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ABSTRACT

The European energy label for household appliatices not contain any reference to monetary
operating cost. But the question whether or nab¢orporate such information has been considered
frequently. The objective of this evaluation wass$sess whether the disclosure of life-cycle(t63T)
information—i.e. purchase price plus lifetime operg cost—makes consumers opt for more energy-
efficient household appliances. We contrast thalte from two distinct randomized field experimgent
conducted at the websites of an online shop fohimgsmachines and a price comparison for cooling
appliances. In both experiments, the treatmentggoeceived LCC estimates in addition to the gul
energy label information mandated by the Europeaiotd Consumers in the control groups received
the regular information only. Consumer reactiomsertracked by recording their click behavior. The
difference in behavior between treatment and contias evaluated with multiple regressions by
controlling for several product characteristicsir ®valuation indicates that LCC disclosure redtioes
mean specific energy use of the appliances consucheiose (p<0.01), which makes it an interesting
approach for promoting the purchase of energyiefit@appliances. On the other hand, LCC infornmatio
in the format described here is unlikely to brihgat higher sales revenue for the online retailéhe
price comparison website that supplies the infolonat Future research should validate this finding.

Introduction

How can information about the energy use of houskdyapliances be provided to consumers as
effectively as possible? This old question hasntgdeen reconsidered in the United States and the
European Union. While the US has re-emphasizeta®f monetary information in the form of yearly
operating costs on its Energy Guide Ia8bEU stakeholders have spoken out against usingtapn
costs on energy labels (EC 2008a; FTC 2007).

But does the EU forego a lot of potential energyirsgs by not integrating operating cost
estimates into its energy label? In other wordsatihthe value added of translating physical dpega
costs (in kWh) into monetary cost estimates (iros)#

When shopping for energy-consuming goods, consuheans to compare a wealth of product
attributes, includingrice andenergy performanceTranslating physical (kwh) into money figuresyma
simplify energy information by providing a commonituof measurement (Deutsch 2009). Such a
reduction in information complexity may contribtivereducing the “energy efficiency gap”, that g t
systematic gap between the products demanded mahieet and the techno-economic potential (cp.
Jaffe & Stavins 1994; Wilson & Dowlatabadi 200If) fact, research with US consumers has shown that
they often demand money units when asked aboutphefierred energy information format (Deutsch
2009).

This paper summarizes the findings from two orfielel experiments regarding the effectiveness
of monetary and life-cycle cost disclosure thatehlbeen conducted in Germany. The remainder of this
paper is organized as follows. We first comparmrergylabeling in the US and the EU to see that the
option of providing operating cost has been undsrussion for quite some time. Subsequently, we

! Funding for this research was provided by the Gerffederal Environmental Foundation (DBU).
% Note that this article does not refer to the ENEYR&TAR label, an endorsement label which was intoed in the
United States in the 1990s and which has been eddyt other countries as well (du Pont et al. 2005)



describe our experiment with life-cycle cost disciee and draw conclusions regarding its potential
application.

Energy Labeling and Operating Cost Disclosurein the US and the EU

Fundamentally, the US Energy Guide and the EU gnlafzel resemble each other: Both are
mandatory comparative labels for household appéiand hey differ, however, in how they present a
given appliance’s energy use to locate it withmithinge of products available in the market. \Whiée
US Energy Guide employs a continuous linear bdesti@e EU energy label consists of a categorical
step ranking system from A (best) to G (worst) vgitipplementary continuous physical energy units (du
Pont et al. 2005; US EPA 1998). In the example shiowiigure 1, the EU label’s categorical value is
“A”, and the additional continuous energy infornasitiamounts to “325 kWh/year”.
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Figure 1. US Energy Guide label versus EU energy label

Historically, energy labeling has varied more sgigmn the US than in the EU with respect to its
principal format of information (see table 1 beloviitroduced in 1979, the US label started ouhwit
showing estimated annual operating cost as primdoymation. But this information was deemed a
source of confusion because of the spatial anddeshpariance in energy prices and operating cost.
Therefore, the US label was revised in 1994, angiphl energy units took the place of monetary
operating cost (which was retained, but only asséary information) (Banerjee & Solomon 2003; US
EPA 1994). More than ten years later, after caaiohs with stakeholders regarding the appropriate
label information format, the label got revisediagand annual operating costs returned as prihcipa
information, seconded by physical information. iDgrthe subsequent stakeholder consultation, the
Federal Trade Commission (FTC) also discussedi#eeof displaying operating cost for several years
instead of just one year. This idea, however,oposed by most stakeholders. They saw problems in
the necessity to use a broader set of underlyisignagtions and to communicate those assumptions to
consumers without creating confusion and skepti¢lSC 2007). As a consequence, the FTC did not
pursue the multi-year cost provision any further.



Table 1. The development of comparative energy efficiemteling in the US and the EU

L abel 1979 1994 2007 2008
us Annual operating Shift to physical unitg Return to annual
Energy| cost as primary as dominant informat operating cost as
Guide | information on tion (annual primary information
label | continuous label operating cost in (with supplementary
smaller figure at physical information)
bottom)
EU Categorical label Annual operating Most stakeholders
energy with supplementary | cost considered for | reject inclusion of
label physical units inclusion in label annual operating cost

The European Union introduced its first energy liaigedirective for household cooling
appliances in 1994, followed by directives for atepliances (Europe Economics et al. 2007a). Some
years later, the first EU-wide evaluation of themrgy label found that operating costs were a fretjue
issue in shoppers’ discussions with the sales paed¢Schiellerup & Winward 1999). Picking up this
theme, two studies for the European Commission aignpial changes in the label considered the
inclusion of running costs (Europe Economics e2@07b; Tipping et al. 2006). During a subsequent
stakeholder consultation with EU consumer and ittguggoups, however, it became clear that most
participants opposed the idea of including annyegrating costs into the energy label (EC 2008b,
2008a). These developments in the US and the EW shoy different approaches to energy labeling
with respect to monetary information.

The challenge with providing annual operating castthat energy prices may differ across
regions and over time (Europe Economics et al. BOBTC 2007). In liberalized energy markets such
as Germany, where consumers can choose betweeerioggmnergy suppliers, variance in energy prices
may occur even between neighboring householdaddition, annual operating cost may depend on an
individual's usage behavior, as in the case of washachines and dishwashers. Such variance and
dynamics cannot be captured by an energy labeldisstic in nature. While price changes oveetim
can be compensated for by means of label upda&n@ 007), a given households’ deviation from
national average values for energy prices and usabavior cannot be coped with. Consequently,
annual operating cost figures on energy labels wilinany instances, not be a good estimate of an
individual's true energy consumption. Still, thegn give consumers a “general idea” of the energy
consumption of an appliance under consideratiorC(ET07).

In sum, annual operating cost disclosure comessenieral pitfalls. The crucial question for the
European Union is: if those problems could be owerethrough tailoring operating cost information to
individuals, would that information format haveti@ager effect on consumer behavior than the phlsic
energy information currently available on the El¢rgy label?

Previous Experimental Evaluations

Typically, energy labels have been evaluated iangttp consumers’ perception, their awareness
and comprehension of labels, while much less isrebout actual consumer behavior, and how energy
information is linked to it (Deutsch 2009; Vine, Bont & Waide 2001).

When concentrating on physical versus monetaryggnerformation on labels and their
differential impact on consumer behavior, only tel@vant experimental studies have been published a

% Recently, a conceptual model of the effect ofdifele cost information on consumer behavior wasented (Kaenzig
& Wustenhagen 2010).



journal articles.(Anderson & Claxton 1982; McNeill & Wilkie 1979Both experiments used variation
in information format (“dollars” vs. “kilowatt-hosf) as independent variables, and both employed the
mean specific energy use of the chosen appliancefependent variables. In neither of the two
experiments, however, did changes in informatioméd bring about significant differences (p<0.0b) i
consumer behavior.

Moreover, no comparable experimental studies haea lsonducted with more recent energy
prices and available appliances, or for the Europeeergy label in particular.

Data, Hypotheses and Approach

Recently, a special kind of operating cost provisie.life-cycle cost (LCC) disclosurbas been
evaluated with respect to its impact on consumieatier and its implications for business. LCC refe
to the sum of purchase price and lifetime operatingt. Covering different types of household
appliances, the evaluation consisted of two distimedomized field experiments with cross-sectional
data from different internet users. The experim@rdre carried out on commercially operating welsit
to track actual consumer click behavior anonymowstiyout obtaining consumers’ informed consent.

The first experiment for cooling appliances tookga in a major German price comparison
website. Consumer behavior was measured as ditksoducts from the price comparison to final
online retailers. The second experiment focusaedashing machines, and was conducted in a German
online shop, that is, an online retailer. Heregrugactions to LCC disclosure were evaluated by
analyzing the characteristics of washing machihasdonsumers had put into the virtual shopping car
(Deutsch 2010b, 2010a).

Since LCC disclosure promises to make the traddsetiveen current and future cost more
transparent, we hypothesized that LCC would leatieéachoice of more energy-efficient appliances.

Research Hypothesis 1: LCC disclosure makes consumers choose houselpglibiaces with a
different specific energy use.

We could not specify a direction of the hypothedizbange in specific energy uaeoriori
because the change might have occurred in botletdins. On the one hand, LCC information
facilitates the comparison of today’s and tomorwaosts regarding appliances. On the other hand,
research on decision-making indicates that decigids, such as, for example LCC disclosure, may
actually worsen performance under certain circunt&s (Sharda, Barr & McDonnell 1988)

Research hypothesis 2: LCC disclosure changes the sales revenue fowdimsite that supplies the
information.

Again, this was a non-directional hypothesis. Kindne hand, LCC information may make the
website more valuable to consumers and increasdtiggtiveness, leading to increased sales revenue
from household appliances. On the other hand, [iG@es raise the website’s information load.

* A similar evaluation problem arises in the confdeedback information on households’ electricionsumption,
which may be presented in physical figures, ora#tevely, in monetary figures. According to a neceeview of 21
feedback studies, the analyses available do rmwdtir separating the effects of physical and manyegénergy figures
(Fischer 2008).

® Current research rather focuses on a revisioheotategorical EU labeling format (Heinzle & Wiistagen 2009).

® In their review of decision support effectiveneSkarda, Barr & McDonnell (1998) refer to a laborgtstudy in which
participants had to make decisions about advegtiskpenditures and in which their performance waasured by
profits. Here, the users of a decision-supportesystarned less profit than the nonusers. The redi®ms not report any
more details on this particular study, however.



Consumers may perceive such increase in informasasognitively demanding (Chiang, Dholakia &
Westin 2005), which, in turn, may impair their shoyg experience and reduce sales revenue.

In both experiments, the control group receivedil@gproduct information, including letter
grades for energy performance’ (Ao F) and specific physical energy use informatikWwh/year or
kWh/standard washing cycle) as required by thearespe EU energy labeling directives. The treatimen
group received lifetime operating cost and LCCnaates (i.e., the sum of purchase price and estimate
operating cost) in addition to regular product miation.

Figure 2 below illustrates schematically how conetsiin the treatment group could more easily
identify appliances with lower operating and lifgsle cost. In this example, product Z has lowfex i

cycle cost than product A.
Random
assignment

Control group

Treatment group

Product Price Product Price Operating | Life-cycle
cost cost
A € 400 A € 400 €190 € 590
z € 450 Z € 450 € 100 €550

Figure 2. Schematic illustration of procedure and visuihsti in the two experiments

The key dependent variableas the specific energy use of those productscibragumers had
clicked on. Operating cost estimates were deffinad default assumptions regarding usage behavior,
applicable time horizon and prices for energy (@ater for washing machines). Users in the treatmen
group could adjust the assumptions according topneferences. The default assumptions are given
the table below. They represent mean values fom@erconsumers and are drawn from other
publications, as detailed in Deutsch (2010b, 2010a)

Table 2. Default assumptions in the two experiments

Experiment with | Cooling Appliances | Washing Machines
(Price Comparison) (Online Shop)

Price of electricity [Euro/kWh] 0.16 0.16
Price of water [Euro/m?] n/a 3.95
Frequency of use [cycles/week] n/a 3
Service life [years] 14.4 12.7
Time horizon for estimating operating costs [years] 5 9
Corresponding implicit discount rate (%) 18 6
Reference Deutsch 2010b Deutsch 2010a

Operating costs were discounted indirectly by ugsingquivalent time horizon that was shorter
than the service life (i.e. known average valuegdermany), reflecting an underlying positive imgtlic



discount rate (see table 2). For a derivation(Beitsch 2007; Liebermann & Ungar 1983). We
calculated LCC as follows

LCC=P +ETH*(C, +C,) (1)

where P = appliance purchase price [€ETH = equivalent time horizon [years],
Ce = annual cost of electricity [€/yeaQw = annual cost of water [€/year], withy€0 for cooling
appliances.

For continuously operating cooling appliand@swas calculated as the product of annual energy
consumption (given on the EU energy label) and the price of electriaitydiscontinuously operating
washing machines, the annual cost of energy and water resulted froplyimgjtthe cost of a single
standardized washing cycle with the number of cycles per year.hexmeriments, we disregarded any
other cost components such as, for example, shipping, ingtajlati maintenance.

M odels

To test whether LCC disclosure affects the specifioggnese of chosen appliances, we evaluated
consumers’ click behavior by means of multiple regression:

In(energy; = 5, + BLCC + B,Z, + 4, (2)

whereenergy= specific energy use [kWh/unit] of applian¢eCC= LCC disclosure treatment
dummy variableZ = vector of covariates (including appliance capacity, energy efficiency class, brand,
and—in the online shop experiment—additional user preferencesi, aratror term. For washing
machines, a similar model was estimated for specific water use.

Moreover, we used a negative binomial regression model noagstihe effect of LCC disclosure
on the number of clicks (count data).

ctcount = B, + BLCC, + B,Z, + 44 (3)
wherectcount= number of clicks per useiLCC= LCC disclosure treatment dummy variaidle,
= vector of covariates, and= error term.

Data Processing

The original experimental data obtained in this experiment cons$taders’ clicks. The
observations were stored in the form of server log files, that is, ragsrof all users’ requests to a given
server. Server log files may require data cleaning for two important reéfisstnghe existence of non-
human user agents, and second, repetitive clicking of human inteamst u

One general problem with log files is that they tratlkwebsite activity including website
requests from robots, spiders, and crawlers—software that automatically theannternet for
information (Jamali, Nicholas & Huntington 2005; Mullarkey 2P0 Such information from “non-
human user agents” cannot be easily distinguished from that of hinteamet users (Peterson 2004).
For the purpose of our experiment, these invalid requests had tetezlfout. Generally, non-human
user agents may be excluded from the analysis when they identifyglhvesas such, or when they can
be recognized through their Internet Protocol address and further infonrtiadt is compiled in special
blacklists (Nicholas & Huntington 2003). By means of sulathlists, the implementing software
company identified non-human user agents in our data set, ssedjsebtly made the processed log files
available to the researcher. Unfortunately, the updating of tdtfdr robot detection cannot keep pace
with the development of new robots. Moreover, some robotstimaiskiser information, allowing them



to look like standard internet browsers. Also, “offline browserat townload entire websites for
offline viewing may behave similarly to search engine robots, therebplomating any differentiation
(Tan & Kumar 2002). This problem had to be addressed in thingdata cleaning and analysito
ensure that non-human user agents would not go unnoticed, kesllabeach user’s total number of
clicks. If this number exceeded a certain threshold, it appeared tghg inconsistent with human
behavio® As a result, we dropped all observations associated withattisydar user.

A second problem with server log files is that they may contaéemrumpted requests. If a user
requests a page, then subsequently decides to cancel the operatiequést¢ may, nonetheless, be
recorded (Mullarkey 2004). In order to detect such misleadiogdiegs, we scrutinized the log files for
repeated clicks from the same internet user. If such behavior occurredywepirthe first recorded
click in the data set.

After data cleaning, the two distinct data sets encompassed P@6bvations for washing
machines and 1969 observations for cooling appliances. Still, afteandata cleaning, we had no
absolute guarantee that all observations caused by non-human usehadexdtually been extracted
from the data set. In order to minimize the biasing effect of patgntemaining observations from
non-human user agents as much as possible, we performed the fpHoluiistness check: The relevant
regressions were run a second time with a subset of the respectiweitifatfze subset containing only
each user’sinal click. In that way, each user’s influence had equal weight, and dipditeremaining
non-human user agent with many clicks could not impact the reélsattsnuch.

Results

The following table compares the experimental results for coolingaaquels and washing
machines. All effects reported here refer to multivariate estimates witioadtiexplanatory variables
that control for, for example, an appliance’s capacity, its efficiency clabsaod. The estimated
coefficients for energy use were analyzed for potential bias induced by ftbokshon-human user
agents as described above, and they were deemed to be fairly robust.

" Another potential bias inherent in internet reskaould not be avoided: Server logs do not prothgefull
picture of user activity because some elementswlasite may be stored on a user's hard disk scubsequent
requests for the same elements may be directdrthard disk and not to the remote web server @vkgly 2004). Such
local caching is particularly relevant for backwaligation in a user’'s browser. Requests thatacted at the local
level are not counted in the sever log under camaitbn and cannot be adjusted for (Nicholas, Hhgioin & Williams
2002). In this research, we assumed that localicgabas evenly distributed across control and tneat groups so that
it did not affect the results significantly.

8 We chose a threshold of 20 clicks as the cut-oififpfor an unusually high number of clicks. THiseshold was not
derived from statistical method but representedesiive judgment. Since there is no fail-safe waidentifying non-
human user agents, we also carried out a robusthesk as described below.



Table 3. Effectsof life-cycle cost disclosure on

consumer behavior

Experiment with| Cooling Appliances | Washing Machines
(Price Comparison) (Online Shop)
Inferential statistics
Effect on specific energy use [KWh/uhit -2.5%** -0.83%***
Effect on specific water use [L/standard cycle] n/a -0.74%*
Effect on indicator of retail volunie -23% ** n/s
Descriptive statistics
Number of observations 1969 2065
Range of specific energy use [kWh/Ghit 84 —-770 0.57-1.36
Range of specific water use [L/standard cycle] n/a 34 - 60
Range of life-cycle cost estimates [EUR] 122 — 4439 54A3 20
Assumptions and presentation
Time horizon for estimating operating costs [years] 5 9
Presentation of life-cycle cost relative to product .
o very prominent secondary
price in the treatment group
Reference Deutsch 2010b Deutsch 2010a

Note: *** p<0.001; ** p<0.01; * p<0.05; n/a — not availile; n/s — not significant

a) unit: [year] for cooling appliances, and [standard cycle] for washaxhines;

b) number of clicks for price comparison, and combination of clicksapptiance prices for online
shop

LCC disclosure consistently reduced the specific energgfuke appliances consumers chose in
both experimental settings, with the reduction in specific energyargying from 2.5% in the price
comparison case to 0.83% in the online shop. Moreover, thetig@@nent made consumers choose
washing machines whose specific water use was 0.74% lowexgétatine control group. Indicators of
retail volume, that is, proxies for the business impact of theniesdf showed a negative effect (-23%)
or no effect at all. For the price comparison website, the busmpastiwas measured by the number of
clicks from the price comparison to final retailers because each such click gersatat revenue. This
number of clicks got reduced by 23% through LCC disclosure. Ht@pohline shop (i.e. an actual
retailer), the business impact depends on both appliance pricegamuither of appliances sold. Here,
none of the two indicators differed between experimental grouasiiag the chosen appliances; that is,
we could not detect any effect of LCC disclosure on business inmpidet online shop.

When comparing the effects on energy use, however, one has to beadithmidifferent
experimental stimuli as well. In the price comparison for coolipdjapces, the treatment consisted of
placing life-cycle cost at a very prominent position; that ishéxsame line and with equal font size as
the purchase price. Moreover, operating cost was estimated on theftzaslatively short default time
horizon (5 years) that corresponds to a high implicit discount rate.

In the online shop for washing machines, the reductigoeoific energy use occurred in a setting
in which life-cycle cost always appeared as secondary information sittabler font size. Also, the
estimated operating cost figures were based on an underlying defauhdimon of 9 years, which
reflected a lower implicit discount rate. In an ideal world, we wbakk had full control over all aspects
of the experimental design. By varying each influencing factor suaha$orizon and prominence of
LCC information separately, we would have been able to ascribe differermgsomes to differences



in those factors. Given the field character and the real business dattiveyer, this was not possible
because we had to meet the obligations of our experimental hostesebsi

Validity of theresults

A particular strength of our analysis lies in its high externadlighhich is due to the fact that
consumer behavior was observed in an actual shopping environmente &@nsumers were
concentrating on appliances and cost figures, we did not have toabmuy experimenter effects that
experiments in physical environments often have to deal with. Mergonlike simulated laboratory
experiments, our web-based setting offered real incentives to consunoesevehactually intending to
buy an appliance. Still, the results from web-based experiments daamgeneralized to the entire
population as long as only a subset of the population sd@sternet. Moreover, the consumers visiting
our experimental websites may have been different from ther faogulation of internet users. Those are
the limits to external validity.

A threat to internal validity is associated with our use of coekidentification numbers stored
on participants’ computers (Birnbaum 2004)—to separate controfeatdient groups. Since internet
users are technically able to delete cookies at will, we did not hlvexperimental control. This
problem may have biased the results, but the most likely resbitis is conservative in nature, leading
to an underestimate of the effect of LCC disclosure on consumer be{iaeiwdsch 2010a).

Finally, measurement validity was limited because our instrumesres @onsumers’ clicks on
appliances. Inthe price comparison, consumers clicked throughaltcefiailers; in the online shop, they
clicked on appliances to put them into the virtual shopping ¢aue to data restrictions, we were not
able to measure a consumer’s actual final act of purchase—which would &eveized measurement
validity.

Conclusions

This evaluation provides evidence from two distinct experimentahgstindicating that
consumers choose more energy-efficient appliances if LCC information isaveitible to them. Our
finding holds under different conditions regarding the prominenceGf Ipresentation and the
underlying time horizon for estimating LCC. Given that consubehavior was observed in actual
shopping situations, the finding has high external valiaity suggests the use of LCC disclosure for
promoting the purchase of energy-efficient appliances.

According to our results, however, LCC information is unlik@ybting about higher sales
revenue for the online retailer or the price comparison website that proh@egormation. Due to
limitations in measurement validity, this finding needs tovhbdated with actual data on final
purchases. If it holds true, the relevant market actors have no dicesttire to supply LCC
informatiorf. Under such circumstances, the only conceivable gains might acaruebsite operator
who is the first to establish LCC disclosure in his domahm uses the new feature for marketing, and
who may benefit from this distinguished position in the saisa first-mover advantage.

If it can be consistently shown that the market is unlikelyravide LCC information, policy
might may mandate its disclosure. Such a measure would needemsos regarding the underlying
default parameters (electricity price, time horizon, etc). Even if a corsseosld be reached here, the
guestion would still be whether the benefits of mandatory LGClasure would exceed the costs of
implementation. Regarding benefits, the size of the effect of LGfbdige on specific energy use is
relatively small. As a consequence, it holds only small piaieior CO, abatement. This potential

° Note that in our case, the website operators hatlditional incentive to take part in the expenim&ince we relied on
external research funding (see footnote 1), theagsroviding LCC information was considerably veed for them.
Regarding the effect of LCC on consumer behaviwr website operators’ initial assumption was tha€ldisclosure
would be beneficial for them.



would not warrant an implementation of LCC disclosure in the fodesdtribed here, in addition to the
already existing EU energy label for appliances, as simple coditlestienations show (Deutsch 2007).

Still, there is ample scope for research on the effects of LCC disclofbheemost important
guestion is whether it can be integrated in the sales process ia saghthat it would make a positive
contribution to sales revenue. To this end, alternative LCCaiisrmay be tested, such as, for example,
annualized_CC (Quack 2008). Moreover, one could vary the framing of costs beopesating costs
may be framed as costs, or, alternatively, as savings relative to a refereiecafd=inally, LCC
disclosure may be assessed in different settings to strengthen exédidigt. And internal validity
could be improved by getting as close as possible to the finguower action—by collecting and
analyzing data about actual final purchases.

19 A recent analysis that compared those two options concludedélsahfing energy expenses
as costs was more efficient that presenting them as savings (Faure2088judy, however, did not
attempt to assess the business implications of LCC disclosuteefmformation supplier.
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