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Hung-Chia Yang
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Abstract

The technical analyses in support of U.S. energy conservatandards for residen-
tial appliances and commercial equipment have typicakyaged that manufacturing
costs and retail prices remain constant during the praje8eyear analysis period.
There is, however, considerable evidence that this assom@dbes not reflect real
market prices. Costs and prices generally fall in relatmoumulative production, a
phenomenon known as experience and modeled by a fairlyrebysrical experience
curve. Using price data from the Bureau of Labor Statistios] shipment data obtained
as part of the standards analysis process, we present (p&iaxce curves for room
air conditioners, clothes dryers, central air conditi@n&rrnaces, and refrigerators and
freezers. These allow us to develop more representativiiaapp price projections
than the assumption-based approach of constant pricese Experience curves were
incorporated into recent energy conservation standandthése products. The im-
pact on the national modeling can be significant, often msirgy the net present value
of potential standard levels in the analysis. In some caggs\aously cost-negative
potential standard level demonstrates a benefit when incatipg experience. These
results imply that past energy conservation standardysesinay have undervalued
the economic benefits of potential standard levels.

Keywords: Efficiency standards, Experience curves, Large appliances

1. Introduction

The U.S. Department of Energy (DOE) develops energy coatiervstandards
for residential appliances and commercial equipnmelmproved energy ficiency is
generally assumed to increase initial purchase costs,dmredse operating costs. In
support of any new proposed standard, DOE conducts an @alfythe consumer
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life-cycle costs (LCC) and savings of a given product megthe new standard, in
addition to a national impact analysis (NIA) that calcutatiee economic and energy-
savings impact on the nation over a 30-year time period. Apoitant input to these
calculations is the engineering analysis, which determthe incremental appliance
purchase cost as a function of incremental enefgiency improvement. As codi-
fied in the statute, standards may be promulgated if and iy are shown to be
technically feasible and economically justified. To dabese analyses have assumed
that the manufacturing costs and retail prices of applisacel commercial equipment
(hereafter referred to generally as "appliances”) are fidedng the typical 30-year
analysis period.

There is, however, significant historical evidence of cstesit declines in appli-
ance prices, which implies that DOE’s appliance standamdbyais may be undervalu-
ing the economic benefits to society. Dale et al. (2009) hatedthat U.S. appliance
efficiency regulation does not address trends in real marketpand energyticiency
improvements. They studied historical price trends of r@ameonditioners (AC), cen-
tral AC, refrigerators, and clothes washers, and had foyomnfimdings: (1) for the
past several decades, the retail price of appliances hassbemdily falling while &i-
ciency has been increasing; (2) past retail price predistinade by the DOE analyses
of efficiency standards, assuming constant prices over time, teaded to overesti-
mate retail prices; (3) the average incremental price toeie appliancefieciency
has declined over time, and DOE technical support docunievts typically overes-
timated this incremental price and retail prices; and (@nges in retail markups and
economies of scale in production of moifi@ent appliances may have contributed to
declines in prices offéicient appliances. This problem of not addressing real ntarke
prices is not limited to the U.S. Appliance standards aneéllag programs in Aus-
tralia, Japan, and Europefier from similar overestimations of the cost of increased
efficiency (Ellis et al., 2007).

There is an extensive literature, applicable to a broadeafgapplications and
industries, documenting how real production costs ancepraf goods tend to fall in
a relatively predictable way as cumulative production@ases. This phenomenon is
generally referred to as learning or experience. WrighB@)®ioneered the concept
when studying the falling unit cost of aircraft producti@topic revisited by Alchian,
1963). Early applications continued to focus on manufactu¢Hirsh, 1952; Arrow,
1962), but since then the concept has been widely appliagctodiverse products and
services as semiconductors (Gruber, 1992), building epesl (Jakob & Madlener,
2004), nuclear reactors (Joskow & Rozanski, 1979; Zimmerrh@82), liquefied nat-
ural gas (Greaker & Sagen, 2008), solar photovoltaics (M&skFrankl, 2002; van der
Zwaan & Rabl, 2003; Nemet, 2006; van Benthem et al., 2008)¢eower (Ibenholt,
2002; Junginger et al., 2005; Klaassen et al., 2005), rellevenergy technologies
(Neij, 1997; Papineau, 2006), energy generation techimedgdamasb, 2007), and elec-
tric utility investments (Laitner & Sanstad, 2004). Managgnt consulting firms have
studied experience for a diverse set of clients and prodeags, BCG, 1972, 1980).
To date, however, the study of experience for appliancedéas limited (Bass, 1980;
Newell, 2000; Laitner & Sanstad, 2004; Weiss et al., 2010af thorough review
of the extensive historical work on learning and experieaceoss many disciplines,
is provided by Fusfeld (1973), Yelle (1979), Day & Montgomét983), Dutton &



Thomas (1984), Argote & Epple (1990), Newell (2000), IEA @), McDonald &
Schrattenholzer (2001), and Weiss et al. (2010a) (andaméess therein). In addition,
Baumol (1967) and Baumol et al. (1985) established the fwarie of unbalanced
growth in the economy, explaining why certain sectors ofdbenomy may have dis-
tinct real price trends from other sectors.

The empirical phenomenon of falling prices is typically retetl by a learning
curve or an experience curve, depending on the scope of #hgsésand the nature and
breadth of causal factors. Learning and experience curedaiactions relating the cost
of production to quantity produced (typically cumulativ@guction). Learning curve
analysis tends to focus more narrowly on relatively webweltterized and localized
factors of production that result in price reductions of mge standardized product
(e.g., learning by workers and management that reduces lehuws needed for pro-
duction), while experience curve analysis focuses oneirtatustries (often operating
globally) and aggregates over many causal factors that mglgenwell characterized.
The two main causal factors typically associated with lemycurves are labor-based
learning and investment in new capital equipment (Duttonlt@&as, 1984). In its
broadest sense, however, experience curve analysis itlypicludes factors such as
efficiencies in labor, capital investment, automation, mateirices, and distribution
at an industry-wide level (Newell, 2000). Since market cetfitjpn is very éfective,
learning in one plant or firm rapidly fiuses to other firms as well, leading to industry-
wide dfects. Learning and experience curves have been empiribafhonstrated at
both the microeconomic and macroeconomic levels. It shbaldoted, however, that
the literature seldom distinguishes between the use oéttves terms, and they are
often used interchangeably.

Various studies have examined the conditions under whipkermence (and learn-
ing) curve analysis could be used in support of policy to kéeacommercialization
of emerging technologies, and as a mechanism of assessiB&n2000; Neij et al.,
2003; van Benthem et al., 2008; Jamasb & Kohler, 2008; kaical., 2009). Ex-
perience is already incorporated into the Energy Inforamathdministrations (EIA)
National Energy Modeling System (NEMS; Newell, 2000), a ®idHat is utilized for
energy policy analysis. Some previous studies of energingaotentials achievable
through standards have included modest experience paengetg., Rosenquistet al.,
2006).

There is therefore a need to eliminate a potential bias imagts of the cost of
efficiency for appliances. Experience curves have recently bemrporated into the
analysis of energy conservation standards for residerit#ties dryers, room air con-
ditioners, central air conditioners and heat pumps, fuesaefrigerators and freezers
(US Department of Energy, 2011a,b,c). In this paper, werdestow those experi-
ence curves were determined and how the standards anasisadified to include
them (Section 2), calculate the appropriate experienes atd the fects on the na-
tional net present value for these appliances (Sectiom8) paovide some discussion
on the methodology and considerations for future ruleng{gection 4). Finally, we
summarize our results (Section 5).



2. Methodology and Data Sour ces

This section describes the methodology and data sourcdsasgetermine the ex-
perience curve and experience rates for recent DOE energpgoation standards. In
addition, we describe how experience rates were incorpoiato the existing analysis
framework. For more details on data sources and methodstasbstermine experi-
ence, as well as a full description of the appliance stargdandlysis process, see the
energy conservation standards Technical Support Docwi€SD; US Department of
Energy, 2011a,b,c).

2.1. Experience Curves
The conventional functional relationship for both leaghand experience is given
by

X\ P
P00 =Po( 5| ®
where P, is an initial price (or cost)b is a constant known as the experience rate
parameterX, is the initial cumulative productiorX is cumulative production, ang
is the price as a function of cumulative production. The eigpee rate is defined
as the fractional reduction in pri@st that results from each doubling in cumulative
production,

ER=1-27", 2)

and is used to apply to both learning curves and experiensesuFor example, an
experience rate of 0.25 implies a 25% cost reduction for eacibling of cumulative
production.

Cumulative production is generally considered to be an@miate proxy for knowl-
edge accumulated. Production-driven models are gendrettgr predictors of learn-
ing and experienceffects than time-driven models (Newell, 2000; Bailey et @11 D),
since production-driven models implicitly account for i@dions in production result-
ing from macroeconomic conditions such as recessions. ileefese advantages,
however, it is important to remember that cumulative prdiducis a proxy measure
for the underlying (and related) causal factors. It is int@or to note that the func-
tional forms of learning and experience curves are empirgtationships, though they
are readily accepted due to the strength and robustness efthirical evidence.

The final experience curves were obtained from a linear ssge in log-log space
as opposed to real space. This is reasonable if we assum#ie(frue errors in the
price index are proportional to the value of the index; andlii2 errors are relatively
small so that asymmetries in log space are minimal.

2.2. Product Prices

Direct manufacturing costs are venittiult to obtain, as these data are often pro-
prietary. As a proxy for manufacturing costs, we use pricices from the Bureau
of Labor Statistics (BLS), in particular the Producer Piicgex (PP1)? The PPl is an

httpy/www.bls.goyppi/



Table 1: Producer Price Indices utilized for the experieniawe analysis, available from the Bureau of Labor Stassti

Appliance Series Name Price Index Series ID  Series Interval
Central air conditioners Unitary air-conditioners, excepr source heat PCU333415333415E 1978-2010
pumps

Clothes dryers and washers Household laundry equipmentfaearing — PCU335224335224P  1980-20310
Primary products

Furnaces Warm air furnaces, incl. duct furnaces & humidRCU333415333415C 1990-2010
fiers, & electric comfort heating

Refrigerators and freezers Household refrigerator andehfoeezer mfg PCU335222335222 1977-2010
Refrigerators and home freezers MWUROOOOSE3001947-1997

Room air conditioners Room air-conditioners and dehuneidifiexcept PCU3334153334156 1990-2009

portable dehumidifiers

a Although the series is available for years prior to 1980 umhshipment data were only available by decade until 198@ sa the experience curve
analysis uses data from 1980 onward.

b Discontinued series from Consumer Price Index - Urban Wagedts and Clerical Workers.



Table 2: Time intervals for appliance shipment data. Dagefram industry trade associations
such as AHAM, GAMA, AHRI, and Appliance Magazine.

Appliance Annual Shipments Decadal Shipments
Central air conditioners 1953-2009

Clothes dryers 1946-2009

Clothes washers 1972-2008 1940-1979
Furnaces 1953-2009

Refrigerators and freezers
Sandard size refrigerators 1930-2008

Sandard size freezers 1946-2007

Compact refrigerators 1983-2007

Compact freezers 1983-2007
Room air conditioners 1946-2009

indicator of wholesale distributor price, adjusted for kifyachanges over time, and
is available for a wide variety of specific industries (ergfrigerator manufacturing)
organized by the North American Industry Classificationt&ys(NAICS) code. Since
we are only interested in changes in producer prices andnnabsolute prices, the
indices, once inflation-adjusted, are suitable for theyasigl Annually averaged PPI
data were adjusted for inflation using the Consumer PriceXndAll Items IndeX, a
broad indicator of inflation in the econorfiyTable 1 summarizes the PPI series used
in the subsequent analysis. The household laundry equipseelrs was assumed to
represent both clothes dryers and clothes washers becauselatailed data were un-
available. A PPI series is available for heat pumps, buuithes only a few years of
data. As a result, the experience curve for heat pumps wamaskto be the same as
for central air conditioners.

In the special case of refrigerators and freezers, a sedsndrdinued price index
exists from 1947-1997 as part of the Consumer Price Indeh(aseries does not exist
for other home appliances). Given the important leverage3h extra years of data can
provide, the discontinued CPI series and the PPI seriegfagerators were combined
to form a unified price index. The years of overlap (1977-)967 refrigerator and
freezer data were examined foffférences, and a regression was performed to allow
normalization of the PPI data to the CPI data.
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Figure 1: Annual shipments for clothes dryers, clothes weshroom air conditioners, central air condi-
tioners, furnaces, and refrigerators and freezers (US irepat of Energy, 2011a,b,c). Dotted lines are
projected shipments. Refrigerator and freezer shipmemttbimed are projected to reach 30 million units by
2043.



2.3. Cumulative Production

Annual shipment data were provided as part of the energyeceason standard
rulemaking process by several industry trade associatiocisiding the Association of
Home Appliance Manufacturers (AHAM), Gas Appliance Mamtfaers Association
(GAMA), and the Air-conditioning, Heating, and Refrigamat Institute (AHRI). An-
nual shipment data were also available from publicatioch g1 Appliance Magazine
and the AHAM Fact Book. In most cases, the data exist all the ek to the first
year of production. For furnaces, shipments prior to 195&veatrapolated backward
based on a linear trend to the historical shipments (bac®3¥ )l For compact freez-
ers, an exponential fit was used to extrapolate back to 19%%orme cases, decadal
shipments are available from the first decade of productiomand, and were used
when annual shipment data from the first year of productiorewet available. Pro-
jected shipments, used to project the experience curveducefyears, were obtained
from the base case projections from the energy conservstimdards. See Fig. 1 and
Table 2 for a summary of the annual shipments used. The ashigathents data were
then used to calculate cumulative production.

2.4. Amending Appliance Standards Analyses

The analyses performed in support of federal applianceggremservation stan-
dards rulemakings include a consumer life-cycle cost amlffor the first year of
compliance) and 30-year cumulative national impacts amalyBoth sets of analy-
ses consider trial standard levels (TSLs), which are piatemew energy conservation
standards above the current minimum standard. The cooveistio name TSL 1 the
lowest potential new standard, TSL 2 the next lowest, anchso o

Both the LCC and NIA analyses rely on an engineering anatysisestablishes
the incremental cost of improvedhieiency for each appliance. The main engineering
analysis outputs are cosfieiency curves (relationships of the increase in cost for a
given increase inféiciency). These costs are then marked up to include manuéaictu
and retailer margins, resulting in final consumer pricesesEfinal prices as a function
of efficiency are main inputs into the LCC and NIA analyses.

The LCC analysis uses Monte Carlo simulations to deternfieedistribution of
consumer impacts for various TSLs, in the first year of coamle. For each TSL,
the LCC indicates what percentage of current consumersda@ylerience a positive
economic impact, negative impact, or no impact if they regtktheir current appliance
with new standards in place. The LCC considers both thealntirchase price and
the life-cycle operating costs. LCC inputs include disitibns of households (e.g.,

Shttpy/www.bls.goycpi/

4For refrigerators and freezers, US Department of Energgi@Dadjusted the methodology to use the
Chained GDP Price Index (htfpwww.gpoaccess.ggusbudgefy11/hist.html) to correct for inflation. This
was done to better align with the electricity price foresaséed in the model, which are deflated using a
projected Chained GDP Price Index. There is an approxinm&&i% per year cumulative filerence in
the inflation adjustment between the two indices (e.g., 8801 this corresponds to an approximately 10%
difference in inflation adjustment to 2010 dollars). The CPbiridehe larger correction factor. The results
presented here for refrigerators and freezers use the &h&@DP Price Index.



with varying size and location), usage patterns, equiprifitimes, energy prices,
and discount rates.

The NIA aggregates the LCC results across the nation oveedfsyusing a fore-
cast for annual shipments, average energy prices, andrmgaprovements infé-
ciency. The NIA includes monetized values for emissionsicédn (CQ and N&).
Key outputs of the NIA are the total energy savings (in qukaini Btu) and the net
present value (NPV) of those savings, for each TSL (see Higy. &n illustrative NIA
result). The NPV is the discounted sum of total costs andhgavover the 30-year
period, discounted to the year of the analysis. Based o tlessilts, the Secretary of
Energy then determines which TSL will become the next fddgppliance standard,
weighing a number of factors (e.g., energy savings, consimacts, manufacturer
impacts). Ultimately, the chosen standard should achigwificant energy (and water)
savings, while being technologically feasible and ecormaity justified®

Incorporating experience curves into the LCC analysisipouf the appliance en-
ergy conservation standard analysis is straightforwahe. OCC is only calculated for
the first year of compliance, and the compliance year is al{yi@-5 years after publi-
cation of a Final Rule by DOE. Thus, the input prices that atkifito the LCC model
are simply deflated by a single value, representing the éqper gained between the
date of the engineering analysis in support of the rulentaiarthe first year of compli-
ance. For the national impact analysis, the average pwgrases (in real dollars) for
all efficiency levels are deflated each year in the 30-year anatysish like the elec-
tricity prices are adjusted every year. Thus, applianceshased late in the 30-year
analysis period are less expensive in real dollars tharethoschased in the first year
of compliance.

This approach, while straightforward, assumes that thelinesprice and the incre-
mental price of ficiency are both deflating at the same rate (with the same iexper
parameters). Changes in the price of the appliance are alag bsed as a proxy for
changesin the price of raising applian¢&aency. This assumption may not be strictly
true in reality, as fficient technologies may not be as mature as baseline tegfieslo
As discussed below in Section 4.6, however, we argue thaagsumption leads to a
conservative estimate of the experienffees.

2.5. Sensitivity Scenarios

Forecasting price indices over a 30-year period can be pallgrvery sensitive to
uncertainties in fitting an experience curve (van Sark, 2868 et al., 2009). To better
understand how uncertainty in the experience curve arsatygjht dfect the policy
choice determined from the energy conservation standalysis, several experience
rate sensitivity scenarios were calculated. A few altéveafnon-experience curve)
price trend models were also explored as sensitivity stenar

To determine if the experience rate parameter changes astdio of time, due to
long-term structural changes in a particular industry, wegqgrmed experience curve
fits on two or more component periods in the historical dataighly splitting the
time series in half). For several appliances, the yeansulithe two components was

SThese criteria for prescribing new standards are requiyestdiute. See 42 U.S.C. 6295(0)(2).
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Figure 2: lllustrative example of results from a NIA. Showe ¢he undiscounted annual operating savings
and initial purchase cost increases for a hypotheticaliapg at a hypothetical trial standard level, as well as
the net benefit or cost. Because the results are aggregagethewnation, each year a new set of consumers
purchases replacement appliances (hence why the savaegguickly initially). Each appliance also has

a lifetime of many years, so that operating savings are [gatea for several years. The savings begin
to decline at the end of the analysis period since the modeinass a baseline improvement ifiéency
occurs whether or not a new standard is implemented. Totehpse costs decrease as a result of experience
(though the #ect is counter-balanced by increased shipments). The NRMdwe the discounted sum of
the net benefitost over the 30 year analysis period.
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in 2010 equals 1. Prior analyses assumed a constant price.
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chosen to be the compliance year for the first federal enayggervation standard for
that product. For refrigerators, several fits were perfarmevarious CPI and PPI
subseries.

In the clothes dryer case, the PPI series that was used egpeelsa more aggregate
product category than the appliance analyzed (e.g., holcsé&dundry equipment vs.
clothes dryers or washers). In this instance, an additieeasitivity scenario was cal-
culated. Price data were collected fr@@ansumer Reports and market research firms
such as NPD on clothes dryers and clothes washers. Using dag¢s, an experience
rate was calculated for clothes dryers only, using cumrdathipments for that appli-
ance only. Although this experience rate is more repretieatdan the rate based on
the aggregate PPI category, the clothes dryer price datr coly a handful of years.
As a result, the fit is not nearly as robust as that based onPhefthe aggregate
category.

In the case of refrigerators and freezers, we also conglderalternative exponen-
tial model (e.g., similar to Moore’s law; Moore, 1965) to eyiolate the price trend.
An exponential model uses time as an explanatory variaidéead of cumulative ship-
ments. If annual (and cumulative) shipments are exporlemtiatime, the experience
curve and the exponential model are equivalent:

_ X _b_ xoeat _b_ —at
onf S

whereP is the price,P, is the initial price,t is the time variable which equals the
year diference between the base year and any given yeargasdhe exponential
parameter of the time variable. This model can be alterelgtigxpressed as a per-
centage declincrease in price per year. Although time-driven modelsgmmrerally
not as accurate as production-driven models (based on dshdtudies; e.g., Bailey
et al., 2011), several recent studies of technologicalygsxghave utilized them (Koh
& Magee, 2006, 2008), so we considered them here for comaete

EIA uses the NEMS model when publishing their Annual Energsi@ks (AEO)®
NEMS incorporates a macroeconomic model that forecastenadtenergy use and
productivity out to 2035. NEMS produces a set of intermedmttputs, including
chained price indices for various sectors of the economyhéncase of refrigerators
and freezers, we also examined a forecast based dpethenal Consumption Expen-
ditures - Furniture index that was forecasted for AEO 2011. This index is the most
disaggregated category that includes appliances. To ajeesl inflation-adjusted in-
dex, we normalized the above index with the forecasted GOiRtdefrom AEO 2011.
To extend the adjusted index past 2035, we used the averagalagrowth rate in
2026-2035. This price trend has a long-term real price deai approximately 2.6%
per year.

Fig. Sillustrates the full range of price trends for the casefrigerators and freez-
ers, including the experience curve, the exponential madel the AEO 2011 forecast.
The experience and exponential model were fit to variousetslos the data. The 95%

Bhttpy/www.eia.goyforecastgaeq
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Figure 4: The historical PPI series with the default forésasnario. All series are normalized such that the
price index in 2010 equals 1. Solid lines are historical P&ad Dashed lines are forecasted trends. Prior
analyses assumed a constant price in the forecast. Foesldtlgers, the Household Laundry PPI was used.

confidence limits on the experience curve and exponentidleinare not shown, but
were also considered as part of the sensitivity analysisallQhese trends, the trend
with the largest price decline was considered as a hightsatysscenario in our sen-
sitivity analysis, and the smallest price decline was abergd as a low sensitivity
scenario. The experience curve was the default model imais

The default, High, and Low sensitivity scenarios were usdtié national impacts
analysis (for clothes dryers, we also used the clothesramgly experience rate sce-
nario). These sensitivity scenarios were not considerethéolife-cycle cost analysis.
Since the life-cycle analysis is based on the first year ofgl@mmnce only, typically
only a few years from publication of a Final Rule, theféience in price deflators
amongst the various scenarios will be minimal. Over a 30-tiege period, however,
the diference can grow to become substantial.

3. Experience Ratesand National Impacts Analysis Results

Tables 3 and 4 summarize the experience curve and sensisitlts for all the ap-
pliances considered in recent energy conservation stdsdand Fig. 4 illustrates the
historical PPI series and the default projections. Theuwdefaenario is used throughout
the energy conservation standard analysis (consumer LO&G, manufacturer impact
analysis, etc.), whereas the various sensitivities are tessanalyze impacts in the NIA

13
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Table 3: Experience curve fitting results with 95% confidelirods.

Appliance Experience Rate Parameder Experience Rate R?

Central air conditioners and heat pumps 288+ 0.021 18113 % 0.960
Clothes dryers J75+0.034 41613 % 0987
Furnaces 0.527+ 0.056 306%55 % 0.954
Refrigerators and freezers 735+ 0.027 40711 % 0.983
Room air conditioners 010+ 0.062 38935 % 0.970




GT

Table 4: Results from default, high, low, and special seitsitscenarios. Clothes dryers included an extra scerzs®d on market
data for clothes dryers only. The other clothes dryer sienare based on the household laundry PPI (which includésdbathes
washers and dryers). The high and low scenarios for re&iges and freezers are exponential models instead of expericurves.

Appliance Default High Low Special
Central air conditioners and heat pump&R = 181% ER=205% ER=115%

Clothes dryers ER=416% ER=429% ER=339% ER=522%
Furnaces ER=306% ER=333% ER=192%

Refrigerators and freezers ER=407% 3.12%yr 1.14%yr

Room air conditioners ER=389% ER=411% ER=310%
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Figure 5: Net present values (NPV) for a variety of trial si@ml levels (TSL) for residential clothes dryers.
The NPV is aggregated across the nation and summed over aaBCapalysis period, discounted at 7%
per year. Positive NPVs indicate that benefits of potentahdards exceed costs. See Section 2.4 for an
overview of the appliance standards analysis. Resultsrane the National Impact Analysis of the recent
Direct Final Rule (US Department of Energy, 2011a). Not &L§E are shown, as some TSLs are significantly
negative (not costfiective). Shown are the NIA results using the previous congtdace assumption, a low
price trend sensitivity scenario, the default price treaddunl on an experience curve, and a high price trend
sensitivity scenario. Also included is a scenario usingdle¢hes-dryer only PPI series, as opposed to the
household laundry equipment PPI series. The LCC analysisairdownstream analyses use the default
price trend only. See Section 2.5 for the definition of theows scenarios. The inclusion of experience has
a modest ffect on the NPV for clothes dryers.
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Figure 6: Net present values (NPV) for a variety of trial staml levels (TSL) for residential central air condi-
tioners, central heat pumps, and furnaces, collectivégrned to as heating, ventilation, and air-conditioning
(HVAC) equipment. The NPV is aggregated across the natichsammed over a 30-year analysis period,
discounted at 7% per year. Positive NPVs indicate that hsnefipotential standards exceed costs. See
Section 2.4 for an overview of the appliance standards aisaliResults are from the National Impact Anal-
ysis of the recent Final Rule (US Department of Energy, 2D1Nwot all TSLs are shown, as some TSLs
are significantly negative (not cosffective). Shown are the NIA results using the previous congiece
assumption, a low price trend sensitivity scenario, thauleprice trend based on an experience curve, and
a high price trend sensitivity scenario. The LCC analysis @hdownstream analyses use the default price
trend only. See Section 2.5 for the definition of the variazensrios. The inclusion of experience has a sub-
stantial éfect on the NPV of the more stringent TSLs. TSL 6 was previoaslysidered to be cost-negative,
but the revised analysis demonstrates a benefit.
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Figure 7: Net present values (NPV) for a variety of trial staml levels (TSL) for residential refrigerators
and refrigerator-freezers. The NPV is aggregated acrassdtion and summed over a 30-year analysis
period, discounted at 7% per year. Positive NPVs indicadé lienefits of potential standards exceed costs.
See Section 2.4 for an overview of the appliance standaralysis. Results are from the National Impact
Analysis of the recent Final Rule (US Department of Ener@112). Not all TSLs are shown for each
product class, as some TSLs are significantly negative @sitafective). Shown are the NIA results using
the previous constant price assumption, a low price trenditéty scenario, the default price trend based
on an experience curve, and a high price trend sensitivitspato. The LCC analysis and all downstream
analyses use the default price trend only. See Section B thdodefinition of the various scenarios. The
inclusion of experience has a substantidiéet on the NPV of the more stringent TSLs. Some TSLs were
previously considered to be cost-negative or cost-netitdlthe revised analysis demonstrates a significant
benefit.
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Figure 8: Net present values (NPV) for a variety of trial skaml levels (TSL) for residential freezers. The
NPV is aggregated across the nation and summed over a 3@uyalgsis period, discounted at 7% per year.
Positive NPVs indicate that benefits of potential standaxtged costs. See Section 2.4 for an overview of
the appliance standards analysis. Results are from therdatimpact Analysis of the recent Final Rule (US
Department of Energy, 2011c). Not all TSLs are shown for gmobuct class, as some TSLs are significantly
negative (not costfiective). Shown are the NIA results using the previous congtdace assumption, a low
price trend sensitivity scenario, the default price treaddnl on an experience curve, and a high price trend
sensitivity scenario. The LCC analysis and all downstreaaiyses use the default price trend only. See
Section 2.5 for the definition of the various scenarios. Tousion of experience has a substantid¢et

on the NPV of the more stringent TSLs. Some TSLs were prelyiotensidered to be cost-negative or
cost-neutral, but the revised analysis demonstrates disan benefit.
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Figure 9: Net present values (NPV) for a variety of trial st@rml levels (TSL) for residential room air con-
ditioners. The NPV is aggregated across the nation and sdrokes a 30-year analysis period, discounted
at 7% per year. Positive NPVs indicate that benefits of pitiestandards exceed costs. See Section 2.4 for
an overview of the appliance standards analysis. Reseélts@n the National Impact Analysis of the recent
Direct Final Rule (US Department of Energy, 2011a). Not &L§ are shown, as some TSLs are signifi-
cantly negative (not costiective). Shown are the NIA results using the previous congce assumption,

a low price trend sensitivity scenario, the default priemtt based on an experience curve, and a high price
trend sensitivity scenario. The LCC analysis and all doveash analyses use the default price trend only.
See Section 2.5 for the definition of the various scenaridse ificlusion of experience has a substantial
effect on the NPV of the more stringent TSLs. TSL 5 was previouslysidered to be cost-neutral, but the
revised analysis demonstrates a significant benefit.
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only. As these experience rates are derived using domégbimsnts only, they repre-
sent apparent experience rates in the U.S. (see Sectioarfiitther discussion). The
majority of these appliances have experience rates abd¥g @@th only central air
conditioners below 20% (in the default scenario).

The inclusion of experience curves can significantfiget the NPV of the aggre-
gated national economic impacts for a potential standaigls. 5-9 demonstrate the
results of including experience curves in the NIA, with the\Ndiscounted at 7% per
year. For most appliances, the NPV rises significantly cortgb#o the constant price
assumption, indicating a larger national benefit from ptiééistandards. Thefiect
is more dramatic for higher TSLs (i.e., more stringent pti&éistandards), where the
cost premium is larger. This is realistic — in reality newand therefore more expen-
sive) technologies will undergo more rapid experience thare mature technologies,
therefore one intuitively expects the higher TSLs to showaepronounced expe-
rience dfect. In a few cases (such as refrigerators and HVAC equipnteatNPV
actually changes sign for some TSLs. A previously uneconahpotential standard
level becomes economical when incorporating experiencgsu

It is important to note that the NIA includes many other fastthan simply pur-
chase price and operating cost. The model includes inttallaosts, repair costs,
purchase price elasticities, early replacemeigats, fuel switching (for certain prod-
ucts), and otherfeects. None of these ardtfacted by experience as derived above.
Nevertheless, the purchase price is usually the dominatdrfaand thus including ex-
perience curves in the analysis is important (though iletah can be significant for
some appliances).

Given that experience curves are more representative oélactarket behavior
than a constant price assumption, our results imply thatipue appliance standards
analyses, guided by the older methodology, were undengliie potential benefits
and perhaps settling on a lower standard level as a resuttexample, suppose the
policy choice is based on the maximum TSL with a positive NfR€n incorporating
experience curves can result in a higher TSL for HVAC equipinaad refrigerators.
If the policy choice is based on the TSL with the maximum NPMvbver, the &ect
on the policy choice is much more limited, and potentiallyycsfects refrigerators.
Nevertheless, the final NPV estimates are much larger thamwlsuming constant
prices, and thus the cumulative economic benefits of theaap@ standards program
have likely been significantly underestimated in the past.

4. Discussion

4.1. General Methodology Comments

The ideal implementation of experience curve analysis dndlude detailed cost
data for each ficiency level, for each individual product. Such data areuaity
impossible to obtain for the U.S., however, and so we mugtaellower resolution
data such as the PPI. Furthermore, past trends are no gemuadrititure performance.
Nevertheless, the PPl data show persistent, significadtJeangthy historical trends,
and are therefore a more rational indicator of future trehds an assumption of no
changes. The sensitivity analysis looks at tffeets of historical fluctuations, recent
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trends, fitting variations, and data variations (e.g., logkat lower quality but more
product-specific data). The 30-year forecast may be seaddierrors in the experi-
ence curve analysis, but such forecast errors are dimishispéhe discounting adopted
in the NIA. Ultimately, in the cases discussed here, thecgahoice based on the NPV
results is the same regardless of whether the low, defatiigh scenario is considered.

The experience model utilized in our analysis is straightéod and is a proxy for
a variety of underlying casual factors. We recognize thetditions of such a simple
model, and acknowledge that future work is needed in asgpsise reliability and
applicability of experience curves in policy analysis (dain & Kohler, 2008; Ferioli
et al., 2009). Adopting a more complex experience modelgvew is not justified by
the relatively limited and low resolution data, as any madéh additional parameters
may overfit the limited data. We additionally do not have datahigh-€ficiency and
baseline products separately. It is also plausible thaiape experience is in reality
driven by component-level innovations, and that a comptlexel model is perhaps a
better indication of true experience (Ferioli et al., 20@)r adopted experience curve
model is therefore simple and conservative, but is ultifgedievast improvement and
is significantly more representative of real-world dynasrtican the previously used
constant price assumption.

4.2. Apparent Experience

Since the focus of this work is domestic, we rely only on dameshipments (i.e.,
cumulative production intended for domestic consumptidrt)e analyses conducted
for DOE energy conservation standards are similarly restlito domestic consump-
tion. Appliance manufacturing is concentrated in a few mational corporations,
however, and major changes in one market can impact othé&etsaubstantially. True
experience is a dynamic of global production and distrdntivith different regional
factors having more or less influence on product price. A rfeturer will learn from
all production lines and apply improvements globally. Tisigspecially true for new
technologies incorporated into appliance designs. Nempnma and dicient features
are introduced predominantly in one market at first, and thi€uase into the remaining
global markets.

Costs as perceived in the U.S. are likely changing faster wuld be driven by
domestic shipments alone, because domestic shipmentslgi@foaction of total ship-
ments. The fraction of U.S. shipments relative to globabpiaion is also changing,
and has diminished with time. We therefore distinguish greeence rate calculated
using only domestic shipments as apparent experience rate. Nevertheless, utiliz-
ing the apparent experience rate makes sense from a doraeastigy policy context.
Mandatory dficiency standards, for example, focus only on domestic grsaging
impacts (DOE has no authority beyond the U.S.). When cdioglahe national net
present value of a possible minimurfiieiency standard, the apparent experience rate
is the correct value to use. Domestic consumers benefit fiidiy global production
experience, despite purchasing only a fraction of totabal@roduction. It is for this
reason that our experience valuefati from those in Weiss et al. (2010b), and from
other historical studies of experience in appliance martufang.

We note that this distinction confounds the experienceelitgrature in general,
not just its application to energyfeiency standards. For example, the impressive re-
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view of Weiss et al. (2010a) documents the results of Tiint experience curve
analyses. There is no consistency in the independent arhdept variables for each,
however, with some studies pairing domestic prices withglproduction, others pair-
ing domestic prices with domestic production, and othetspecifying. There is good
reason for this confusion, with mixed markets and majottsiifthe relative influences
of those markets through the decades. Domestic appliarergyepolicy, however, is

based on domestic shipments and domestic economic beagfitdjus in this instance,
the data needs are clear.

4.3. Characteristics of PPl as a Cost | ndicator

The producer prices on which the PPI is based are only a clgz®xmation of
manufacturing costs. True manufacturing costs, both fixethvariable, are generally
not available in time series (indeed they are often proangt Therefore, even though
experience curves are strictly a (mostly variable) martufarg and distribution cost
effect, we must rely on the producer prices for our analysis ekbeless, PPI is based
on a wholesale price, not a retail price, so it is not subjedattors that fiect re-
tail prices. The use of PPI indicates long-term decliningl ice trends for many
products.

The PPI also includes a quality adjustment, which attengpfadtor out physical
changes (such as capacity, premium features, governmamtated features, etc.) in
the product that fect the pricé. The BLS uses a variety of methods to determine
this quality adjustment, including comparing similar misdfieom year to year, asking
manufacturers to explicitly separate out value-addedinostases, and potentially us-
ing a hedonic model. For this reason, the PPl is a better mea$experience curve
effects than actual wholesale prices would be, since chand&lishould reflect pro-
duction cost changes due to industrial productivity imgments and other advances
in technology rather than changes driven by enhanced &satur

The BLS does not explicitly correct for changing produtioéency in the CPI, but
the PPI likely accounts for improvements in the enerfficiency of the device be-
cause such changes are generally physical changes. Thity adgustment is exactly
what the appliance standards analysis, based on an enigmeest-gficiency curve,
requires. Although experience curve analysis has beenedgpf residential appli-
ances for decades, and many analyses account for vagiadilithanges in the service
delivered per unit, in general the change in the enefiggiency of appliances is not ac-
counted for, except in cases in which energy delivery or eoradion is the end service
delivered. Weiss et al. (2010a,b) document numerous cdsespacity-related nor-
malizations. For example, clothes washers and dryerswdssiers, and refrigerators
are frequently, though not always, normalized with respacvolume, and computer
memory is consistently normalized for megabytes of DRAMc#ases where energy
efficiency and delivery are not the end-use service deliveredgeter, diciency is
generally not accounted for. Yet appliances have significaeduced their energy
consumption over the time period considered in these expegicurve analyses (e.g.,

7BLS Handbook of Methods, Chapter 14. httwww.bls.goyopubjhonyhomch14.htm
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Figure 10: Comparison of the historical monthly refrigeratnly PPI series with refrigerator market data
from NPD. Shown are both the sales-weighted average pri@n¢hthe average model price (b) of all units
sold in a given month. The PPI series and both NPD series aneafiaed such that the 2-year average equals
1. Error bars represent 1 standard deviation from the méenafidth of the distribution is much larger).

refrigerators currently use approximately 70% less entrgyg in the 1970s). In con-
trast, as noted above, energy service technologies likiopbltaics, lighting, heating,
building insulation, advanced glazing, and electricithgetors are usually (though
not always) normalized for the energy delivered or congkrisage of the PPI to ana-
lyze experience curvdiects is therefore advantageous since eneffigiency is likely
included as part of the quality adjustment. This yields eefaimore realistic experi-
ence rate estimate that is not biased toward lower valuesadcenstantly improving
efficiency.

The PPI is based only on domestic manufacturing. Althougtaprity of appli-
ance manufacturing is now performed overseas, there &rsostie appliance models
manufactured domestically, and historically the shareppfiances produced domesti-
cally was much larger. Thus the PPI is still a meaningfuléathr. Labor costs can be
an important component of variable manufacturing costagver, and since outsourc-
ing is not reflected in the PPI time series, using it resuli® aonservative estimate of
the experience rate. We do not attempt to forecast the ingfdature outsourcing of
production (or increase in imports generally) in our fotsaf appliance manufactur-
ing costs.
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Table 5: Correlation cdicients between PPl and market price data.

G¢

Appliance Series Pair Pearson Correlation  P-Value
Codficient

Refrigerators Monthly PPI-NPD (a) 0.66 36< 104
Monthly PPI-NPD (b) 0.77 Bx10°

Freezers Monthly PPI-NPD (a) 0.68 4% 104
Monthly PPI-NPD (b) 0.79 6x10°

Refrigerators & Freezers Yearly PPI-Dale et al. (2009) 0.92 1.3x10*

Clothes Washers Yearly PRDale et al. (2009) 0.86 Bx10°

2The PPI series applicable for clothes washers is the holgshmdry equipment series, which also includes clothes
dryers.
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Table 6: Comparison of long-term real price trends derivethis study with values from the literature. This studyeslbn PPI data, whereas previous studies
obtained market price data from market research firms. Adepdata have been deflated to real dollars using a consud®x appropriate for the region analyzed.

Study Region Time Period Appliance Approximate Real Prieglide
(%/year)
Household Laundry Equipment
This study USA 1980-2010 Clothes Washers & Dryers 1.9%
Bass (1980) USA 1950-1974 Electric Clothes Dryers 2.2%
Laitner & Sanstad (2004) USA 1980-1998 Clothes Washers 3.4%
Electric Clothes Dryers 3.2%
Gas Clothes Dryers 2.9%
Dale et al. (2009) USA 1983-2001 Clothes Washers 2.4%
EES (2006) Australia 1993-2005 Clothes Washers 2.6%
Clothes Dryers 1.1%
Weiss et al. (2010b) Netherlands 1965-2008 Clothes Washers 2.4%
1969-2003 Clothes Dryers 2.1%
HVAC Equipment
This study USA 1990-2009 Room AC 1.7%
1978-2010 Central AC 0.8%
Bass (1980) USA 1946-1974 Room AC 2.5%
Laitner & Sanstad (2004) USA 1980-1998 Room AC 4.0%
Dale et al. (2009) USA 1975-1994 Room AC 1.5%
1965-1986 Central AC 1.0%
Refrigerators and Freezers
This study USA 1951-2007  Refrigerators & Freezers 2.5%
Bass (1980) USA 1922-1940 Refrigerators 2.6%
Laitner & Sanstad (2004) USA 1980-1998 Refrigerators 3.2%
Freezers 5.3%
Dale et al. (2009) USA 1980-2001 Refrigerators 2.5%
Schiellerup (2002) UK 1992-1999 Refrigerators 6.3%
Freezers 5.0-5.1%
EES (2006) Australia 1993-2005 Refrigerators 1.7%
Freezers 2.5%
Weiss et al. (2010b) Netherlands 1964-2008 Refrigerators 2%1
1970-2003 Freezers 1.1-1.5%

2The central AC time series in Dale et al. (2009) is very noidye real price decline presented here uses the average foktie/o years of data and the
average of the last two years of data as endpoints.
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Figure 11: Comparison of historical PPI trends with retadirket price data from Dale et al. (2009) for
refrigerators, room air conditioners, clothes washerd,@mtral air conditioners. These data were obtained
from various catalogues ar@onsumer Reports. The clothes washer data are compared to the household
laundry equipment PPI series. The PPI series are normai@ddin 2010. The market price data are
normalized such that average over the period of overlap th@HPPI series is equal to the average PPI over
the same period.
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4.4, Comparison of PPI to Market Data and Previous Studies

In order to address some of the potential issues relevarging the PPI, we per-
formed a cross-check of PPI data with actual market data. $%d market price data
gathered as part of the refrigerator and freezer rulemadatigity, obtained from the
market research firm NPBThe data include monthly units sold and total price at the
point of sale (retail) over a period of 24 months, and we cargb#his to the monthly
refrigerator-only PPI seri@sover the same time period. NPD includes many large
retailers and covers a significant fraction of the marketthezefore assume it is rep-
resentative of the whole market. The NPD data are actuatppaid by consumers,
and therefore include all possible sales, promotions, &wbdnts. Using only 2 years
worth of data limits the extent of any physical changes thightnhave occurred in
refrigerators and freezers, enabling a cleaner compaatBR| and market data, and
yet provides 23 monthly data points (January 2007 to Nove2®@8 inclusive).

We derived the following monthly series from the NPD data doth refrigerators
and freezers: (a) the sales-weighted average price of it swid; and (b) the average
model price of all models sold. The NPD market data are inftreariable, as con-
sumer spending habits fluctuate and retailéfsraliscounts. NPD also does not cover
100% of the market. Nevertheless, there is good agreeméme igeneral price trend
between the PPl and the series derived from NPD data, as sinokig. 10. Since
the time period is only 2 years, the models available for pase are likely to remain
relatively constant, which is why we include the derivedese(b). Table 5 lists the
Pearson correlation cicients of the PPI series with the NPD series. All are signif-
icantly correlated and the null hypothesis is rejected withr 99% confidence, even
given the relatively shallow trend over the 2-year time péicorrelation tests are not
possible with a constant function). This provides reassagand verification that the
PPI series are representative of changes in product pritescorrelations will not be
perfect because the PPI is quality-adjusted but the NPDatataot. The adjustment
over a 2-year period will be small but not necessarily zero.

In addition, we also compared the PPI series used in detargithe experience
rates with trends and market price data in the literaturg. FL compares data from
Dale et al. (2009), originally obtained from catalogues @odsumer Reports. Dale
et al. restricted the price data to specific capacities apelstpf appliances (e.g., an 18
ft3 top-mount refrigerator), so these data are partially dqy-aldjusted. For all appli-
ances except perhaps central air conditioners, the trertie iPPI series qualitatively
correlate very well with market price data. The market pde¢a gathered by Dale
et al. for central air conditioners may not be represergatfactual prices. Central air
conditioners are generally contractor purchased andliedtappliances, and are rarely
purchased by consumers directly through retail, leadirsypotential discrepancy be-
tween catalogue prices and prices actually paid by the &otair. This may explain
some of the discrepancy between Dale et al. (2009) and thsdPiék. Table 5 lists the
Pearson correlation cfiiwients for refrigerators & freezers and clothes washess, th
only two appliance categories withfigient overlapping years to calculate a correla-

8httpy/www.npd.com
9Series ID PCU3352223352221
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tion codficient. The price trends derived in this study for all appdiesare consistent
with other previous domestic and international studieblgé).

4.5, Cost Reductions at Constant Efficiency

As described in Section 4.3, it is important to considergidbanges at constant
efficiency, especially given the remarkable progress in appdiaticiency in the last
40 years. Prices and energy use have both fallen significaxaélr a long period of
time. In a few cases, data exist that can be used to illustnateeductions in appli-
ance production cost at constaffi@encies. The appliances covered here have all had
recent updates of their energy conservation standards.TSBs published by DOE
in support of these rulemakings include an engineeringyaisalwhich establishes the
cost-dficiency curve for a given appliance (i.e., the incrementahufiacturing costs
for a given incrementalfciency improvement). The TSDs are available for both the
recent rulemakings as well as past rulemakings, complette avi older engineering
analysis and costfciency relationship. (The last standard for clothes dryeas is-
sued in 1991, and its engineering analysis is unavailable.)

The manufacturing costs used in these analyses are obtameanfidentially sub-
mitted manufacturing data afmt from manufacturer interviews, as well as by detailed
tear-down analysis. By comparing the older and newer daisiency relationships, it
is possible to determine how manufacturing costs have athfay a given #iciency,
in the time separating the two rulemakings. The update &rquis typically once
every 6-10 years (potentially longer) during which timehtealogies can change sub-
stantially. Given this large time span, there is often oirhjited overlap between older
and newer costficiency relationships. In some cases there is no overlap &Nealer-
theless, these costieiency curves provide an important qualitative insight. &sign
option that was once considered veffi@ent and carried a significant cost premium
can become todays baseline option.

Figs. 12—-15 show the costhieiency curves for room air conditioners, central air
conditioners (including split ACs, packaged ACs, splittemps, and packaged HPs),
furnaces, refrigerators, and freezers. Calculating égpee rates byféciency levels
is not possible, since shipment data Bagency level are not available, although we
can make qualitative comparisons.

In all cases, the manufacturing cost for a givéiiceency level has declined signif-
icantly, by as much as 60% over 14 years for room air concti®r80% over 11 years
for central air conditioners, 55% over 4 years for furnaees] 40% over 15 years for
refrigerators. This is compared to a decline in PPI of apipnaexely 25%, 5%, and
33% for room air conditioners, central air conditioner, aaftigerators respectively,
over the same time periods (using the default experieneg rahe PPI for furnaces is
essentially flatin the last 4 years. This highlights thsdence between hightfeiency
units vs. average units, in that costs associated with &fifitiency units (often with
small or zero market share at the time of the analysis) Willyi decline faster than an
average unit. This is especially true in the case of furndoesvhich only 4 years sep-
arate the two engineering analyses, and yet we see a 55%rdnaogniufacturing costs
for the most @icient units. In the case of packaged heat pumps, there wasate o
lapping dficiency level in the two engineering analyses. It is worthimmthowever,
that the maximum level analyzed and deemed viable in 19991®&3FER (seasonal
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Figure 12: Comparison of past and recent cdBtiency curves for room air conditioners. Results are
from the engineering analyses in support of appliarfieiency standards (US Department of Energy, 1997,
\Volume 2, Table 1.12; US Department of Energy, 2011a, Appesid, Table 5-D.2.3). These costheiency
curves represent averaged or interpolated costs for aatyp;000 Btyhr louvered room air conditioner.
Prices have been deflated using the CPI.
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Figure 13: Comparison of past and recent cdBtiency curves for central air conditioners and heat pumps.
Results are from the engineering analyses in support ofaaqmel éficiency standards (US Department of
Energy, 1999, Chapter 4, Table 4.7; US Department of En@@¥1b, Chapter 5, Tables 5.13.4, 5.13.7, &
5.13.10). These cosfiiency curves represent averaged or interpolated coststigical two-ton central

air conditioner or heat pump. Prices have been deflated tisenGPI.
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Furnaces
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Figure 14: Comparison of past and recent cditiency curves for residential furnaces. Results are from
the engineering analyses in support of applianfizciency standards (US Department of Energy, 2007,
Appendix E, Table E.1.1; US Department of Energy, 2011b p&heb, Table 5.13.1). These costigency
curves represent averaged or interpolated costs for aatypic000—-80,000 Bthr non-weatherized furnace.
Prices have been deflated using the CPI.
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Figure 15: Comparison of past and recent cdBtiency curves for residential refrigerators and freezers.
Results are from the engineering analyses in support ofaaqmel éficiency standards (US Department of
Energy, 1995, Chapter 3, Tables 3.6, 3.8, 3.9, & 3.12; US Beemt of Energy, 2011c, Chapter 5, Tables
5.9.1 & 5.9.2). These cosfiiEiency curves represent averaged or interpolated cossstfgical 18 2 top-
mount auto-defrost refrigerator, 23 #ide-mount auto-defrost refrigerator with through-timexdice service,

20 ft2 bottom-mount auto-defrost refrigerator, and 15rftanual-defrost chest freezer. Annual energy use
values from the older engineering analysis have been adjustthe revised test procedure (with new com-
partment temperatures), as described in US Departmenterfyi12011c). Prices have been deflated using
the CPI.
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energy diciency ratio), whereas the baseline packaged heat pump V&EER in
2010.

This comparison of bottom-up engineering analysis froncessive appliance stan-
dards rulemakings underscores the need to include experiethe standards analysis.
The cost deflators used in our analysis likely underestithetactual decline in manu-
facturing costs, especially for the higlfieiency TSLs. Including even a conservative
estimate of experience, however, is an improvement ovepté&eous constant price
assumption that is clearly inconsistent with historicabda

4.6. Considerationsfor Future Rulemakings

The methodology outlined here treats baseline models agidyhéfficient models
in the same way. The PPI does not distinguish between theamna the calculated
experience rates are applied to both equally. In realitgabse the baseline models
and the highly &icient models are at flierent maturity stages, their experience rates
are likely not the same. Highfiiciency models tend to incorporate newer technology,
and we would expect such models to experience faster colshelethan more mature
technology since the time period required to double the datiwve production of newer
technology is shorter than for technology long on the markéte use of the PPI to
determine the experience curve for the product as a whol@emidl to undervalue the
potential economic benefits for higheffieiency models. We would ideally like to
have appliance price histories broken down ficeency class, and if at all feasible, by
important components (e.g., compressors, heat exchawvgersim panels, etc.).

Unfortunately, at this time we are not aware of robust dafacsent to separately
analyze baseline models anffigient models. Such data are virtually non-existent in
the U.S., though these data are collected in Europe in stpp&U efficiency stan-
dards. The regulatory analysis would benefit from an insbituor agency implement-
ing a program to make such data available. The analysis ¢batdutilize these data
to develop more sophisticated experience curves for lmeesalid ficient models.

A few appliances and some commercial equipment are hedVdgtad by volatile
commodity prices. For some, such as transformers and matsignificant fraction of
the manufacturing cost is in obtaining the raw material®@scopper, aluminum, and
steel. This is confirmed by the PPI series for these produttish are not monotonic
and correlate strongly with the historical prices of comitothetals. The prices of
these commodities depend on many factors and cannot beafteelcas part of the
energy conservation standards analysis. For future rikems, historical commodity
data could be used to determine whether commaodity priceilitylas a concern for
estimating an experience rate for specific products. In sasles, and with sticient
cost angbr price data, it might be possible to factor out commodifgg@wolatility and
determine an experience rate for the non-commodity comparfehe manufacturing
cosfproducer price.

In cases with limited or no data, it is worth considering gsilata at a higher level
of aggregation to determine a range of experience ratess dpproach has already
been adopted to some degree with household laundry equipriien some product
categories, there may not be suitable PPI data to propealacterize the experience
curve. In such instances, using the AEO price trend as a lisf@@nario is perhaps
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the best approach, and is clearly more representative oélactarkets than assuming
apriori that costs remain constant in the 30-year analysis period.

The improvements outlined above will enhance the stadistertainty of the ex-
perience curve estimate and the completeness of the modklitidnal data should
enable an improved evaluation of the potential impacts afenod the factors that can
influence equipment cost and price trends over time. Suehwdéitalso enable a more
sophisticated sensitivity analysis.

5. Summary

Historically, technical analyses performed in supportational energy #iciency
appliance standards have forecasted equipment pricesaonséant over the analysis
period. This assumption-based approach of a constant rieal fpend is not consis-
tent with the historical data for many products, includirmnsumer durable goods.
Inflation-adjusted producer price data for applianceslakipersistent price declines
over several decades. The constant cost assumption usegliays energyféciency
standards analyses therefore underestimates the conbemefits of more stringent
standards.

Experience curve analysis can be used to obtain more repatise price fore-
casts for appliances, as was done for the analyses in sugfpedent appliance energy
efficiency standards (for clothes dryers, room air conditisneentral air condition-
ers and heat pumps, furnaces, refrigerators, and freeZéng is an approach with
a strong academic foundation, utilized across many diseip) and is advocated for
use in energy technology policy by the Organization for Exnit Cooperation and
Development and the International Energy Agency (IEA, 2008Bhen incorporating
experience curves, the recent appliance standards asgigdeed significantly larger
net present values than when using the constant price aisamipor some trial stan-
dard levels, the net present value changed sign, suggékthgrevious rulemakings
may have undervalued the benefits of appliarfieiency standards and adopted lower
standard levels as a result.

In recognition of the uncertainty in experience curve asialywe adopted several
sensitivity scenarios. The scenarios were used in thematimpact analysis to ex-
amine the dependence of the results dfedént assumptions about experience. While
there are some fierences between high and low sensitivity scenarios, theypdioice
generally remains unchanged (e.g., if the policy choiceaseld on maximum NPV).
There is, however, a drasticffBrence compared to the constant price assumption.

Although incorporating experience curves in appliancaddads analysis repre-
sents a significant step forward, further research is netedeperly account for sev-
eral other factors, such as commodity price volatility. &ase and high-ficiency
products should also be treated separately, as cost redsietie often more pronounce
in newer-technology products. The current implementatiescribed here is therefore
conservative, but is ultimately a more representativegmtgn of future prices than the
constant price assumption.
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