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Abstract

There exists considerable evidence that manufacturintg @l consumer prices of
residential appliances have decreased in real terms ozdashseveral decades. This
phenomenon is generally attributable to manufacturiffigiency gained with cumu-
lative experience producing a certain good, and is modejednbempirical experi-
ence curve. The technical analyses conducted in supporifdmhergy conservation
standards for residential appliances and commercial eggrphave, until recently, as-
sumed that manufacturing costs and retail prices remaistanhduring the projected
30-year analysis period. This assumption does not reflettnarket price dynam-
ics. Using price data from the Bureau of Labor Statistics pnasent U.S. experience
curves for room air conditioners, clothes dryers, cenfrai@nditioners, furnaces, and
refrigerators and freezers. These experience curves weoeporated into recent en-
ergy conservation standards analyses for these produnctsiding experience curves
increases the national consumer net present value of pdtstaindard levels. In some
cases a potential standard level exhibits a net benefit whasidering experience,
whereas without experience it exhibits a net cost. Thesdtsegnply that past en-
ergy conservation standards analyses without experiamgesmay have undervalued
the economic benefits of potential standard levels, possédulting in less stringent
standards and reduced energy savings than was econonjurstifligd.

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 appliance
prices, which implies that DOE’s appliance standards aislynay be undervaluing
the economic benefits to society. Dale et al. (2009) haveditbegt U.S. appliance ef-
ficiency regulation does not address trends in real marketpand energyficiency
improvements. They studied historical price trends of raimconditioners (AC),
central AC, refrigerators, and clothes washers, and hadrf@jor findings: (1) for
the past several decades, the retail price of appliancebdwssteadily falling while
efficiency has been increasing; (2) past retail price predistimade in the 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 the analysestbtiency standards have 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@itopic 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&sFrankl, 2002; van der
Zwaan & Rabl, 2003; Nemet, 2006; van Benthem et al., 2008)¢deower (Ibenholt,
2002; Junginger et al., 2005; Klaassen et al., 2005), reblevenergy 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 prodeas BCG, 1972, 1980). To
date, however, the study of experience for appliances aminarcial equipment has
been limited (Bass, 1980; Newell, 2000; Laitner & Sanst&42 Jardot et al., 2009;
Weiss et al., 2010a,b). A thorough review of the extensigéohical work on learning
and experience, across many disciplines, is provided bfeklgl973), Yelle (1979),



Day & Montgomery (1983), Dutton & Thomas (1984), Argote & Ep(1990), Newell
(2000), IEA (2000), McDonald & Schrattenholzer (2001), &vieiss et al. (2010a) (and
references therein). In addition, Baumol (1967) and Baushal. (1985) established
the framework of unbalanced growth in the economy, exphginihy certain sectors
of the economy may have distinct real price trends from ogketors.

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 lehwws 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 (Duttont@&mas, 1984). In its
broadest sense, however, experience curve analysis itlypicludes factors such as
efficiencies in labor, capital investment, automation, mateiprices, 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 empiribathonstrated 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 whipkerence (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 InforamafAidministration’s (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 paenietg., Rosenquist et al.,
2006).

There is therefore a potential bias in past estimates ofdbeaf dficiency for ap-
pliances. However, experience curves have recently beengorated into the analysis
of energy conservation standards for residential clotimgsrd, room air conditioners,
central air conditioners and heat pumps, furnaces, refiges and freezers (US De-
partment of Energy, 2011a,b,c). In this paper, we desciolethose experience curves
were determined and how the standards analysis was modifieclade them (Section
2), calculate the appropriate experience rates andfbete on the national net present
value for these appliances (Section 3), and provide sonwisifon on the method-
ology and considerations for future analyses (Section #)ally, 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)

For example, an experience rate of 0.25 implies a 25% costtieh for each doubling
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 &@12),
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. Furtheemlearning and experience
curves are empirical relationships, though they are readitepted due to the strength
and robustness of the empirical 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; andlti2 errors are relatively
small so that asymmetries in log space are minimal.

2.2. Product Prices

Direct manufacturing costs are venittult 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 Plicgex (PP1)? The PPl is an
indicator of wholesale distributor price, adjusted for kifyachanges over time, and

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

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 theyaigl 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 sedsodrdinued price index
exists from 1947-1997 as part of the Consumer Price Indeh(aseries does not exist
for other home appliances). Given the important leverage3 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 fofférences, 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 (bac83@)L For compact freezers,
an exponential fit was used to extrapolate back to 1951. Irestases, decadal ship-
ments are available from the first decade of production odwemd were used when
annual shipment data from the first year of production weteamailable. Projected
shipments, used to project the experience curves to fuiasesy were obtained from
the base case projections in the energy conservation stinaaalyses. See Fig. 1 and
Table 2 for a summary of the annual shipments used. The ashigpathents 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 analyses
consider various trial standard levels (TSLs), which areptial new energy conser-
vation standards above the current minimum standard. Timneeodion is to name TSL
1 the lowest potential new standard, TSL 2 the next lowestsaon.

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 manudaictu
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 coamule. 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 thealnjtirchase price and
the life-cycle operating costs. LCC inputs include disitibns of households (e.g.,

Shttpy/www.bls.goycpi/

4For refrigerators and freezers, the methodology was aajustich that the Chained GDP Price Index
(httpy/www.gpoaccess.ggusbudgefyll/hist.ntml) was used to correct for inflation (US Departmétim-
ergy, 2011c). This was done to better align with the elejrigrice forecasts used in the model, which are
deflated using a projected Chained GDP Price Index. Thene @&pproximately 0.3% per year cumulative
difference in the inflation adjustment between the two indices, f®r 1980, this corresponds to an approxi-
mately 10% diterence in inflation adjustment to 2010 dollars). The CPDhiridehe larger correction factor.
The results presented here for refrigerators and freesershe Chained GDP Price Index.



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

The NIA models the aggregate impacts across the nation dvge8rs, using a
forecast for annual shipments, average energy prices,aselibe improvements in ef-
ficiency. The NIA includes monetized values for emissiomiction (CQ and NQ).
Key outputs of the NIA are the total energy savings (in qukalni Btu) and the net
present value (NPV) of those savings, for each TSL (see Higr. &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, consimeacts, 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 éper 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 pwgrass (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 tharethoechased 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). This assumption may not be strictly true itityeas dficient technolo-
gies may not be as mature as baseline technologies. As desthslow in Section 4.6,
however, we argue that this assumption leads to a consergiimate of the experi-
ence @ects.

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, 2968 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 st@nar

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 yeansplithe two components was
chosen to be the compliance year for the first federal enayggervation standard for

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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Figure 3: lllustration of the various sensitivity scenarfor the case of residential refrigerators and freezers.
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that product. For refrigerators, several fits were perfarrmevarious 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 additieerasitivity 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 dla¢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 ooly 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 eyolate the price trend.
An exponential model uses time as an explanatory variaidesad of cumulative ship-
ments. If annual (and cumulative) shipments are exporlemtiatime, the experience
curve and the exponential model are equivalent:

X\ X\
e IR

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 modelsgmmerally
not as accurate as production-driven models (based ondshdtudies; e.g., Bailey
et al., 2012), 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 intermed@ttputs, 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 GDIBtdefrom AEO 2011.
To extend the adjusted index past 2035, we used the averagelagrowth 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 cafsefrigerators and freez-
ers, including the experience curve, the exponential madel the AEO 2011 forecast.
The experience and exponential model were fit to variousstslog the data. The 95%
confidence limits on the experience curve and exponentidleinare not shown, but

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.

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 useithé 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 ofglnce 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-tigee 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 sensigsitlts 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 LOE, 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
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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 eaB@yalysis period, discounted at 7% per
year. Positive NPVs indicate that consumer benefits of piatestandards exceed costs. See Section 2.4
for an overview of the appliance standards analysis. Resut from the National Impact Analysis of
the recent Direct Final Rule (US Department of Energy, 2D1Npot 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. Also included iscanario using clothes-dryer-only price data, as
opposed to the household laundry equipment PPI series. Thednalysis and all downstream analyses use
the default price trend only. See Section 2.5 for the dedinitf the various scenarios. The inclusion of
experience has a modestext 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 coesbenefits 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@y,1b). Not 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 variacensrios. 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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Refrigerators
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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 across ttiemnand summed over a 30-year analysis period,
discounted at 7% per year. Positive NPVs indicate that coesbenefits 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 @sitdfective). Shown are the NIA results using
the previous constant price assumption, a low price trendithéty scenario, the default price trend based
on an experience curve, and a high price trend sensitivitspago. The LCC analysis and all downstream
analyses use the default price trend only. See Section Rthdodefinition of the various scenarios. The
inclusion of experience has a substantidéet on the NPV of the more stringent TSLs. Some TSLs were
previously considered to be cost-negative, but the revasedlysis 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 consumer benefits of potentaidards exceed costs. See Section 2.4 for an
overview of the appliance standards analysis. Resultsrane the National Impact Analysis of the recent
Final Rule (US Department of Energy, 2011c). Not all TSLs sttewn for each product class, as some
TSLs are significantly negative (not cogfextive). Shown are the NIA results using the previous cansta
price assumption, a low price trend sensitivity scenahie,default price trend based on an experience curve,
and a high price trend sensitivity scenario. The LCC analgsid all downstream analyses use the default
price trend only. See Section 2.5 for the definition of theéows scenarios. The inclusion of experience has
a substantial féect on the NPV of the more stringent TSLs. Some TSLs were gusly considered to be
cost-negative or cost-neutral, but the revised analysisodstrates a significant 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 consumer beraéffistential standards exceed costs. See Sec-
tion 2.4 for an overview of the appliance standards analy®esults are from the National Impact Analysis
of the recent Direct Final Rule (US Department of Energy,1201 Not all TSLs are shown, as some TSLs
are significantly negative (not cosffective). Shown are the NIA results using the previous caongidce
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 variazenarios. The inclusion of experience has a sub-
stantial €fect on the NPV of the more stringent TSLs. TSL 5 was previouslysidered to be cost-neutral,
but the revised analysis demonstrates a significant benefit.

20



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 representativelwdlanarket behavior than
a constant price assumption, our results imply that pressappliance standards anal-
yses, guided by the older methodology, may have undervéhespotential benefits of
proposed standard levels. This may have led to settling owarlstandard level as a
result. For example, suppose the policy choice is basedeomtximum TSL with a
positive NPV, then incorporating experience curves canlraschoosing a higher TSL
for HVAC equipment and refrigerators. If the policy choisebased on the TSL with
the maximum NPV, however, théfect on the policy choice is much more limited, and
potentially only dfects refrigerators. It is also important to note that thegyathoice
is based on many other factors in addition to the national &Y., manufacturer im-
pacts). Nevertheless, the final consumer NPV estimates ach targer than when
assuming constant prices, and thus the cumulative ecortmemigfits of the appliance
standards program have likely been significantly undereg#d 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 musgtagllower resolution
data such as the PPI. Furthermore, past trends are no gerucritture performance.
Nevertheless, the PPl data show persistent, significadt]eargthy historical trends,
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and are therefore a more rational indicator of future trehds an assumption of no
changes. The sensitivity analysis looks at tlfeats of historical fluctuations, recent
trends, fitting variations, and data variations (e.g., logkat lower quality but more
product-specific data). The 30-year forecast may be seasdierrors in the experi-
ence curve analysis, but such forecast errors are dimishispéhe discounting adopted
in the NIA. Ultimately, in the cases discussed here, thecyahoice 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 straightéoyd 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 (d&im & Kdhler, 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 data. We additionally do not have data for feffitiency and baseline
products separately. It is also plausible that appliangeee&nce is in reality driven
by component-level innovations, and that a component-teeelel is perhaps a better
indication of true experience (Ferioli et al., 2009). Ouopitcd experience curve model
is therefore simple and conservative, but is ultimatelyemepresentative of real-world
dynamics than the previously used constant price assumptio

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 mstlito domestic consump-
tion. Appliance manufacturing is concentrated in a few mational corporations,
however, and major changes in one market can impact othdéetsaubstantially. True
experience is a dynamic of global production and distrdntivith different regional
factors having more or less influence on product price. A rfarturer 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 thase into the remaining
global markets.

Costs as perceived in the U.S. are likely changing faster w@uld be driven by
domestic shipments alone, because domestic shipmentslgefoaction of total ship-
ments. The fraction of U.S. shipments relative to globadpiaion 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 diciency standards, for example, focus only on domestic grsaging
impacts. When calculating the national net present value pdssible minimum ef-
ficiency standard, the apparent experience rate is theatoraue to use. Domestic
consumers benefit fully from global production experier@spite purchasing only a
fraction of total global production. Itis for this reasoratiour experience valuesftlr
from those in Weiss et al. (2010b), and from other historétatlies of experience in
appliance manufacturing.
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We note that this distinction confounds the experienceelitgrature in general,
not just its application to energyfieiency standards. For example, the impressive re-
view of Weiss et al. (2010a) documents the results of TEeidint experience curve
analyses. There is no consistency in the independent arthdept 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 majottsinifthe 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 PPI as a Cost Indicator

The producer prices on which the PPI is based are only a clgs®ximation of
manufacturing costs. True manufacturing costs, both fixetl\ariable, are gener-
ally not available in a time series (indeed they are ofterppetary). Therefore, even
though experience curves are strictly a (mostly variablahufacturing and distribu-
tion cost d€fect, we must rely on the producer prices for our analysis.ekbeless, PPI
is based on a wholesale price, not a retail price, so it isulgjest to factors thatfbect
retail prices. The use of PPI indicates long-term declinizg price 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 fiect 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 produfitoiency in the CPI,
but the PPI likely accounts for improvements in the enerfiiziency of the device
because such changes are generally physical changes. Uity @djustment is ex-
actly what the appliance standards analysis, based on aneenigg cost-fiiciency
curve, requires. Although experience curve analysis has lagplied to residential
appliances for decades, and many analyses account fobNisyi@r changes in the
service delivered per unit, in general the change in theggneficiency of appliances
is not accounted for, except in cases in which energy dgliserconservation is the
end service delivered. Weiss et al. (2010a,b) document ruseaases of capacity-
related normalizations. For example, clothes washers ayetrs] dishwashers, and
refrigerators are frequently, though not always, nornealiwvith respect for volume,
and computer memory is consistently normalized for megabhgt DRAM. In cases
where energyf@iciency and delivery are not the end-use service delivemteber, ef-
ficiency is generally not accounted for. Yet appliances tsigrificantly reduced their

"BLS Handbook of Methods, Chapter 14. httwww.bls.goyopulfhomyhomch14.htm
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energy consumption over the time period considered in taggerience curve analy-
ses (e.g., refrigerators currently use approximately %% énergy than in the 1970s).
In contrast, energy service technologies like photovedtaighting, heating, building
insulation, advanced glazing, and electricity generaoesisually (though not always)
normalized for the energy delivered or conserved. UsageeoPPI to analyze experi-
ence curve fects is therefore advantageous since enefiigiency is likely included
as part of the quality adjustment. This yields a fairer, maaistic experience rate
estimate that is not biased toward lower values due to cothgianproving dficiency.

The PPI is based only on domestic manufacturing. Althougtapority of appli-
ance manufacturing is now performed overseas, there drsostie 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.

Finally, we note that producer prices will include thEeets of taxes, import tefis,
and other non-tafiiimport barriers. This is true even if products are manufeactalo-
mestically, as component parts may be imported. Such bamiay significantly fiect
the production cost and consumer price (without physiadignging the product), and
are likely to substantially change over the long time pesiocdnsidered here. The ex-
perience curves presented here therefore implicitly ohelsuch &ects, in addition to
changes in manufacturingfeiency.

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. 4&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 caegbhis to the monthly
refrigerator-only and freezer-only PPI sefieser the same time period. NPD includes
many large retailers and covers a significant fraction ofitheket; we therefore assume
it is representative of the whole market. The NPD data aneahpint-of-sale prices
paid by consumers, and therefore include all possible satemotions, and discounts.
Using only 2 years worth of data limits the extent of any pbgkchanges that might
have occurred in refrigerators and freezers, enablinganelecomparison of PPI and
market data, and yet provides 23 monthly data points (Jgr2@f7 to November 2008
inclusive).

We derived the following monthly series from the NPD data doth refrigerators
and freezers: (a) the sales-weighted average price of il swid; and (b) the average

8httpy/www.npd.com
9Series ID PCU3352223352221 & PCU3352223352222
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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 10: Comparison of the historical monthly refrigeradnly 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 méeanafidth of the distribution is much larger).
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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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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 PPI and the series derived from NPD data, agdlled in Fig. 10 for
refrigerators. Since the time period is only 2 years, the ef®dvailable for purchase
are likely to remain relatively constant, which is why welirde the derived series (b).
Table 5 lists the Pearson correlation fitments of the PPI series with the NPD series.
All are significantly correlated and the null hypothesissgected with over 99% confi-
dence, even given the relatively shallow trend over the &-jiene period (correlation
tests are not possible with a constant function). This glesreassurance and verifica-
tion that the PPI series are representative of changesduptrices. The correlations
will not be perfect because the PPI is quality-adjusted lheitNPD data are not. The
adjustment over a 2-year period will be small but not neaégszero.

In addition, we also compared the PPI series used in detargithe experience
rates with trends and market price data in the literaturg. F1L compares data from
Dale et al. (2009), originally obtained from catalogues @odsumer Reports. Dale
et al. restricted the price data to specific capacities apelstyf appliances (e.g., an 18
ft3 top-mount refrigerator), so these data are partially dqy-aliljusted. 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 represergaifactual prices. Central air
conditioners are generally contractor purchased andledtappliances, and are rarely
purchased by consumers directly through retail, leadirgpotential discrepancy be-
tween catalogue prices and prices actually paid by the aotair. This may explain
some of the discrepancy between Dale et al. (2009) and thed?iek. Table 5 lists the
Pearson correlation céicients for refrigerators & freezers and clothes washess, th
only two appliance categories withfigient overlapping years to calculate a correla-
tion coeficient. In addition, it has been shown that in the last few desathe PPI data
track reasonably well with quality-corrected prices ofbéai from consumer catalogues
(Gordon, 1990). The price trends derived in this study fbappliances are consistent
with other previous domestic and international studies {@ble 6).

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 appdiafticiency in the last
30 years due to strong energy policy drivers. Prices andggnese have both fallen
significantly over a long period of tim¥. In a few cases, data exist that can be used
to illustrate the reductions in appliance production castamstant &iciencies. The
appliances covered here have all had recent updates oktieigy conservation stan-
dards. The TSDs published by DOE in support of these rulemggkinclude an engi-
neering analysis, which establishes the cdstiency curve for a given appliance (i.e.,

1ONote that there is no strong competition for appliance enesg as there is for purchase price. As a
result, cumulative production is unlikely to be an explamatvariable for changing energy use as it is for
purchase price.
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the incremental manufacturing costs for a given increniefii@iency improvement).
The TSDs are available for both the recent rulemakings akasgbast rulemakings,
complete with an older engineering analysis and céstiency relationship. (The last
standard for clothes dryers was issued in 1991, and its eagirg analysis is unavail-
able.)

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 déisiency 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 oirhited overlap between older
and newer costficiency relationships. In some cases there is no overlajp dNeter-
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 today’s baseline option.

Figs. 12—-15 show the costhieiency curves for room air conditioners, central air
conditioners (including split ACs, packaged ACs, splittgemps, 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 highfeiency
units vs. average units, in that costs associated with &fiitiency units (often with
small or zero market share at the time of the analysis) wlji decline much faster
than an average unit. This is especially true in the caseroffies, for which only
4 years separate the two engineering analyses, and yet wae%&¥ drop in manu-
facturing costs for the mostiecient units. In the case of packaged heat pumps, there
was no overlappingf&ciency level in the two engineering analyses. It is worthmgt
however, that the maximum level analyzed and deemed viall®99 was 12 SEER
(seasonal energyfleciency ratio), whereas the baseline packaged heat pump 3vas 1
SEER in 2010.

This comparison of bottom-up engineering analysis froncessive appliance stan-
dards rulemakings underscores the need to include exgeriethe standards analysis.
The cost deflators used in our experience curve analysiy likelerestimate the actual
decline in manufacturing costs, especially for the hifficeency TSLs. Including even
a conservative estimate of experience, however, is an wepnent over the previous
constant price assumption that is inconsistent with hisabdata.
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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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Coil-Only Split ACs

Blower—Coil Split ACs
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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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Top—mount Refrigerators Bottom-mount Refrigerators
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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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4.6. Considerationsfor Future Analyses

The methodology outlined here treats baseline models agidyhéfficient models
in the same way. The PPI does not distinguish between theama the calculated
experience rates are applied to both equally. In realitgabse the baseline models
and the highly &icient models are at flerent maturity stages, their experience rates
are likely not the same. Highficiency models tend to incorporate newer technology,
and we would expect such models to experience faster colstelethan 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 wholgemidl to undervalue the
potential economic benefits for higheffieiency models. Ideally, we would utilize
appliance price histories broken down bffigency class, and if at all feasible, by
important components (e.g., compressors, heat exchawgersim panels, etc.).

Unfortunately, at this time we are not aware of robust datAcsent to separately
analyze baseline models anffigient models. Such data are virtually non-existent in
the U.S., though these data are collected in Europe anddliasin support of their
efficiency standards. Future analyses would benefit from aitutish or agency im-
plementing a program to make such data available in the Uhn&@& data could then be
used to develop more sophisticated experience curves$etiba and fiicient 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 materialfi@gcopper, aluminum, and
steel. This is confirmed by the PPI series for these produttisch are not monotonic
and correlate strongly with the historical prices of comitothetals. The prices of
these commaodities depend on many factors and cannot bg fasitasted. For future
analyses, historical commodity data could be used to détermhether commodity
price volatility is a concern for estimating an experienatefor specific products. In
such cases, and with §icient cost angr price data, it might be possible to factor out
commodity price volatility and determine an experience ffar the non-commodity
component of the manufacturing cgwbducer 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 listanario is perhaps the
best approach, and is more representative of actual mahet@ssuming priori that
costs remain constant in the 30-year analysis period.

The improvements outlined above will enhance the stagilstiertainty of the expe-
rience curve estimate and the completeness of any futurelmédditional data should
enable an improved evaluation of the potential impacts dradl the factors that can
influence equipment cost and price trends over time. Suehwdéitalso enable a more
sophisticated sensitivity analysis.
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5. Summary

Historically, technical analyses performed in supportational energy #iciency
appliance standards have forecasted equipment pricesdonséant 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 appliancestdkpersistent price declines
over several decades. The constant cost assumption useglioys energyf@ciency
standards analyses may therefore underestimate the cense@mefits of more strin-
gent standards.

Experience curve analysis can be used to obtain more repatise price forecasts
for appliances, as was done for the analyses in support eft@ppliance energyie
ciency standards (for clothes dryers, room air conditisnantral air conditioners and
heat pumps, furnaces, refrigerators, and freezers). $has iapproach with a strong
theoretical and empirical foundation, utilized across yndiaciplines, and is advocated
for use in energy technology policy by the Organization fooomic Cooperation and
Development and the International Energy Agency (IEA, 2008hen incorporating
experience curves, the recent appliance standards asgigdeed significantly larger
net present values than when using the constant price aismmipor some trial stan-
dard levels, the net present value changed sign, suggekthgrevious rulemakings
may have undervalued the consumer benefits of applidiiceeacy standards.

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, theypioice
generally remains unchanged. There is, however, a dragi@rehce compared to the
constant price assumption.

Although incorporating experience curves in appliancaddads analysis repre-
sents a significant step forward, further research is ne&ulguoperly account for
several other factors, including commaodity price volgtiland diferences between
baseline and highfgciency products. Cost reductions are often more pronouimced
newer-technology products. The current implementatistideed here is therefore
conservative, but is ultimately a more representativequtayn of future prices than
the constant price assumption.
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