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Abstract

This paper examines factors associated with awareness of the EU energy labels of household 

appliances and the factors associated with the choice of appliance energy class using a dataset 

of 2136 households in Bulgaria, Czech Republic, Hungary, and Romania. The results for five 

major appliances indicate that household knowledge of energy use increases label awareness, 

while households with a large share of elderly decrease label awareness. Factors that

influence awareness of energy labels have a limited impact on appliance energy class choice.

Significant country differences also exist. Romania shows higher household propensities to 

be aware of the energy class of appliances than Czech Republic, while Bulgaria shows lower 

propensities of label awareness compared to the benchmark of Czech Republic.
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CHAPTER 1

1. Introduction

The goal of energy efficiency is to accomplish the same level of performance, comfort, and 

convenience as before while using less energy. For example, installing compact fluorescent 

light bulbs (CFL) decreases the amount of energy required to achieve the same level of 

lighting compared to using traditional incandescent light bulbs. Decreasing energy use can 

lead to financial cost savings if the energy savings offset any additional costs of energy 

efficient technology adaptation. Decreasing energy use also contributes to abatement of CO2

emissions.

The framework applied in this paper is similar to that exploited by Mills and Schleich (2010), 

Murray and Mills (2010), and Mills (2011). In order to control for potential awareness-based 

sample selection bias, determinants of appliance energy class choice and determinants of 

awareness of the energy label classification are jointly estimated using Heckman (two-step) 

selection model. The econometric analyses focuses on the household energy class choice 

decisions for refrigerators, freezers, refrigerator-freezer combination units, dishwashers, and 

washing machines purchased in the five years prior to the 2007 survey, in order to ensure that 

the EU labeling scheme was broadly active at the time of the purchase decision. Variables on 

household energy use and knowledge are used to create household specific knowledge and 

conservation behavior indexes. Country specific effects are captured through country specific 

indicators for Bulgaria, Czech Republic, Hungary, and Romania. 

The remainder of the paper is organized as follows. After a literature review of energy 

efficiency in chapter two, chapter three describes the EU Energy Labeling Framework. 

Chapter four provides a description of the survey. Survey results are presented in chapter 

five. Chapter six describes the methodology. Results and their interpretation are provided in 

chapter seven. Chapter eight discusses main findings and concludes.
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CHAPTER 2

2. Literature Review

There are no studies which explicitly investigate the factors which have impact on the actual 

diffusion of energy efficient household appliances based on survey data. Therefore, the 

findings for energy-saving measures in households in general could serve as proxies. 

Existing studies on the adoption of energy efficient measures in households are typically 

based on different, partially over-lapping, concepts from economics (including behavioural 

economics), psychology (including the marketing-related literature on consumer behaviour) 

and sociology (Brohmann, 2009).

Curtis (1984) indicates that energy-saving measures can be split in two categories (1) low-

cost or no-cost measures which do not require capital investment but include behavioural 

change (e.g. switching off lights) and (2) measures which require capital investment and 

involve technical changes in the residence (e.g. windows with double- or triple-glazing). 

Barr, Gilg and Ford (2005) consider two fundamental categories that emerge in most cases: 

habitual behaviours and purchasing activities. First, habitual behaviours, comprise of

everyday reductions in energy use that require either no or minimal structural adjustment.

Examples of habitual behaviours are: thermostat setting, closing off of unused rooms, 

window closure when heating is on, not filling the kettle full before boiling, putting a full 

load of washing on rather than a half load. These behaviours are related to the everyday 

habitual element of an individual’s lifestyle. People make decisions everyday based on their 

previous experience. The second group of energy conservation behaviour comprise of

purchasing activities. Examples of these activities are: insulation (wall, door and roof), 

double glazing, purchasing of energy saving products (washing machines, cookers, fires, 

dishwashers, etc.), using low-energy light bulbs and adjusting curtain heights in order to 

reduce energy loss. It follows that more efficient equipment and appliances result in higher 

residential energy conversation, but the opposite can be true because of the rebound effect.

This group has a diversity of actions in terms of the problems raised in attempting to identify 

behaviours as definitively energy saving actions. For example, it may be that a household
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purchases a highly energy efficient washing machine because there are other characteristics

of the machine, but not necessarily its energy efficiency.

Technological changes usually have a greater impact on actual energy saving than changes in 

everyday behaviours. There are three reasons for this: (1) advanced technology prevents

energy consumption instead of trying to minimize it, (2) advanced technology is, unlike 

everyday behavioural patterns, usually long-term, (3) new and often more energy efficient

appliances usually improve the quality of life of consumers while energy-savings habitual

behaviours may be perceived as annoying and time-consuming (Stern, 1992).

The improvement of the technology leads to increasing energy efficiency of the appliances. 

Kriström (2006) indicates that energy demand has technological component. The 

improvement of the technology enables us to enjoy the same stream of services while 

decreasing the usage of energy in the same time. Thus, investing in more energy efficient 

appliances will result in reduction of the energy consumption, but also may leads to 

increasing of energy consumption because of the rebound effect. The term rebound effect was 

firstly invented by Khazzoom in 1980. It results in increasing energy consumption as a 

consequence of increased energy efficiency of appliances caused by the advanced 

technology. The households can consume more because they will pay less for the services 

and thus increased consumption offsets the energy savings that may otherwise be achieved. 

The rebound effect can be direct and indirect (Dimitropoulos and Sorrell, 2006). Direct 

rebound effect means that increased energy efficiency of appliances will decrease the 

effective price of the services providing by the appliances and will cause increasing 

consumption of the service. Indirect rebound effect means that lower effective price of the 

energy service can cause changes in the demand for other goods, services and factors of 

production that also require energy for their provision. For instance, the cost savings gained 

from a more efficient central heating system may be put towards an overseas holiday.

Howarth (2000) investigates the influence the Green Lights and Energy Star Offce Products 

programs in US that promote the adoption of energy-effcient technologies through voluntary 

agreements with private sector companies. Green Lights has encouraged firms to make 

investments in cost-saving lighting systems that companies failed to do before the 

implementation of the program. Energy Star Offce Products has led suppliers of computers 

and electronic equipment to substantially improve the energy effciency of their products in 

ways that confer net cost savings on appliances users. These programs have reduced market 
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failures associated with the problems of imperfect information and bounded rationality. 

Howarth casts doubt over the so-called rebound effect, according to which the direct energy 

savings associated with cost-effective energy effcient technologies are partially (or 

substantially) offset by increases in the demand for energy services (Khazzoom, 1980). 

Although, reductions in the cost of energy services should lead to increased demand, 

expenditures on electricity constitute a small share of the cost of owning and operating of

appliances. Therefore, large improvements in energy effciency are associated with 

comparatively small reductions in the cost of energy services. Since the demand for energy 

services is not elastic, empirical studies found that the rebound effect offsets only 1-20% of 

the direct energy savings generated by energy-effcient technologies (Greening and Sanstad,

1995).

There are several factors associated with the ‘efficiency gap’ - the difference between the

current level of energy efficiency and the level considered to be cost-effective at prevailing 

prices (Howarth and Andersson, 1993). Consumers lack full information about available 

energy-efficient technologies, consumers use a discount rate that is ‘too high’ when they 

consider investments in energy efficiency and consumers lack the means to correctly estimate

the consequences of their decisions. Principal-agent problems may also restrict the adoption 

of energy efficient technologies. For example in the rental housing market, owners would 

bear the costs of investments in energy efficienct technologies, while the tenants would 

obtain the energy savings from investments in these technologies. Moreover, consumers’ 

uncertainty about the benefits of improved energy efficiency may constrain the uptake of 

energy-efficient technologies. Rational consumers could use high implicit discount rates 

when making decisions under a high degree of uncertainty (Sutherland, 1991). Uncertainty

could arise from the fact that accurate information of energy prices and equipment 

performance are costly to obtain from the perspective of individual consumers. If the costs of

gathering information were pooled across individuals, substantial economies of scale can be 

achieved which could decrease the uncertainties associated with certain  energy efficient 

technologies. Furthermore, low-income households lack the access to credit required to make

investments in energy efficienct appliances. Low-income households imply discount rates 

substantially in excess of the market rate of interest (Hausman, 1979). The gap between the 

discount rates of low-income consumers and the returns available on capital markets suggests 

that significant social benefits may be obtained through programmes providing loan or direct

subsidies to low-income households for investments in energy efficient technologies.
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Jaffe (1994) observes the factors that influence the rates of adaptation of energy-conserving 

technologies. The first category of economic explanations of low adoption rates are market-

failures. Firstly, consumers lack information on the cost savings of energy efficiency 

investments. Secondly, principal-agent problems could arise when energy-efficient decisions 

are made by the parties which are different from those who pay the bills. Thirdly, consumers 

might be not interested in energy conservation because of artificially low energy prices. The 

second category is non-market-failure explanations. Consumers could use relatively high 

implicit discount rates when they make decisions about investment in energy conservation 

technologies. Very high discount rates could imply existence of principal-agent problems or 

other market failures. Indeed, high discount rates could be appropriate because consumers 

face uncertainty about the payback of their investments, considering that future energy prices 

are highly uncertain (Sutherland, 1991). 

Scott (1997) indicates the following reasons for low adaptation of energy savings 

technologies: inappropriate of absence of information about the energy saving items, 

consumers’ inability to evaluate the benefits from these investments, lack of access for credits 

and transaction costs. Uncertainty and risk are other problems associated with information. 

People could be exposed to the risk of the possible reduction of energy prices, thus making 

the investment in energy conservation items, unprofitable. Also, if households have low 

energy bills, the potential for energy savings is likely to be small and the investment might be 

not profitable. Households that consume a lot of energy are more likely to invest in energy 

saving items because of the greater potential for energy savings from investment in these 

technologies. 

Younger households have a less energy efficient residential behavior than older households 

(Carlsson-Kanyama, Eriksson and Lindén, 2005). Examples for this are laundry practices and 

indoor heat regulation. Older households were avoiding laundry by removing stains and 

airing clothes instead of washing them. This resulted in less frequent washing and when the

washing machine was finally turned on, it was not always full. It follows that one energy

efficient behaviour results in another less energy efficient behaviour. Older households have 

to be equipped with washing machines with smaller capacity. Additionally, the younger 

households who remove stains less frequently need better understanding about the advantages

of such practices. The preferences for indoor temperature were higher among the younger

households. The older households were not old enough to require higher indoor temperature 
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because of the health and physical status. Turning down the temperature at night was not a 

frequent behaviour among younger households, even if they had the equipment to do this. It 

follows that younger households were less energy efficient than the older ones.

Conservation improvements are more likely to be made by households who have higher 

income and higher expected future fuel prices, households who live in larger residences, 

older residences, single-family residences and households who own their homes (Walsh, 

1989). Higher prices of heating and cooling inputs will increase the fuel cost savings 

generated by purchasing additional insulation, storm windows, etc. Richer households can 

afford investments in more energy efficient appliances than lower income households. 

Conservation improvements are less likely to be make by elderly home-owners and by people 

who are renting their residence. This implies that renters and older persons expect a relatively 

lower rate of return on energy conservation improvements because of the shorter pay-back 

period in their dwellings. Furthermore, home-owners who are living in warmer climates are

less likely to invest in energy conservation than the households who are living in colder areas.

Consumers’ private income, home ownership and family size are positively correlated with

energy conservation improvements (Sardianou, 2007). As income increases, households 

increase their willingness to conserve energy because they can afford investments in energy 

efficiency. Households who are living in single-detached dwellings are more likely to engage 

in energy conservation activities than households who are living in multi-family dwellings.

Furthermore, expenditures and age of the consumers are negatively correlated with the 

number of energy-conserving actions that consumers are willing to adopt. Households which 

are over-dependent of electricity use do not have intentions to decrease their consumption by

adopting specific energy conservation actions, either because they lack information about the 

positive effects of energy electricity investments or because they can afford high energy 

prices and energy efficiency investments. It follows that paying less is not an incentive for

energy conservation. Well-informed consumers, conscious of energy problems consumers

and older rather than younger consumers are more likely to save energy.

Dillman (1983) examines the extent to which consumers have taken lifestyle cutbacks as a 

response to the higher energy prices. Taking lifestyle cutbacks is positively associated with 

making home adjustments. Families which have made greater lifestyle cutbacks are more 

likely to have taken home adjustments to save energy. However, there is no relationship 

between lifestyle cutbacks and energy conservation actions. The lifestyle cutbacks do not 



14

increase the likelihood of greater conservation activities in response to the higher energy 

prices. It follows that lifestyle cutbacks are reactions, mostly of households with lower 

income, while conservation actions, on the other hand, are reactions of the households with 

higher income. Poor people are more likely to perform lifestyle cutbacks as a result of higher 

energy prices, while rich people are more likely to invest in energy conservation.

Although, energy saving behavior creates benefits for the households in the form of lower

energy bills, not all consumers behave in energy-conscious way (Van Raaij and Verhallen,

1983). First, many consumers hold others (e.g. the government) to be responsible for the 

supply of energy. Second, people do not act in an energy-conscious way because of their 

social environment. Third, consumers do not always know the energy costs of their

behaviors. Fourth, the feedback information of the energy bills comes too late to make 

consumers aware of energy wasting types of behavior. Fifth, some homes and heating 

systems are energy wasting and cannot be handled in an energy-conscious way by the 

consumers. Sixth, many households are unwilling to give up the comfort of high home 

temperatures.

Energy-related attitudes are price concern, environmental concern, energy concern, health 

concern, and attitudes toward personal comfort (Van Raaij and Verhallen, 1983). Attitudes 

are associated with behavior but do not necessarily result in behavior. If people change their 

behaviors in a more energy-conserving way, it could mean that people develop energy-

conscious attitudes, but the opposite is not always true. Energy-conscious attitudes do not

always lead to energy-conservation actions. Attitudes may lead to good intentions but social 

norms, lack of information about the implications of alternative actions on the environment, 

or institutional factors may act as barriers towards actual implementation.

Torgler and García-Valiñas (2008) explore empirically the differences in preferences towards 

environment protection for 33 Western and Eastern European countries. Women have both a 

stronger preference towards the environment and a stronger willingness to contribute. 

Furthermore, there is a negative correlation between age and environmental

attitudes/preferences. Willingness to pay for environmental protection declines with age 

because a shorter expected remaining lifetime leads to lower expected benefits from

environmental conservation. Moreover, presence of children has no significant impact on 

parental environmental preferences. 
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Table 1 gives an overview of studies conducted in the field of energy related household 

appliances.

Table 1: Empirical studies in the field of household appliances

Authors Year Title Country

Mills and 
Schleich

2010
Residential Energy-Efficient Technology Adoption, 
Energy Conservation, Knowledge, and Attitudes: An 
Analysis for European Countries

European Union

Murray and 
Mills

2010
Read the Label! Energy Star Appliance Label 
Awareness and Uptake Among U.S. Consumers

United States

Mills and 
Schleich

2010
What’s Driving Energy Efficient Appliance Label 
Awareness and Purchase Propensity?

Germany

Sammer and
Wüstenhagen

2006
The influence of Eco-Labeling on Consumer
Behavior – Results of a Discrete Choice
Analysis for Washing Machines

Switzerland

Sammer and
Wüstenhagen

2006
Der Einfluss von Öko-Labelling auf das
Konsumentenverhalten – ein Discrete Choice
Experiment zum Kauf von Glühlampen

Switzerland

Anderson
and Hansen

2004
The impact of environmental certification on
preferences for wood furniture: a conjoint
analysis approach

United States

Moxnes 2004
Estimating Customer Utility of Energy
Efficiency Standards for Refrigerators

Norway

Revelt and
Train

1998 Mixed logit with repeated choices United States

Matsukawa
and Ito

1998
Household ownership of electric room air
conditioners

Japan

Dubin and
McFadden

1984
An econometric analysis of residential electric
appliance holdings and consumption

United States

Moxnes (2004) estimates utility functions for individuals that have recently bought a 

refrigerator. In their paper they estimate customer losses due to energy efficiency standards.

The main finding is that for most efficiency standards for refrigerators there is a gain in utility

rather than a loss for the average consumer.

Anderson and Hansen (2004) examines the impact of environmental certification on 

preferences, in their case for wood furniture. Their results indicate that respondents viewed 

environmental certification as a favorable product attribute. However, for the typical 

respondent, the importance of other product attributes outweighed that of environmental 

certification. A key finding was that willingness to pay more for certified forest products was 

highest among those who placed the greatest importance on environmental certification.

Sammer and Wüstenhagen (2006) analyse the impact of the EU energy labels on the choice 

among different washing machines in Switzerland. Their study investigate the relative 
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importance of eco-labels compared to other product features (such as brand name) in 

consumers’ purchasing decisions. They found that the energy label positively influences 

consumers’ buying decisions for energy efficient washing machines.

Mills and Schleich (2010) estimate the relationships between measures of household behavior 

with respect to energy in the EU countries. Knowledge of household energy consumption and 

energy efficient technology options is related with household use of energy conservation 

practices, but is not associated with household adoption of energy efficient technologies. 

Moreover, younger households are more likely to adopt energy efficient technologies and 

energy conservation practices than older households. Households with younger children place 

greater importance on energy savings for environmental reasons, while households with a 

high share of elderly members place more importance on financial savings. Furthermore, low 

education (and presumably low income) households are primarily motivated to save 

electricity for financial reasons, while higher education – income groups indicate that they are 

more motivated to save energy by environmental concerns. Additionally, households in 

transitioning Eastern European countries generally show lower levels of household energy-

efficient technology adoption when compared to Western European countries. This may 

result in part from later implementation of energy labeling frameworks. However, Eastern 

European households show a strong propensity to employ energy-conservation practices in 

the home, but place less importance on electricity savings for environmental reasons. 

Mills (2011) explores consumers’ choices when they are exposed to energy labeling schemes.

General awareness of household energy use and energy saving technologies, education, stated 

financial importance of energy saving, effective country implementation of the labeling 

scheme and higher country electricity prices generate greater label awareness. On the other 

hand, age reduces label awareness of the energy class of specific appliances. Moreover, stated 

concerns about greenhouse gases and global warming do not have a significant influence on 

awareness. However, the same factors that raise awareness of appliance energy classes have a 

limited influence on actual appliance energy class choice. Energy conservation behavior in 

the households and socio-economic characteristics have limited influence on the choice of

appliance energy class. This finding is inline with other studies which found that household 

socio-economic characteristics have relatively weak relations with the adoption of energy 

efficient technologies (Mills and Schleich 2010, Murray and Mills 2010, Brohmann 2009).
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CHAPTER 3

3. Energy Labeling Framework

According to the EU Directive on Energy Labeling of Household Appliances (‘‘Labeling 

Directive’’) (CEC, 1992) most household white appliances must have an EU Energy Label 

clearly displayed when offered for sale or rent by retail stores. The label includes the level of 

energy consumption at the point of sale. The labels also give other useful information to the 

customer as they choose between various models. The goal of the introduction of the label is 

to influence consumers’ choices in favor of more energy efficient appliances. The energy 

efficiency of the appliance is rated in terms of a set of energy efficiency classes from the 

green class-A label for the best performance to the red Class-G label for the worst 

performance. Implementing directives were published by the EU in 1994 for refrigerators, 

freezers and their combinations, in 1995 for washing machines, and in 1997 for dishwashers. 

Since then, plenty of energy efficient appliances were developed so that for many appliance

categories, the highest class of the scale has already been achieved or even surpassed. In

1999, new refrigerators with classes D to G and freezers with classes E to G were forbidden.

In 2003, A+ and A++ classes were introduced for refrigerators and freezers. There are not so 

many appliances with an energy efficiency class below D sold on the market today. For 

refrigerators and washing machines, almost only appliances with energy efficiency classes 

better than C are available for purchase.

Next table presents the date of country implementation of EU directives, i.e. when the EU 

directive became national law in the EU members.
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Table 2: Year of country implementation of EU energy consumption labelling energy 

directives 

Refrigerators and freezers Washing machines Dishwashers

Austria 1994 1996 1999

Belgium 1999 1999 1999

Bulgaria 2006 2006 2006

Czech Republic 2004 2004 2004

Denmark 1995 1996 1999

Finland 1995 1996 1999

France 1995 1996 1998

Germany 1998 1998 1999

Greece 1996 1997 1997

Hungary 2002 2002 2002

Italy 1998 1998 1999

Ireland 1995 1996 1999

Netherlands 1996 1996 1999

Norway 1996 1996 1996

Portugal 1995 1996 2000

Romania 2001 2001 2001

Spain 1995 1996 1998

Sweden 1995 1996 1999

United Kingdom 1995 1996 1999

Most recent members of EU (Bulgaria, Czech Republic, Hungary and Romania) show 

relatively late implementation of labeling directives for refrigerators, freezers, washing 

machines, and dishwashers, compared to the older EU members.
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CHAPTER 4

4. Description of the Survey

The study dataset is created from the Residential Monitoring to Decrease Energy Use and 

Carbon Emissions in Europe Project (REMODECE) survey conducted in eleven countries in 

2007. The questionnaire was originally developed in English and has been translated into the

national languages of each partner’s countries. It was released late in 2006 and has been

collected during the year 2007. The target goal for each country was to collect at least 500 

questionnaires from a representative sample. The questionnaire addresses both quantitative 

and qualitative data, as the objective was to collect data on the type of appliances and lighting 

people have at home, and also to understand their behaviour concerning the electricity use in 

their houses and their choices when buying new equipment. The questionnaire typically 

requires less than 30 minutes to be completely filled in. 

In order to avoid a biased sample and to increase the rate of response, REMODECE did not 

use an online questionnaire alone. A mix of techniques has been used to collect the

questionnaires in the several countries in order to make the survey sample more successfull 

and representative. The extensive survey has been carried out throughout different regions, 

covering large cities and the country side, thus guaranteeing regional representativeness. In 

addition the extensive survey targeted different classes of the society, with different levels of 

graduation and living standards, living either in flats or in single family houses.

Due to the mix of techniques used for the collection of the questionnaires, it can be said that 

the selection of participants for the survey was random. With the online questionnaire posted 

on a website, it is not possible to predict and  select the type of participants for the survey. It 

can be assumed that using this method, only people interested in energy subject and with 

technical background would be interested to fill in the questionnaire on voluntary basis. On 

the other hand, in the surveys using direct email contacts, mail and face to face interviews, all 

types of people have been contacted, no matter their background or interests. This guarantees 

that not only people interested in energy issues is addressed in the survey but also all the 

population.
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However, it can not be said that the survey sample was representative because the selection of 

respondents was random. It must be reminded that a sample size of 500 for a total household 

population of several millions at national level is very low if several variables of interests are 

to be investigated. Little can be expected for an accurate application of statistics and this 

should be kept in mind when analysing the results. 

Next table shows the total number of questionnaires received in each country within each

technique used.

Table 3: Distribution of survey methods in each country

Bulgaria Czech Republic Hungary Romania
Number of distributed
Questionnaires

805
At web

site
700 623

Number of received
questionnaires

509 500 504 623

Response rate 60% 72% 100%
Face to face interviews 80 0 405 623
Online (internet
web-based platform)

0 500 0 0

Email 95 0 0 0
Mail 329 0 0 0
Distributed at the beginning of 
the monitoring campaign

99

Total 509 500 504 623

The sample consists of 2136 households. Bulgaria has 509 responses, Czech Republic – 500, 

Hungary – 504, and Romania – 623 responses. Bulgaria used face to face interviews, mail

and e-mail surveys while Hungary and Romania used face-to-face interviews. Czech 

Republic is the only country that relied on on-line internet based surveys. Online surveys are 

likely to create selection bias in survey respondents, especially regarding to the knowledge of 

appliance energy class when compared to non-respondents. Online survey respondents also

could be more likely to answer a question on appliance energy class purchases in the last five 

years even if they are not sure about it. Online respondents know there will not be a follow-

up question, unlike telephone surveys when respondents could be exposed to additional 

questions in order to support their previous statements.

The questionnaire focuses on the equipment penetration, general characteristics (type, age, 

quality, etc.) of the electrical equipment being used, and on the user behaviour (pattern of 

use, criteria for equipment selection), as well as on the selection criteria when buying new 

appliances/equipments.
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The econometric analyses in this paper comprises the following sections: household 

characteristics (household structure by age, level of education, type of dwelling), cold 

appliances characteristics (type of appliance, energy class of appliance, awareness of 

electricity saving), washing appliances characteristics (type of appliance, energy class of 

appliance, awareness of electricity saving), and other general questions about behavior 

towards electricity saving. 

A detailed questionnaire and data from REMODECE project are available at following

website: http://www.isr.uc.pt/~remodece/.

http://www.isr.uc.pt/~remodece/
http://www.isr.uc.pt/~remodece/
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CHAPTER 5

5. Survey Results

5.1 Household Characteristics

5.1.1 Age Structure

The vast majority of household members, about 73 percent, belong to the age range: 19 to 65 

years old. Based on the survey results it can be concluded that the age structure is similar

across the countries.

Table 4: Household age structure

Bulgaria Czech Republic Hungary Romania
Age 12 and less 164 194 153 191
Age from 13 to 18 101 120 114 130
Age from 19 to 65 1183 1056 858 1361
Age more than 65 97 71 127 169

Figure 1: Household structure by age
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5.1.2 Education Level

According to the survey results, respondents are most educated in Bulgaria where 83 percent 

from the sample have university degree, while in Hungary only 32 percent of respondents 

have university degree. Hungary has the largest share of respondents without degree – 52 

percent from the total number of respondents with no degree in the four countries.

Table 5: Level of education 

Bulgaria Czech Republic Hungary Romania
University degree 422 253 159 376

Vocational degree 25 52 136 39

High school 50 180 144 177

No degree 12 5 53 31

Figure 2: Education level
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5.1.3 Type of Building

In Bulgaria and Czech Republic, the share of households living in multi occupancy buildings 

is quite high, representing about 80 and 72 percent respectively. In Romania, 64 percent of 

the respondents live in multi occupancy buildings, while in Hungary the largest share of the 

respondents live in single family houses.

Table 6: Building type (%)

Bulgaria Czech Republic Hungary Romania
Single family house 20 28 53 36
Multi occ. building 80 72 47 64

Figure 3: Type of building 

5.2 Energy Class Choice

Since consumer exposure to the energy efficiency program is relatively recent, the analysis 

focuses only on households that have reported an appliance less than five years old at the 

time of the survey. By limiting the sample, only those households that have appliances 

bought after the labeling scheme was implemented are included in the sample. Thus, the 

sample size for each appliance analyzed differs: 188 households for refrigerators, 892

households for refrigerator-freezer combination units, 172 households for freezers, 1004 

households for washing machines and 336 households for dishwashers.
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5.2.1 Refrigerator without Freezer Compartment

Regarding the energy efficiency class for refrigerators it should be noted that most countries 

have high rates of efficient appliances of the A class. In Bulgaria 50 percent of households do 

not know the energy class efficiency of their refrigerators. Low response level on the energy 

class question can be explained by the fact that Bulgaria officially implemented the appliance 

energy class labeling scheme in 2006. 

Table 7: Energy class choice for refrigerators

Refrigerator class Bulgaria Czech Republic Hungary Romania Total
A++ 3 3 6 6 18
A+ 3 8 3 2 16
A 18 25 24 28 95
B 2 3 2 1 8
C 1 0 0 0 1
D 1 1 0 0 2

Not known 28 10 7 3 48
Total 56 50 42 40 188

Figure 4: Energy class choice for refrigerators
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5.2.2 Refrigerator with Freezer Compartment

There are relatively high rates for efficient refrigerator-freezer combination units of the A 

class. Czech Republic has the largest share of efficient combination units of the A+ class with 

45 percent.

Table 8: Energy class choice for refrigerator-freezer combination units

Combination class Bulgaria Czech Republic Hungary Romania Total
A++ 13 5 22 7 47
A+ 17 64 18 44 143
A 62 134 113 162 471
B 13 26 23 25 87
C 3 5 1 1 10
D 1 2 0 0 3

Not known 83 10 25 13 131
Total 192 246 202 252 892

Figure 5: Energy class choice for refrigerator-freezer combination units
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5.2.3 Freezer

Regarding the energy efficiency class for freezers it should be noted that most countries have 

high rates of efficient appliances of the A class. Bulgaria has the largest share of unknown 

labeled freezers with 41 percent.

Table 9: Energy class choice for freezers

Freezer class Bulgaria Czech Republic Hungary Romania Total
A++ 1 1 5 4 11
A+ 1 6 3 3 13
A 4 29 23 33 89
B 4 4 3 10 21
C 1 2 1 2 6

Not known 13 6 8 5 32
Total 24 48 43 57 172

Figure 6: Energy class choice for freezers
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5.2.4 Washing Machine

Romania has the highest share for energy efficient washing machines of the A class with 

around 40 percent, while Hungary has lowest share of efficient washing machines of the A 

class with only 6 percent.

Table 10: Energy class choice for washing machines

Washing machine class Bulgaria Czech Republic Hungary Romania Total
A 111 204 36 230 581
B 24 31 16 53 124
C 11 5 8 7 31
D 1 0 1 0 2
E 1 1 0 0 2
F 1 0 0 0 1
G 1 0 0 1 2

Not known 112 24 104 21 261
Total 262 265 165 312 1004

Figure 7: Energy class choice for washing machines
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5.2.5 Dishwasher

Czech Republic has the largest share of energy efficient dishwashers of the A class with 

around 50 percent. In 2007, A+ and A++ appliances were hardly present at the market, thus

only a few households in Hungary own them. In Romania only 2 percent of households do 

not know the class efficiency of their dishwashers.

Table 11: Energy class choice for dishwashers

Dishwasher class Bulgaria Czech Republic Hungary Romania Total
A++ 0 0 9 0 9
A+ 0 0 7 0 7
A 55 113 24 37 229
B 1 16 2 3 22
C 0 5 0 0 5
D 0 3 0 0 3
E 0 2 0 0 2

Not known 36 11 11 1 59
Total 92 150 53 41 336

Figure 8: Energy class choice for dishwashers

There is significant variation in the propensity to purchase certain types of appliances by 

country. Washing machine purchases are most frequent in Romania, while dishwashers 

prevail in Czech Republic. The purchase of refrigerator-freezer combination units is most 

common in Czech Republic and Romania.
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However, observed and unobserved heterogeneity between those who know and those who 

do not know the appliance energy class suggests that these rates of purchases of the highest 

energy class may not be representative of expected rates of purchase for the whole sample.

5.3 Energy Class Awareness

Knowledge of appliance energy class is high for all appliance types, ranging from 74 percent

for households with a refrigerator and households with a washing machine to 85 percent for 

households with refrigerator-freezer combination units.

Figure 9: Awareness of energy class for appliances
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CHAPTER 6

6. Methodology

6.1 Heckman Selection Model

A serious problem for statistical estimation of appliance choice is that many respondents did 

not report the energy label class of their appliances. The analyses of consumer choice of 

energy efficient appliances could be restricted to those households which reported the 

appliance energy class. However, positive responders are likely to have different observed 

and unobserved characteristics compared to those who did not answer (or did not know), 

especially with respect to awareness of energy use and concerns about environmental impacts 

that potentially bias parameter estimates of the determinants of appliance energy class choice.

Hence, the analysis of determinants of choice of energy efficient appliances is potentially 

subject to serious knowledge-based selection bias when only households who are aware of 

the energy labeling classification answered to survey questions on the energy class of the 

appliance. However, such knowledge-based sample selection bias can be removed with the 

traditional Heckman two-step method by including 
^

i in the energy class equation. This 

method assumes that missing values of the dependent variable imply that the dependent 

variable is unobserved (not selected). Thus, it is a good way of predicting the value of the 

dependent variable that would be observed in the  absence of selection (considering the 

missing values). The energy class choice equation allows for multiple ordered classes of 

appliance energy efficiency through an ordered-probit equation, while the energy class 

awareness equation is modeled through a discrete choice probit equation.

The latent relationship between household attributes and choice of appliance energy class is

modelled as:

*
1i i iy x B u  (1)
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where *
iy represents the latent measure of household preferences for appliance class, ix is a 

1×K row vector of household i characteristics, B is a K×1 parameter vector to be estimated,

and 1iu is a residual term. Appliance classes are ordered from 0 to J, where J is associated 

with the highest energy efficiency class. The observed outcome is: 

yi = 0   if    yi * ≤ μ0

yi = 1   if   μ0  < yi * ≤ μ1

.

.

.

yi = J    if    yi * > μj-1

(2)

where yi is the observed class choice and μi is an estimated upper threshold for the class.

However the purchase decision is only observed if the energy class of the appliance is known 

by the respondent. In the current application many respondents were unable to provide this

crucial piece of information. Respondent latent awareness of appliance energy class is 

modeled as: 

*
2i i is z u   (3)

where *
is represents the latent measure of household awareness of the appliance 

classification, iz is a 1×J row vector of household i characteristics,  is a J×1 parameter 

vector to be estimated, and 2iu is an error term. Observed response to the survey question on 

energy-class on the appliance is:
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*

*

1 if 0

0 if 0

i i

i i

s s

s s

 

 

(4)

where si = 1  if the household has reported the appliance energy class in the survey.

Estimation of energy-efficiency appliance class choice with the sub-sample of respondents 

who provided an answer on appliance energy class is equivalent to (Heckman, 1976; 

Heckman, 1979):

* *
1( ) ( | , 0).i i i iE y x B E u x s   (5)

where the error term is conditioned on reporting of household energy class.

Assume 1 2 1 2~ (0,1), ~ (0,1),  and =corr( , )u N u N u u , then

*
1( | , 0)

where ( ) / ( )

i i i

i i i

E u x s

z z



 

 

   
(6)

i is the inverse of the Mills ratio, or the ratio of the normal density function (.) over the 

cumulative distribution function (.) .

If there is an error term correlation between the energy class choice equation and the energy

class awareness equation then 1( ) 0E u  and the regression results will be biased. Unbiased 

parameter estimates can be removed by including 
^

i as a predicted variable in the Ordered-

Probit energy class choice equation as suggested by Heckman. 



34

6.2   Model Specification

6.2.1 Energy Class Awareness

Family Composition

Family composition is captured by family size and number of persons in the following age 

groups: age 12 and less, age from 13 to 18, age from 19 to 65, and age more than 65. The 

intensity of use of major appliances increases when family size is larger, making it more 

profitable to acquire information on the energy class of appliances. However, awareness of 

appliance energy classes is expected to be lower in households with a high share of elderly, 

because older households have lower level of knowledge of energy efficient technologies 

(Linden, Carlsson-Kanyama, and Eriksson, 2006).

Education Level

The highest level of education in the household is measured through indicators for a university 

degree and a trade or vocational degree, relative to the base of a high school degree or less. 

Higher education decreases the costs of information acquisition (Schultz, 1975), making it 

more likely that a person understands the class of an appliance when exposed to energy label

classification.

Household Attitudes

Household attitudes toward energy savings are measured through indicators of the stated 

importance of energy savings because of financial reasons, environmental (greenhouse gases 

and global warming) reasons, depletion of energy supplies, and war risk due to electricity 

crisis. Attitudes are measured by households answering that is was very important to save 

electricity for these reasons.
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Electricity Price

Electricity cost equals expenses in euros divided by kilowatt hour. Missing values are 

calculated as an average from available values for each country. Higher electricity price is

expected to increase awareness of the energy class label of appliances.

Energy Label

Checking the energy label when purchasing cold or washing appliances is expected to 

positively influence the energy class awareness.

Knowledge Index

An index of household knowledge of energy use is calculated as an average from the 

following dummy variables: 1) if the household knows its annual electricity consumption; 2) 

if the household correctly knows what the Energy Star label refers to; and 3) if the household 

knows that some appliances use electricity even when they are turned off with the ON/OFF

button but not unplugged. A higher index number indicates greater knowledge of household 

energy use and is expected to be positively related with awareness of the energy classification 

of appliances.

Efficiency Index 

An index of household energy conservation behavior is calculated as an average from the 

following dummy variables: 1) always leaving food outside to defrost; 2) always putting a lid 

on the pan while cooking; 3) never leaving the light on in the unoccupied room; and 4) most 

of the time purchasing low consumption light bulbs when replacing a bulb. A higher index 

number implies that a household is more likely to perform energy conservation practices and

is expected to be positively associated with awareness of the energy label classification. 
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Refrigerator Index

A refrigerator index is calculated as an average from the following dummy variables: 1) 

never defrosting the refrigerator; 2) adjusting the thermostat of the refrigerator on minimum 

(the coldest); 3) locating the refrigerator against a cooking appliance; 4) putting cooked food 

into the refrigerator before it has cooled; 5) not covering the dishes before introducing them 

in the refrigerator. A higher index number indicates that a household is less likely to perform 

energy conservation practices and is expected to be negatively associated with awareness of 

the energy classification of appliances.

Freezer Index

A freezer index is calculated as an average from the following dummy variables: 1) never 

defrosting the freezer; 2) adjusting the thermostat of the freezer on minimum (the coldest); 3) 

locating the freezer against a cooking appliance; 4) putting cooked food into the freezer 

before it has cooled. A higher index number implies that a household is less likely to perform 

energy conservation practices and is expected to be negatively related with awareness of the 

energy classification of the appliances.

Washing Machine Index

A washing machine index is calculated as an average from the following dummy variables: 1) 

always loading the washing machine to full capacity; 2) not packing clothes when loading the 

washing machine; 3) always using the ECO button (if is applicable on the machine). A higher 

index number implies that a household is more likely to perform energy conservation 

practices and is expected to be positively associated with awareness of the energy label

classification.
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Dishwasher Index

A dishwasher index is calculated as an average from the following dummy variables: 1) 

always using the ECO button (if is applicable on the machine); 2) setting the temperature on 

the dishwasher on 50°C; 3) most of the time loading the dishwasher to full capacity. A higher 

index number indicates that a household is more likely to perform energy conservation 

practices and is expected to be positively related with awareness of the labeling scheme 

classification.

6.2.2 Energy Class Choice

Family Composition

More frequent use of appliances by larger households should increase adaptation of energy

efficient appliances, since energy savings will be greater (Walsh, 1989). On the other hand,

Long (1993) found a negative correlation between household size and energy saving 

expenditures. Older households know less about new technology and are less likely to adopt 

energy efficient technology because of the lower expected rate of return compared to the 

younger households (Walsh, 1989). On the other hand, younger households tend to prefer up-

to-date technology, which is usually also more energy efficient (Carlsson-Kanyama, 2005).

Furthermore, number of children is positively associated with the adoption of energy efficient 

technologies (Dupont, 2004).

Education Level

Education level is likely to be positively associated with the adaptation of more energy 

efficient appliances (Hirst and Goeltz 1982, Brechling and Smith 1994, and Scott 1997). 

Education as a long-term investment could be correlated with a low household discount rate,

and, thus be positively associated with the purchases of more energy efficient appliances.
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Household Attitudes

Household answering that it was very important to save electricity because of financial 

reasons, environmental reasons, depletion of energy supplies, and war risk, is expected to be 

positively associated with the choice of more energy efficient classes of appliances. However, 

answers to these types of questions could suffer from ‘social desirability’ response bias and 

may not translate into observed behavior (Poortinga, Steg, and Vlek, 2004). 

Electricity Price

Electricity prices are positively associated with the adoption of energy saving technologies 

(Walsh 1989, Long 1993).

Energy Label

Checking the energy label when purchasing cold or washing appliances is expected to 

positively related with propensity to purchase more energy efficient appliances.

Knowledge Index

Knowledge has impact on energy class choice indirectly through its influence on household

energy class awareness. A higher index number indicates greater knowledge of household 

energy use and is expected to be positively related with the purchases of energy efficient 

appliances.

Efficiency Indexes 

A higher index of household energy conservation behavior as well as higher indexes of

energy saving behavior for washing appliances is expected to be positively associated with

propensity to purchase more energy efficient appliances. On the other hand, higher indexes of

energy saving behavior for cold appliances, is expected to be negatively correlated with the 

purchases of energy efficient appliances.
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6.2.3 Dependent Variables

Since consumer exposure to the energy efficiency program is relatively recent, the analysis of 

the energy class purchase decision for specific appliance type contains only the households 

that have purchased an appliance in the five years prior to the 2007 survey. The energy class 

choice equation allows for multiple ordered classes of appliance energy efficiency through an 

ordered-probit equation.

Cold appliances are grouped into four classes (B and below, A, A+, and A++) since most 

refrigerators, freezers and refrigerator-freezer combination units have A, A+, or A++ rating.

The dependent variable for cold appliances has four ranks: 1 for A++ energy class; 2 for A+ 

energy class; 3 for A energy class, and 4 for B energy class.

Table 12: Refrigerator energy class choice equation

Ordered value Frequency Percent
Cumulative
frequency

Cumulative
percent

1 18 12.86 18 12.86
2 16 11.43 34 24.29
3 95 67.86 129 92.14
4 11 7.86 140 100.00

Table 13: Combination energy class choice equation

Ordered value Frequency Percent
Cumulative
frequency

Cumulative
percent

1 47 6.18 47 6.18
2 143 18.79 190 24.97
3 471 61.89 661 86.86
4 100 13.14 761 100.00

Table 14: Freezer energy class choice equation

Ordered value Frequency Percent
Cumulative
frequency

Cumulative
percent

1 11 7.86 11 7.86
2 13 9.29 24 17.14
3 89 63.57 113 80.71
4 27 19.29 140 100.00
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Washing appliances are grouped into three classes (C and below, B, A), as very high share of 

washing machine and dishwasher purchases have A rating. The dependent variable for 

washing appliances has three ranks: 1 for A energy class; 2 for B energy class; 3 for C energy 

class.

Table 15: Washing machine energy class choice equation

Ordered value Frequency Percent
Cumulative
frequency

Cumulative
percent

1 581 78.20 581 78.20
2 124 16.69 705 94.89
3 38 5.11 743 100.00

Table 16: Dishwasher energy class choice equation

Ordered value Frequency Percent
Cumulative
frequency

Cumulative
percent

1 245 88.45 245 88.45
2 22 7.94 267 96.39
3 10 3.61 277 100.00

Awareness of the labeling scheme classification  is measured by household answers on the 

question of the energy efficiency class of their refrigerators, freezers, refrigerator and freezer 

combination units, dishwashers, and washing machines. Households which stated that they

have purchased a certain type of these appliances in the last five years but did not report 

appliance energy classes between A and G are considered that lack awareness of the energy 

classification. Energy class awareness equation is modeled through a discrete choice probit 

equation. Dependend variable has value 1 the household has reported the appliance energy 

class and 0 if household has not reported the energy class.

Table 17: Refrigerator energy class awareness equation

Discrete choice Frequency Percent
Cumulative
frequency

Cumulative
percent

0 48 25.53 48 25.53
1 140 74.47 188 100.00
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Table 18: Combination energy class awareness equation

Discrete choice Frequency Percent
Cumulative
frequency

Cumulative
percent

0 131 14.69 131 14.69
1 761 85.31 892 100.00

Table 19: Freezer energy class awareness equation

Discrete choice Frequency Percent
Cumulative
frequency

Cumulative
percent

0 32 18.60 32 18.60
1 140 81.40 172 100.00

Table 20: Washing machine energy class awareness equation

Discrete choice Frequency Percent
Cumulative
frequency

Cumulative
percent

0 261 26.00 261 26.00
1 743 74.00 1004 100.00

Table 21: Dishwasher energy class awareness equation

Discrete choice Frequency Percent
Cumulative
frequency

Cumulative
percent

0 59 17.56 59 17.56
1 277 82.44 336 100.00



42

Table 22: Descriptive statistics of explanatory variables

   Name Number Mean Std. Dev. Median Minimum Maximum

Share under 12

Share from 13 to 18

Share from 19 to 65

Share over 65

Family size

University degree

Vocational degree

Electricity price

Single family house

Financial savings 

Depletion 

Greenhouse effect 

War risk  

Knowledge index

Efficiency index

Refrigerator index

Combination index

Freezer index

Washing machine index

Dishwasher index

Label cold appliances

Label washing appliances

Bulgaria

Romania

Hungary

Czech Republic

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

2136

0.3286517

0.2176966

2.0842697

0.2181648

2.8487828

0.5664794

0.1179775

0.1005597

0.2602996

0.8590824

0.6104869

0.3529963

0.0809925

0.6423221

0.4941479

0.1028090

0.1028090

0.0656601

0.4088639

0.1006554

0.7631086

0.8520599

0.2382959

0.2916667

0.2359551

0.2340824

0.6561853

0.5229045

0.9962063

0.5320348

1.2601172

0.4956768

0.3226570

0.0310318

0.4389008

0.3480180

0.4877541

0.4780135

0.2728875

0.2904147

0.2576028

0.1371219

0.1371219

0.1247549

0.2377719

0.2265527

0.4252747

0.3551237

0.4261408

0.4546361

0.4246937

0.4235231

0

0

2.0000000

0

3.0000000

1.0000000

0

0.0935309

0

1.0000000

1.0000000

0

0

0.6666667

0.5000000

0

0

0

0.3333333

0

1.0000000

1.0000000

0

0

0

0

0

0

0

0

0

0

0

0.0100970

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

4.0000000

3.0000000

7.0000000

4.0000000

9.0000000

1.0000000

1.0000000

0.2832192

1.0000000

1.0000000

1.0000000

1.0000000

1.0000000

1.0000000

1.0000000

0.6000000

0.6000000

0.7500000

1.0000000

1.0000000

1.0000000

1.0000000

1.0000000

1.0000000

1.0000000

1.0000000
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Table 23: Descriptive statistics of explanatory variables

  Variable name Measure Description

Share under 12

Share from 13 to 18

Share from 19 to 65

Share over 65

Family size

University degree

Vocational degree

Electricity price

Single home

Financial savings 

Depletion 

Greenhouse effect 

War risk  

Knowledge index

Efficiency index

Refrigerator index

Combination index

Freezer index

Washing machine index

Dishwasher index

Label cold appliances

Label washing appliances 

Bulgaria

Romania

Hungary

Czech Republic

discrete

discrete

discrete

discrete

discrete

dummy

dummy

continuous

dummy

dummy

dummy

dummy

dummy

Index

Index

Index

Index

Index

Index

Index

dummy

dummy

dummy

dummy

dummy

dummy

Share of household under age 12

Share of household from 13 to 18

Share of household from 19 to 65

Share of household over age 65

Number of persons in household

1 if university is the highest education level in household

1 if vocational is the highest education level in household

Electricity price = expenses / kWh

1 if household lives in single family house

1 if is important to save electricity for financial reasons

1 if it is important to save electricity due to depletion

1 if is important to save electricity for environmental reasons

1 if it is important to save electricity due to war risk

Index of energy saving appliance knowledge

Index of energy saving behavior

Appliance specific index of energy saving behavior

Appliance specific index of energy saving behavior

Appliance specific index of energy saving behavior

Appliance specific index of energy saving behavior

Appliance specific index of energy saving behavior

1 if the household checked the label before purchasing

1 if the household checked the label before purchasing

1 if household lives in Bulgaria

1 if household lives in Romania

1 if household lives in Hungary

1 if household lives in Czech Republic
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CHAPTER 7

7. Results

Table 24: Energy class choice equation for refrigerators

Refrigerator Coefficient Std. error Z P-value
Share from 13 to 18 0.191692 0.150465 1.27 0.203
Share from 19 to 65 0.278446 0.118987 2.34 0.019
Share over 65 0.165166 0.159001 1.04 0.299
Family size -0.10754 0.102355 -1.05 0.293
University degree 0.069224 0.180085 0.38 0.701
Vocational degree -0.30548 0.241825 -1.26 0.207
Electricity price 1.93295 7.931634 0.24 0.807
Single home -0.56252 0.269444 -2.09 0.037
Financial savings -0.28597 0.231809 -1.23 0.217
Depletion -0.03891 0.169344 -0.23 0.818
Greenhouse effect -0.18911 0.157458 -1.2 0.23
War risk  -0.08475 0.263381 -0.32 0.748
Knowledge index -0.44511 0.244187 -1.82 0.068
Efficiency index -0.08207 0.31163 -0.26 0.792
Refrigerator index 0.659495 0.512004 1.29 0.198
Label cold appliance 0.156815 0.230175 0.68 0.496
Bulgaria 0.072846 0.780158 0.09 0.926
Romania -0.02201 0.332456 -0.07 0.947
Hungary 0.501066 0.445164 1.13 0.26
Constant 2.484493 1.034489 2.4 0.016

Number of household members from 19 to 65 years of age is the only household composition 

variable that is significant and shows a positive correlation with purchases of energy efficient 

refrigerators. Somewhat surprisingly, knowledge index parameter is negative and significant

which indicates that the household knowledge of energy use translates into a lower 

propensity of energy efficient refrigerator purchases. Residents of single family homes, also

are less likely to purchase energy efficient classes of refrigerators.
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Table 25: Energy class awareness equation for refrigerators

Refrigerator Coefficient Std. Error Z P-value
Share from 13 to 18 0.114118 0.269017 0.42 0.671
Share from 19 to 65 0.021394 0.205476 0.1 0.917
Share over 65 0.088413 0.305101 0.29 0.772
Family size 0.089856 0.17569 0.51 0.609
University degree 0.474289 0.301736 1.57 0.116
Vocational degree 0.010831 0.427424 0.03 0.98
Electricity price -55.8878 37.86448 -1.48 0.14
Single home -0.80222 0.33613 -2.39 0.017
Financial savings 0.532853 0.311887 1.71 0.088
Depletion 0.231052 0.266056 0.87 0.385
Greenhouse effect 0.089777 0.260811 0.34 0.731
War risk  0.636335 0.539224 1.18 0.238
Knowledge index -0.24773 0.450281 -0.55 0.582
Efficiency index -0.63086 0.530679 -1.19 0.235
Refrigerator index -0.88659 0.857233 -1.03 0.301
Label cold appliance 0.427064 0.291806 1.46 0.143
Bulgaria -5.03053 3.001181 -1.68 0.094
Romania -1.16414 1.533878 -0.76 0.448
Hungary -2.38285 2.321769 -1.03 0.305
Constant 7.808543 5.511911 1.42 0.157

The likelihood of knowing the energy class of refrigerators increases when survey 

respondents state it is very important to save energy for financial reasons. On the other hand, 

the propensity to be aware of the energy class decreases when residents are living in single 

family homes. In terms of country effects, Bulgarian households are estimated to have lower

propensities to be aware of the label classification of refrigerators compared to Czech 

households.
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Table 26: Energy class choice equation for refrigerator-freezer combination units

Combination Coefficient Std. Error Z P-value
Share from 13 to 18 0.076614 0.071612 1.07 0.285
Share from 19 to 65 -0.0362 0.054603 -0.66 0.507
Share over 65 0.020748 0.073141 0.28 0.777
Family size 0.010363 0.042818 0.24 0.809
University degree 0.005575 0.066435 0.08 0.933
Vocational degree -0.01274 0.10319 -0.12 0.902
Electricity price 1.96223 2.481717 0.79 0.429
Single home 0.048926 0.07601 0.64 0.52
Financial savings -0.02786 0.08838 -0.32 0.753
Depletion -0.13111 0.066478 -1.97 0.049
Greenhouse effect -0.01187 0.066777 -0.18 0.859
War risk  -0.07965 0.101851 -0.78 0.434
Knowledge index 0.030297 0.148741 0.2 0.839
Efficiency index -0.42755 0.114819 -3.72 0
Combination index 0.109867 0.214462 0.51 0.608
Label cold appliance 0.040305 0.096329 0.42 0.676
Bulgaria -0.41336 0.305647 -1.35 0.176
Romania 0.012906 0.135477 0.1 0.924
Hungary -0.0552 0.171889 -0.32 0.748
Constant 2.82291 0.504375 5.6 0

Results for refrigerator-freezer combination units provide several regressors that significantly 

affect household energy class choice decisions. The survey respondents which state it is very 

important to save energy because of depletion of energy supplies, are less likely to purchase

energy efficient classes of combination units. The efficiency index is negative and significant

which implies that energy conservation behavior decreases the probability of energy efficient 

combination unit purchases.
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Table 27: Energy class awareness equation for refrigerator-freezer combination units

Combination Coefficient Std. Error Z P-value
Share from 13 to 18 0.296815 0.148036 2.01 0.045
Share from 19 to 65 0.127926 0.115076 1.11 0.266
Share over 65 -0.04801 0.142856 -0.34 0.737
Family size -0.03714 0.08703 -0.43 0.67
University degree 0.047672 0.145991 0.33 0.744
Vocational degree -0.08044 0.221027 -0.36 0.716
Electricity price 8.707377 5.862934 1.49 0.138
Single home 0.002006 0.149664 0.01 0.989
Financial savings 0.074656 0.180641 0.41 0.679
Depletion -0.01279 0.141872 -0.09 0.928
Greenhouse effect 0.038699 0.146329 0.26 0.791
War risk  0.13504 0.27307 0.49 0.621
Knowledge index 0.785089 0.218863 3.59 0
Efficiency index 0.016823 0.244852 0.07 0.945
Combination index -0.12413 0.444073 -0.28 0.78
Label cold appliance 0.407536 0.151865 2.68 0.007
Bulgaria -1.00446 0.47222 -2.13 0.033
Romania 0.221867 0.325244 0.68 0.495
Hungary -0.21018 0.403659 -0.52 0.603
Constant -0.55746 0.919695 -0.61 0.544

Households with a large share of members from 13 to 18 years of age are more likely to 

know the energy class of their combination units. The knowledge index measure is positive 

and significant which implies that household knowledge of energy use raises label awareness. 

Checking the energy label before purchasing a refrigerator-freezer combination unit, also 

positively influence the energy class awareness. Bulgaria appears to have lower household 

propensities to be aware of the energy class of combination units compared to Czech 

Republic.
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Table 28: Energy class choice equation for freezers

Freezer Coefficient Std. error Z P-value
Share from 13 to 18 -0.05292 0.152096 -0.35 0.728
Share from 19 to 65 -0.34216 0.137971 -2.48 0.013
Share over 65 -0.62933 0.219979 -2.86 0.004
Family size 0.18922 0.103764 1.82 0.068
University degree -0.18645 0.156389 -1.19 0.233
Vocational degree -0.18153 0.248502 -0.73 0.465
Electricity price -17.8765 9.06755 -1.97 0.049
Single home -0.04664 0.173207 -0.27 0.788
Financial savings 0.220438 0.214122 1.03 0.303
Depletion -0.0688 0.167427 -0.41 0.681
Greenhouse effect 0.150097 0.163453 0.92 0.358
War risk  -0.05126 0.248121 -0.21 0.836
Knowledge index 0.155593 0.281837 0.55 0.581
Efficiency index 0.482813 0.291962 1.65 0.098
Freezer index -0.17786 0.502298 -0.35 0.723
Label cold appliance -0.13155 0.252297 -0.52 0.602
Bulgaria -0.98298 0.653639 -1.5 0.133
Romania -0.42199 0.450858 -0.94 0.349
Hungary -1.3136 0.597313 -2.2 0.028
Constant 5.40996 1.499646 3.61 0

Households with a high share of members from 19 to 65 and over 65 years of age are 

negatively associated with purchases of energy efficient freezers. Another significant 

household characteristic is family size. Large families are more likely to purchase energy 

efficient classes of freezer. On the other hand, electricity prices have negative impact on 

investment in energy efficient freezers. The efficiency index measure of energy conserving 

practices at home is positive and significant which indicates a higher propensity of energy 

efficient freezers purchases. Hungarian households are less likely to purchase energy efficient 

classes of freezers compared to Czech households.



49

Table 29: Energy class awareness equation for freezers 

Freezer Coefficient Std. error Z P-value
Share from 13 to 18 0.670888 0.54406 1.23 0.218
Share from 19 to 65 -0.26902 0.282012 -0.95 0.34
Share over 65 -0.77184 0.34191 -2.26 0.024
Family size 0.196384 0.225414 0.87 0.384
University degree 0.20352 0.361037 0.56 0.573
Vocational degree 0.198007 0.490919 0.4 0.687
Electricity price 40.08844 13.57512 2.95 0.003
Single home -0.25348 0.390149 -0.65 0.516
Financial savings -0.3323 0.461569 -0.72 0.472
Depletion 0.266753 0.345895 0.77 0.441
Greenhouse effect -0.0776 0.362031 -0.21 0.83
War risk  -0.48533 0.599005 -0.81 0.418
Knowledge index 0.957001 0.585655 1.63 0.102
Efficiency index 0.090915 0.593693 0.15 0.878
Freezer index -0.30987 1.05274 -0.29 0.768
Label cold appliance 0.418009 0.413823 1.01 0.312
Bulgaria 1.936754 1.10474 1.75 0.08
Romania 2.477304 0.784274 3.16 0.002
Hungary 2.277878 0.991867 2.3 0.022
Constant -5.45877 2.070204 -2.64 0.008

As expected, households with a large share of members over 65 years of age show a lower 

propensity to be aware of the energy class of freezers. On the other hand, the likelihood of 

knowing freezer energy class increases with higher electricity prices. Variation in country

specific effects is also found. Bulgaria, Hungary, and Romania all showing higher household 

propensities to be aware of the energy labels compared to the country benchmark of Czech 

Republic.
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Table 30: Energy class choice equation for washing machines

Washing machine Coefficient Std. Error Z P-value
Share from 13 to 18 -0.00368 0.090927 -0.04 0.968
Share from 19 to 65 -0.09183 0.073905 -1.24 0.214
Share over 65 -0.00578 0.113199 -0.05 0.959
Family size 0.035433 0.055958 0.63 0.527
University degree 0.043551 0.078939 0.55 0.581
Vocational degree -0.11304 0.164413 -0.69 0.492
Electricity price 0.273111 2.544873 0.11 0.915
Single home 0.025047 0.099068 0.25 0.8
Financial savings -0.01415 0.102827 -0.14 0.891
Depletion 0.048046 0.083556 0.58 0.565
Greenhouse effect -0.05223 0.078952 -0.66 0.508
War risk  0.096925 0.122252 0.79 0.428
Knowledge index -0.13497 0.156232 -0.86 0.388
Efficiency index 0.071432 0.150314 0.48 0.635
Wash machine index -0.28132 0.143543 -1.96 0.05
Label wash appliance 0.037997 0.116961 0.32 0.745
Bulgaria -0.29136 0.292565 -1 0.319
Romania 0.062397 0.17336 0.36 0.719
Hungary -0.44336 0.469298 -0.94 0.345
Constant 1.201612 0.559411 2.15 0.032

Somewhat surprisingly, the washing machine specific index is negative and significant,

which indicates that always loading the washing machine to full capacity and other energy 

saving behaviors, translate into a lower propensity of energy efficient washing machine

purchases. This result suggests that a high level of household energy conservation behavior 

does not imply that households will also show high propensities to invest in energy efficient 

washing machines.
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Table 31: Energy class awareness equation for washing machines

Washing machine Coefficient Std. error Z P-value
Share from 13 to 18 -0.17346 0.117666 -1.47 0.14
Share from 19 to 65 -0.16399 0.094841 -1.73 0.084
Share over 65 -0.27959 0.120377 -2.32 0.02
Family size 0.097788 0.076486 1.28 0.201
University degree 0.009096 0.119579 0.08 0.939
Vocational degree -0.30025 0.188765 -1.59 0.112
Electricity price 5.780079 4.199661 1.38 0.169
Single home -0.10168 0.124737 -0.82 0.415
Financial savings 0.168338 0.135926 1.24 0.216
Depletion 0.137379 0.112393 1.22 0.222
Greenhouse effect 0.07858 0.115985 0.68 0.498
War risk  0.157596 0.207389 0.76 0.447
Knowledge index 0.390973 0.184466 2.12 0.034
Efficiency index -0.18588 0.205257 -0.91 0.365
Wash machine index -0.01865 0.213582 -0.09 0.93
Label wash appliance 0.146001 0.13591 1.07 0.283
Bulgaria -0.63008 0.344965 -1.83 0.068
Romania 0.545688 0.233223 2.34 0.019
Hungary -1.21168 0.292291 -4.15 0
Constant 0.087155 0.667934 0.13 0.896

Households with a large share of members from 19 to 65 and over 65 years of age are less

likely to know the energy class of their washing machines. The household knowledge index 

of energy use is positive and significant which indicates greater awareness of label 

classification. Romania is estimated to have higher household propensities to be aware of the 

energy class of washing machines than Czech Republic. On the other hand, Bulgaria and

Hungary appear to have lower propensities of label awareness compared to Czech Republic.
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Table 32: Energy class choice equation for dishwashers

Dishwasher Coefficient Std. error Z P-value
Share from 13 to 18 0.097096 0.051729 1.88 0.061
Share from 19 to 65 0.030178 0.048768 0.62 0.536
Share over 65 -0.00691 0.102829 -0.07 0.946
Family size -0.00275 0.034775 -0.08 0.937
University degree 0.038507 0.06419 0.6 0.549
Vocational degree 0.000264 0.108172 0 0.998
Electricity price -0.37449 1.417066 -0.26 0.792
Single home -0.0518 0.086202 -0.6 0.548
Financial savings 0.012849 0.082252 0.16 0.876
Depletion -0.04216 0.065536 -0.64 0.52
Greenhouse effect -0.01327 0.0624 -0.21 0.832
War risk  -0.05776 0.107428 -0.54 0.591
Knowledge index -0.24644 0.157224 -1.57 0.117
Efficiency index 0.05157 0.113001 0.46 0.648
Dishwasher index -0.22748 0.115386 -1.97 0.049
Label wash appliance -0.15023 0.130564 -1.15 0.25
Bulgaria -0.23308 0.161816 -1.44 0.15
Romania -0.29985 0.132706 -2.26 0.024
Hungary -0.22587 0.136012 -1.66 0.097
Constant 1.669644 0.348205 4.8 0

Households with a high share of members from 13 to 18 years of age are positively related

with investment in energy efficient dishwashers. The dishwasher specific index of energy 

saving behavior is negative and significant which implies a lower propensity towards energy 

efficient dishwasher purchases. In terms of country effects, Hungary and Romania appear to 

have lower household propensities to purchase energy efficient classes of dishwasher than 

Czech Republic.
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Table 33: Energy class awareness equation for dishwashers

Dishwasher Coefficient Std. error Z P-value
Share from 13 to 18 -0.00196 0.203425 -0.01 0.992
Share from 19 to 65 -0.23838 0.1607 -1.48 0.138
Share over 65 -0.48196 0.260024 -1.85 0.064
Family size 0.100847 0.128187 0.79 0.431
University degree 0.121434 0.242321 0.5 0.616
Vocational degree 0.141253 0.406669 0.35 0.728
Electricity price 1.964696 6.951784 0.28 0.777
Single home 0.344865 0.269762 1.28 0.201
Financial savings 0.159885 0.27579 0.58 0.562
Depletion 0.410885 0.222225 1.85 0.064
Greenhouse effect 0.36027 0.233888 1.54 0.123
War risk  0.943106 0.511318 1.84 0.065
Knowledge index 1.449521 0.389948 3.72 0
Efficiency index -0.24447 0.40081 -0.61 0.542
Dishwasher index -0.60085 0.378497 -1.59 0.112
Label wash appliance 0.881799 0.284301 3.1 0.002
Bulgaria -0.96786 0.562676 -1.72 0.085
Romania 1.129847 0.628732 1.8 0.072
Hungary -0.78484 0.512777 -1.53 0.126
Constant -0.56664 1.12632 -0.5 0.615

As expected, households with a large share of members over 65 years of age are less likely to 

know the energy class of dishwashers. On the other hand, the propensity to be aware of the 

energy class increases when survey respondents state it is very important to save energy 

because of depletion of energy supplies, and war risk due to electricity crisis. The household 

knowledge index of energy use is a positive and significant which indicates greater awareness 

of energy label classification. Checking the energy label before purchasing a dishwasher also 

raises awareness. Romania shows greater label awareness of the energy class of dishwashers,

while Bulgaria shows lower label awareness when compared to Czech Republic.
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CHAPTER 8

8. Conclusion

This paper contributes to the existing empirical studies in the field of energy related

household appliances. Potential awareness-based sample selection bias arising from a lack of 

awareness of appliance energy class is controlled by jointly estimating the determinants of 

appliance energy class choice and the determinants of energy class awareness using Heckman 

(two-step) selection model. The cross-country survey allows for estimation of the impacts of 

variations in country attributes like energy prices and country specific effects.

Several findings are worth highlighted regarding awareness of appliance energy classes. First, 

household knowledge of energy use is positively associated with awareness of appliances

energy class labels. Second, households with a large share of elderly are less likely to know 

the energy class of the appliances. Thus older households seem to be related with information 

barriers regarding awareness of label classification. Third, electricity prices have limited 

influence on label awareness. Fourth, education and energy conservation behavior do not 

have impact on energy class awareness. Fifth, Romanian households are more likely to be 

aware of the energy class of appliances than Czech households. On the other hand, Bulgarian 

households are less likely to know energy label classification compared to the Czech 

households. This may result in part from later implementation of energy labeling framework

in Bulgaria.

Unlike label awareness, household knowledge of energy use and households with a large 

share of elderly have relatively limited impact on propensity to purchase energy efficient 

appliances. Household energy saving behavior has strong impact on energy class choice of 

appliances, although there is no clear indication that energy conserving practices at home 

increase the probability of energy efficient appliance purchases. Electricity prices do not 

significantly influence energy class choice, while education has no impact on purchase 

decisions. These findings are consistent with other studies which found that factors associated 

with awareness of appliance energy classes, have a limited influence on actual appliance 

energy class choice.
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Appendix

Table 34: Refrigerator age by refrigerator class

Refrigerator age

Refrigerator class

A++ A+ A B C D E F Not
known

Total

Less than 5 years

18

3.69

9.57

75.00

16

3.28

8.51

84.21

95

19.47

50.53

76.61

8

1.64

4.26

22.86

1

0.20

0.53

5.00

2

0.41

1.06

20.00

0

0.00

0.00

0.00

0

0.00

0.00

0.00

48

9.84

25.53

19.20

188

38.52

From 6 to 10
years

5

1.02

4.00

20.83

2

0.41

1.60

10.53

22

4.51

17.60

17.74

22

4.51

17.60

62.86

5

1.02

4.00

25.00

4

0.82

3.20

40.00

2

0.41

1.60

50.00

1

0.20

0.80

50.00

62

12.70

49.60

24.80

125

25.61

More than 10
years

1

0.20

0.57

4.17

1

0.20

0.57

5.26

7

1.43

4.00

5.65

5

1.02

2.86

14.29

14

2.87

8.00

70.00

4

0.82

2.29

40.00

2

0.41

1.14

50.00

1

0.20

0.57

50.00

140

28.69

80.00

56.00

175

35.86

Total
24

4.92

19

3.89

124

25.41

35

7.17

20

4.10

10

2.05

4

0.82

2

0.41

250

51.23

488

100.00
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Table 35: Combination age by combination class

Combo
age

Combination class

A++ A+ A B C D E F G Not
known

Total

Less than
5 years

47

2.73

5.27

78.33

143

8.31

16.03

91.67

471

27.38

52.80

73.36

87

5.06

9.75

37.02

10

0.58

1.12

13.51

3

0.17

0.34

21.43

0

0.00

0.00

0.00

0

0.00

0.00

0.00

0

0.00

0.00

0.00

131

7.62

14.69

25.79

892

51.86

From 6 to
10 years

11

0.64

2.45

18.33

13

0.76

2.90

8.33

144

8.37

32.07

22.43

102

5.93

22.72

43.40

17

0.99

3.79

22.97

4

0.23

0.89

28.57

4

0.23

0.89

22.22

2

0.12

0.45

40.00

4

0.23

0.89

50.00

148

8.60

32.96

29.13

449

26.10

More than
10 years

2

0.12

0.53

3.33

0

0.00

0.00

0.00

27

1.57

7.12

4.21

46

2.67

12.14

19.57

47

2.73

12.40

63.51

7

0.41

1.85

50.00

14

0.81

3.69

77.78

3

0.17

0.79

60.00

4

0.23

1.06

50.00

229

13.31

60.42

45.08

379

22.03

Total
60

3.49

156

9.07

642

37.33

235

13.66

74

4.30

14

0.81

18

1.05

5

0.29

8

0.47

508

29.53

1720

100.00
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Table 36: Freezer age by freezer class

Freezer 
age

Freezer class

A++ A+ A B C D E F G Not
known

Total

Less than
5 years

11

1.57

6.40

64.71

13

1.86

7.56

65.00

89

12.71

51.74

53.61

21

3.00

12.21

24.14

6

0.86

3.49

12.00

0

0.00

0.00

0.00

0

0.00

0.00

0.00

0

0.00

0.00

0.00

0

0.00

0.00

0.00

32

4.57

18.60

9.55

172

24.57

From 6 to
10 years

4

0.57

1.60

23.53

5

0.71

2.00

25.00

58

8.29

23.20

34.94

38

5.43

15.20

43.68

20

2.86

8.00

40.00

4

0.57

1.60

44.44

1

0.14

0.40

14.29

0

0.00

0.00

0.00

2

0.29

0.80

25.00

118

16.86

47.20

35.22

250

35.71

More
than 10
years

2

0.29

0.72

11.76

2

0.29

0.72

10.00

19

2.71

6.83

11.45

28

4.00

10.07

32.18

24

3.43

8.63

48.00

5

0.71

1.80

55.56

6

0.86

2.16

85.71

1

0.14

0.36

100.00

6

0.86

2.16

75.00

185

26.43

66.55

55.22

278

39.71

Total
17

2.43

20

2.86

166

23.71

87

12.43

50

7.14

9

1.29

7

1.00

1

0.14

8

1.14

335

47.86

700

100.00
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Table 37: Washing machine age by washing machine class

Washing 
machine 

age

Washing machine class

A++ A+ A B C D E F G Not
known

Total

Less than 5
years

0

0.00

0.00

0.00

0

0.00

0.00

0.00

581

28.92

57.87

68.43

124

6.17

12.35

41.47

31

1.54

3.09

31.00

2

0.10

0.20

25.00

2

0.10

0.20

40.00

1

0.05

0.10

25.00

2

0.10

0.20

20.00

261

12.99

26.00

38.05

1004

49.98

From 6 to
10 years

26

1.29

4.15

86.67

17

0.85

2.71

94.44

217

10.80

34.61

25.56

121

6.02

19.30

40.47

37

1.84

5.90

37.00

4

0.20

0.64

50.00

2

0.10

0.32

40.00

2

0.10

0.32

50.00

5

0.25

0.80

50.00

196

9.76

31.26

28.57

627

31.21

More than
10 years

4

0.20

1.06

13.33

1

0.05

0.26

5.56

51

2.54

13.49

6.01

54

2.69

14.29

18.06

32

1.59

8.47

32.00

2

0.10

0.53

25.00

1

0.05

0.26

20.00

1

0.05

0.26

25.00

3

0.15

0.79

30.00

229

11.40

60.58

33.38

378

18.82

Total
30

1.49

18

0.90

849

42.26

299

14.88

100

4.98

8

0.40

5

0.25

4

0.20

10

0.50

686

34.15

2009

100.00
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Table 38: Dishwasher age by dishwasher class

Dishwasher age
Dishwasher class

A++ A+ A B C D E Not known Total

Less than 5 years

9

2.05

2.68

100.00

7

1.59

2.08

100.00

229

52.16

68.15

88.08

22

5.01

6.55

61.11

5

1.14

1.49

45.45

3

0.68

0.89

100.00

2

0.46

0.60

100.00

59

13.44

17.56

53.15

336

76.54

From 6 to 10 years

0

0.00

0.00

0.00

0

0.00

0.00

0.00

26

5.92

32.50

10.00

13

2.96

16.25

36.11

6

1.37

7.50

54.55

0

0.00

0.00

0.00

0

0.00

0.00

0.00

35

7.97

43.75

31.53

80

18.22

More than 10 years

0

0.00

0.00

0.00

0

0.00

0.00

0.00

5

1.14

21.74

1.92

1

0.23

4.35

2.78

0

0.00

0.00

0.00

0

0.00

0.00

0.00

0

0.00

0.00

0.00

17

3.87

73.91

15.32

23

5.24

Total
9

2.05

7

1.59

260

59.23

36

8.20

11

2.51

3

0.68

2

0.46

111

25.28

439

100.00
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