thesethree different measures of clotheswasher retention measure
different types of consumer reactionsto higher potentia clothes washer prices.

Theincrease in repair rate measures the impact of consumers who perform an extra repair on
their clothes washer rather thanretire the machine. Such repairs are few compared to the total volume of
clotheswasher repairs because of thelarge volume of minor repairsthat occur over thelifetime of awasher.
According to Consumer Reports, about 23% of clothes washers have repairs during the firg five years
of ownership.t’

The extended lifetime of clothes washers reflects repairs that consumers might undertake to
extend the lifetime of clothes washers. Such extended repairs will have a delayed effect on the average
lifeime of a clothes washer, and only a rdatively smdl fraction of machines will receive such extended
repairs (somemachinesmay not berepairable, and consumer will so havethe choice of purchasing aused
washer). Anextrarepar extendsthelife of a14 year old machine by at most Six years. At trid standard
level 6 lessthan 10% of machines receive extrarepairs that extend the machine life. Thisimplies that the
lifetime of washersisincreased by a most one haf year by the imposition of a standard.

The increase in mean age of a clothes washer illugtrates both the impacts of extrarepairs and a
more vigorous used clothes washer market. \When more machines are cycled through the used market,
then the proportion of older machines increases dightly, and thisresultsin adight increase in the average
age of machines. Again, it takes severd yearsfor used shipmentsto have asignificant impact on the clothes
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washer age didtribution, so the averaged impact over the period is sgnificantly smdler than the pegk age
increase which occurs severd years after implementation of the standard.
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Figure9.15 Estimated Standards | mpactson Washer Age, Lifetime, and Number of
Repairs

9.5 CONCLUSIONS

Inorder to provide amoredetailed picture of potential standards-induced impactsontheclothes
washer market, we have formulated an accounting model for clothes washer purchases. Themode keeps
separate accountsfor the new housing, early replacement, breakdown replacement/repair, and non-owner
markets. The method aso apportions washer purchases to the new and used clothes washer market
segments.  The method uses a logit probability of purchase modd for purchase decisons made by
consumers that accounts for the impacts of price, operating cost, and features on shipments.

Model parameterswere estimated by using avariety of datasources. The datasourcesincluded
AHAM data on current market shares for different clothes washer markets, AHAM higtorical shipments
and efficiency data, AHAM engineering data, and results from the Clothes Washer Consumer Andyss.

The shipments modd estimates potentid stlandards-induced impacts on new and used clothes
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washer shipments, gross sales revenue, mean clothes washer ages, lifetimes, and repair rates. Details of
the predicted impacts areillustrated in Figures 9.13 through 9.15.
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