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Abstract 
Th e EU appliance energy consumption labelling scheme is a 

key component of eff orts to increase the diff usion of energy-

effi  cient household appliances.  In this paper, the determinants 

of consumer knowledge of the energy label for house-hold ap-

pliances and the choice of class-A energy-effi  cient appliances 

are jointly estimated using data from a large survey of more 

than 20,235 German households.  Th e results for fi ve major 

appliances suggest that lack of knowledge of the energy label 

can generate considerable bias in both estimates of rates of up-

take of class-A appliances and in estimates of the underlying 

determinants of choice of class-A appliance.  Simulations of the 

choice to purchase a class-A appliance, given knowledge of the 

labelling framework, reveal that residence characteristics and, 

in several cases, regional electricity prices strongly increase the 

propensity to purchase a class-A appliance, but socio-econom-

ic characteristics have surprisingly little impact on appliance 

energy-class choice.

Introduction
Major household appliances account for 35 percent of total 

EU 15 residential end-use electricity consumption (Bertoldi 

and Atanasiu, 2007). Refrigerators and freezers alone account 

for 15 percent of residential electricity end-use, with washing 

machines accounting for 4 percent and dishwashers, electric 

ovens, and clothes dryers accounting for approximately 2 per-

cent of total residential end-use, apiece. Th e remainder mostly 

goes into residential electric heating (22 percent), lighting 

(12 percent), storage water heating (9 percent) and consum-

er electronics (9 percent). Increasing the energy effi  ciency of 

appliances is crucial for realizing the European Council Ac-

tion Plan for Energy Effi  ciency target of 27 percent residential 

energy-savings compared to expected baseline growth by 2020 

using cost-eff ective technologies (European Council, 2006). 

Th e EU appliance energy consumption labelling scheme has 

been a key component of past eff orts to increase the diff usion of 

energy-effi  cient appliances (Bertoldi and Atanasiu, 2007). La-

belling schemes are oft en promoted as a cost-eff ective measure 

to over-come barriers related to information and search costs, 

or to bounded rationality on the part of appliance purchas-

ers (e.g. Sutherland, 1991). In this case, the labelling scheme 

is designed to make consumers aware of the relative energy-

effi  ciency of appliances and associated potential cost savings 

through the provision of observable, uniform, and credible 

standards (e.g. Truff er et al., 2001). Evaluation studies based 

on aggregate observed data typically fi nd that the existing en-

ergy labelling programs for household appliances in the EU, 

the US or Australia are eff ective in terms of energy and carbon 

reductions (e.g. Sanchez et al., 2008; Lane et al., 2007, Banerjee 

and Solomon, 2003; Schiellerup, 2002; Bertoldi, 1999; Waide, 

2001; Waide, 1998). Conducting survey-based conjoint analy-

ses to explore consumers’ stated choices for washing machines 

in Switzerland, Sammer and Wüstenhagen (2006) also fi nd that 

eco-labelling aff ects consumers’ purchasing decisions. How-

ever, existing studies based on observed behaviour do not ex-

plore the socio-economic or technology-related factors behind 

consumers’ choices.
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Th e eff ectiveness of the energy labelling scheme in terms of 

aff ecting consumer’s technology choice depends on two out-

comes. First, consumers have to be aware of the classifi cation 

system. Second, the labelling scheme has to infl uence con-

sumer purchase decisions. In this paper we empirically explore 

both the determinants infl uencing consumer knowledge of the 

EU energy labels for major kitchen and clothes washing appli-

ances and the factors that aff ect consumer choice of class-A 

appliances. Hence, while the data set available does not allow 

to address the eff ectiveness of the labelling scheme, it provides 

an important snap-shot of factors associated with knowledge of 

the labelling scheme and purchase of class-A appliances. Th e 

econometric analyses of household appliance choices account 

for a possible selection bias which results from the fact that 

only households who are aware of the energy labelling scheme 

may respond to survey questions on the energy class of the 

appliance.

Study framework
Th e econometric analyses are based on a unique data set of 

more than 20,000 households in Germany. In the survey we 

use, many respondents did not report the energy class of their 

appliances. One possible “solution” would be to confi ne the 

analyses of adoption of energy-effi  cient appliances to those 

households which reported the appliance energy class. How-

ever, positive responders may have diff erent observed and un-

observed attributes, particularly with respect to awareness of 

energy use and concerns about environmental impacts.  Hence, 

the analysis of determinants of consumer choice of energy-

effi  cient  appliances is potentially subject to serious knowledge-

based selection bias when it is based on only households who 

respond to survey questions on the energy class of the appli-

ance. Specifi cally, parameter estimates of the determinants of 

class-A energy effi  cient appliances may be biased. One way to 

control for this knowledge-based sample selection bias is to 

jointly estimate the determinants of class-A appliance choice 

and the determinants of knowledge of the energy class of the 

appliance (e.g. van de Ven and van Praag, 1981).

STATISTICAL MODEL

Formally, the implicit relationship between household at-

tributes and choice of a class-A appliance is:

  (1)

where   is a latent measure of household preferences for the 

class-A appliance,  is a row vector of household i character-

istics,  is the parameter vector to be estimated, and is a re-

sidual term. Th e observed outcome is:

 

 (2)

However information on the purchase decision is only available 

if the energy-class of the appliance is reported by the respond-

ent.  Respondent latent knowledge of appliance energy class is 

modelled as:

  (3)

where  is a latent measure of household knowledge of the ap-

pliance classifi cation,  is a row vector of household i charac-

teristics, is the parameter vector to be estimated, and is a 

residual. Observed response to the survey question on energy-

class on the appliance is:

 
 (4)

Estimation of class-A energy-effi  cient appliance choice with the 

sub-sample of respondents who provide a response on appli-

ance energy class is equivalent to:

 (5)

Assume , 

then 

 
 (6)

 is the inverse of the Mills ratio, i.e. the ratio of the normal 

density function over the cumulative distribution function

 .

If the error terms of the energy-class choice equation and the 

energy-class knowledge equation are correlated then 

and the regression results will be biased. Maximum likelihood 

estimations are applied to estimate the product of the bivari-

ate normal distribution  and the probability of sample 

exclusion :

  (7)

where 1 to N
1
 are observations for which the energy-class of the 

appliance is known and a class-A appliance is chosen, N
1
+1 to 

N are observations for which the energy-class of the appliance 

is known and a class-A appliance is not chosen, and N
1
+1 to M 

are observations for which the energy class of the appliance is 

not known. 

MODEL SPECIFICATION AND DATA

Knowledge of the energy labelling scheme is measured by 

household responses on the question of the energy-effi  ciency 

class of their household appliance. However, there is no way to 

verify, that responses were actually correct. Respondents who 

indicate that they own a certain type of appliance but do not 

provide a labelling scheme classifi cation of between A and G 

on the questionnaire are categorized as unaware of the energy-

rating of the appliance. 

Residence characteristics
Residence characteristics may infl uence both the knowledge of 

labelling scheme and the choice of class-A appliances. In the 

empirical model, particular attention is paid to the age of the 

residence. For example, households living in residences built 

aft er 1997 are much more likely to have purchased an appli-

ance aft er the offi  cial implementation of the energy-labelling 

scheme in the beginning of January 1998 in Germany and, thus, 

to have been exposed to the labelling scheme when purchasing 
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the appliance. Discrete indicators for residences built in 2002, 

2001, 2000, 1998-1999, 1996-1997, 1993-1995, 1990-1992, and 

1985-1989 are included in the knowledge of energy-class speci-

fi cation. New detached residences may be especially likely to be 

equipped with new kitchen and laundry appliances, therefore 

a separate indicator for detached residences built aft er 1997 is 

also included in the knowledge of energy-class specifi cation. 

Age of the appliance could not be included, because the survey 

did not ask for it.  

Renting, rather than owning, a residence has been found in 

a number of previous studies to inhibit the adoption of ener-

gy-saving technologies, as it is diffi  cult for residence owners 

to appropriate the savings from investments in energy-saving 

technologies from tenants. Households with larger residences 

(as measured by fl oor space) have on average more appliances 

and higher levels of energy consumption and hence are likely 

to have greater interest in, and knowledge of, household energy 

consumption and consumption saving technologies.

Household characteristics
Characteristics of the household included in both the knowl-

edge of energy class and class-A purchase equation specifi ca-

tions include family size and if children under six years of age 

are present. Th e intensity of use of major appliances increases 

with the number of persons in the household, making it more 

profi table to both acquire information on the energy class of 

appliances and to purchase class-A appliances. A quadratic 

specifi cation of age of the main household income earner is 

also included in both equation specifi cations. Older household 

heads may fi nd it more diffi  cult to process information on new 

technologies, or they may be less likely to have recently pur-

chased a new appliance. On the other hand older household 

heads may have lower level of knowledge of energy effi  cient 

technologies, weaker preferences for state-of-the-art technolo-

gies, weaker preferences for environmental preservation, and 

lower propensities to carry out energy effi  ciency improve-

ments. An indicator for retired heads of households is also 

included in both specifi cations. Retirees may have more free-

time for shopping and, therefore, potentially greater awareness 

of the attributes of appliances aft er controlling for age (Aguiar 

and Hurst, 2007). Th e level of education is included because it 

may aff ect the costs of information acquisition, the ability to 

trade off  investment costs versus energy-costs over an appli-

ance’s life cycle. Likewise, attitudes towards the environment 

and association in social groups disposed to environmentally 

friendly behaviour also tend to be positively related with educa-

tion (e.g. Lutzenhiser, 1993; Weber and Perrels, 2000).  Th e im-

pact of a household head’s management position on consumer 

knowledge of appliance energy classes is unclear a priori. On 

the one hand, senior managers and skilled professional may 

better understand information on appliance energy classes. 

On the other hand, the higher opportunity cost of time of this 

group of workers may reduce their willingness to invest in in-

formation. Class-A appliance choice may also be infl uenced by 

job type if senior managers and skilled professional are better 

able to calculate the potential profi tability class-A appliances. 

Household income is expected to have positive impact on ener-

gy-saving investments because richer households are less likely 

to face income or credit constraints and because environmental 

concerns and awareness may increase with income (Fransson 

and Garling, 1999). Similarly, the propensity to purchase class-

A appliances may increase with income levels because the in-

come elasticity of willingness to pay for environmental benefi ts 

is positive (Kriström and Riera, 1996). An indicator of whether 

the household resides in East Germany is also included in the 

specifi cation. Regional power prices are included in both the 

knowledge of class and class-A choice specifi cations, as higher 

electricity prices may in-crease energy awareness and the value 

of investing in information on energy-saving technologies and 

also generate greater incentives for the purchase of class-A ap-

pliances. Owning more than one of the same type of appliance 

may also be an indicator for more recent purchase of that ap-

pliance type and, thus, positively associated with knowledge 

of energy class.  Similarly, the market in Germany has trended 

away from the purchase of separate refrigerators and freezers 

toward combination units, implying refrigerators and freez-

ers in households that also own a combination unit may be 

older. For refrigerators and freezers an indicator is included for 

concurrent ownership of a combination unit, while for combi-

nation refrigerator-freezer units, an indicator is included for 

concurrent ownership of a refrigerator or freezer. An indicator 

of household personal computer ownership is included in both 

the knowledge of energy class and class-A choice specifi cations, 

serving as a proxy for ease of information access and recep-

tivity to new technology. Also, an indicator of ownership of 

a class-A appliance of another type is included in the class-A 

choice equation specifi cation, but not the knowledge of class 

specifi cation, as the propensity to purchase class-A appliances 

may be strongly correlated across appliance types. Two vari-

ables with expected positive correlations with awareness of 

appliance energy class are included in the knowledge of class 

specifi cation, but not in the class-A choice equation. Th e fi rst 

variable is an indicator for household provision of information 

on annual electricity consumption that proxies for household 

awareness of energy use. Th e second variable is the share of 

other households in the same region with knowledge of the ap-

pliance energy class as a proxy for potential regional spill-overs 

in energy class awareness resulting, for example, from regional 

information campaigns by state energy agencies, retailers, or 

consumer groups. 

DATA

Th e dataset comes from a mail survey of private sector house-

hold energy consumption conducted in December of 2002 

as part of a multi-topic survey of an existing representative 

panel of German households (Schlomann et al., 2004). Over-

all, 20,235 households (75 percent) responded to the mailed 

questionnaire. Th e sample sizes for households that own the 

appliance being analyzed and supply information on all co-

variates are 15,526 households for refrigerators, 12,943 house-

holds for freezers, 6,993 households for refrigerator – freezer 

combination units, 12,814 households for dishwashers, and 

19,014 households with washing machines. Knowledge of ap-

pliance energy class is low for all appliance types, ranging from 

24 percent for households with a washing machine to 16 per-

cent for households with a dishwasher. By comparison, among 

those households who know the energy class of the appliance, 

washing machines show the highest rate of class-A purchases 

at 65 percent, while refrigerators have the lowest rate of class-

A purchases at about 54 percent. As discussed, observed and 
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unobserved heterogeneity between those who know and those 

who do not know the appliance energy class suggests that these 

rates of class-A purchase may not be representative of expected 

rates of purchase for the whole sample. It is worth noting that 

the level of knowledge generally increases with the length of 

time since the EU implementation directive on the energy-

effi  ciency classifi cation scheme for the appliance, with the 

implementation directive for washing machines put in place 

in Germany in 1995 and the directive for dish washers imple-

mented in 1999. Lack of purchase of an appliance aft er the im-

plementation of the energy classifi cation scheme is obviously 

an important factor in the observed low-levels of knowledge 

of the energy-class of household appliances. Given the typical 

lifespan of appliances of around ten to twelve years approxi-

mately one-third to one-half of households can be expected 

to have replaced an appliance due to the end of its lifespan in 

the period from the beginning of 1998 when energy-effi  ciency 

classifi cation schemes were offi  cially implemented for most 

appliances in German and the time of the survey at the end 

of 2002. Descriptive statistics further reveal that combination 

refrigerator-freezer units tend to be more prevalent in recently 

built residences than are separate refrigerator and freezer units, 

confi rming the recent market trend towards combination units. 

However, residences with combination units also tend to be 

smaller than those with separate refrigerator and freezer units, 

suggesting combination unit purchase decisions may be partly 

motivated by space considerations. Finally, dishwashers appear 

to be luxury items, as they are disproportionately present in 

more educated and higher income households relative to other 

appliances in the study.

Results

ESTIMATION RESULTS FOR KNOWLEDGE OF ENERGY CLASS AND 

CLASS-A CHOICE EQUATIONS

Parameter estimates for the knowledge of energy class equation 

and class-A choice equation are presented in table 1. While the 

results cannot be discussed in detail, a couple of general points 

are worth mentioning. Overall, there are fewer statistically sig-

nifi cant associations in the class-A choice equations than in the 

knowledge of energy class equations. In general, the statistically 

signifi cant parameter estimates tend to exhibit the expected 

signs. Further, knowledge of energy class is typically higher in 

newer residences, in richer households, in retiree households, 

in rental residences and if power consumption is known. As 

expected, knowledge of energy class also increases with higher 

regional power prices. Th e fi nding that younger houses tend to 

be associated with higher probability of knowing the energy 

class and of purchasing class-A appliances is consistent with the 

observation that the market for high effi  ciency products in the 

EU has grown signifi cantly since the labelling program. Finally, 

the correlation coeffi  cient for the knowledge of energy class and 

class-A appliance choice equations (rho) is statistically signifi -

cant in two of the fi ve cases. Hence, failing to ac-count for the 

selection bias caused by the lacking knowledge of the labelling 

scheme would result in biased estimates for the washing ma-

chines and refrigerators equations. 

RESULTS FOR SIMULATIONS

Th e economic impacts of major statistically signifi cant factors 

are highlighted through the series of simulations that are pre-

sented in table 2. Th e fi rst row of the table shows descriptive 

statistics from the data on the probability that households know 

the energy class of the appliance and the probability of choos-

ing a class-A appliance, given that the energy class is known. 

Th e second row then presents the results of a benchmark simu-

lation, where the averages of the probability of knowing the 

energy class and the probability of choosing a class-A appli-

ance, given that the energy class is known, are calculated for 

each observation based on all parameter estimates. Th e aver-

age calculated probabilities of knowing the energy class of the 

appliance are, as expected, the same as in the data descriptive 

statistics. However, the simulated conditional probabilities of 

class-A appliance choice represent the expected rate of class-A 

appliance choice across the whole sample, not just those who 

are observed to know the energy class of the appliance. Th ese 

simulated conditional probabilities are lower than those found 

in the baseline data for all appliances. Th is diff erence stems 

from the fact that sample households which do not know the 

appliance energy class have diff erences in characteristics which 

make them less likely to choose class-A appliances than those 

households which know the energy class of the appliance. Th us, 

inference of rates of class-A energy appliance adoption from 

the sample of survey responders provides upwardly biased es-

timates of expected rates of class-A appliance purchase for the 

general population. Th e rest of the simulations focus on the 

impacts that changes in individual variables have on the ex-

pected probabilities of knowing the appliance class and choos-

ing a class-A appliance for the general population. Th us, the 

correct reference point for each of these changes is the bench-

mark simulation. Th e fi rst case considers the impact of new 

housing stock, with all residences simulated as being built in 

2002. For all appliances the probability of knowing the energy 

class increases when residences are built in 2002. As new hous-

ing is a rough proxy for new appliance purchase, the results 

highlight the fact that responses to the EU labelling scheme 

will only occur slowly as the stock of appliances is gradually 

renewed as older appliances reach the end of their lifecycle. 

Th e impact of new residences on the conditional probability of 

choosing class-A appliances is mixed, but  in all cases the un-

conditional probability of observing a class-A appliance (based 

on the product of the probability of knowing the appliance en-

ergy class and the conditional choice of a class-A appliance) 

increases in the new housing stock simulations. 

Th e impact of the 15.4 percent increases in real electricity 

prices that occurred in Germany between 2002 and 2007 is 

simulated by increasing regional electricity prices. In all cases, 

except combination units where parameter estimates are not 

statistically signifi cant, increases in regional electricity prices 

generate a strong increase in the probability of knowing the en-

ergy class of the appliance in response to economic incentive. 

For appliances with signifi cant income parameter estimates, 

increasing incomes of every household by one income class, 

equivalent to 250 Euro per month, has little impact on either 

the probability of knowing the energy class of the appliance 

or the conditional probability of choosing a class-A appliance. 

Th us, rates of adoption of energy-effi  cient appliances are un-

likely to be greatly enhanced by widespread increases in levels 
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of economic well-being. Similarly, increased education, simu-

lated by giving each household at least secondary school educa-

tion, has little impact. 

Increasing household energy awareness, simulated by as-

suming all house-holds know their annual electric bill, appears 

to generate limited increases in the probability of knowing the 

energy class of appliances. Since this variable is not included in 

the class-A energy choice equation, it only has an indirect nega-

tive impact on the conditional probability of class-A choice by 

increasing the weight given to households with relative low 

probabilities of class-A appliance purchase during the calcula-

tion of conditional probabilities of class-A purchase. Similarly, 

the indicator for ownership of other class-A appliances is only 

included in the class-A appliance choice equation. Th is simula-

tion highlights the fact that the conditional probability of pur-

chase of a class-A appliance increases strongly when house-

holds own other appliances with a class-A energy rating. Th e 

result, again, likely stem from the fact that there are unobserved 

factors that infl uence class-A appliance purchase common to 

all appliance types. 

Discussion and conclusion
Th e results generate a number of implications for the refi ne-

ment of energy-effi  ciency labelling schemes and other policies 

to promote the take up of energy effi  cient household applianc-

es. Perhaps most obvious, given the relatively long average life 

of most major household appliance, the information provided 

in energy labels will diff use very slowly into consumer purchase 

decisions. While proxies for recent appliance purchase are ar-

guably noisy, the data provide evidence that for most appliances 

that conditional propensities to purchase class-A appliances in-

creased rapidly between mandatory implementation for most 

appliances in the beginning of 1998 and the survey at the end of 

2002. Th e portion of this shift  motivated by increased supply of 

class-A appliance due to energy effi  ciency technology advances 

on the part of manufactures can not be separated from the por-

tion due to increased demand for class-A appliances due to the 

EU labelling scheme with the current cross-sectional dataset. 

Th e results do suggest that consumers respond to economic in-

centives, as knowledge of energy classes increases with regional 

energy prices for most appliances. Th is fi nding suggests that 

policies that internalize the social costs of energy consumption 

will spur awareness and, therefore, adoption of energy effi  cient 

appliances. Th e fi nding also suggests that provision of economic 

information on the likely economic benefi ts of energy effi  cient 

appliances as currently discussed in the context of the revision 

of the labelling Directive can further infl uence purchase deci-

sions. Increased awareness of household energy use and access 

to information through personal computers are also likely to 

infl uence consumer purchase decisions and should be incor-

porated into future energy classifi cation scheme information 

awareness campaigns. Greater awareness of the potential con-

tributions of energy-effi  cient appliances to household energy 

conservation will also increase the effi  ciency of tax and other 

policies to align marginal energy consumption decisions with 

marginal social costs. On the other hand, simulations based on 

model results suggest that household characteristics in the cur-

rent dataset have surprisingly little impact on the purchase of 

energy effi  cient appliances. Yet, within households, the propen-

sity to purchase class-A appliances is strongly correlated across 

appliance types. Further research is needed to identify the cur-

rently unobserved factors underlying these common purchase 

propensities, with particular attention paid to environ-mental 

attitudes, psychological factors and social norms. Incorporat-

ing these aspects would delineate the role of perceived envi-

ronmental benefi ts in household energy-effi  cient appliance 

purchase decisions, and thus complement the economics-based 

approach presented in this paper.
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