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Abstract

As a part of larger efforts to address climate geaand curb greenhouse gas emissions,
Australia first put categorical energy efficieneypels on residential appliances in the mid-1980s.
The first Minimum Energy Performance Standards (l8E#er refrigerators were later
implemented in 1999 and updated in 2005 to aligh WiS. levels in 2001, considered to be the
world’s strictest domestic appliance standardbatime. Considered together, these actions set
Australia apart as having one of the most aggresgppliance efficiency programs in the world.
For these reasons, Australia is a potentiallyfiulitase study for understanding the dynamics of
energy efficiency standards and labeling prograeicts on appliance markets. Fortunately, in
the Australian case, market data allows for emgiiietermination of these questions. This
paper analyzes Australian refrigerator efficienayadcovering the years 1993-2009. Sales data
was obtained from GfK Group and includes data thegear for each product class and each
efficiency rating category. Statistical regressamalysis is used to model market introduction
and adoption of high-efficiency refrigerators aating to the logistic adoption model formalism,
and parameterizes the way in which the Australiagi@am accelerated the adoption of high-
efficiency products and phased out others. Thaltemdicate that the introduction of MEPS
accelerated the penetration of high-efficiency ingles onto the market. The MEPS revision in
2005, in which Australia adopted the 2001 U.S.igefiator standards, ultimately allowed high-
efficiency appliances to penetrate the marketjtsiannouncement several years prior and its
implementation initially resulted in stagnating ption rates that remained flat. Through this
analysis, this paper not only presents a detaitdui)st, and quantitative picture of the impacts of
energy efficiency standards and labeling in thet/lisn case, but also demonstrates a
methodology for the evaluation of program impahtt tould form the basis of an evaluation
framework for similar programs in other countries.



I. Introduction

Australia’s domestic electricity consumption hasiosteadily increasing over the past
decadé and in 2010 their emissions per capita were antieedighest of OECD countrfes
One fifth of the carbon emissions in Australia directly linked to domestic households’ energy
consumptiort, and typically refrigerators are among a houselsdiop energy users, requiring up
to700 kwh/yeat These high rates of electric consumption in teegal population and in
domestic appliances, as well as the high ratesesnnouse gas emissions, underscore the
importance of energy efficiency in Australian dotieeappliances. Australia has ambitious
greenhouse gas reduction goals, aiming to uncomdillly reduce their emissions by 2020 by 5%
with respect to 2000 levels. Contingent upon irdéomal cooperation and global agreements to
stabilize atmospheric greenhouse gas levels apgb0(parts per million), Australia strives to
reduce their emissions by 25% with respect t0@0 levels. For these reasons, in 1999
Australia’s Ministerial Council of Energy agreedao aggressive new approach to curb carbon
emissions resulting from domestic home applianiceaddition to their already-existing labeling
program and minimum energy performance standardP@®), the council agreed to
significantly strengthen the MEPS for Australiardamported products contributing
substantially towards national increases in greesé@as emissiofjgnost notably for

refrigerators.

This analysis evaluates the effects that Austrakaiergy efficiency labels had on domestic
refrigerator sales, and more importantly, the improent in energy efficiency made by the
introduction of minimum energy performance standailthis analysis evaluates the market
adoption rates of high-efficiency domestic refragers under the comparative labeling and
MEPS scheme using data from the Australian market @ase study. The objective of the
research is to provide a statistically robust maigcal model of adoption rates over time of
such a program and to determine the rate of markegy efficiency improvement before and

after program implementation. In addition to tleeelopment of a market share model of

! (Bureau of Resources and Energy Economics, 2012)

2 (Energy Information Administration)

3 (Department of Climate Change and Energy Effigignc

* (U.S. Department of Energy, 2012)

® (Department of Climate Change and Energy Effigignc

® (National Appliance and Equipment Energy Efficigi@ommittee, 1999)
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adoption rates, this analysis quantifies the ensayyngs resulting from the implementation of
new standards. This analysis was performed aandséor Lawrence Berkeley National
Laboratory, and is supported by the U.S. DepartrokBnergy’s Super Efficient Appliance
Deployment Program (SEAD). The SEAD program is &&zlion facilitating multi-country

collaboration on market transformation toward edint appliances and equipment.

The new energy efficiency standards for refrigamateere introduced uniformly across
Australia in 1999 and 2005, and therefore did moviale a control group against which to
compare the uptake of energy efficiency appliarmeethe Australian market. Thus, a
mathematical model was created and used to pribjeacumulative market shares of various
energy efficient models of refrigerators from 198®9. The model projects the cumulative
market shares under three different scenariosyadfpthe analysis to isolate the effects of the
energy efficiency labels prior to MEPS, the introtion of minimum energy performance
standards in 1999, and the revision to the stasdard005. The first scenario evaluated is the
counterfactual to both the 1999 and 2005 MEPS, wisicthe market share of energy efficient
refrigerators that would exist if no MEPS had bedroduced in either 1999 or 2005. In this
case, the modeéd used to project the progression of cumulative mteskares and adoption rates
in the absence of MEPS. The second scenario isdlageeffects of the MEPS in 1999 by
modeling how the adoption rates would have progeegthe MEPS had not been later revised
and strengthened in 2005. The last scenario, wieiitdicts historical reality, models the
progression of adoption rates, given that the Mi&#& implemented in both 1999 and 2005.
Statistical regression analysis is used to modeketantroduction and uptake of high-efficiency
refrigerators according to the logistic adoptiond@cformalism, and thereby parameterizes the
way in which the Australian program acceleratedotido of high-efficiency products and
phased out others.

This analysis will first address the current litera on the topic of energy efficiency
appliances and how such appliances are perceivedrisumers and governments who regulate
them. Secondly, the analysis will provide an ovenwdf the data and the model formalism used
to produce cumulative market shares and adopties.rdn addition to the theory regarding the
model development, this section includes informmaba fitting the data to the model and

determining the parameters. This section also di&sithe overall analysis of the data by



covering the sequence of calculations requiretiémanalysis, such as the estimation of the
parameters, the cumulative and individual markates) the energy efficiency improvement,
and the energy savings. Lastly, a sensitivity agialis discussed with concluding remarks and
policy implications. Through this analysis, thigppademonstrates a methodology of the
evaluation of program impacts that could form thsib of an international evaluation

framework for similar programs in other countries.

History of Refrigerator MEPS and Labeling in Australia

Australia first put categorical energy efficieneypels on residential appliances in the
mid-19804. The MEPS, later introduced to the domestic refagpr market in October 1999, are
meant to accelerate energy efficiency adoptiorsriteappliances in advance of what market
demand would otherwise provide. These MEPS weee tavised and strengthened in January
2005 with a much more aggressive approach of iatemmal harmonization with the U.S. 2001
minimum energy performance standards, considerttedime to be the “strictest in the

world"®

. As mandated by the Australian legislature, theP@Eallow the Australian government
to prohibit manufacturers from selling their protiui they do not meet the standards.
Considered together, these actions set Austratig ag having one of the most aggressive
appliance efficiency programs in the world. Thestkalian example represents a potentially
fruitful case study for insights in the dynamicshofv energy efficiency standards and labeling
programs impact appliance markets. FortunatelihenAustralian case, a data resource exists
that allows for empirical determination of somelwése questions. This paper analyzes

Australian refrigerator efficiency data over thegge1993-2009.

The Australian MEPS in 1999 was announced threesymé#r in 1996, and the 2005
MEPS were announced in 2003. The MEPS levels 60 Hhd 2005 were determined using
different approaches. The 1999 MEPS levels werergehed by using a statistical approach in
which 1992 market data was used to evaluate th@aorship between energy use and adjusted
volume of the appliance determined by a model. driggnal model sought to draw a line below
40% of available models in each of the nine refage classes, however this statistical method

was replaced in 2001 with what is referred to as‘thternational harmonization” approach.

’ (Holt, Weston, & Foster, 2011)
8 (Harrington & Holt, 2002)



This new method consists of updating the 2005 MERSIs to align with American 2001 MEPS
levels for refrigerators American MEPS levels in 2001 were consideredetthie most stringent
in the world, and by adopting such standards, Aliateliminated trade barriers and set out to
achieve ambitious energy efficiency goals. Meetiregse goals was a remarkable achievement
for Australia; in October of 2000 not a single rgdérator on the market met the proposed MEPS

schedule which was intended to begin in 5 y&%rs.

In addition to the new MEPS implementation appro#ch energy labeling rating
algorithm was re-scaled in 2000 for all labeledlmpges (and again in 2010 for refrigerators).
The original algorithm, relating the Energy Efficty Rating index (EER) to energy
consumption and volume of the appliance, was atingationship based on volume that
unfairly biased larger appliances. The new algaritrenamed Star Rating Index (SRI), uses a
geometric relation to relate energy consumptioefticiency level, thus removing the volume
bias. The old algorithm, producing six efficier€iR levels ranging from 1 through 6, was

replaced with an algorithm producing the same rarig&R| levels and including half intervals.

Literature Review

Holt and Weston discuss the history of MEPS in Aalgt and show that this history is
unique due to the country’s dramatic change in anogstandards and the rapid progress that
was made in decreasing national energy consumjtidomestic refrigerators and freezéts.
Australia first created their codes and standardgrpam in 1992—the first time that the national
energy efficiency program included minimum energyf@rmance standards (MEPS). Mandated
by Australian legislation and guaranteed to prdtte sale of any product not meeting the
efficiency standards, the MEPS is a tool desigodattused where the market fails in delivering
energy efficiency products to consumers in a matiradris sufficiently rapid to meet climate
change goals. While the intent of MEPS is to insee@nergy savings in domestic households,
climate change and environmental impact have ®ece the beginning, the dominant
motivation of MEPS.

° (Holt, Weston, & Foster, 2011)
19 (Harrington & Holt, 2002)
™ (Holt, Weston, & Foster, 2011)



Holt and Weston'’s research indicates that enerfigiericy improvement progressed
very slowly throughout the beginning of the progranthe 1990s, including during the period of
implementation of the first MEPS in 1999. The regoration of MEPS in the late 1990s
consisted of moving from an approach negotiatirogipct efficiency with supplier
representatives in Australia to a new “internatlbapproach in which the government
harmonized with the standards of internationalitrggartners. In this case, Australia
harmonized with the U.S.’s most stringent codeplémented within the U.S. in July 2001 and
in Australia in 2005. The authors argue that Adistressentially reinvigorated the progress of
their MEPS program by simply adopting the worldésbenergy performance standards and

labeling already imposed by major internationadlitng partners.

By adopting the world’s most stringent energy perfance standards, the new Australian
program came to consist of comparative labelingliosed with MEPS, allowing consumers to
choose products when considering purchase andialjadive government to withdraw the right

of sellers if their products fail to meet the stards.

The authors argue that Australia’s MEPS prograrfieshirom a program focused on
determining “fair and reasonable” product regulatio an international focus, defined by
accepting the most stringent MEPS in the UnitedeStal heir original process of determining
“fair and reasonable” product regulation was basedemoving a statistically pre-determined
number of models from the market, determined inO1®8@gression analysis was used to
evaluate the relationship between energy use amisi¢adjusted volume), and the original
computation sought to draw a line below 40% of labde models in each of the nine refrigerator
classes. The end result of this statistical mead a much smaller impact on improving the
energy efficiency market than the Australian goweent officials had expected. The delay in
implementation is thought to have resulted in atitadecrease of potential greenhouse gas

reductions and energy savings.

For the MEPS revision in 2005, what the authorkacahew and more aggressive”
approach was used to reinvigorate the MEPS progfamnew approach, referred to as the
“international harmonization approach” was alsoested to have economic impacts, as it

facilitates international trade of appliances agmoves trading barriers.



While this research provides the context of thetfalisn experience with MEPS and the
adoption of the most stringent standards in thddydrprovides no quantitative metrics with
which to accurately measure market changes in darnesidential refrigerator purchases
resulting from both the 1999 and 2005 MEPS. Whalsusing on the MEPS, this analysis also
provides little quantitative information on theesft that the labels had before their use was
combined with the MEPS.

Harrington and Holt, in collaboration with the Ataditan Greenhouse Gas Office,
evaluate the impacts of Australia’s MEPS harmoiopatvith the world’s best regulated
efficiency standard¥. In 1999 Australian federal and state governmbkatgn harmonizing
with what was considered at the time to be thet‘beggulatory practice” for minimum energy
performance standards. This harmonization appbedgidential appliances as well as
commercial and industrial equipment in Australiad énvolved reviewing mandatory MEPS
levels from around the world as well as asses$iagequirements with common methods and
test procedures. Most importantly, this new policgtuded adopting the most stringent energy
performance standard levels in force at the tingeianplementing them at some future time in
Australia. The first major appliances to be tackieth the new “international” approach were
refrigerators and freezers. The 2001 MEPS levelsarlUnited States were identified as the
strictest standards in the world at the time, atapted in Australia for implementation in 2005.
The Australian government worked together with ing@ and local manufacturers to finalize
and re-engineer the equivalent models for intradadb the Australian market in January 2005.
Projections indicate that a 40% decrease in ensyggumption from 2000 levels was required
prior to 2005 in order to meet the new MEPS staihgldviore impressively, during the 15 year
period between 1980 and 2005 it is estimated Heasales-weighted energy consumption in
Australia of new refrigerator-freezers will havectEased by approximately 70%.

While Australia introduced the first mandatory |sber refrigerator-freezers in 1986,
mandatory labels were introduced in 1990 for otpgliances, including clothes dryers, air
conditioners, clothes washers, and dishwashesdlfficult to isolate the effect that the labels
and the 1999 MEPS had, but the labels did not agpdsve much effect on accelerating the

12 (Harrington & Holt, 2002)
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market for energy efficient appliances. Australilg@sses their challenging and aggressive 2005
goal by adopting the MEPS levels from trading pardrsuch as the United States.

Other countries have MEPS as well, although theynat as strict as the American
standards. Japan has a quasi-mandatory energyeéycorogram for manufacturers called “Top
Runner,” however very little information exists this program. This program, announced and
developed in 1999, identified the most energy effitmodels on the Japanese market at the
time. Japan then used this level as their saleghtesil target for manufacturers for future
revisions of standards. Korea’s MEPS program has beplace since 1996. However, their
standards levels since 1999 have been weakerhbdn.8. 2001 levels. Minimum energy
performance standards also exist in Taiwan, Clind,Russia. However, detailed information
on these programs are difficult to come by. TheP8Hevels in these countries were found to be
less stringent than the U.S. 2001 levels. The EBBanpJnion MEPS levels implemented in 1999
for refrigerators were found to be weaker thant@@9 MEPS levels in Australia. For
refrigerator products that are cooled convectivilg, E.U. levels in 1999 were comparable to
the U.S. 1993 MEPS levels. However, the E.U. lewsdse weaker than U.S. 1993 MEPS levels
for refrigerator products that are frost-free.

Harrington and Holt’s analysis provides a detaliestorical account of the Australian
incentives for adopting the world’s strictest eryegfficiency standards for domestic appliances.
However, their analysis provides no quantitativeriog with which to evaluate the changes in
the Australian market or the isolated effect of lti®els without the MEPS.

Van Buskirk’'s analysis of the adoption curves attthf§ methods for estimating market
efficiency improvement and acceleration providérarg) framework of analysis for evaluating
adoption rates of energy efficient technologieEimope®® His initial study provides a set of
equations for characterizing the dynamic evolutbproduct efficiency distributions. Similar to
the methods used in my analysis, Van Burskirk alses the Bass function has a model
formalism to emulate the progress made in Europleamestic refrigerator markets. His methods
provide an accurate method of evaluating energgieficy improvement by projecting potential

long-term energy efficiency improvement from relaty short time series data.

13 (van Buskirk, 2012)
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In contrast to the analysis presented in this pagem Buskirk’s methods of determining
energy efficiency improvement focus on the mediamket share of appliances, and tracking the
years in which that median market share is achieddditionally, Van Buskirk’s methods are
based around measuring the impacts of one MEP&mmited in 1995 in Europe, while the
analysis provided in this study of Australian rgéiators focuses on measuring the combined
impact of two separate MEPS in Australia in a samdomestic refrigerator market. Because of
the complications arising from the effects of tveparate MEPS spaced six years apart, my
analysis could not use the same metrics of enengyavement as in Van Buskirk's study. The
analysis | provide, in which synthetic counterfattuare created to evaluate the impact of the
MEPS in both 1999 and 2005, provides a framewarkli&ermining the energy efficiency
improvements resulting over time from several MEB®&sions. Both studies evaluate the
impact of joint MEPS and labels.

Ruderman et al.’s analysis makes the case fordégelicy intervention to accelerate the
U.S. market for energy efficiency appliances ireaickd direction where simple market demand
is not sufficient®. The analysis is performed for a wide range ofsebwld appliances, including
refrigerator-freezers, and uses investments andbpak periods as the main metric in the
analysis. Their findings indicate that thresholtidogor, behaviors triggered by a threshold value
of savings, is a factor in determining the marketdnergy efficiency appliances. Additionally,
they argue that design changes for appliancessar@ly the result of manufacturers’ profit
maximization or efforts to increase reliabilitythrar than optimizing energy efficiency. The cost
of design changes to appliances to incorporateggreaving features constitutes a fraction of the
overall costs of production. Because of the compéxin re-engineering appliances,
manufacturers will typically wait for another maaafurer to take the lead in introducing a more
efficient product, and follow in their steps onlyhe new product threatens their own market
share. Hence, a typical cycle for introducing a fiee of products onto the market is
approximately 3 years.

Waide et al.’s analysis argues that while the mimmenergy efficiency standards

(MEES) were voluntary in Western Europe, consuraarsthe environment would benefit

4 (Ruderman & Levine, 1987)
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greatly from mandatory standartfdn studies evaluated by Waide et al., energy ampsion in
domestic appliances will continue to grow rapidhtilthe MEES become mandatory. The
analysis indicates that the MEES are the mostefbsttive method of making deep and rapid
cuts in European electricity consumption, and thast method is significantly more cost-
effective than labeling, which was voluntary on &uean appliances for 16 years up until
September 1992.

Newell et al.’s study on induced innovation anchteslogical changes to energy-saving
appliances tests Hicks’ hypothesis that increasmaygy prices will result in technological
changes that facilitate the diffusion of energyeéht goods® This model is expanded to allow
for the influence of governmental regulations, sastthe MEPS being evaluated in Australia.
The study was performed with publicly availableadiatthe United States from 1958 to 1993 on
heating and cooling appliances, such as centrabaiditioners and gas water heater models.
Their economic model has yielded three importardifigs. Firstly, the findings suggest that the
rate of overall innovation was not related to energggs and regulations, but that tteection
of innovation was responsive to these factors.fifftengs also indicated that increasing energy
prices affected which technically feasible applEnuodels were available on the market. This
observable effect was particularly strong afterdpict label requirements were introduced.
Lastly, and most importantly, the results show timternment energy efficiency standards also

had significant effect on the market availabilifyemergy efficiency appliances.

Shen and Saijo conducted a hypothetical choicerarpat to evaluate the impact that the
China Energy Efficiency Label has on consumersiahof air refrigerators and conditionéfs.
Their results show that consumers are, fortunatelgy much aware of the labels, and that their
decisions are strongly influenced by their knowkedd the energy efficiency characteristics of
the appliances. The study suggests that consumesligely to respond very positively, and are
likely to prefer the products for which manufactgrbave provided energy efficiency labels.
Additionally, the findings suggest that the constasrteve a higher willingness to pay for energy
efficient refrigerators than for air conditionefhis preference indicates that in the case of

Shanghai, and potentially in other markets for gp@fficient appliances, consumers have a

15 (Waide, Lebot, & Hinnells, 1997)
16 (Newell, Jaffe, & Stavins, 1999)
7 (Shen & Saijo, 2009)
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greater incentive in paying for energy efficienppbances when those appliances are ones that

they use frequently.

II. Methodology

The Data

This paper analyzes Australian refrigerator enefigiency data covering the years
1993-2009. Sales data was purchased from a comahararket research company (GfK Group)
and the data was cross matched by Energy Effi&ategies on contract to the Australian
government as part of its ongoing monitoring anal@ation program. The data includes sales by
model, which are then aggregated into product caiegyand star rating. While there are
currently multiple categories of refrigerators drekzers on the Australian market (called
Groups), this analysis focuses on the four categamf refrigerators described as combined
refrigerator-freezers, which constitute approxirha8% of the Australian refrigerator markét.
The star system, indicating the energy efficienicthe appliances, ranges from 1.0 stars to 6.0
stars in half intervals (where 1.0 is the leadtedht and 6.0 is the most efficient).

The data, used to evaluate the impact of the 1882805 MEPS, are separated into 3 time

periods delineated by the introduction of new MEPS.

» Period 1: 1993-1999
» Period 2: 2000-2003
» Period 3: 2005-2009

The 1999 MEPS were introduced in the last annuaitqu(October) and therefore the pre-
1999 MEPS period is considered to be from 1993utlindl999. However, the 2005 MEPS
revision occurred in January of that year, so th&005 MEPS period includes 2005 and is
considered to be 2005 — 2009. The year 2004 wdaded from the model because the data
reveals that it is a year of strong transition. $teek difference in market share in 2004 risked
throwing off the regression statistics used to iheitee the parameters of the model, and

therefore this period was excluded from the model.

18 (Energy Efficient Strategies, 2006)
14



Statistical regression is used on the market stetige of each star rating level for each time
period to determine the rate of uptake of efficiemprovement. The regression parameters are
then used in conjunction with the logistic formaliso develop S-curves representing the

cumulative market share across efficiency levels.

The Market Share Model

Individual Market Share Data and Cumulative Market Share

The data includes sales in each year for each ptadtegory and each star rating, which
ranges from 1 to 6 stars in half star intervalds™ata was used to obtain the market share
percentage in each year of each efficiency ratifige individual market share percentage for
each efficiency level indicates the percentagéefAustralian market for residential
refrigerators of each efficiency level. For examjfi@ refrigerator rated 4.0 stars has a market
share of 15% in 1993, this means that in 1993gefators with a 4.0 star rating only made up

15% of the total residential refrigerator markeAunstralia.

For this analysis, the cumulative market sharesscefficiency levels is used as the
principal variable to evaluate the impacts of clemnig efficiency over time. This cumulative
market share of a specified efficiency level repres the additive value of the market shares of
all of the star ratings equal to or greater tha gar rating. For example, if the cumulative
market share in 1993 for a 3.0-star applianced%3then all appliances rated 3.0 or greater
constitute a combined market share of 3.4%. Theutative market share across star efficiency
levels appears to be the best metric to evaluatertergy efficiency improvements because
energy efficiency technologies that are used inlewnel are assumed to apply to higher levels as

well.*®

Model Formulism

Bass Diffusion Model
Frank Bass’s seminal paper in 1969 laid out theaéa&ork for modeling the diffusion of

new technologies. The Bass diffusion model, whiak long been regarded as one of the most

19 (van Buskirk, 2012)
15



accurate models for forecasting the innovationdiffdsion of new technologies, is defined by

the following differential equation:

dF (t)Bass

TR (p+ qF®) (1 - F(©))

Where F(t) is the fraction of the market that hasped the new product, p is the “innovation

coefficient”, g is the “imitation coefficient”, antl represents the full market share potential.

The Bass model above parameterizes factors repiegdoth internal influences (e.g.
word of mouth) and external (e.g. mass media conncatian). Internal influences are also
referred to as the “imitation coefficient”, referg to the market adoption resulting from
consumers who imitate their peers and are influgihgeinternal factors such as word of mouth.
External influences, resulting in “spontaneous”@dm of new technologies, refers to
influences that are not time-dependent (such asque adoption by other consumers), but
rather external agents of change, such as markatiagdvertising. Innovators are defined as
not being influenced by the number of previous losiye their initial purchase, while the

influence on imitators is time-dependent and inflzexl by the choice of earlier consunfers.

The equation above states that the rate of chanpe cumulative market share
(dF(t)/dt)) is proportional to the full market skal00%) and previous market shares. The factor
of proportionality is (p + gF(t)) and can be interfed as the probability of adoption at time t.
This probability consists p and gF(t), where phis probability of adoption due to external
influences. The term qF(t) corresponds to the gribathat technologies will be adopted based
on previous adoptefs The term (1-F(t)) corresponds to the fractiothef market that has yet to
adopt the new technology. Additionally, since Efijresponds to the cumulative market share,
by the definition of derivatives, it follows thatdividual market share of each efficiency level

for each year is dF(t)/dt.

20 (Elliott, Anderson, Belzer, Cort, Dirks, & HosticR004)
1 (Bass, 1969)
22 (Elliott, Anderson, Belzer, Cort, Dirks, & HosticR004)
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Once solved analytically, this equation becomeddhewing:

1 — e~ (Pra)+t

F(t)Bass = 1+ a, -+t
p
For a typical Bass diffusion curve the initial carah of the S-curve is F(t=0) = 0, ang t
is the reference point such th#&tt,) = 0.5. However, the defining differential equatiiove
can also be solved analytically such that the Secig not assumed to pass through F(0) = 0. As

such, the analytical solution becomes the following

1 — Ee-(+a)(t-to)

_ q
F®pass = 1+ e-@+a)(t—to)

Logistic Model

The logistic function is a specific case of the 8ddfusion model. As in numerous
studies of the diffusion of energy efficient tectogies, this analysis is concerned with the value
of g, the coefficient of imitation of new technoleg, rather than the coefficient of innovation
represented by p. Due to the difficulties in estimg p, as well as the purpose of this study to
evaluate internal and time-dependent factors irdiffiesion of new technologies, p=0 in the
equation above. Most importantly, when p is trivtake equation reduces to the logistic function,
which can more easily be converted to a lineartfongcallowing for a linear regression analysis
and estimation of the parameter q apndAdditionally, previous studies have shown tinet t
logistic equation is an appropriate formalism faydeling the diffusion of refrigeratof$ An

explanation of how the Bass function simplifiesithe logistic function follows below.

When p=0, i.e. the coefficient of innovation is abjto zero, the equation above reduces

to the following equation, which is, by definitiatle logistic function:

1

F(t) = 1+ e-a+(t—to)

o where F(t) indicates the cumulative market share gppecified appliance for a specific

year;

% (van Buskirk, 2012)
24 (McNeil & Letschert, 2010)
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o0 trepresents the year of the market share data;
0 tpis such thaf(t,) = 0.5;

0 (qis the parameter representing the coefficiemmndaation.

The general form of the cumulative market sharatiaiship with time follows the logistic
function defined above, producing an S-shaped fomgctalled a sigmoid function because of its
shape. By definition, the logistic function hasiaximum of 1, at which point market saturation
is reached. The minimum of the function is 0, atoktpoint the product has no cumulative share
of the market.

Analysis of the Data

Linearization

A linearization is performed on the data to esterthe cumulative market share with a
function that can be estimated linearly. The gdastimating the cumulative market share
linearly is to perform regression analysis on threction and to estimate the value of the
parameter g, the coefficient of imitation.

A plot of the raw, untransformed cumulative maredres is provided in the Appendix
in Figure 1. The data used for the remainder ofteysis was linearized, shown below and
illustrated in Figure 2.

As seen in the equation above, the logistic eqnasiaefined as follows:

FO= T

The purpose of the linearization is to obtain Iméata which is more suitable for linear

regression analysis. The steps of the linearizatrerdescribed as follows:

F(t)
1-F(t)

LetZ(t) =

Taking the natural log of both sides of the equatisults in the following:
In(Z@®) =In(F(t)) —In( 1= F(¢))
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In(Z() = In(p) = In( 1~ =)

1+ e~ q*t

In(Z(®)) = —In(e~%)

In(zZ()) =q=t

By linearizing the data the cumulative market shanetion is transformed into a linear
function on which a regression analysis can beopexd. The regression analysis will be used

to estimate a value of the parameters q gand t

Once the data is rescaled, the data is divided3ribme periods: pre-1999 MEPS, 2000 to
2003, and post-2005 MEPS. The time periods araelfas follows:

o Period 1: 1993-1999
o Period 2;: 2000-2003
o Period 3: 2005-2009

Estimation of Parameters: q and to

In order to fit the data, a regression is perforffmeceach year on each of the 3 segments
of the data delineated above to determine the slbiee trend line. The slope of the regression,
representing the rate of adoption of new appliansagpresented by g. While the regression
constant ¢ does not appear as a parameter of ttielnitas used to determine the valueptiie

year at which the cumulate market share is 50%tfiesinflection point of the S-curve).

Following from the fact thatts such thafF (t,) = 0.5, we getot= %C :

An illustration of the linearized data sectionetbiB periods is provided in Figure 3, and
the results of the regression are summarized iteThbAs an example of interpretation, in the
case of star efficiency level 2.0, the slope ofrtieket share in time Period 1 is 0.42, while in
time Period 2 it is 0.25 and in Period 3 it is 5.6Bese values indicate that the market share for
appliances that have a rating of 2.0 or greatgraging fastest in Period 3 and slowest in Period
2.

Once the values of g have been determined for @aehperiod and each efficiency

level, the logistic transformation is used to mathel anticipated cumulative market share of
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each efficiency level in order to develop a syrithevunterfactual of what the market shares
would be if there had been no MEPS in 1999 or 2005.

Most importantly, this model assumes that each M&RS implementation (occurring in
both 1999 and 2005) triggers a change in the ffatbange of the linearized market shares, thus
changing the value q. Figure 5 illustrates the S«sifor all of the efficiency levels, as well as
the data points that were used to estimate thenesis. This figure provides a comparison of

the model projection and actual data points, dodtrates the goodness of fit of the model.

Market Share Projections

Cumulative Market Shares
This model produces ‘S-curves’, illustrating the@wbing cumulative market share value
over time of each efficiency level. The S-curvesased to model three different historical

scenarios. A description the three scenariosvi@io

* Scenario 1: No MEPS were implemented in either 1999 or 2006s scenario models
the cumulative market share if no MEPS had beeteimented; this is the counterfactual
to both of the MEPS in 1999 and 2005. (The g vadumeains constant for each year in
this scenario).

» Scenario 2: MEPS were implemented in 1999, but not in 200%s Bcenario models the
effect that the MEPS in 1999 had on the cumulatiaeket share and estimates what the
cumulative market shares would have been after 889@ming that no additional MEPS
were implemented. (In this case, the value of geBwh year is the same in Period 2 and
Period 3, but different in Period 1.) This scenaoald be considered a second
counterfactual—the counterfactual to the MEPS 6320

* Scenario 3: MEPS were implemented in both 1999 and 2005. 3temario models the
effect that the MEPS had on the cumulative markates assuming that both the MEPS
in 1999 and 2005 had been implemented. This seenadels the actual historical
reality of the MEPS implementations. (In this ctsevalue of q is different in each time

period for each year.)
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As mentioned above, a change in labeling polichsaagthe ones introduced in 1999 and
2005 causes the value of g to change. A summattyea$cenarios and the values of g that are
used is provided below. It is important to note thhile the assumption is that the MEPS
changes the value of g, the remaining regressiefficients change as well. The regression

statistics are summarized in Table 1 of the Appendi

Scenario Description Value of q parameter Number of Values
Name of q
Scenariol | No MEPS Constant q 1
Scenario 2 | MEPS in 1999 Value of g changes in 1999 2
Scenario 3 | MEPS in 1999 and 2005 Value of q changes in 1992805 3

Scenario Summary and Changes in Parameter Values

Individual (Non-Cumulative) Market Shares

As noted in the description of the model formuligheg individual market share
corresponds to the derivative of the cumulativekatshare with respect to time. Therefore, the
S-curve model producing cumulative market sharesatgo be used to determine individual
market shares for each efficiency level. The indlial market shares for each efficiency level
and each year (M&), can be expressed in terms of the cumulative etatkare (CM&g)) as
follows:

dF(t)

MSsp; = T = CMSgpi4+05 — CMSsp;

For example, the individual market share of 2.0 apgliances in 1993 can be found by
subtracting the cumulative market share of 2.5a&p@tiances from the cumulative market share
of 2.0 star appliances. The individual market shavere calculated in this way and the results
are provided in Figures 8 - 12. Figure 8 depictsitidividual market shares over time for all
appliances in scenario 1. Figure 9 illustratesniaekets share progression of the low-efficiency
appliances (1.0 star — 3.0 stars) in scenario ZeaseFigure 9 illustrates the progression for
high-efficiency appliances (3.5 stars — 6.0 stdfgures 11 and 12 illustrate similar figures with
the same breakdown for scenario 3, and also prdlielactual data points provided by GfK to

see the goodness of fit of the model.

21




Energy Efficiency Improvement

The ultimate goal of the cumulative market shamgquation is to evaluate the energy
efficiency improvement and energy savings resultiogy the 1999 and 2005 MEPS. The energy
efficiency improvement calculation is based ondbmparative energy consumption (CEC),
which corresponds to the energy consumption appgan the energy label and that is available
to consumers. This energy consumption is measar€ilvh/year and is used with the market
share data to obtain a weighted average of thdyyeaergy consumption by energy star rating.
The two steps in this calculation are: 1) Calcuigthe CEC for each star level for each year; 2)
calculating the weighted average of the projecte€ ®y using the market share projections for
each efficiency level for each star level. The ¢iqua below detail the calculation involved in

the two steps mentioned above.

Comparative Energy Consumption

The refrigerator star rating algoritimis:
CEC

n_
SRI =1 + |——BE¢
In(1 — ERF)

In the equation above, the terms are defined &snfsl

SRl is Star Rating Index (star efficiency level)

CEC is Comparative Energy Consumption (energydppears on the energy label)

BEC is Base Energy Consumption (this also corredpdémthe 1.0 SRI level).

ERF is the Energy Reduction Factor (this is theicedn factor of CEC for each additional star).

The BEC is defined as follows:
BEC = Cf + Cv * (Adjusted Volume)®¢”

Where Cf is the fixed allowance factor, and measime&kWh/year,

Cv is the variable allowance factor, measured irhk&ar/L,

% (ES, 2010)
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And ERF = 0.23 for refrigerators.

The data from GfK provided the SR, the BEC, and~ERs follows from the equation
above, the CEC for each year and each efficiensf lean be determined by rearranging the

above equation in the following manner:

CEC = eSRl*ln(l—ERF)+1n BEC

Weighted Average Annual Consumption

Obtained with the equations listed above, the yearérage CEC is then multiplied by
the total individual market shares of each efficielevel for each year to obtain the weighted
average yearly energy consumption for each leves.idividual market share was determined

from the model and is defined in above. The equdbo the yearly average CEC is as follows:
Yearly Average CECsg; = Z(CECSR,) * (MSsg;)

Where:

0 CEGsg is the yearly comparative energy consumption &mhestar efficiency level,

0 MSesgis the yearly percentage market share for eaclefitaiency level.

The formulas described above to determine the y&#IC for each efficiency level were
then used in conjunction with the projected masketre model to produce a projected
counterfactual of consumed energy. Figure 13 ilaiss these counterfactuals and shows the

energy consumption over time, illustrating the ggefficiency improvement.

Energy Savings

The energy savings are determined by calculatiaglitierence of the weighted average

energy consumption between the various scenarlwsdifference is calculated as follows:

Energy Savings from 1999 MEPS = (Weighted Average CEC,) — (Weighted Average CEC,)

Energy Savings from 1999 and 2005 MEPS = (Weighted Average CEC,) — (Weighted Average CEC3)
Where CEGCis the yearly weighted average of energy conswmpti scenario.
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In the equations above, the weighted average CECadculated from the S-curves produced by

the model. The energy savings can be seen in Fd4rand 16.

III. Interpretation of Results

Market Share Projections

Cumulative Market Shares

Figures 5 — 7 illustrate the cumulative market sharscenarios 1, 2, and 3, respectively.
The dotted lines in each of the figures repredemtbunterfactual cumulative market share, the
solid lines represent the model fit of the scenaial the points are the actual market share data

points provided by GfK.

Scenario 1: No MEPS in 1999 or 2005
Scenario 1, shown in Figure 5, illustrates the etgueprogression of cumulative market

shares assuming that no MEPS are implementedherei®99 or 2005. Because the MEPS are
not implemented in this scenario, the scenariatsslthe influence of labels on the progression
of the cumulative market shares. As seen in thadighigher efficiency appliances (3.5 stars —
6.0 stars) are not included because the modelqisetthiat with no MEPS they will not be
introduced onto the market. As such, the modealipte that throughout time periods 2 and 3,
the cumulative market share of the low efficienppleances increases significantly and

dominate the market.

The 1999 MEPS was announced 3 years prior to theementation, in 1996. Figure 5
indicates that the time where the MEPS were anrexinc 1996 corresponds to the inflection
point of the data, indicating that this is when teal uptake in adoption occurred. The following
years leading up to 1999 are what would be consttas transition years, illustrating the effects
of an “anticipation effect” by the manufactureridis the point at which the manufacturers

rushed to re-engineer their appliances to meetekestandards.

The sudden uptick in 1996, the date at which tHOIMEPS were announced, indicates
that the MEPS announcement had a much strongeeirde on the cumulative market share
than the labels did.
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Scenario 1, in which there was no MEPS in 19990852 illustrates that in 1993 the only
efficiency levels that have penetrated the markettze lower efficiency levels, such as the 1.5,
2.0, 2.5, and 3.0 star levels. Higher efficiencyels did not constitute any percentage of the
market in 1993, and as the model illustrates, trdy entered the market after the first MEPS in
1999. However, the absence of solid lines for efficy levels 3.5 through 6.0 implies that the
higher efficiency levels would not been introdutedhe Australian market if it were not for the
MEPS in 1999.

Scenario 2: MEPS in 1999
Figure 6, illustrating scenario 2, illustrates timpact of Australia’s MEPS

implementation in 1999. As shown in time periodh& projected cumulative market share for
the two lowest efficiency levels, 1.5 and 2.0,lighgly higher than the counterfactual cumulative
market share, implying that for these lowest efincily star levels the MEPS resulted in an
increase of cumulative market share. Additiondhy, appliances rated with 2.5 and 3.0 stars lie
below their respective counterfactual line, imptythat the introduction of the MEPS in 1999
actually decreased their cumulative market shahme.figure also illustrates that star efficiency
levels 3.5, 4.0, and 4.5 appeared on the markat e implementation of the 1999 MEPS.
These higher-efficiency levels have no counteri@dbecause they did not exist in 1993, the
start year for the data and on which was basethtigel. Therefore, the impact of the 1999
MEPS was to phase out low-efficiency appliances €12.0 stars), decrease the cumulative
market share of mid-efficiency appliances (i.e.23%0 stars), and phase in higher efficiency
appliances (i.e. 3.5 stars — 6.0 stars).

The period after the 1999 MEPS also reveals tleatioption rates flatten out between
2000 and 2003, the year in which the 2005 MEPXdstr@is were announced. It appears that
after having increased cumulative market shardfgigntly to meet the standards before the
implementation in 1999, manufacturers began idiind the market transformations begin to
stagnate. This slow-down of the market could alseXplained by the fact that the
manufacturers are waiting to evaluate the sucdes®iv newly re-engineered appliances before
rushing to re-engineer once again for the MEPDB2as explained earlf&r Therefore, it

appears that the early announcement of the 20059&#y have disincentivized manufacturers

% (Ruderman & Levine, 1987)
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to make improvements until they knew what the nemdards would be, and that this

announcement may have had a strong negative iciuen the progress of the adoption rates.

Scenario 3: MEPS in 1999 and 2005
Scenario 3, in which the MEPS was implemented ih B899 and 2005, is illustrated in

Figure 7. This figure illustrates that from 20020609 the projected cumulative market share of
all the star efficiency levels increase above thespective counterfactuals. While all cumulative
market shares are above the counterfactual,mp®itant to note that star levels 3.5 and 4.0
made the largest jump in cumulative market shaee.|8vel 3.5, for example, jumped from a
cumulative market share slightly below 20% beftve2005 MEPS, to a market share slightly
greater than 90%. Similarly, star level 4.0 jumfredn below 10% to above 60%. The increase
in cumulative market share of star levels 4.0 —igdicates that high-efficiency levels have been
phased in and have penetrated the market. Thisaserillustrates that the 2005 MEPS resulted
in the introduction of high-efficiency appliancesthe Australian market and a phase out of low
efficiency appliances. As mentioned in the intetatien of Scenario 2, it also seems as though
the early announcement in 2003 of the 2005 MEPStmasg slowed down the market and

resulted in stagnating adoption rates.

Figure 7 also illustrates that while significanbgress was made, the market
transformation stagnates once again after the M&P $troduced, but at a higher market share
percentage. This may be, once again, the resulbolufacturers waiting to see the success of
their newly re-engineered appliances and to reaeitiee of the next set of MEPS revisions in
2010.

Individual (Non-Cumulative) Market Shares
Scenario 1: No MEPS in 1999 or 2005

Figure 8 illustrates the model predictions for indual market shares, assuming that no
MEPS are implemented. As this scenario isolateeffeet of the energy efficiency labels, this
figure illustrates the hypothetical progressiomomestic appliances using only the labeling

scheme, before the MEPS are introduced.

This figure corroborates the findings for the cuative market share predictions for

scenario 1. The figure shows that while the lab&se allow the 3.0 star appliances (the most
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efficient appliances on the market at the timewentually dominate the market, the labels do
not allow for high-efficiency appliances to evenpeate the Australian domestic refrigerator

market.

Scenario 2: MEPS in 1999
The individual market shares are shown in Figurae®10, where Figure 9 shows the

market share progression of low-efficiency applenl.0 — 3.0 stars) and Figure 10 shows the
market share progression of high-efficiency apuén(3.5 — 6.0 stars). Figure 10 corroborates
the findings from the cumulative market share madelvell, demonstrating that the MEPS in
1999 served to phase in higher-efficiency applianEegure 9 illustrates the hypothesis that the
1999 MEPS phased out the lowest efficiency levepyliances and that the mid-range
appliances began their slow decrease.This figlustibtes that appliances that are rated 2.5 and
3.0 stars initially increased with the 1999 MEP&, then were ultimately phased out. The high-
efficiency appliances began increasing rapidlystaswvn in Figure 10, but 3.5 star appliances are
also shown struggling to maintain their momentumh. arnis efficiency level is eventually

phased out under this scenario.

Scenario 3: MEPS in 1999 and 2005
The individual market shares are shown in figuregaidd 12. Figure 11 illustrates the

market share progression of low-efficiency applem@long with the actual data points
corresponding to this scenario. Figure 12 illussahe market share progression of high-
efficiency appliances. Both of these figures confihe interpretation of the cumulative market
share results from the model, and corroboratethigamarket initially stagnated after the 2005
MEPS. Whereas the low-efficiency appliances staghatith very low market share
percentages, the high-efficiency appliances staghatth significantly higher market shares.
However, these figures also illustrate that tworggaior to the new MEPS implementation in
2005, the market share of low-efficiency appliansask dramatically and the market share of
high-efficiency appliances increased at an impvessate. These drastic drops and increases in
market share reflect the “anticipation effect” loé tmanufacturers who are preparing for the new
standards. Figure 12 also illustrates the intradnatf an even higher efficiency level appliance
(5.0 stars). The stagnation prior to 2003, as roeed earlier, could also be the result of
manufacturers waiting to see the success of tieewynre-engineered products from the 1999
MEPS before beginning the transition required far 2005 MEPS.
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Energy Efficiency Improvement and Energy Savings

The energy efficiency improvement can be seenguréi 13, where the annual weighted
average energy consumption, measured in KWh, tsgpl@gainst time. As the curves decrease,
the appliances consume less energy and is an tadimaimprovements in energy efficiency.
Figures 16A and 16B, respectively, illustrate timpiovements in efficiency resulting from each
of the MEPS. Figure 13 indicates that prior to2005 MEPS, the energy efficiency
improvements had slowed down, which correspondsedindings above describing a
stagnating market prior to the 2004 MEPS. The gnefficiency improvement had slowed
down so much that it was actually experiencingoavsl rate of improvement than the
counterfactual (seen by the energy consumptiontfiatlies below the counterfactual). This
implies that the energy efficiency improvement vebndve been better off without the 1999
MEPS. Despite the less than stellar improvemedids the 1999 MEPS, Figure 13 illustrates
that the introduction of the 2005 MEPS ultimatedyv&d to make drastic improvements in
energy efficiency improvement. These drastic imprognts are shown are illustrated by stark

decrease in energy consumption after 2005.

Figure 14 illustrates the energy savings resulfiagn the MEPS in 1999 and 2005. The
black points are the yearly weighted averages efggnconsumption data points for all
appliances, while the solid line is the weightedrgy average of the modeled S-curves. The
dotted lines are extrapolated S-curves: the ddiiigel line represents the counterfactual (scenario
1: no MEPS in 1999 or 2005) and the dotted redrigpeesents the counterfactual of the MEPS

introduced in 1999 (scenario 2).

The energy savings from each MEPS can be evalbgtémbking at the area between the
solid green line and each of the counterfactuadgirE 16A illustrates the area representing the
energy savings resulting from the 1999 MEPS, shadgdllow (the grey area is where there is a
temporary loss of savings). The shaded blue arégjure 16B illustrates the energy savings

from the MEPS in 2005. As the figure illustratdsstarea is quite large.

Figure 15 illustrates the cumulative energy savioMg time, demonstrating that the
implementation of both the 1999 and 2005 MEPS ésgmted by scenario 3) had a significant

impact on the energy savings of Australian consemer
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It is interesting to note that the energy savimgBigures 14 — 15 are negative from 1999 —
2006 for both scenarios. A negative energy savimply means that the annual average
weighted energy consumption is decreasing morelgltan the counterfactual energy
consumption. Once the energy savings are positmeans that the counterfactual is decreasing
more slowly than the weighted average energy copam which is what we would expect
once the MEPS are introduced. Figure 14 illustrdtesthe counterfactual is decreasing more
rapidly than the weighted average energy throudl620r Scenario 2 and through 2004 for
Scenario 3. This difference is seen in Figure 13ne the blue counterfactual line is below the

weighted average for Scenario 2.

IV. Sensitivity Analysis

Variations of the scenarios described throughastahalysis were performed to evaluate the
sensitivity of the data. While the analysis intetpd above excludes 2004 from the model to
remove the influence of a strong transition peredensitivity analysis was performed with data
from transition periods to compare the resultsaftarnative method of modeling the transition
periods was also included in the sensitivity analyJ his alternative method does not exclude
transition years from the model but rather redefithe time periods such that they take into
account the anticipation effect or transition pénwesumably created by the manufacturers. The
last form of sensitivity analysis is to evaluate thodel's sensitivity to the regression parameters

that were used to parameterize the model.
Model Sensitivity to Transition Periods

Effects of Transition Periods

Sensitivity Analysis 1: Omitting 2004 to Model Transitioning to the 2005 MEPS

The transition periods are defined as being froentithe the MEPS are announced to the
time that the MEPS are introduced to regulate thekat. The first transition period could be
considered to be the period from 1996 through 1#89the second transition period could be
defined as 2003 through 2005. These periods o$itian are problematic for the model for
several reasons. Most importantly, the transitienshort periods in which the rates of adoption

of new appliances are significantly higher thanrgmaainder of the time period, and this
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significant difference biases the regression coeffits, leading to an inaccurate determination of
parameters for the model. The inclusion of theditaon periods in the regression over-inflates

the regression coefficients, and produces a mbdels biased upwards. For instance, the model
estimates and counterfactuals will predict highenaclative market shares and individual shares

than perhaps they should.

To evaluate the effect of the transition periods #nalysis provides the results of the
same model evaluation, but where 2004 is includetde model. The regression statistics are
included in Table 2 of the Appendix for comparisas,is Figure 17, which illustrates the change
in cumulative market shares resulting from the nisdieclusion of 2004. As a result of the
over-inflated regression statistics and model mteshs, the implications of the introduction of
MEPS vary slightly. First of all, and most impartly, the model prediction in this alternative
does not show market stagnation before the 20053J&Mich is not consistent with what the

actual data points say.

Additionally, when including 2004 in this modeljghmodel incorrectly implies that the
high-efficiency appliances penetrated the mark&arnod 2 more rapidly than they actually had,
over-stating the changes that occurred in the nharken the Australian added MEPS to be used
jointly with energy efficiency labels. This upwabés of the MEPS under-states the impact that

labels may have actually had on the market.

Sensitivity Analysis 2: Omitting 1999 to Model Transitioning to the 1999 MEPS

Like the inclusion of 2004 described above, inahgd1999 in the model could overstate
the rate of adoption of new appliances prior toNHePS in 1999. As such, this upward bias
could overstate the effect that the labels hachermarket and their impact is more difficult to
isolate. The regression statistics from this madelprovided in Table 3 of the Appendix and a
figure is provided in Figure 18. Excluding 1999rfréhe model produced results that, like the
inclusion of 2004, threw off results. The exclusairl999 resulted in cumulative market share
rates that don’t fit the data, and that indicatd there was an increase in market share of high-

efficiency appliances, whereas in reality there stagnation (shown by the data points).

One could argue that, based on the data pointg, tt®8ugh 1999 could all be
considered transition years and should thereforentited from the model that was used in this
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analysis, as was the case for 2004. However, dsmngould leave us with a very small sample
size for Period 1 from which to determine the regien statistics and parameterize the model.
Additionally, and more importantly, the transitimading up to the 1999 MEPS is slower and

more progressive than that of the 2005 MEPS, amcttbre the inclusion of the transition years

has less of an impact in biasing the regressiantses

Effects of Time Period Boundaries

An alternative method to evaluate the effectsafdition periods is to include them in
the model and redefine the time periods in suclayativat they are delineated by manufacturers’
response rather than when the MEPS are implemewtssliming that the anticipation of the
new MEPS begins 1 to 2 years before the implemientat would be appropriate to define the

new time periods as one of the following alternediv

Alternative A Alternative B
* Period 1: 1993-1998 » Period 1: 1993-1997
» Period 2: 1999-2003 » Period 2: 1998-2002
» Period 3: 2004-2009 » Period 3: 2003-2009

The results from these new time periods are illdstt in Figures 19 - 20. It is apparent
from these figures that these alternative methoesgmt both advantages and disadvantages to
the analysis of adoption rates. Figure 19, illustcgathe cumulative market share progression in
alternative A, shows that this alternative does@equate job of depicting the impact of the
labels alone prior to the 1999 MEPS. This altexga#ilso accurately depicts the market
stagnation prior to the 2005 MEPS. However the mtaskares in the Period 3 are significantly
different than the data and don't appear to acelyaeflect market for Australian domestic
refrigerators. For example, this figure illustratiest the cumulative market share of the lowest
efficiency levels drops from near 100% prior to B85 MEPS to 70% after wards. Figure 20,
on the other hand, does a better job at estim#temgumulative market share in Period 1, as this
is closer to what the data and literature indieeds the case, but provides an inaccurate
depiction of Periods 2 and 3.
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Model Sensitivity to Parameters

This method consists of varying the regressionfaoefts by +/- one standard error
determined in the regression to evaluate the $eibgivf the model to the parameters q and t
This sensitivity analysis reveals that the modebigemely sensitive to any variation in the
parameters. Varying the regression coefficientsry positive standard error produces
cumulative market shares all equal to 1 (in otherds, all efficiency levels are saturating the
market, which is impossible). Varying the regresstoefficients by one negative standard error

produces cumulative market shares all equal tohclwwe also know to be untrue.

V. Conclusion and Policy Implications

The implementation of the MEPS in 1999 and 200%edaa significant role in reducing
Australia’s energy consumption by domestic refragers. The increase in cumulative market
shares after the announcement of the 1999 MEP Sralgates that the use of energy efficient
labels, prior to the introduction of MEPS, was efifiee in encouraging sales of energy efficient
appliances, but not to the same extent as the mgsi&ation of minimum energy performance
standards. Once introduced in 1999, the MEPS seaovplase out the low-efficiency appliances,
completely eliminating the lowest efficiency lev€hese MEPS introduced higher-efficiency
products onto the markets and accelerated theiadémwhile also completely phasing out the
lowest efficiency levels. However, the Australialmgram’s success was not without some
obstacles: the announcement of the 2005 MEPS tans ywior resulted in a slow-down of
market transformation between 2000-2003, reflediiegnegative impact of the anticipation of
the MEPS revision in 2005. In terms of policy, @oeld argue that the early announcement of
the new standards in 2003 hurt the market for gnefficiency appliances by disincentivizing
the manufacturers from making improvements to theducts and allowing them to buy time

until they knew more about the MEPS revisions.

While the early announcement in 2003 slowed dovwemtiarket progress temporarily,
Australia’s aggressive approach of harmonizing whéhworld’s strictest standards ultimately
served its purpose by completely phasing-out tiwed@iiciency appliances and introducing
additional high-efficiency appliances to the marKétis goal of matching the U.S. energy

efficiency performance standards for domestic gefiators was certainly ambitious, as none of
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the models on the market in 2000 satisfied theirements implemented in 2005 and the
domestic refrigerator market required re-enginegribDespite these challenges, the goal was met

successfully.

The approach set out in this paper provides a neth@dology formore objective evaluation
of energy savings of different program measureseampnted at different points in time. Despite
the analytical rigor offered by this methodologyvbuld appear that some understanding of the
context of program implementation and the practicaétable of market reactions needs to be
taken into consideration. For example, in the faidarge energy reductions from new MEPS
regulations, manufacturers have to start introdyiaew compliant models well ahead of the
final implementation date. So some judgment i$ tduired regarding the effective points
where the policy measure started to have an impkatever, with further investigations and
experience, it should be possible to provide coms®nse guidelines to allow the approach to be
applied in a coherent manner in appropriate cir¢cantes in a range of countries and for a range

of different appliance types.
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VI. Appendix: Figures and Tables

Figure 1: Raw Data of Cumulative Market Share of Australian Refrigerator-Freezers
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Figure 2: Linearized Data of Cumulative Market Share of Australian Refrigerator-Freezers
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Figure 3: Linearized Data with Regression Lines
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Figure 4: Overall Model Fit
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Figure 5: Adoption Curves of Australian Refrigerators-Freezers for Scenario 1
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Figure 6: Adoption Curves of Australian Refrigerators-Freezers for Scenario 2
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Figure 7: Adoption Curves of Australian Refrigerators-Freezers for Scenario 3
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Figure 8: Individual Market Shares for All Australian Refrigerator-Freezers for Scenario 1
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Figure 9: Individual Market Shares for Low-Efficiency Refrigerators for Scenario 2
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Figure 10: Individual Market Shares for High-Efficiency Refrigerators for Scenario 2
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Figure 11: Individual Market Shares for Low-Efficiency Refrigerator for Scenario 3
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Figure 12: Individual Market Shares for High-Efficiency Refrigerator for Scenario 3
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Figure 13: Annual Weighted Average of Energy Consumption (KWh/yr)
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Figure 14: National Energy Savings
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Figure 15: Annual Cumulative Energy Savings
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Figure 16A: Energy Efficiency Improvements due to 1999 MEPS
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Figure 16B: Energy Efficiency Improvements due to 2005 MEPS
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Figure 17: Adoption Curves of Refrigerators in Sensitivity Analysis 1
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Figure 18: Adoption Curves of Refrigerators in Sensitivity Analysis 2
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Figure 19: Sensitivity Analysis of Adoption Curves of Refrigerators (Alternative A)
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Figure 20: Sensitivity Analysis of Adoption Curves of Refrigerators (Alternative B)
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Period 1
Period 2
Period 3

Period 1
Period 2
Period 3

Period 1
Period 2
Period 3

Period 1
Period 2
Period 3

Period 1
Period 2

Period 3

Period 1
Period 2
Period 3

Period 1
Period 2

Period 3

0.45
0.81
0.00

-888.6
-1624.2
36.7

1991.4
1993.8
0.0

0.86
0.79
1.00

0.08
0.42

158.00
837.77

5.64
1.95

0.42
0.25
5.65

-838.4
-507.0
-11329.6

1994.9
1990.9
2004.4

0.86
0.74
0.52

0.07
0.11
3.16

148.83
213.24
6337.04

5.64
2.39
1.79

0.39
0.01
1.74

-772.9
-15.2
-3493.4

1997.3
1867.3
2002.4

0.87
0.01
0.93

0.07
0.05
0.28

131.72
109.05
554.94

5.86
0.15
6.31

Table 1: Summary of Regression Statistics used to Parameterize the Model

SRI EFFICIENCY LEVEL

3

0.71
0.04
1.62

-1417.1
-83.8
-3238.0

2000.4
20135
2002.8

0.93
0.30
0.95

0.10
0.05
0.21

190.09
90.45
425.39

7.44
0.92
7.63

3.5

0.28
0.58

-567.2
-1166.7

2008.9
2000.5

0.77
0.76

0.11
0.19

217.02
381.25

2.60
3.07

0.92
-0.01

-1841.8
16.4

2005.9
2073.4

0.85
0.01

0.27
0.05

539.59
96.50

341
-0.16

-863.0
-202.5

20121
2027.8

680.11
83.03

1.26
241

-2345.7

2012.2

765.87
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Period 1
Period 2
Period 3

Period 1
Period 2
Period 3

Period 1
Period 2
Period 3

Period 1
Period 2
Period 3

Period 1
Period 2

Period 3

Period 1
Period 2
Period 3

Period 1
Period 2

Period 3

0.45
1.34
6.69

-888.6
-2685.2
-13400.3

1991.4
1996.9
0.0

0.86
0.88
0.84

0.08
0.36
2.05

158.00
718.35
4115.91

5.64
3.75

0.42
0.30
5.65

-838.4
-595.8
-11329.6

1994.9
1992.4
2004.4

0.86
0.87
0.52

0.07
0.07
3.16

148.83
133.40
6337.04

5.64
4.49
1.79

Table 2: Regression Statistics from Model Including 2004
SRI EFFICIENCY LEVEL

0.39
0.17
1.74

-772.9
-345.6
-3493.4

1997.3
1994.7
2002.4

0.87
0.50
0.93

0.07
0.10
0.28

131.72
200.97
554.94

5.86
1.73
6.31

3

-1417.1
-463.8
-3238.0

2000.4
2003.2
2002.8

0.93
0.58
0.95

0.10
0.11
0.21

190.09
225.64
425.39

7.44
2.05
7.63

3.5

-1023.1
-1166.7

2005.4
2000.5

0.80
0.76

0.15
0.19

291.63
381.25

3.50
3.07

-2193.9
16.4

2005.1
2073.4

0.92
0.01

0.19
0.05

372.10
96.50

5.89
-0.16

-1075.9
-202.5

2009.9
2027.8

0.69
0.66

0.21
0.04

411.56
83.03

2.60
241

2028.8

1997.2
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Period 1
Period 2
Period 3

Period 1
Period 2
Period 3

Period 1
Period 2
Period 3

Period 1
Period 2
Period 3

Period 1
Period 2
Period 3

Period 1
Period 2
Period 3

Period 1
Period 2
Period 3

-650.3
-1624.2
-13400.3

1990.2
1993.8
0.0

0.90
0.79
0.84

0.05
0.42
2.05

109.53
837.77
4115.91

5.95
1.95

-602.5
-507.0
-11329.6

1995.1
1990.9
2004.4

0.93
0.74
0.52

0.04
0.11
3.16

84.65
213.24
6337.04

7.12
2.39
1.79

-585.8
-15.2
-3493.4

1998.2
1867.3
2002.4

0.88
0.01
0.93

0.05
0.05
0.28

106.49
109.05
554.94

5.49
0.15
6.31

Table 3: Regression Statistics from Model Omitting 1999

SRI EFFICIENCY LEVEL

3

-1291.4
-83.8
-3238.0

2000.9
20135
2002.8

0.88
0.30
0.95

0.13
0.05
0.21

268.27
90.45
425.39

4.80
0.92
7.63

3.5

-567.2
-1166.7

2008.9
2000.5

0.77
0.76

0.11
0.19

217.02
381.25

2.60
3.07

-1841.8
16.4

2005.9
2073.4

0.85
0.01

0.27
0.05

539.59
96.50

341
-0.16

-863.0
-202.5

2012.1
2027.8

680.11
83.03

1.26
241

-2345.7

2012.2

765.87
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Appendix: Mathematical Model Formulism and Assumptions

As mentioned in Section I, one of the main assuongtin this model is that each new
MEPS implementation (occurring in both 1999 and5)Q€iggers a change in the rate of change
of the linearized market shares, thus changingahge q. Figure 5 illustrates the S-curves for all

of the efficiency levels, as well as the data pothat were used to estimate the parameters.

While the most important assumption is that ofchanging values of q described above,
there are also secondary assumptions on whichrdheefvork of the model depends. The
cumulative market share model is defined in sualagthat as the star efficiency level decreases
the cumulative market share increases. For exant@esumulative market share of a 2.0 star
appliance will always be greater (or equal), byirdgbn, than the cumulative market share of a
4.5 star appliance. However, in a few instancesptathematical formulism provided by the
logistic function resulted in cumulative market hbnes that intersected, allowing cumulative
market share lines of higher starred appliancexteed the cumulative market share lines of
lower-starred appliances (for example, the cumgatnarket share line of a 4.5 star appliance
that intersected the line of a 3.0 star applianBg)definition of cumulative market shares we
know this to be impossible, so to resolve thisesan extra constraint was added to the model to
make sure that the cumulative market share linagsotlintersect. This constraint provides an
upper bound to the cumulative market shares byicgsy cumulative market shares by the
cumulative market share of the star efficiency lelneectly below it (which produces a higher S-
curve line). While this restriction was necessatgliion to the model, it came into play in just a

few instances and is not considered to have altbeedesults of the market share analysis.

Another important assumption in the calculatiorieérgy savings is the retirement rate of
refrigerators currently on the market. This rateetaines the rate at which refrigerators are
retired from the stock and replaced with newer nd@ased on the literatiffe this retirement
function for refrigerators is follows a normal dibtution with a mean of 16 and a standard
deviation of 4. This function was used in calculasi determining the energy savings resulting
from the MEPS in 1999 and 2005.

27 (Energy Efficient Strategies, 2008)
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